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2 IINTRODUCING CLINICAL BIOCHEMISTRY>

THE CLINICAL BIOCHEMISTRY LABORATORY

Clinical biQl;herni~U),cocmical palholot;y
and clinical chcmi~U)' arc all nalJ)e~ for
the ~ubJcel of thi~ 0001.., Ihal branch of
laborJlol) medicine in .... hich chemical
and biQl;hemical lIlelhOlh are applied 10

the "ud) ordi....:a.-.c (Fig. II. While in lht."'Ol)
Ihi, cmbr:\Ce, all non-morphological
'Iudic~. In prJ\.'"IIce II i~ INIall) .Ihough not
cxclu'I\c1). confined 10 ~Iudic~ on blood
and urine bt:cau-.c of the rclali\e ca~ in
oblaining \uch 'pecirncn.. ahhough
anal)..c~ arc made on other body fluids
..och a, ga~lric a~plrJlC arn.l cerchrmpinal
fluid. Climcal bu>chcmical h:~h l'Olllpri~

o\er one-third of all h!.hpllal labor.lIor)
In\ e~llgallon~.

THE USE OF BIOCHEMICAL TESTS

BiQl;hemical in\e..tigallon~ :m.' lII\ohcd.
10 \af)ing degrt.'C~. in c\cf) br-ln.:h of
chnical lllcdil'inc. Thc rc~uh~ of bio­
chemic:!lle.. '" ma) he of u..e in diagnll­
~i~ and in lhe moniloring of lr;;-:lIlll;;-nl.
Biochemicallc..h ma) al-.o be of \ :llue in
'oCrcening for di-.e:he or in a"l>e..~jllg the
prognO\i\OIlCe a dlagno.. i.. ha~ been made
(Fig. 2). The biochemi ..tr) laboralOry i~

often Illvohed in re,earch il1lO the
hiochemical ba~i, (If di ..e:t'c and in
dil1ie;Jltri:tl .. of [le .... dnlg,.

Hisiory I
[

CORE BIOCHEMISTRY

Blochemil'al facilltie~arcpro\ idcd ine\c!)'
h()"ipilal. ;Jhhough nOI nece\\aril) 10 Ihe
~allle "'>;Ient. Mo\t biochemi ..try laoorato­
ries pro\ ide the 'core analy'oC..'. common I)
requesled le'itS .... hich arc of \alue in man)
paliems. on a freqUt'nl ba~1\ (Table I).lbe
clinician .... ill oftl,'n requc~t \pccific
~rouping.. ofle~l\. and clinical biochem­
i~tr) as!.ume\ a cf)ptic langu;Jgl,' of It..

0 .... n as reque.. l fom,.. arri\ l,' at labornto!)
rec.... pl:ion for'U and E..' (urca and c1a:lm­
I) te<-)•• LFTs'(Ii \ i:T fuoction tc'L"lor 'blood
ga5.C..·.

SPECIALIZEO TESTS

There are a \ariCI) of ..~iallie~ .... ilhin
clinical biochemil>try(Tablc II. ~ot C\Cf)

labor-llory i.. equipped 10 ('arT) OUI all
possible biQl;hcmi"lry reque'h. Large
depanmenb may acl a" reference cenlre..
....here les.. commonly a~kcd for te~", arc
Ix:rfonned. For'>Omelc't~ .... hlch arc needed
in 'he diagno~i"ofrilredi~il"c,.lhererna)
be jU,>1 one or ' .... 0 l:lhoratoric, in lhe
COUnlry offering Ihe -.en'icc.

Table 1 The clinical biochemistry repefloire

Core biodItonieIl inti

SolUn.~c::t*:ntean:t~.......--
""""..­
TOlII~an:t~

!I*Ibn an:t ......p,...p....

-....• ..··_lAlTJIfllI
IIIl*Ult.......-IAST)

~ fTJ IfllI TIf1"IlIl SlrWIIng Harmo::ne {TSHl

~'.~I"jGTJe-._""
H". f'CO.lWlIfPO (1bxI~1

""""- .......,­
.......­....,...-"""'"""'" ......

~ Il1lllipoplllen P--.noI

DNA__ """"
~~

THE EMERGENCY LAB

All clinical biochl,'miqry laboratorie"
pro\ide t:1cililie.. for urgent te\t ... Only a
,mall number of le.. t type.. arc available
from the 'emergency laboratory'. These
are prl}Ce~..ed rapidly and repon, phoned

fPrognosiS'/_,

TreatmentDIagnosIs

Screening

Clinical bloehemlstry

J
'='

Clinical e"amJn~

~O"k~N',O-'-'------'"
I

1- "FV f'tr)<iIiOIogieaIleS\$:

V lrIaging ECG ~E;.EG;...;"".::..".._;",._'_-,

Laboratory services

Fig. I The piece 01 dinical biochemistry In medicine. Fig 2 How bIochemlcal letts art!I used..



THE CUNICAl BIOCHEMISTRY LABORATORY 3

00 00 ~
fl!lJ Analysing the samples: (a) the aUI"rnal~.,j anal}"". (b) '~il' an;II>\C_ ,mJ (e) manual nl<'lh<lIJ_

LABORATORY PERSONNEL

I~

10 the n:que\ting clinician or ward, An
urgcnltc\1 i~ dc~ignalcd :.\ one on which
till,' clinician i\ likely 10 take irnl1lcdialc
:lCtion, An 'on c,llr 'Cr. icc m:l)' be PIT)\ idcd
10 elhure that \Ul:h rcqu..\ts c:ln he donl,'
lIul_ide Ihe nllmlal "orling hou!'> of th...
labor:llOl), Tallie I _ho"s -.ome of the
tc~t!> alailable on an emergencl ba\i\.

IN THE OPERAnNG SUITE OR CLINIC

In '>l.lme large ho\pilak Ihl,' facilili.:\ to
pcrfoml biochcmi_lry ;m;lly\.:\ lIrc _ilcd
do..... h)\\ here Ihc} ,11\: nccded. fOre\:Ullplc
moniloring ot' p:lliellh undcrgoing major
~urgcry, \llch :1' Iran~pl:IflI"lion. or pro­
\iding blood gltlCO\C n;\lIlt\allhc ui,tbclic
clinic. J\lany biochemi('al te\l~ arc now
being perfnnncd :l";ly from Ihe !;lborJ­
to!) ('Ct' pp. 8 <)).

AUTOMAnON AND
COMPUTERIZATION

\10-.1 laboratorie\ arc no" computerl/ed.
and Ihe me of llar-codin,g of \pccimen\
and aUlOm:lll'd lI11·t1UX!- of anal} \i" allo.... \
a high degree of pT\"IlIUl'lil It} :lnd lmprn,,:_
Ih... qualit} of -er.ice. Linl.._ 10 compuler
lenni nab on ward_ and GP \urgeric\ ;dlow
direcI :1\:l:e\\ to rC_lIll\ hy Ihe rC{lllC\llI1g
clinician.

TEST REPERTOIRE

lbere are over -100 different te"b "hieh
mal be camt'd nut in dimcal biocheml\tT)
labor.llor1c'<-.1lley l:ll) frornthc \et) _imple.
!>uch as the mea\urement ofsodium. 10 thc
highl) comple\. "ul'h a\ DNA anal)"i\,
"':R:cning for drug.\. or l.liffercntialion of
lipoprotein \an:lnh. \1:111) high \olume

le~h aredoneolllarg~'automaled 111,l(·him,:_.
Lc'-" frcqucnlly perfonned te~h ma) he
convcniently emTiL'l.1 001 by lI~ing comrw.:r­
l'iall) prcpan.'<I rcag.enl" packaged in 'kit'
fonn. Som,: :lnal) -e_ arc carried OUI manu­
all} IFig.)). hll'rC;l\ing "or"load. and
budgelal') COINr.lin". mea.n (hal alllab(l...
r.llorie_ continually re;h-.e\~ what ,_ lhe
ll'lfht CO\t-dtcctlle \\a) of pT\l\ldmg lhe
he_t \Cn icc.

D~nal1lic le\l\ require \e\eral \llCci­
I11cn_. limed in relation to a biochemical
_llIllUlu_. \ul'h ,,_ a gluco~e load in thc
gllleo~c toler-mel,' le\1 for Ihe di,tgno\l\ of
diahett'\ mdliw\. Some le\" prmidc :l

ckareul ;lIl~wcr to a quc\lion; Olhcr~ arc
onl} a P:lrt oflhc dillgllO!>lic jig_:l\\.

This boo" dc_criix:\ ho" Ihe Ie_ul ... of
biochemi~(1) anal)'c!> arc imerprclcd,
rathcrlhan ho\\ Ihl,' :lllal} ..c!>areperfonncd
in the laborJtOf}. An important function
of man) dcpartml,'lll\ i\ re~eareh and

Clinical note

TIle dini~'al biochcm­
i~lry I:lhoralury play~

unlya part in Ihe (I\erall a_!>c~~mCIlI

:Ind management nflhc patient. For
\Omc palient_, hiuchcmiL'al anal) ......_

Illa} haH·lllIlc or no part in dlclr
diagno~i\ or the rmlll:lgement of
their illTIl'''' I-'ur other'>. man) te\"
Ill:!) be nCL-deJ hcfufC a JiagnO'i\
i\ made. and rcpcatcd anal} '0(.'\

required IU lIlonitllr treatment Oler
a long period

dCl'elopmcnl. Advanl:c\ in analYlical
methodology and in our llndef\l:tndlng of
di-ea"C conlinue\ to change Ihc le_t reper­
loire oflhe biochcmi\tl) depanment a!> thc
l ,llue of ne" le_l\ i\ apprtti:lted.

A_ \\ell a~ pcnonning lhe anal)",,,. thi:
dinlcal biochcmi\tl) laboralol') al,,) pro-­
Lide" a con"ult:lti\e -en ice. 1bc labora­
lOry ha\ 011 it\ _taff bolh medical and
'>Cicmilic pcr_onnel \\ho are famili:Jr
"ith the dinkal ~ignificance and Ihe
analytical performance of the Ie_I proce­
dure\. and Ihey \1 iII readily gi\-c auviL'e on
the illlcrprct:ltioll oflhe re!>ull~. Do nOl he
he_it,mtlo tal..e :uhanl;lge of thi\ lld\ice,
c\pcciall} .... here a c;I"C j\ not \Ir.lighlfor­

" =I.

The clinical
biochemistry laboratory

• BlOl::hemlCalleSlS are used II
dIa!JOOSlS, rtlOf\IIOMg trea\mef1t,
screening and!or prognosIS.

• Cafe biochemical tests are earned
Qulin every bloct1emlstry laboratory.
Specialized lests may be referred 10
larger departments. All hospitals
proVIde 101" urgenlleStS Itllhe
'emergency laboratory'.

• laboralory persomeI wi reality !Jve
advice. based on \hell' knowIecIge
and expeoenoe on the use 01 the
biochemistry labaatory, on !he
appropnate selecbon d tests. and
about !he Jlterpretanon d results,
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THE USE OF THE LABORATORY

SAMPLING ERRORS

There are a number of polenlial erro....
\\ hieh nla) eOlllribute to the 'ueee..... or
failure of Ihc laboralOl) 10 pro\ ide Ihe
t.'OTTt.'CI an,>"Cf'<;lotheclinieian' ~qUt..""lion"
Some of the\C problem, ari..e \\ hen a
clinician fin-I oblain... ,pceimens rrom Ihe
pallcn\.

• BleHNI wl/llplillg /edmiqllt'. Difficulty III

oblaining a blood ,pecimen Illa) lead 10

h:lemol) .. i~ \\ilh eon..equent relea..,e of
pOla iulll and OII1..r red cell eon.. tilu-
em Re,ull\ for the..e "ill be fal ..el)

elevaled.
• PmlollgNI,II{/\i\ durillg l'elll'plll1l"1UrI'.

Pl:l"'111.. water diffu..e, into the inter­
qitial "pal:c :mu the ...erum or pla,ma
...ample oht,-,ilH~u \V ill be conccntrated.
Protein .. and protein-houndcomponenl"
of pla..ma wclt a, ~'alt:iulll or thyroxinc
will he fal ...dy elevated.

• IIlllljjil"il'III,lfJ('dllll'll. Each biuchemi­
(;al analy<;i .. require .. aceltain volume of
"'I>cdmcn to enable Ihe teq 10 be carried
out. II m:!) prmc to be impos,iblc for
Ihe labor.ltory to measure everything
requt·... led on a ... mall \ olume <;pccimcn.

• I~rron ill limillg. The bigge.. t ,oul\'e of
error in Ihe mea"urement of any analyte
in a ::!~-hour urine 'pccimen i1> in the
collection of ;111 a..:(;ur.ltcly tinl<:-d \01­

ume I)rurinc.
• "worn'u Wt>t"ifllell COI1Willer. Form;lIIy

anal)..e" the blood mus.t be collecled
mlo a (;(lnlamer \\-ilh anticoagulant and
pre,cn.all\e. For example. ~mplc.. for
glueo,e <;hould becol1ecled intoa 'pc­
(;ial cOlllailli,'reonlaining nuoride V\ hich
inhibit,> gl)colysis: othe,"" i~ the lime
talen to ddi\er lhe ~all1ple 10 the labo-­
r.ltOT) can affcct the result. If a !<ample
i1> collected into the wrong cOlllaincr.
il 'hould ncv er be decamoo inlo anOlher
I) pe of tube. For c'\ample_ blood" hieh
ha ... bcrne\poo.cde\enbriefl) 10 EDTA
(an anlicoagulalll u<;ed in sample con­
lam..f\ for lipId..) \\ ill have a m:ui.edly
reduct."<l calcium conccntr.llion. ap­
proa..:hlllg {ero.

Dangerous specimens
All ..pceimen'> from palienb \\ ilh dan"
gerou.. inft."1:tion.....hould be labelled" ith
a }dlo" 'dangerou1> 1>pceimen' <;Iic~er. A
...imilar label ...OOold be attached 10 lhe
rcque"t fonn. Of mo..1 concern 10 the
Iaboratol) ,Ian are hepatili" Band HIV.
bUI (Ill \pccimen....hould al"a~ .. be
lreated both b) clinician.. and bilX'hemi,­
II'} ,tan a... potentiall) h:uardou...

Table 1 Specimens used lor biochemical
analyses

Venous blood, senrn Of p!ll5llll
M ... __.-
u~

F~,

eeretlrosp<n;tl flIricl (CSFj

SputlI1l and saiIta

TlS$III1 WeeDs

A'l)l'a\e$. e.g

""~"""aSCItes
JOI'II(syr'lO'<ial) lbcI.......,---- -

CakUI (SlOfllSf

Urine specimens
L!rine 'I)ev.'imen contamer.. may mclude a
pre<.en.ali\ I,' 10 inhiblllxK'lerial gro" Ih. or
acid 10 ,r.abilile cenain mclabolite\. The)
need to be large enough lO hold a full
.:!4 h collection. Random urine -.:amplt~..
arc collected inlO ..mall 'uni\ er..at'
containel"'>.

Other specimen types
For wmc te1>ls. \pccifie bod) nuil!.. or
ti~,ue Illa) be required. There "ill be
...pct-ific protocol ... for Ihe handling and
tr.ll1'pon of the..e ..ample.. to the labora­
101). Con..ult thc lot';lllab ror ad\ icc.

ncre~!kI.r) 10 obtain a ..pecimen "hi(;h (;an
be frozen quid.I). the blood i, colle(;le<.l
into a tub~' containing ;w anticoagu­
lant ~ueh ~ heparin. When t·elllrifugt.'<I.
the "upematant i.. called II/tUI/IlI "hieh i,
almos.t identical to Ihe cell-free fraction
of blood but t'ontalJ1~ Ihe anticoagulanl
a, "cll.

lithium - -,-_m
oxalate .y.....

anllCOagulanl

• i•••••· •

I I 1
."'""" 'GOuooM .......,

."""'" -..-..
I

EOTA
anllcoilgulanl

:•••

I

Plarn lube
conlamsSST..

.-
•

......­-• Rod""­...-"",1IpopItltetl15

Fill 1 Blood specimen tubes lor apeeitic biochemical tests.l1le l·"k"'r-c,Jde,.llullt-,~ lilt­
V3l.'UblllC''' In u......n Iiv:' :l.ulix/r.' hl"'r"I"I:mIl labor:lt~

SPECIMEN COllECnON

E.. er} biochcmi\lr) analy,j ...... hould
allcmf't to an,\~cr a quc<,li(ln \.. hieh the
dinil'ian ha ... po"Ctl .Iboul Ihc pallen!.
Obtaining Ihc com.'C1 :l.IW.\C..... can often
"Ccm 10 be fraught" ith difficuhy.

.-

In onkrlOcarf) out biochclllu:al anal) « ....
II j ... nc.:e"ary that thc labor:uor) be
pm\idt.."<.1 ''dlh both thc \°OfTC{'t ,\X',;:irnen
for Ihe I"t"tjuc<,lcd le,l. and al;,o infonnation
"hieh "111 cn,urc thai thc right lc~t j ...

carried 001 and the rc..ull rctumcd to Ihe
requc,'ing clinician \\ ith the minimum of
lIel:!).\ ... much detail ;., IXh'lble ..hould
be included on the rcquc,t roml 10 help
hOlh [ahoralof) ,Iaft and lhe clinician in
the interpretation of T'C\ulh. Thi, infonna­
lion can be \cl) \aluabk .... hen a'-.c"ing
a palicm\ progn:s, (j\ cr a ~rioJ. or n:a..­
..c,'mg a diagno,l'. Patient Identification
11IU,t be COm:t1 .•!Ild the n.·que~t form ,hould
mdudc 'lime muu:<llion of the ,u,pected
patholog). The reqtlC'4l.-d ,mal) -.c, ..I,ould
be clearly indicated. Reque't fOfllh differ
in de.. ign. Clmic,ll biochcrni,tl) 1'01111' in
Europe arc conventional I) coloul\'d gl\-'('Il.

A \ aricly uf ,])Crimen, arc u~ed in
bilX'hcmical analy .. i, and the,c arc ~hown

in Table I. Ho"e\cr. Ihc majority of bio­
chemical le,t .. arc pcrformcd on 'CI"IIIll

from vellou' blood nr urine.

Blood specimens
It' blood i, COllcch::d into a plain tul)(: and
allo.....ed to dol. ,Ifler cemrifug.,tion ,I
\I'm", 'f'Ccil11cn i, oblaincd (Fig. I). For
mally biochcmit·;tl analy ..e, lhi, \vil1 be
the "I>c..:imen ro.::,,:ol1lll1enued. In other
..:a..e ... e .. pccialiy \v hen the analyte in
quclolion i .. tllllolable and ,peed i,
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FI!iI 2 Circuli diagram ollhe clinical biochemistry process.

Case history 1

A hlood 'pe.:imen" a,tal..en lrom a

~
Clinical note65-)ear..old "om:lIl to ehed. her

<,erum pola.... lum etmeentrnllon a~ ClmR'al hinchemi"l') i,
,he had been on thiazide diuI"Cties bot one brnnch of
for wme time. The GP left Inc labornll~ medicine. Spl."l:imen'
..pccimen in hi, car and dropped rna~ be required for haenlalOlng).
It off allhe laborJtoty on the "a)' minobiolog~.\imlog~, immunnl-
to the 'urgeT) the nc:'l:1 morning, og) and hi\,toralholog.~. and all

Immediatcl)< on anal),mg the require ,imilar allenhun tn d..:t;ul
..ample. the bUlCncrni,t "a.' 011 the in filling out rcquc<,t fnon, arnJ
phone to the or Wh)" obtaining the appropriate \';lInplc,

Cvnmwtl/ 111I PCIf(t 151.
for anal~ ...i'.

I~The use of
the laboratory

• EaetJ biocOemIstry tesl request
should be thought of as a qlJeSllOt'l
about !he pallen!; eadl bIocherricaI
result as an answer

• AequeSlIorms and specinens must
be cooectIy labelled to ensure !hal
resuns can be COI'M'IlJrlCaled quddy
to the ClnClan.

• Many bIot::I'lerncaItests are
perlooned on senm. the supemalaOl
obtaJOed lrom centnlugallOn 01 dolled
l*lod coIeded Into a pIawl CXlrtlan!f,
0Ihefs reqwe 'plaSma' the
supemalant oblalOed when blood IS

prevented from c:IolIlng by an..............
• Avanety 01 sanlJ*Ig emJ(S may

lllYaIIdate resultS.

URGENT REQUESTS

UNNECESSARY TESTING

The main r"::hon for a,king for an analy­
,i, to be performed on an urgent b:l,i, i,
thaI imrnedl"letre:lIment depend.. on the
n.~'ult_

ANALYSING THE SPECIMEN

Once Ihe form and ~pe(:imen am\l: at the
l"hor.Jlor) reception, the) are matched
"lIh:1 unique identif~ing number or bar
cndc. The a\erage lah recei\..:, man~

th(.u,;md, of reque," and '-'ample, cach
day and It I' imponam that all are dearl~

identified ilnd 1lC\er mi,cd up. Sample,>
pwcced through the laboratOf') a.. ,tlO" n
III Figure:!. 1\11 anal~tieal procedure, are
qualit~ l,.'(>ftlf(.llcd ..ndlhc tabor.JtOf) "'ri\e,
for rdiahilil~.

Onc<.' the TC'UIt, arc a\ailable they arc
collatl,.'tI and a tepon j,> j ....ued. Curnulatl\c
tepon" alto" the clinician to \t"C al a
glance ho" the 010'>1 recent re,>ult",
compare .... ith tho~e te...... performed
prc\ iou,>I~,prO\ iding an aillto the mooi­
wrlllg nltre:lIment.

Thcre c.m be no definite rulc~ about Ihe
appropri.ltcne..... or OIherui'-C, of labora­
tory tc,'ing bccau,e or the huge \ariely of
clinical circU!mtancc~ whkh rna)' ari,e.
Clinici:ut, ,holild alway~ bear in mind
that in rc(IUe'ling a biochemic:tlt..:,lthcy
,twuld he a,l..ing a qlll,~tion of Ihe labora­
tory. If not. buth the dinician and Ihe
100hor:lwry m:lY be performing unnecl"­
,ary ..... 01'1... with link benefit to the
palient.

high pota.... illm. pho,phatc :md red cell
enzylllC' 'uch .., lactate delly dro~cna;,c.

bt.--cau<.(' of kabge illlo the c1l;tr'.lccllular
nuid from the cdk

r.lan) biochemical te,t" ;Ire rcpeah~d OIl
intcnal,. HO\\ often dcpend,> on ho....
qUlcl..l) ~ignifieaJtt change, arc liable 10

occur. and there i~ little POlllt in fl"que,ting
tc~b ifa numerical change .... illllOlha\c an
influence on trealment.

HOW OFTEN TO INVESTIGATE

Cliniulq--

• /iwf'/"'()f"i(//c Itllll/,Ii",: lilt'. Blood
':llnpk, ,hould not he tal..en 'Jown~

,>Iream' from an irnrJ\Cmlu, dnp. II i~

nOl unhC:lrd of for Ihe laOO"Itol)' 10

ren'i\c a hlooJ glueo-.e rcque'l on a
'pceimcn lakn fmlll the ,ame ann into
.... hit·h 5(";j ~Iuco-.e i,> hcin~ infu-.cd.
U,uall) the IT"Ulh arc bloehernicall~

incrediblebulII I'JU't po"iblethatthcy
may be acted upon..... Ilh di"a~trou,

con"""qucnce, for the patient.
• Il/corrl'C1 1/>('61//('/1 ftorlll:'C. A blood

,ample '\(Ired O\cmlght before bein~

.....nt to the labor'J.IOI) .... 111 "ho.... fal<,el~
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THE INTERPRETATION OF RESULTS

THE LABORATORY REPORT

It can me cOfl"ido:mblccITon. and cxpc=n"c.
10 produce \\ hOlt m;,} -.c=o:m III hi: JU'1

numOC.... on plcce, of lXl~r, Undc.....tand­
ing .... h:lll~~ number-- mean i, of crucial
imponalll:c ifthc ~·om~·tdiagno,j, j, to be
made. or if the patient' .. In.-;lllnent i, to be
changed.

HOW BIOCHEMICAL RESULTS
ARE EXPRESSED

Mo,t bJochem...:al anal)'>C, arc quantila­
II\C. although 'lmpk qUJIiI;ui\c Ol" ""mi­
quantllJti\c le,l' ,"uen a, lho'-C fur thc
rre-.enceofgllJ(..'(N.: In uone arc common!}
encountered in method, u~ for bio­
chcmiqry Ic,ting aWOl} fmm [he lahor:l­
l~. /tobny Ie", mca,urc the :1I110unt of
the anal) te In a ,mall \ olumc of the ~am­

pie..... !lether th;.ll ., blood. pl:Nl1a. 'cnun.
urine or ,omc other nuid or ti'wc, The
le,l rc"Ulh arc commonl} cxpn.."ed in
molar um"'. A mole of any compound
alway.. conlain, 6 X Ilf motcculc~.

Dc~crihing ho"" much of an analyte i,
pre-.cnl in 'mole,' inult'ate, how many
molecule\ of the ,uh,tance arc pft',erl1.
Molar unit' clIn he c()ll\cned to l1Ia\,
unih: one mole i' the mnlel:ular .... .:igl1t of
the ,uh,t,l1lce in gr:lln"

l~e~ull' are reponed ,h conl:enlr,ttion"
u,uolily in lenlh oftllc numher of mole, in
Olle litr.: (mol/I) (Tahle I),

The com:cpt of conC'clllr,llion j, iltu,­
tnned in Figure I. The ~'()ncentr"ti()nof
:tIl) analytc in :1 hody compartmellt i, :t

mtio: the amount ofthc 'ub"tance di"ol\ cd
in a lnown \olume. eh,mgc, in concen­
tration can Ol.'cur for t....o rca,on,:

• The mllount nf tIll:: ,malyte can
incrci\'C or dccrea~.

• The 'Volumc of fluid In .... hich the
::mat}tc i, di'\\.ll\cd can 'imilarl)
change.

Enlyllle' arc 110tll"U:III) C\prc'\.Cd in
mole' but 3lo enl)Il'H: aCli\u} in 'units'
EnLyme ""loa}' 3re c:lrried out in ,ut'h a

.....a) thai the acti\ it) mea'"rcd i' directl)
proponion31 to the amount of Clll} me
pft'!>Cnl. Some honllone mC;I\urcmcnt, aft'
exprc\,ed ...~ 'uni,,' b) compari,on In

,tandard refercllC(' prcpamtion, of I.no.... n
bwlogical potency Large mok-culo:\ ,uch
3.' proc..:in' are n::poned a, gram, or tmlli­
gran", Blood ga' n::'ult, (PCO· or PO.)
3rt" e'l:pre"'l>Cd in I.Jlopa'>Cah H..Pal, the
unih in which partial prc\\urc" 3rt'
nlC3.~ured.

VARIATION IN RESULTS

Biochemicalmea\uft'lllenl\ \ al) for t\\ 0

rea-.orJ\. Then:: i... an31) 1I~'al \ arialiun. and
:11'>0 blologic31 \ ariation.

Laboratory analytical perlormance
A number or tcnn" de\Crihc blochcmi~'al

re'ult\. Thc"C include;

• precision and an'ur:I~')

• 'cn;,iti\il) and'lx'cificit}

Fig. 1 Understanding concentrations.
Cuoccnlr:lliun;, ~I .... a)' tkpcnlklH nn I"(l
faculf': the amOUn! of -.ulule ~rnllhc ~mH\,"1

"r 'ohem. 1llC ~·unccnll';UI..n uf III.: ,ull"r
,olUlInn ;11111.: ocal.er .·an hf:, tocrc" ....."Il fn"" I
'fXllIIlJbc~~n (tI) 10.! \roon-.Jhc,,~er b~ euller
lk'Cll,'a.'1llg the 'olullIe ut ....'hel!l (b) lIr
iro..:rca.';llg Ih.' ~mO\lnJ \If ""Iule (e)

• qu,llit} a\\umnce
• rclcrencc mngc\.

Pr~ision :tnd accuraC)
Prcci'lon i, the reproducibility of an ana­
Iy ti~'al method. Accuracy /.kfine"oo" clO\C
the nlCa,urcd \ ,lluc i\ to the 3ctual \ atllc.
A good ;Itlalogy i\ that of the ,h()O(ing
larget. Figure ~ ,ho.... , the <;catteror re,uh,
.... hich mighl heohtaincd b) '>Omeonl.' W IIh
linle ,l..tll,mmp.1rt.-d with Ihal of'oQnlConc
.... jth good preci,ion .... here the re\ull\ are
do\Cl} gmuJX-'d IOgc:lhcr. E\en when the
n:,ult\ arc :lll dO\\:, they may Il{l( hit the
centre of lhe tafl!l.'t, AC(;ur.l~·) i,therefon::
pour. a, if the '\ight,' arc off. It i, Ihe
ooJc:.'Cti\ e in e\('1') biochemical mcthod 10

h:!\ e good pft'ci\ion and a~·eurac}.

Sell..ithil~ and spccificil~

Scn"iti\ it) of an alo\ay i\ a mea:>ure ofho....
lJule of the ,mal) IC the method can detect.
A, nl.''''' method\ ,tft' dc\c1oped the)' may
offer iIllprm ed detttt ion Iimi ts " hich may
hclp In the di'oCrintination belween nonnal
re,ulh and tho'c in patient' \I ith thc
\U,p...-..:tL-d di,eil'C. Specificity of an alo,a)
I\'I:IIc"IO hO\l good the a\say i, at di\Crimi­
!lating ix't\\ centhc requc~tcd analy te :.lIld
ptltcntiall} irlt~rfl'ring ,uh~tancc'.

Omllit,vaSlourllncc
Every laboratory tale\ grcal pain\ to
cn,ure ttwtthe method\ in u'e conlinue to
produce reliahle rc~ult,. Llooralory 'tatl
monitor pcrform3nce of 3;,'ilY\ u,ing
qu,llity control ':I111ple, to gi\l' rca\,ur.tnr.:c
lhal thl' method i\ (X'rforming 'ati,r,lc­
torily \\ Ith the palicnt~' ,pecimelh, The,e
,Ire internal quality l'ontrol\ \\ hich arc
,lllilly,ed e\ cry day ore\el) timc an .1'''1)

i, nUl. The:: CCl;IX:{;tcd \alue;, are lnown and
the actual re'ult\ obtained 3re compared
\lith Ilre\iou" \alu... , 10 monitor pcr­
furrnancc. In c'temal quality a",urnnce
-.cherne" idcntit'al ,ample, :Ire di,tribuled
10 lahoratoric,: n::,u!t\:ln:: then eomp'lred.

T... , WolIrIll1i1.- .......... -..,- .... .to'afalllllll- .... ....- ..... .10·- ... ...- .... ." FI!I2 Precision and lICCUl"acy.

PreoIe bulln10CUtale Prec:ase and accurate
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Clinical note

The interpretation
of results

• BtochemlStry resu~s are oIIen
reported as concel'l1rabons.
Concentrahons change if the amoont
of the analyte changes, Of If the
volume of SOlution changes.

• Vanabrlity 01 results IS caused by
boIh analytJcallaetors and biologICal

''''''''• The refetence range supplied WIth
the tesl result IS only a guide to the
probabIIlty a1the results betng
stabslJcaly 'noonar Of 'abnoona/'

• OrIIetenI relereoce ranges may apply
depeocjng on the age or sell a/ the

,,"""
• SequenbaI changes observed II

ClJIT'IlJatNe reportS when placed n
elrlcaI O'JflteXl are as II1lXlftarlt as
the absolute valle a/!he resu'l

•"a~ does not accord WIth that
expected lor !he patient the finding
S/'lClUd be lisa ISSE(! WJItI the
Iaboratay reportInQ office and a
repeal test arranged,

Ii t\ imponant to realize
Ihal an :lbnonnal rt:\ult

doe\ nOi al\.la)'\ indkate Ihal a
di\C;t\C i\ prt:...ellt. nor a normal
rc_ult Ihal it i\ n{,!. Beware of oler­
reacting to Ihe \Ii!.!htly almOnllal
re'iult in Ihe otherwi\C hcahhy
indi\ idual.

The c1inidan may well a_llhe follow­
ing quc\lion\ on l"L'Cci\ing a biochcmi\lry
repon:

• ·Dtx·\ the re~ult fit in wilh .... hat I
c\pt"Clcd on thc ba.,i\ of Ihe c1lnil.::tl
cxamination and hi,wl) of Ihe
paticlllT

• 'Iflhe re~ult i, not .... hat I c\peeled.
can I e\plain tlw: di..crepanc)"!·

• ·110.... can Ihe re:.ultl.:hangc m)
diagflO\i, Ol'" the .... a) I am managing
the patient'!·

• 'What ,hoold I do nel:IT

What i\donc In re\pon"'-' loahiochem­
1\11) lePO" 1e\1\ with Ihe clinical Judge­
ment oflhe doclor. There: is a maxim Ihat
doclol'> \hould al\\a), 'Ireal the: patient.
rJlher than the laboratOl} repon·. The re\1
of this bool dcah with lhe biochC"mieal
in\C\ligalion of patienb and the inlerpre­
lilt ion of the Ie\uh\ obtained.

• Drug IIillOry. Drugs may ha\c
~pecific effect\ on the pla,ma
concentraliol1 of ,orne anal) le\.

Case history 2

A '>erum potassium COIICCnlratlon
of ~5 mmolll \\as ret:orUed in the
DOle~ of a 35-year-old man being
prepared for append~eclom) The
'leI of e1cclrol)te I't;"\Ulh had been
phoned from the laboralOl). The
t:()ffiUluOl ~u'l!COll \\ a.~ unpenurhed.
although he did ched. the re\ull\oo
the ward tenninal hunsclf. Why?

Other factors
When the number' h:l\'C been prinled nn
the repan (onn.lhey _lil1 ha've 10 he inler·
preted in the lighl of a hosl of variahll.:'.
t\nalytil~al and hiolngil."al vari:IIIOI" have
alrcad) been coil\idercd, Olhcr facto,",
relate to the palient. The c1inici:tn can refer
to the patielll or to Ihc dinical nOll's.
\\ hercas the hiochemi\1 ha\onl) Ihe infor­
mation on the rcque\t form 10<:on\IIlt, The
cumulation of bi{X'hemi,try re\ult\ 1\
oflen helpful in p..1licnl man:tgemenl.

Fig 3 Reference range in I normal healthy
population.

FlQ. 4 Overlap 01 blocnemlcal results in health
and disease.

Comml'nt tNll'f1!:e J52.

In thi~ .... ay. the I..bomlor)''' o .... n il1l<.'mal
standard... are Ihell1'ehe' ,,,~~<,ed.

Referenc{' nlnA£'S
Analytical \ ariation i' gellCrally Ie\, than
that from biologil'al \ ariabJc.... Bi(x:hemiclll
te,t re,ults arc u,uaJly compared 10 a
reference range eon\ldered to repre\ent
the normal heallh) ,talC (hJ;;. 3). MO'l
reference range~ arc cho\Cn arbilraril)
10 include 95q. of the \alue\ found in
healthy \ olunteer,. and hcnt'c. b)' defini­
tion. Yl of the population v.ill ha\e a
re~ult out .... Ith the ref... rcnec ranJ;;c. In
pr3C1iee tocrc are no rigid Innit, demarcat·
ing the di.'>ca~d population from the
heahh): ho.... e\er. the funher a rc,ult i~

from the limih of the rangc. the lnor<.'
hlel) II i, to rcpre\Cnt patholog). In wille
,ituatiOlbll 1\ u~fulloddinc'action limit,'.
Ilohl're appropriatc int<.'l"\eOlIOil 'hould be
mack in rc'poIll>C to a biochemical rc'uh.

There i, oftcn a degree of 0\ crlap
!x'tlloeen the di,eal>{' 'tale :md the 'nonnal
\aluc' (Fig. ~). A palient v. Ilh an ahnonnal
rc,ult Ilo ho i.'> found nOlto h:t\ e the di,ca:-e
i." aft/he IH1~i/il"f'. A palienl \.I ho ha' the
di\Ca.<.e bUI 11:\, a'nonna!' re,ult i, a/(I/Ye
l1eglllll'e,

Biological factors affecting
the interpretation of results
The di\crirnination hclween nonnal and
abnonnal IC\ulh i' affected by \ariuu.'>
phy\iologieal f,letor\ v.hieh IllU\t be eOI1­
~idered when inl<.'rprcting any given re\ult.
The\c include:

• Se.,· oj Ih" pm;nll. Ret"crem;e I1Inge\
for \ome analYle\ 'Ul.:h a\ ,crUI11
creatinine arc diffcrl.:nt for men and
women,

• Age t!flllt, IHI/i/'m. There may be
different reference runge' for neonates.
children. adult\ and lhe elderly.

• ElJert of{Iit'l. The ,:tnlple may be
inappropriale if talen I' hen thc
pallent i' fa\lIng (If after ;t meal.

• Time 1'''1.''11 I{/mp!e It'(H ud.ell. 11lcre
may he lariation\ dUring Ihe day and
night.

• Stre\1 /llltllULl/N.\". The\C lila) affect
the anal} Ie of intcrc\l,

• POI/Me (!f/lle IHllii'lII. Redi,tnb\ltion
of fluid may affecllhe re,uh.

• Effeds (!f evrc;.f,e. Strenuous exen:io;;c
can relca'-C cn;) nle\ fmmtl"ue\.

• MetlictlJ "i~ftI",. Infl"CtiOn andlOl'"
ti\\ue inJul) can affL"Ct hiOl:hellllcal
\aluc' independentl) oflhedi\Cal>C:
pt"OCf:" heing in\e\ligalcd.

• Pregmmn. Thi, ahc,", \On~ reference
range,.

• \1nutrlwl nl"1e. Ilomlonc Inca.\Ul'\:­
ment~ \.I ill \ary through the nk'n\lrual
c)de,
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METHODOLOGY OF SIDEROOM TESTS

Table 1 Common lesls on blood perlormed away
from lhe Iaboralory

Ili':1 fcalure of man)' ,ideroom le,l\ llwl
their \implicil) di\gui"e~ Ihe u~e of
,Ollhiqit'aled rnl.'lhodology, A home
prcgnmlC) le,1 melhod involl e, an eicg;1ll1
ilpplic:uion of monoclonal alllibod) let'h­
nulogy I(l delect the human chorionic
gonadolrophin (hCG) .... hich i, produccd
b) Ihe dc\c1oplllg cmbl)o (fig. 21. The
le\1 i, ,unplc 10 call) OUI; a fcv. drop" of
lInne :Ire placed 111 Ihc "Imple .... indo.... ,
i1nd lhe re'ult i, ,ho.... n .... ilhin fhe
minule", The addilion of lhe urine
,>olubI1i7e\ a nKmo-l'lonal antibod) for
hCG .... hich i" cO\alcnlly bound 10 lin)
blue beath. A ~'COnd monoclonal. \pccllic
for anOlhcrregion orlhe heG lIlolccuk, I'
finnl) attached in a line al Ihe re"ult
v. indo..... lfhCG i~ pre-.enl in Ihe '>:Imple il
i, hound by Ihe fiT"i1 anlibody. forming a
blue bead-antibody-heG comple'(. "
the urine diffu'iC" through the 'lrip, an)
hCG pn:-.cm bt."COIllC'> bound at the <;econd
ilnlibod) \ite and this concentrate" Ihe

A. Te~/,\ fleiformC'11 ill medif'lI/ or II/1nll/1:

UlIIlIl:,'. Thc) ch,':lrl) gi\e \illuahk
informal ion and allov. Ihe pmelilioncr
to TCa"urc Ihe patient or f,llllil), or
iniliale funher in\e'ligalioll" or In.:al­
mCnl.

B. TI'I/I perforl//(!(I ill II/(' !lmllf', I/loPflln,~

f'/'II/I"e fir c1inil'f/1 1f'/l11I~. 11K') t'an
gi\c \"Iuahlc informalion \\hen
properly anl! :lpproprialcly lI'cd.

C, Ale-olIO/Ie.'•. The...... are 'OlllelllllC... 1N::d
to a"c\, filnc" 1o drive. In dinil';11
prilcliceilkohul me:hurcmcnl, nced 10
he c;lrcfully inlerpreted. In lhc Acci­
dent and EmcrgellCY 'elling, eXlreme
cautiun I11U'1 he la~ell beforc (Jnc 1.':111
fully a't'Tihe confu,ion in :1 palienl
with head inJul) to lhe effecl" of :tln>­
hoI. acommoncomplic:lling featllre III
"uch r::l1ie11l~.

Figure I ."OOv., a ponilbk bcneh ana·
I)-.er. Thi, in'lnllllcm Illa) he u'ot.'t! 10
monilor p:tllcnl" gluco-.c and t'holc"ICrol,
and i<, frequenll) u-.cd in man) oUlpalienl
clinic" and in '>Crccning cenlre".

Tahle :! Ii,.... urine con.... illlen.... Ihal
can be mea'ured il .... if) from Ihe labora­
101). ~Ian) arc cOIl\cnientl) Illc:l'ured,
'>Cmi-quamilati\e1). u,lng le"l ,triP'> .... hich
arc dipped brien) into a ffl,'"h urine
<.ampl~. An) e\:ce" urine j, remmed. and
the rc,u lla,,-.c"'l'd afler a "JXOCI fied Iime h)
comparing a colourchangl.' "'" llh a code on
lhe ,ide of Ihe te~1 ,trip container. The
infonnalion oblained from 'uch Ie".... i,
of \ ariable \ aluc 10 lhe le'lcr, .... hether
palient or dinici;m.

The Ie' .... commonl) pcrfonned av.;l)
frollllhc I;lOOr.lIOl)' can Ix: e3legori/ed:h
folio","';

TESTS PERFORMED AWAY
FROM THE LABORATORY

Tahle I ,ho\'\', \.\,hal c:m he Illea."ured in a
blood ...:Jmple Oulwilh Ihe normallabora­
lory 'clling. The 111n,ll'nmmnn blood le,1
tlUhidc 11ll' lahnralOry i, Ihe delerminalion
of gillen,e elHK'Cl11l'alion, in a tingl'r 'Iah
"Hnple. ill home or in Ihe dinit,. Diabelic
p:1licnh v.l10 need 10 monitor Iheir hlood
gluco,c on a regular ha<,i, can do '0 at

horneortll v.or~1I,ingonenf Illiln) COllll1ler·
Ci;lll) ;l\;lilable poc~chi/ed iINnllllCn"".

INTRODUCTION

Th\' m\'lhod~ lor mCil ... uring 'Ilme hiologi­
C;ll compounJ.. In bltX"ld and unn.: ha\ c
become ..0 1'0bu"l and ... implc to u-.c Ihal
1Tk',t"urcmcnhcan hcnl;llkav.,,} fmm tile
IJIxIr'JIOl)-h} the IXl1lcnf, hcd"ldc. in
the .... ani ,idcroolll. at th... GP', ... urg....I).
in the hom.. or c\!:n in the ,hOpplllg.
centre! Con\cnicncc and the dc,irc to

I..no\\ rc"'Ulh quid,I~. a...... ell a... ('''peela­
lion ofcOIlIlIlcrc;al profit h) the manurac­
tUR'r-. of the Ie.."'. ha\c been th" major
...Iimul; for Ihe-.c dC\l~loprn.:nt .. , E"peri.
cnee ha.. "ho\\ n Ihal mol i\ ;lIed iodi\ idu­
ah. e.g. diabcti...... frcqucnll} p.:rform the
Ie"" ,." \\ell a.. highl} qualified prof...,·
.. iona"-

The immcdwle ;1\;lIl;lbllity of rc,uh..
l::I11 enahle lhe appmpri;llc Irc;lln~nIIObe
m,tilulcd quid.I)'. I'alien,,' kaJ"', can he
allOl}cd I-In".:\ er, III' ll11port;lnllOClhure
thai Ihe limit;lllon" of ,til) le,1 and Ihe
"ignificancc of Ihe re"ull ... are appreciated
h) Ihe IC'h:r to ;1\ oid inappropriale IIller­
\ ell1ion or UllIleCe""l) anxiel).

FIQ.l ApoNbIe bench If"IIlyier (Couflesy 01 Boehringer Mannheim GmbH.).
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I~Biochemical testing
outside the laboratory

• Marry biocheIllICaIlests 8nl
periormed outW'Ith !he l'IOnT\i1II
IlIblraIOl'y setlJ1g. lor ItIe
CXll'lYI!nnlll I'll pa1IefII and ctnoan.

• A/ltIot9l appareo1ly SIIl*!, such
tests may yI8kI erroneous results
because I'll operator errors.

• h 15~ \hal acMc:e be IeaciIy
aviIlIIbIe to f1llll'pfl!l eactJ ,.. 1"1.."""' .......

Case history 3
At a \'illage fClc. a local chant)
group .... a.. fundraising by per·
formingc:enainsidc-room le<'ls. An
11-)eaNlld 00) \loa", found 10 hu\e
a blood glu.:oo;e of 14A I11molll.
His f:ul1ily wu, concerned. nnd
an hour hiler his cOIl,in. a recenlly
diag.n<1\Cd diabelic. confirmed Ihe
h)perglycaemia .... ilh hi~ home
mOliltoring equiprlk"nt. nnd found
gl)'c{)\urlll +++.

• Whal 1\ the <;ignificanee of these
findlll!!,1

Cowmcllt .." page 152,

Slll1ilarly. the nalure of Ihe "<impl.:: col­
Iccled for anal)~is ~hould be (.'On~idered

.... hen IIllerpreung Ihe rc\ult. Where the
re<,ul" !>Cem 31 odds ..... ith the clinical
"11U3110n. interfert:nce from conlaminant",
(e.g, detergent\ In unnecool:tlllCl"\hhould
be eon.. idcrcd as <,hould CfO!>S fC'3Ctl\ II)
of the 3!>\3) "Ith more than one anal}te
(e.g. haen~loblll and m}oglobm).

An) biochemical ass:!) lale\ alllhc..e
potenlial problenb into accounl. HOY. C\ ('I'.

.... Ith e'tra.laboralory le"'11l1g. correci
Intcrpn:lallOll oflhc resull i\ no 1000gerthc
I;lboraIOf)· ... R:\poo,>ibilil) hollhal ofthc
opcrdlor.

THE FUTURE

There i'> no doubt Ihal III the future. bio­
chemical tC\lmg of palient\ OUt\lde lhe
laborJ.tof) .... III become practIcal for many
of the anal)lc" ,·urrentl) measured in the
labor:nory. ~re i<;. ho.... e\er.lilt;,e1} lobe
much debale about Co<>lS and lhe climcal
u\Cfulncs\ of ,uch non-boomlOf) ba:.ed
llllal}"C\.

tICG AnI! hCG anlJOOdy
anached 10 blue beads

2nd tlCG-$pecllic

~"""­3nl~_

2

4

should al .... 3}~ hi: po\\lblc to arrange
\imple qualit} control cro~.. check\" lIh
Ihl" m.ain biochemi.. tl') labornlOl')

EJu::ess oIlhe mOI'lOdolial antibody-blue
bead complell on the unne t!lrIOIlO • !tllrd
anliOOdy tormong another bIoe lone
ThIS SlQNls the lest IS complele

5

,
Unne saturates absorbenl pad and begins
to move along test stnp

• _......

The hCG-antibocfy-bIue bead complex
binds 10 a 2nd hCG spea!1C antibody tilled
to the plate aIonQ a SlraIQhlIlne ThIs
produces a blue1ne on the pIa.-

hCG bInds to moooc\onalanhbody-blue
bead complex. whiCh Ihen moves along
the plate as Ihe unne d,tfuses

INTERPRETIVE PROBLEMS

E\t~n .... hc.-n anal} tll:aJl} COlTC\:"I re\ult\ arc
obtained. lhen: are other problem...... hich
must he O\crconlC hefOfe lhe e'ierer\C can
be considered a ~ucce\.. The general
approprialenc.... of the 11,'\1 IIlU\1 be COII­

!>Idered. If an ~\3~ i\ performed III an
indi\'idual of inappropriale age. \C\. or al
the "rong 1lll1l."ofda}. or month. then the.'
re ..ult rna} he clinically lIlcalllngle,\.

A posrtMt r-..II18 shown by 2 blue 1lne5.
a negatrve resulIlS shown by 1 blue line

F1{l 2 How I pregnancy test kit worn.

• cahhrJ.t~ dn 1O\lrument
• clean an lIl.. trumenl
• u!< qualil} cootml maleriab
• \lore reagenl\ ('II' \tnp.. III appropnale

condl1l(m\

All of the-.c prohk:m.. ("an be fC.xlily
O\errorne b) folkMmg 1n.\lJUo.~ care­
full} Rej,l.ular ntainlenaoce of the eqUIp­
menl rna} be l'Iett'.."'). and 'lmplc quahl}
control l.:h<.ocl\ 'hould he performed. It

ANALYTICAL PROBLEMS

GENERAL PROBLEMS

blue bead ~'{)mpkx III :l IlI1e-a fXY'ill\e
~ull. A lhlrd 3ntllxld} rttOll:ni7e, the
1;011\t,1II1 rc!!ion of lhl= fi"l 3JJ1ibod} and
bind' lhe e\cc\",lhu.. pm' Idlng a contml
10 <,ho.... Ihal ..ufficicnl unne had Ix:cn
added In the ll'..l ..lriP,lhe II\()'>I lill'l} fOl'm
ofl'rror

1lle otn iou.. 3oIhantagc.. III h.'nn.. of Inne
\3\mg and COfl\cmcncc 10 both p3IlCnl
anddmKI;m mU..1be baI3'......cdb} anumb,:r
of po.....blc problem\ in Ihe u~ of the<.c
te,,\, ~} meludc'

• Cou. \Ian} oflhc<.c te't' are c'pcn\I\C
allemall\c" to the lr3l.hll(lllal melhod~

u~ In lhe labor.JtOl'). Thl" ac.kJrllon31
c'pen..c mu<" be Ju.. tlfiecl, forc>.:amplc.
on the ba~... of eOIl\ClllCIiCC Of ..pced of
obtalnlllj,l. lhe f"C\ult

• R~f/l(ItHih;li'" 11lc pcNlO pcrfomllllj,l.
lhe J"") out""lIh the lahoratOl') (lhe
opcra'orl mU\1 a....uII~ :l number of
re..pon"lhditIC" .... hlCh .... ould nonnaJl)
be: tho\C of Ihe labor:lIory \Iaff. TheI'C i\
lhe rc..porhlbiht} to perform lhe 3l>\a}

appropriatcly and 10 prm Ide an an...... er
mall" 'lI..'Cumtc. rrcc:i-.c and mcanin!!ful.
The opermor rnu.. t :11"0 record Ihe
rC'ult. \0 lhal other' may be able 10

find it (e.g. In lhe palicnc- .. 1I0Ie~). and
lmcrprct thc re\uh III 11\ chnlc..1conle'l.

Many prohlcnh under thi .. heading will
h.avc lillie 10 dn II ilh lhe :l\'ay ll:chl1ology
bul .... ill he: duc 10 opcrmor errol'. Te"l'
tk\lj,l.ned for U\(; out .... lth the laboralory
all." robu..l bUI arc h} no mcan\ flXllproof.
MO'I operalor.. will lIot he lr:llned
laoorulorytechnician.. bUl pali('nl\. nUf\C..
orcllllician ... If an a~\a} i\ 10 be perfonned
\Iocll th~\l.' mdl\ idual .. mU'1 be U'':Jlnctllll

ils U'iC. 1111\ may reqUIre the reading of a
.. imple \Ct of lll\lructIOn\ fe.g. a home
pregnancy le\t} or auendmg ..hor! trdining.
SC\"lon.. (e.g. lhe .... aru-h.N:d blood ga..
anal) 'iCf J. "The n"""(.'(\fIlIl"')III) encounlercU
anal}tl<:al CI'T"Ol"'o an", ht.ocau\l.' of failure
10:
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NUTRITIONAL ASSESSMENT

PlMmaor~""'"

PIesmt or ABC ........ lldIva!UI

P!IIrr-. or ABC~~ iIIClMolItI'I

Ptwna or R8C AST~

s.t.. B , bbld CllUIl

Sett.m tIlIlt, RBC tIlIlt, U bbld CllUIl

"""'--

of protein nutritional .. tatu,. It ..,
affected by lIlan) factor, other than
nutrition. e.!!. hepatic and renal di-.ea.-.c,
and lhe h) dmtion of the patient. Serum
albumin concentmtion mpidl) fall, a~

part ofthc met.lbolic rc.,ponsc to injuf).
and the deerea..... may be mi",a"enl)
altributed 10 malnutrition.

• IJlom/ gil/emf.' ('Ol/U'l1ImfiOlI. Thi, .... ill
he maintained even in the face of
prolonged 't:lr\ation. Ketosis dc\(~lop.,

during .. tan ;llion and carbohydr;l\c
dcficicnc). I-Iyperglycilcmia i~

fre(IUcntly encountered a, p:lrt of the
mctabolil.: re~IXJI"e to injury.

• UJlif!l. J-a,>ting pla'lma triglyccridc
le\eh provide '>ome indie:lt;on of fat
Illetaboli,m, but :Ire again affected b)' a
\;lrietyof Illetabolic proce...,e'l. Es,cntial
fally acid Iewh Illay be Illea,ureu if
,pccific deficicl1ci..:: .. nrc ,uspected.
Facc;L1 f;ll may he mea'll red hoth
qtmlitati\"c1y and quantitatively in the
a"c,"nent of malab"orption (pp.
IO~-]()5).

--,
Sett.m~l(t"""""ot
__E

PtlA...lIO.' .....

...-

,-.­"'"biocher'lOCiIl
..~>

! Nutnent

""""

_....
Sony.....,--------
-----.

w... _

"'""""'s'(TlWwl1

a, tfli:Jolaml

8"tPyndomeI

"'","*,,",--F._
'1-
010..........'"

A numhcrofhioclll~micalte't' :lrc u'ed to
complement lhe hi,tory and e\amination
in assessing the gener:ll nutritional '''llU'
of a patient. None arc completely
.,ati,fal.:tory and ,hould ne~cr he u,ed in
i,olation. The 1I10,t l'Olllmon tc.. t, include:

Table 1Classification 01 vitamins

• Profeill. Serum albulTlin concentration
b a \I idely u;,cd but ilhcn,iti\ c indic'llOr

BIOCHEMISTRY

Simple anthropometric mea..uremcnl\
.... ill include height..... eight. ami cin::um­
fcrence and slin-fold thiclne....

Bod) Illas~ indel: ' .... eight in 19 di\ id·
cd b) the height Mju:lred in metre.. } i.. a
rea<.onabk indicator of nutritional 'talC.
cl:cept .... hen the p.;lticni i'l ocdematou'.
Ann cin:umfercncc i.. lIn indicawr of
\keletal mu'-Cle ma~' ..... hile ""In fold
thic\..n~ .... i, proportional to bod) f;lt
Ie\ et... In addition. general ph) ,ieal
el:amination Illay rc\cat ,ign~ of mal­
nutrition in the .,I.in. n;lib, h:lir. teeth
and mucou, membrane'.

EXAMINATION

rlQ 1 The development 01 malnutrition.

• hi~lOry

• examination
• laborJlOry in\c,tlgation'l lIlduding

biochcmi,try.

~lalnulrilion i~ a common probkm
\\<orld""idc. and in de\l:lo~d coontrie.. it
j, a~wcialcd parllcularly "ilh p()\ert~

and akohoh"lll. It b abo encountered
among palicnh in ho..pital. Variou!>
s1Udie~ ha\c 'ho\\n that patient" may
h:l\c c\ idcncc.1lO1 only of pf"Oll'in-calorie
malnutrition. but al-..o of .. il3mi" and
mineral deficient'ie... e ..pcci3lty afler
major ~urgcry O1"chronic iUne.....

Malnutrition to the layman u"uall)
means ,tanalion. bUI the lcrm ha" a
much .... ider meaning encompa"i"g both
the inadcqu3q of an) nulrient in the
diet a .. \\ell a.. f'.In'H food intal-c. The
pathogene't .. of malnutrition i....ho\lo n
in Figure I.

Malnutrition related to <,urgi'ry or
folio.... 109 ~\ ere injury occur-. bccau~ of
the c'Ilcn\i .. c metabolic change.. that
accompany Ihc'tC C\elll ..: the 'metabolic
rc~pon'>C to inJuf)' (pl'. 102-103).

TIle a'~e~~llIem of a patil'lll ~u,pccted

of ~uffering from malnutrition i~ ba~ed

on:

HISTORY

Pa~t medical hhtory may point to
change, in \wight. poor wound healing
or incrca~ed '>u'ceptibility to infection.
The :lbility to take a good l!il'tlJr\' hi,tory
is one of the mo~t import:lnt p:lrh ofa full
nutritional a~se~<,menl. Taking :I dictar)
hi~lOry ma) i'Hol\e recording in detail
the food and drink int:ll.e of the patient
o\'er a 7 day period. More u,ually.
hO\H~\er. a few :>imple que'tion, may
yield a 101 of u'leful inform:llton about
a per~on'\ diet. Depcndingon thebaek­
ground 10 the problem. different que,t­
ion~ will be appropriate. Forc'(amplc, in
the .... a\tcd patient. que\tioll\ about
appetite and geneml food imal.e ma)
:>ugge,t an eallng di'lordcr 'luch a,
anoreltia ncn'o,a. but in the patient
presenting .... llh 3 ~I.in r3,h. detail~ of
the "pceifie food group' eaten .... ill be
required 10 help c'(c1udc 3 diel3l') cau"C.
In the patient 3t increa~ed risl. of
coronary hcart di)ca"c. quc~tion) on
saturated fat intake may be mOM
re\caling.
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~~
B,
A
Folate
K
o
B"

13mg1d
1.2mg.,'d
09mwd
o65mg.'d
02mg1d
O.07mg.d
00lmp:d
O.OO151l'1Q1d

2.5mg1d

1.5mg1d

1.0mgid

030mg.d
O.14mgtd
007rngtd
010mg.d
O.OO2mg;d

120mwd

10.0mg.d

Ff;l 2 Average adun daily requlrelMflts of Yilamins. F9 3 Average Mlult dally requirements of essential trace eIemel1ts.

Ffg 4 Selection 01 patlenlS 'or preoperative nutritional support.

No

Clinical note

IS -.ghI1oM 8SSOCIilted No
.....J1h re<tuced functIotwlo, f-"""-----,• g. muscle_~lJ

ProviOO .nte~,~,::,~~-~~=:!. J
parenteral n~lrillOrl

~. AC~'ur:l\C me;I"urcmcTll of height and wcight
;lrc the nUN Hltportant feature, of global

nutritional a" ..e""ment al all ,lagI." of life-from thc
neonatal period 10 old age. TIIC'oC are al-.o often \cf)
poorl) recorded III patient nOlC'.

• \"iwmim" Thc"e organic compound" an: nOi ,»lllhe"ilcd b)
the bod) but arc \ital for normal metabolt"m. U"lIally thc)
arc c1a""ified b) their "olubilil): thc) arc li,>led III Table I
anll lheir a\ crage aduh dOli I) rcquil<'ll1ent~ -.ho\\' n in Figure 2.
Some a""ay" arc :nailahlc to mea..ul<' the blood le",:I" of
\ Itamin, dircctly" hut oftcn fUlIl"tiona! a,"ay" that utili/e thc
fa.:t that man} \ itamin" arc en/Yllle cofactor-. arc u"ed. The'oC
latter a'"ay' may help identify gro"- abnormalitie'. Ho",­
c\ cr. ({l detect ,ubtle ucficiencic,:mu the increa,ing prohlem
of e'\cc", lllt:Il.C, qu:mtttati\c mca,urelllcnL<; are required.

• Mlljor millert/ll. Thc"\.' inurganic element!> arc prc~cnt in the
body in liliantitie, greater than 5g. Thc main nutrient!> in thi"
C:llcgory arc "odiulIl. pota",illlll. chloride. calcium. pho,phoru"
wuJ magllc"iull1. A II of thc"e arc readily mea,llrabk in blood
and Iheir level" in p,lrt rellcci dietary illlal.e.

• 7'r(I/'I' ('It'll/I'll/I. Il\org,lllic elemenh prc"cn! in the body in
quanlilie, Ie"" than 5£ arc oftcn found in tomplc'\e" with
protcifh. The c,,"cl1lialtnice clcmcl1h arc "ho\\.11 in Figure J.

Lnlil.e the Ol~~e~~ll1ent of oHral1 SlalU~. biochemical
me:hurcll1ent~ pia) a I.ey role in idcnlifying c"cc~..c~ or
Ildiciencie~ tlf "pe~·ific componenh of the dicl. Both blood
anll unne Il.'"ult" mOl) he of \ alu\.'. Such a....a)~ include:

Nutrillon;tl :l""~,,,m~nl i, not only nece"':lf) folio\\. ing ,urgi~'al

proc('t!ure". Paticm" need 10 Ix: in good nutritional condition
before an 01X'r:ltlon :llld the a,..c,,~ment ,hould be done \\ell in
ad\ ance 10 all{1\\ build up of fC'>Cf\ c, before ,urge!) (Fig. ~).

PRE·OPERATIVE NUTRITIONAL ASSESSMENT

Case history 4(J

A bS·)ear-old IlIale \\>ilh m<Mor neurone di!>ea~ is admiued
becau.)C of '>CH're anore\ia 3nlI \\eight lo;,~. SU~pec1ing.

malnutrition. the hou\<: officer rcque'>b a ballery of
blochcmicalll."L' including. 'ieTUm \ itamin E and selenium.

• Ho\l, u..eflll \l,lll lhe<.e be lD the managemenl uf thi ..
patiCnl'

Commt'nt 011 fHl.~1' 156.

Nutritional assessment

• NIIIntlOI'IaI assessmenllS rnportanln fNery patJeOl.
• Manml1Jon IS corrrnon and usual)' reflects Ihe rladequacy

01 any ootnenI 01' rv.rtnents nlhe diet.
• HIstory, examI'IallOn and laboratory invesbgaoons are

complementary
• Avanely of blIx:hemcaIIlM!SlJl}3.1IOnS may asSlSl. n !he
~ 01 nutnllonal defiaenaes and i"llhe fI'lOl'llIOmg
of patJenl$ LlI'lderp1g IMrttJOnaI SI4lPOI'l
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NUTRITIONAL SUPPORT

TPNEnteral.....-Bo>--GluttifHree....A"""'"
""""'"

FIQ 1 The spectnJm of nu1ritiooal SIIpporl

Nutritional \uppon m:.y ran~e from
'"T1ple dicta!') .u.hicc 10 long-limn total
parenteral nUlritinn ITPNj. In bct .... een
I,> a .... hole 'pcclrurn of clinical t;'onditiOll'
and :appropriate furm ... of nutritional
'uppon I Fi~_ I I. A' \\ e rum clOthe right.
climbing the '>C:lk of ~\ enl) of lh;,c:l'>C.
"C increa'oC.' Ihl.' k\d of ..tlppon and in M)

doing int'rca'oC,' 11K' neoo for labor.lIOf)
bad.-up. Th... clinical biochemi'lr)
laboralOl') pla~ .. :m lmpnn:ml role in the
diagno,., of ..omc <.h..ord...", Ih;l! require
lopccific nutritional IO'cncntiOIl. e.g.
diabclc~ mdlilu,>. iron dclkicnc) allac­
mi:t and h)pcrlipidacmi:a. but a much
greater role j, pla)cd in the mOllltoring
of pallen'" rccci\ illg the different (orn",
of nutritional ,uPlxln.

WHAT 00 PATIENTS NEED?

... SO(hetghlln em)

Meo

Eoergy requlfemenlt • 665 ... 13.8(weighl in kg)
(kcalidayJcf

1'- '_'_,'_,,_"_"'_'_"_, _

A..'>C .... ing the d,ct;lry need.. of't(lme p<ltients i, <I highl)
,~eiali/ed ta,I... but ,01l1e gcncml guidelines can be
con'idcrcd. A b;tlanced mi\ of nutricnh mu:.t contain
::Idcquate prO\i'ion for gmwth. healing and pathological
lo"c,. e.g. a draining fi .. tula. Wherc p::lticnh are able 10

cat a mi~cd die!. the dct;ukd eOtl\ider:llion of their ~peci·

fie dietary inla"e~ i, '>Cldolll an i"~lle. Ilowe\er. for thu'>C
p:ltienh v.here the clinical team ha~ to a!>sume the
!"C;,pun!>ihility of pro\ iding the balance of nutrient!>, much
greater care 11l11~t be taken.

FIQ 2 The Harris-Benedict equation.

... 18 (heighl in em)

Energy
P;lticnts require encrgy. the amount of whil.:h CUll be roughly
cakulaled frorlllhc IlalTi~-Bcncdictequation (Fig. 2). Thi.~

formula provides the ba,al energy requirement;, of an
individu.ll. and the,e IIlU'1 be adju;,ted to t;lke account of
inerea!>ed requircmenh or lo!>;,c!> a:. described abovc.

The principal energy ,ourec!> in the diet are carbohy­
drate .. :wu f:lt'. Glueo,e provide;, 4 kcal/!; while fat
pro\ ide\ 9 "c:ll/g. The entire caloric 10<ld may be admin~

stercd u..ing carbohydnlle~. but pre;,cribing a mixture of
carbohydrate.. and lipid~ is more phy.. iological and servc:.
to reduce the \olumc of thc diet. This i;, imponant in tube
feedlllg a\ wcll a;, in parenteral nutrition.

Women

9
I

Energy requirements. 655.0 ... 96(welght In kg)
jkcaVday)

- 4 7(8ge in years)

Nitrogen
Protein\ and the amino ar.:id;, prm ide
nitrogen and al\o yield energy at 4
keaUg. Aminoacid\ are e\'>Cntial both for
protein s)nthesi\ :Jnd for the synthesis
of other nitrogen.comaining compounds,
U:.u:JlIy It i!> recommended th:Jt protein
inta!..e ~hould constitute 10-15<I- of the
tOial c:Jlorie requirement. P<h.iti \c nitrogen
bal:JllCe can onl) beochic\ed iflheenergy
intake i;, ::It 1ca~t 3dequate to co\er the
resllng energy expenditure. 11Ic energy
needs C:Jn be ealcul:Jted fmm knov. ledge
of urinary urea c~crction (Fig. 3). This

dict:Jtes amino acid needs as v.ell as
the energy requirements to ensure that
protein synthesis lal..e~ place.

Vitamins and trace elements
Vit:lmins and IfaC'e elements an: collect­
i\cl)' described a.s 'micronutricnts·. not
because the)' areoflimitt"d imponance but
because the)' are required in rclati\e1y
small :Jmounts. Recommended diet:J!)
:Jllow:JlICCs (RDAs) ha\ e been defined for
most nutrients and these are u;,ed III tnc
make up of art.ificia.l diets.

HOW SHOULD THEY RECEIVE IT?

Patients may be fed in the following ways:

• or.ll fceding
• tube fceding into the gut
• p:lrenteml fceding.

Oml fceding should be used v.hen­
e\er possible, Tube fceding (Fig. 4)
imohes the use of small bore naso­
gastric. n:JSOduodenal and g:Jstrostom)
lube~. Defined diets of homogeneous
composition can be oontinu:JlIy adminis­
tcred. Tube feeding in this way by­
p:Jsses problems with oral pathology.



PstJ8l'l11ll1TlJ IS
being Q$8SMd She

passes 2 lItres 01
unne In 24hl and---IS 150mmolI'l

2thr urN excnttloo
• 300 mmolIurea

NVl'RJT1ONAl SUPPORT

s .... allo .... ing difficuhic~ (C.g. afll~r a ~trol..cl and anorc",ia.
ben paticnh .... ho ha\e had gastric ~ufgcr)' com be lube fcd
po't-operati\el) if a feeding jcjunO'lU11l)' i!> fa,hioncd
during thc IIpcrallOn di"l:!1 IU the Ic..llln. 1I0.... c\cr. tube
fcedlllg a1<.o pre,,~nh mechanical pr<lblem.. in term' of
blud.lge or oc..ophageal ent'lion Ga.~tnl1Ote..linal probkms
'Ych a.. \omtllllg and diarrhoea. and metabolic problem.. can
b.: mimmi/ed b) the gradual mtrOOuclIon of the f...'Cd~ and
r..rel) arc l"ontr.lindtcation.. to enteral fcrdlllg. 1nc problem..
......oeiated .... nh p:trI~nteral nUlfltion :Ire e\en more ..e\ere and
arc di'l"u....ed (In page' llX)-IOI. It ..houM ~ llott.'tI, htlwe\er.
lhat the \ast maJurity uf pal lent.. c:m be fed \\:ry ,ul"l"e"..fully
either oral!) or .... ith enteral tuhc f"cd~.

MONITORING PATIENTS

Chmcal and hi()I:hemieal m\lllliocing ~hould 31 .... a)" go hand
in hand In the a""l",!>ment of Jny form of nutritional ,uppon.
In ,ome circum ..tance' th .... contribution of the I;.ooratory
ma), he lhe \lmple me3..ur..:m..:nt of blood glu..:o...". ",hi!..: in
other .. iruatioll" the Illca"ur..:ment" and ad\ icc provided hy Ihe
lah lila) dicl:llC the regimen III a p,ltient reeel\ ing parenteral
nutntlOn.

C>

C>

3OOmmol oIlnoII.
eoommol 01 ..... N a

06~0I_N

ConYer! mollIr 10
----'~---J,. masa uollS by mu"lptvlrog

byal-wt oINI.

---~----'(";:Eadlmol8CuIII 01 urea
aM'ItaInS 2 .Iomt 01 N
~~by2

8·40 urea N.
10 5g Iolal N

-­I'lCIO-\.ftleN~.

Total N lou. 1259

12·59 lOWl N.
-78g ptOtetn

Urea odoJ QOflSIllINlS
-80"'00 01 unNI N so

multlply by 5/.

'0 0

C>

19 N lS aq>ll~aleol

106.25(1 pr0\8tO

C>

fig 3 UrIne urea~ 0Wf 24 tw may be used 10 assess niII'ogen_. FJg 4 Pnrnt on tube Iftding In rTlJ. ",ore IN' pallenll.. .11 ....' b:t
\ ~nllL:lI<"li \ iii :;11 l(:;lll:ho...."'hHll~ ;J.JK!Iu.. :;II ~·crtlr:al line 10 1'1;K~.

Case history 41

A pauenl \to- 1m pcmil;louS an..cml3
1\ being lreated .... ith parenteral
\ 113mtn B BCl;au ..c ~hc has
recentl) been f«hng lired and 'run
do.... n' .herphy~ t(;1 an scnd~ a ,ample
to the: clinical biochemi,lf) lab
rcquc\ting a 'oCrum B" level.

• h thisthc Il1O!oI apPl'Opfiale Ito-aylo
munitor the: pallenr'

Commelltlfflpagt> 156.

Clinical nole

By far the mo\t
cffecti\c route of

supplying nutrtCnl~ 10 a p:Jlicnt i..
via Ihe gut. By u~ing na..ogm.lrie
lube.. :lIld electivel)' lIl!>cned
stoma (UOO to the ,tomach or
~mall mte,ttne, onl) a ..mall
mmorit) of p~n~nlS Ito-ill require
10 be fed parenlcrally.

Nutritional support

• Nutn1JCIl'lal supporllS reqwed
11'I awde sp8ClMTl cI cordtJons

• It CQnSlStsoia YaMly cI appl*:heS.
tram~ dIeWy adw:e 10 tuI
parenteral nutn&Iorl

• The lOUie of firsl chOlce lor nutnllOO8l
supporllS oral JoIowed by enteral
followed by parenteral.

• Ca~ etncal and laboratory
rnoruloMg 1$ reQIIred 10 some elden!
11'I aI bms of IUrO:WliII support.

• Mosllaboratory supporllS needed lor

....._""""'­"""'"

J=---- _



100 SPECIALIZED INVESTIGATIONS>

Fig. 1 Team apprG8ch 10 TPN.

Is !Ius p8lJBnl
receiving regulal
and appropriate
lab SCreening?

PARENTERAL NUTRITION

Th..- provIsion of nutrient;, 10 lhe body',
cdl .. j, a highly cumpk\ phy,iologkal
pH"'''''''' Illvoh ing many endocrine.
exocrine :Lnu otln~r metabolic fUlll'tion...
1'oul paTenlcml nutrition fTPN) com­
plCh.:ly bypa,,,.:, the g:l<.lroinIC<.lin:d
tract, delivering proc... , ......d nutrient ...
direcily imo the \cnou!'. blood. It j, more
phy,iologk':ll to fced patient, cntcralJy
and parcntcr.tl nUlrition ..hould onl~ be
cOlhidcfCd ollce other I:HJ"ihililIC'o have
been deemed un..uitahlc. 'nle ilhlitution
ufTPN j, ne\er an emergency and Ihere
..hould ;d\\ay~ be lime for cOIl\ult:lIion
,md for b:l,clin..: mca,UTcmCI11" to be
pcrflmncd. A [cam apprmv.:h j .. d..... irahlc
(Fig. I).

INDICATIONS FOR
PARENTERAL NUTRITION

Patient:. Voila :lrc ull:lbJc \0 C;II or :lbwrb
food adc4uately frollllhc ga~lroilllc'tilial

tr.lCI ,hould be con,id..:rcd for p;lfl~nter.ll

nUlrition. The circum"lancc, wherc thi,
oceul"'> indude:

=

eJ
~

mosl appropriate
1.'1. 'eodin.p
regwTIBn,

Clinical
biochemist

==
IslI\e centm~1,'1 Ime coneclly

POSllloned end
<:aled 'or?

==

~\';Jpallenrs
!.V UrMl

'"'ected?
~

careful llur.. ing care and hiochemic:J.1
monitoring ;LTC reqUired.

Cmheter "lte ..ep'i.. i.. :1 con'lanl fenr
in Ihe,c pallenI'>. The nUlrienl-eonlalfling
inru~ioll Ilui(j., are. of cour,e. ;11-.0 excel­
lent baclenal and fungal gro\\Ih media.
tlnd ri .." of infeclion i, further heighlened
by the pre....nec of il foreign bod). the
catheter. Slriet :Hlention 10 a'l.:plic
lechnique bolh in Lhe .. iting of a catheler
:Uld in it- maintenance \\ ill ..en c 10 ll\"oid
mllny of lhc,e problclll'>.

M i,placement ofacathcter and 1I1fu~lOn

of nutfie11l ..ollllion, cxtf:lva,cularly c;ln
be \cry ,enou" Central calheler-. ,hould

TOI:lI parcnter:i1 nUlrltlOn I' the l\l\hl

CXlreme form of nUlrttional ..uppon and
can gi\c ri,c to r.:on ...idcrabJc difficult II:'.
In order 10 pre-empl thc..c. r.:on .. i,tcnt

..ourcc i.. a mi~ture of glUCll'>C and lipid.
~l:lny p:lIienb \\ ho recei\ e TPN arc gi\en
~tandard proprielar) regimcn.. of pre­
packaged ..olulion... The..c h:l\e made
TPN Illuch ea.. ier. but :1]0, with :lny 'llch
approach in medicine there arc "ollle
palicnt~ \\ho require morc HlIlorcd
regimen...

COMPLICATIONS

ROUTE OF ADMINISTRATION

Parenteral nutrilion may he given in lhe
follo\l ing \'oU} ,:

• inllnml1l:l1ory bowcl <li_ea!>c,
":.g Crohn', di'eu'>C

• ..hon bo\\d _yndrornc.
e.g. rn..:,cnlcric anl"f) infarcti~ln.

• ViII "erif,ht'I"lJI"t'iIl\. Thi, roule m;Jy
b..: ,ucce....fully u..cd for II "hon p.:rilxi
of 1-2 \lcck...

• Viall cellt/'lll "ellf/lU' ("(JIllett", Thi..
route i.. u..ed \\hcrc [ong-l.::rl11 1,\.

feeding i.. amkipatcd, Central vein
c:tthetef' n1a) remain p:ttcnt fur year-.
ifl:ared furprol>crly.

Although lllO.. t recipient- of TPN :tre
in-patient... many individual, \\ ho require
10ng-tennTPN h;t\(" ,ucce....full) managed
to admini'lcr TPt\' in the home, The,e
p..1ticnts h:1\ c pcnmlllcnt CClllr:11 catheter.'>
through \I hich pre-pnd,aged nutrition
lluid.. arc :ldmini .. lered, u,ually oil night.

TPN ,hould. a ... it .. name ... ugge..h. pro­
\ide complete artificial nutrition. An
appropri:ltc \olumc of nuid \\ ill contain
a ~ource ofcaloric" amino acid,. \ ilalllin\
and lr.Jce clem..:nt.. (Fig. 2). The c:lloric Fill 2 TPN ~rations.

COMPONENTS OF TPN
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Decision 10 ute TPN

~eCal
1000 kCai

'"1200 kC31
1000 kCai

15Onvnol K 80mmcl
7 5mmol PO~ 15mmol
l~moI VltaITWIs and--

I e.g lst~- Nrtrogen

"""""""'~F"
Thefeafler d8IIy - NoJJogen

Cllbohydrate
F"...
l',?

be placed under X-my ~·()l1lrol. The po~.

'Ibi Iit) of embolhm. either thrombol ic
ur air "hould be ea,il) avoided ll' long
a' their polenti.ll i, n:co1,!ni/ed.

The mo,1 common met,lholic COIll­
plicalion i, thai of hypcr!!lycaemia.
Again"t :"I b:lclground of lIlcrca"ed
,tre" hnnnom::", c'pceiall) If there i...
infc(·tion. there may be mari.I..'d in,ulin
re,i"lance and cOll't."queml) an incrt":I'!>Cd
gluco,e Ie\el. The u...e of in'ulin 10

correct lhe<.e melabolic eo-Loc.... i" be"t
avoided The compo'liion of Ihe i.\.
regimen ... hould he adJu'IL'd if metabolic
di-.ordcr. occur \bn} other biochemical
abnormalilie" have been reporled 111

a~'-OCi:ltion \\ ilh TPN. Thc-.c include:

• hy po"alaelllia
• hy pomagne"3Cmia
• h)pophrn.phataelllia
• h) pcn.-akaemla
• acid-ha....: dl"onlc .....
• h) perlipidaetll1a.

If pallent" are properl) monitored both
clinicall} and blochemicall) during their
TPN thc'>C potential di,orde........hould he
avoided,

MONITORING PATIENTS ON TPN

CQI1II/It"m 00 ptl~t" /56.

FlQ. 3 Intravenous nutrition and Its monitoring.

Folate -t- 8\2 every
1-2 weeks

If patient very
catabohc-C..B,

Sef\lm zn
(plus Cu. and Se
It OOg lerm TPN)

Parenteral nutrition

• TPN IS never an emetgenCy
procedure and should be carefully........,

• A ITIU!tJdIsClpII team approach to
TPN IS the most eflecbYe

• The rna., problems are due to
sepsIS. and mechanical and
melabollc COfT1*:anons.

• The use 01 cormtefClaI preparatIOnS
has made the rtCldence 01 defiDen:y
stales much less camw:n

• PallllntS rec:emng TPN requrre
caretIA dnc:aI and biochemical

"""""'"

Serum end Urine
concentratioo
1-2 K I week

Weight. skinlold
thickness. mldarrn

Circumference
Unne urea (ot

total Nl 2 K!'Neek

6 hourly urine or
capillal)' blOOd

glucose
Perform on ward

Daily U,\ E until
siable It1en 2-3 KI

woo,
l! management

difficult. lest unne
afld Olher fluids'

eleclrolytes

Case history 42

A 5+-)car-old man \\a~ admlllcd
VI ith a "uperior mc'>C'ntcric anery
Ihromoo...i". lie had gn",~ 00\\ eI
i~chae.mia and nen(h" Suho.e·
quently he had onl~ 15 ~'m of \ iilhlc
small OOVleL

• What fonn of feeding \\oold be
apPropriale in Ihi~ man!

• \\fhal :l"~",mcnt 'hnulJ he made
hefO!\" commcrn.:ing tn:atll1cnr'

Fluid balaflCe
chan

Record unne
arK! fistular..~

Clinical note

In addition to b,l"cline a,"e,,,ment of
patient, rccei\ ing TPN. Iherc "houl<l al,o
be a 'irici pOlicy for careful clinical and
biochemic:11 monitoring of lhe"c paticn....
(Fig. J). Thi" i, c'llIxially 1l11punanl if the
TPN i, mcdium to long-Ierm. The teM,
de,cribt.:d on pagc, 9(l-l)7 havc parEituhlr
rdevance hCI'e.

Special attenlion IIlU,t he paid 10 the
micronutrient- in lonj;-tcrm TPN patient'
a, any imhalance here mOl} l"C'uh in .1
.. inglc nUlrient deficiency ,laic, Such
.. ituation ... arc increa ... ingly rJ.rt" e'l:cept in
Iho'!>C patien.... rdying "\lldy on anilicial
die,," for thcir nutrienl'.

Bee:lU,e hiochellllc:11 changes rna)
preccde th~' de\dopmetll 01 an) clinical
manifc,tallon of iI nutnllonal deficiency.
c:lrcful lahor:llory monitoring 'hould oc
in'tlluled.

Patient' oflen n.-cci\c
lipid cmul.. ion, ii' pan

oflheir i.\ rc1,!imen. Vi,ihlc
Iipidacmia in a hlood ..ample
u...uall} "ugge"" th,ll the paticnt I"
unable 10 deilr the lipid from lhe
pla~ma
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THE METABOLIC RESPONSE TO INJURY

80

38~----
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5
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t
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F~ 1 Tile changes In body temperalure, pulse rate, oxygen consumpUon
and urinary nitrogen excretion which ICcompany Injury.

Urjn:an'l'_"""';;'·O~(:g1_d_'Y"' __:::::==:::::::::::::::::_...,
"

Ba~o~..,...,::.::::::=::.:":m:p~,~~(;m:v:m:":(:::::::::~~__l
280!

""''0
220
200'~---- _

Axdlary tempe<illure ( C)
38

Pulse rono (beats/min)
90

human acute ph:t~e prole.." arc listed III Table 3.
The acute phase pmtem re'pon,e i~:1Il :ldaplive re ..pon~ to

Ji ..ca~.Il .. role i\ not fully under,tood bulcertain aspccbc:ln be
'>Cen to h..:of!:lenefitlO Ihe indi\ idual. The incrca,e~ in C·reactivc
pt'Olein (CRP) and complemcnt will contain and eliminale
IOfcclion: incrca"Cd eO:lgul:llion faCltll' ..... ill _lid :md pre\cnt
exce~, blood lo.. ~: protca..c inhihitors wi II prevcllt thc ..prcad of
ti~,ucnecl'Q\is when Iy"O..omal en7Yllle.. arc released by damagcd
ccll~atlhe sitc of injury. The precise role ofOIlter protcms in 1111'
response ~uch a~ cacru lopla~rnilt and <,crum :..nyloid A rernailh
10 be c~t:tbli~lted.

The aCute Ilha~ prolcin re ..pon~e Ic:ld~ to grcally increased de
nom ~ynthesi, (pnncip:llly by Ihe li\er) of a number of pla~llI:J

protein~ :r1ong with a dccre..~c in the pla~llla concenlralion of
....llllCothcT'>. Thi .. TC\polhC i, \timulatcd b) the relea-.cofeYlOkinc~
'uch:ls illlerleukin I and 6 and tumour nccro..i.. faclor. and rai~ed

concenlr:Ltion.. of the h()rmone~!,;lJni\01 nnd glucagon. The m:Jjor

The body rC:lct, 10 ..11 fonm of Iloxiou, ,timuli Wilh llll
inOaml1l:tlOry rc'ron,..:. Thi.. j, II ('omple),. seric, of events which
\aries fmm mild h}pcmcrni:l due to ;l supcrfici::J1 scratch 10
major hacmod}namic and metabolic rc,pon"c, lO a sClerc
injury. Tr;lul1lu j, the nmjorcuu ..c of dC:llh in Iho"c under the :Jgc
of 40 in the \\c,tem \\orld and j, lilt large" 'ingle C:lll"o.: of
hl)~pitatadmj"iOll. A number of i mpoMa!1l biochemical change,
talc place in the lraull1:Jli/cd individual as piln of the ll1cwbolic
rc'pon~ 10 injury (Fig. I). The'c changes occur to 1<.0111C cxtcnlill

ull fomh of injury hut II ill only ;lUain clinical illllXlnUIlCl' .... hen
lhe degree of injUry i.. \C\crc. i.e. folloy,ing cxten,j,c bum'_
multiple inJuric, and fr:lclurcs. M:uor ,urgery or severe infectioll
gnc ri ..e 10 .. imilar mct:loolic con..cqucncc...

TIle problem.. faced h) the 1r:1Umati/l~d indl\idual arc li,ted in
T:lble I.The l1Ictabolit· r..: ..pon,e 10 injury can he thoughl of a,;L
protectl\e phy,>it)lo~ic:llr..: ..pon-.e de,>igned 10 kl"Cp the indi\ idual
llli\c until hcaling proce........~ r....p"irthe dlll1l:lge lhat ha~ h..:en dOlle.
II i, medi:llcd hy a complex ..eric, of neur<K:ndocrinc and cellular
proce....e... "II of", hich contribule to the 0\ emil !!oal-..uT\ i\ al.

THE ACUTE PHASE PROTEIN RESPONSE

THE PHASES OF THE METABOLIC RESPONSE TO INJURY

The l11et:ll>olit· l"e'I)OIN: to injury h:l' IWO pha~,.the ebb and the
JIm,· (hg. 2). The ebb pha'>C i, ..hon and corrc'I>ond, rou~hly to
clinical ,hock. The phy.. iologie:J1 change' which occur here
re,tore adcqu"te \uscular volume and muirll .. in e,<,t.'ntialti .. ,ue
perfu,ion. The ehb pha"C nm) progre, .. either 10 death or to the
flow pI1:l ..e. which may 1;1..1 from day.. to weeI- .. depending on
the extent of Ihe mjury. In thi .. ph,,'>C. metaboli ..m i.. altered \(l

en..ure that energy i.. available for depemlcnl tis~uc" at Ihe
expcn..e of mu..c1e and f:1l ..tore...

The..e biochemical change.. (T"ble 2) arc medialcd by Ihe
hllrmone.. coni..o). gluc'lgon :lIld the c<ltccholalllinc~. Thcyen..ure
,>uT\i\-al in the ..hon tcnu but exact a penalty from the patient.
Where".. 10"" ofhody f:uI' acccpwhie :111d ea.. iIy rc\cr..ed. los.. nf
muscle ti ....ue i.. a ..... rinu.. concern.

The innamm:uion ..ub-.cquenl to inJul) or Illfectlon i.. me­
diated by paracrinc regulalors: cytokine~ ~lIch a~ tumour necro,I"
f:lctor :Ind the interlcul-in... :lIld lipid mediatof'< ..uch :" platclet­
:Iell\ a1ing faelor and Ihrmnb<l\anc A,.

Table 1 Major problems faced by traumatized
Individuals

8Ied'Jg am artUalOty Cl:lIapM

"'"Major lIs$Ue damage

Food and ..... deprr4Ilon

IIl'llllObilllllTIon- --
le<Ids 10 n:rNSId CIIO.lla.mg blood gU.:ose 10 be UloId as an .-gy 5Ub$IraI8

leads 10 «teaslld dltuIat.lg blood gIIaIM 10 be IIMd lIS an 1IOIlVY!llIbstrIMI

leIds 10 WlCIeased 1M!lIIty..whdl .. '*'" 10 pIQWIde enerw nllllClea5ed
~ wI'Ich mar be converted to \IMOIe

leIds 10 n:rNSId....-.:l «JdI whdl may be catlItioIIzed 10~ enerw or USlld
lor -..I'fllt- rd WIUld heUlg
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Eoo'9Y InjUry C·reacllVe -NormaICRP- I Ebb F~.
prollltll (mWll response 10

f'" 2SO -",.,,'"
C""""'" AM""" Abnofmally high

200 2. CRP Ul pallllllt
4 (Says post-op

'00 WIth teYef
'SO 2 Palooot's condrtJon,. detenorabng,
'00 """""-SO .""-SO

drluned on day 5

3 CAP IeYeIlailog.""-0 ""'""-0 , 2 3 .. 0 2 .. 6 6
Days alleo' WlJU'Y Days post-op '''''"''''

Fig 2 The phil" of the mNbolic raporISot 10 Injury. Fill. 3 CRP concetItraIion.,. patient who developed 1M occult ibscess
following abdominal 5U~.

I~

Clinical uses
[II. praclicc the major u<,c,: of Ihe acutc
pha'>C rc~pon"C i~ 10 tIlOllltor Ihe cour.c of
the inflammalory pRICC.... in the palicnt.
Tht~ i.. done in t.... o .... a) ..;

• B\' m('(Hllri,,~ fen"" CRP, eRP
cOlK'elllr,uiOlh change \cr) mpidly
and can be u-.cd 10 monitor change;.
on a daily OO.. i.. (Fig. 3).

• B\' f/lotlitori",f: lIlt.' I'rwhron/l' n'l/'
imellf{//;m/ rate (J::SR). Thl' rcncc"
fibrinogen :Illd immunoglobulin con·
centration. ESR ch:lllge....[0.... [yo and
i<, lhed to monitor the inl1ammalOry
proce.... over week<, rather than day;..

TaOie 3 The acule phase Pfolaln response

Protein types lnert.ted ""-""
PJllIease iMIbdors «,·Anltt'YP"l

(I,~

CoagWtlOI'I proia '---F8CtOf VIII----""'- '" -C2.8
C3.Ct,CS

'"'''NH-"""'-e.- ""'".--- HCl,- LDl

Clinical note

Antibiotic tocmpy for
an mfccltlm. pcmaP'>

indicated b) increa"Cd CRI)
concentr.uion, ,hould be ,tanl,.-d
only after appropriate ..pccimcn,
ha\ e ococn talen for
bacteriological in\c"ugation.

In lK-on3te.. and immuno..upprc..-.cd
paliellls. OOcteri31 infection can he dif­
ficull 10 diagno<,e in II'- e3r1) .. tage<'.
Failure to make the diagll()',i .. may h:ne
fatal consequence<" In practice, a "C'rum
eRP concentration of> 100 mgll (normal
<10 mgll) is frequentl) talen 10 indIcate
the presence of infection.

STARVATION ANO THE METABOLIC
RESPONSE TO INJURY

1nc metabolic respolht.'s 10 injUry and 10

star\'ation arc quitc different. Aftcr injury
the body i" at .... ar. ddence~ arc mobili/cd.
metabolic acti\ ily increa..e.. :lIld re ..ource;.
arc directed to the .. ite of :tction, [n
.. tan'ation, the body i.. in a ~tate offamine.
re ..ource" ,Ire r:ltioncd and metabolic
:Ictivity j, limited to the minimum lor
~urvival. The two situation .. :Irc quilc
distinct. bUI in the clinical ,ituation Doth
can occur together. The ;.cvcrely injured
IXlticnt is often not fed a, a priority. Wherc
.. tarvation and lhc metabolic re'pon ..e to
injury occur togcther, a good clinical
outcome becomes le..s lildy. If a ..criou.. ly
Imumati7cd patient i, alw nutritionally
deplctcd he or she may be e-.;po..ed to:

Case history 43

A 28-year-old man .... a~ admllled to
the inten..i\c IhenlPY unil after a
seriou, road traffic accident 10 .... hlCh
he '>U~taJned multIple IOJunc~. After
initial resu.scitallon and "ur~el) to
his injuries he .... as ("('lIbidered Mable
but in coma.

• Whal is the rok of bIochemIcal
measurements in this p:uicnt' ..
management'J

Cnmmefll 011 f'lIr:e /56.

• Immuno"u~lon

• dL'Crea..cd .... ol.md healing
• delayed ti""uc repair
• mu..clc .... calne.....

All of thc'IC .... 00. together to prolong
eon\alc\Cence, inere3-'-C morbidlt)- :md
e10ud lhe OU"·OIllC.

The imponance of prompt nUlritional
..uppon for ..everel) inJurcd patiems can­
not be mcrempha!<i7ed. In the cat3bolic
;.!ate, largc amoUlU" of energ) and amino
acid.. arc required to replace the 10......<,.
The nutritional .... orlup and asses~ment

appropriatc in the trauma patiem arc
di;.cu"'ed on pag.::<' 97-99.

In addition to cn.. uring adequate
nutrition. ,ome in\'c,tigatof\ belie\c that
other therapic<, 1Il,ly cnhance patient
recovery following tr:Hllll<l. burn .. or
..evae infection. Slrategic .. which
reduce the infla!ll[1l,llory rc~pon ..c ,IJH!
ellh:lllce protein ~Yllthc,i~ and ti""ue
rep:lIr arc heing evaluated.

The metabolic
response to injury

• The metabolIC response to mlUry IS
a protectIVe physiologICal response

• The ebb J*lase corresponds to
cIIrucaJ shoc:k. and the physloIogtcal
challges restore arwatJng blood
volume and malOlalll!lssUe_.

• The IIow phase IIlVOIYes Changes 11
melabollSm to ensure thaI enefgy IS
made available to depeOOent 1JsslJes.

• The IIow phase petSISIS tJIItj the
rilammakWy response prOYdes lor
!IssUe hea~ andJor era<il:aIm 01

"'''''''''• G-reaclJve proteI1 (CAP)
measurements are useftj .,

moMlln'Ig day-llH!ay dIanges
., the nIlaJmtalofy respoose
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MALABSORPTION

'-----j o.oo~
(due 10 hypoalbumlnaerrn)

Failure 10 thrive (neonates)
Grow1tl retardationow_

Tests of I)ancrt'atic function
• Lll/lt'" le\t. Duodenal conlen", :Ire

collected after a meat and the acti\ ily
of a pancrealic cnzy me...uch a~ tl") p~in
or am) lase. i~ l1"Iea~urcd.

lIIalah~llrptioll. Faecal ~pecilllell~ over
a five day period may he colletled
,llld tota) f,lI tontel1tll1c'bured.

• "(I£'nll mif"l"O\"·O/lY. The pre~ence of
fat globule~ can be ob~ervcd directl).

• Bwrafuf te.\r. Chylomicron~ detected
ItI the plasma of patient, after a
~tandard fatloaJ indicate thm ~omc

fat dige~tion and abM>rplion h:l~

occurred.
• I~C·rrig/rceril'e hreath lest. An oral

do'>C of rJdiolabclled triglyceride lc.g.
I~C·lriolein in .... hich the fau) acid
conlain~ lhe label) i~ absorbed and
mdabotiLcd. The "CO. in expired
air i~ a measure of the effeclin'nev,
of dige"ion and ab-.orption.

• '(,'lInt' tlh\()rplimJ leU. Serum
nk'a~urcmenb of thi" 5-carbon ~ug:lr

are llIaUc after an oral do<.e and
prm ide an indication of inte~linal

ability to aho;;orb monO'>:lCCharide~.

I Consequences

SIan and mu::osaI tesoons,-,eo!'------l (VIIarTwl and !race lIlerT8lt_I

Biochemical investigations
L:lborJtoT) te~t~ in Ihe in\e~llgation of
ga,>trointe..tinal di~()fdef' fall into one
of t .... o group~: tc,t~ .... hieh identif)
malabsorption and te~t, of pancreatic
function. 11K' n"lO'>l frequentl) pcrfonncd
le'ih are outlined bclo\\. There i~ liule
agreemenl among..t lI1\e~tigalo"" a~ to
the tx-~t te,l, to u-.c.

excluded. L.I;\ati\'c abu~e i~ an impOrt<l1ll
diagno~i~ whidllllay be mi"cd. A laX,lli\e
~trcen i~ n."ldily performed in C:i'I.:~ of
~u,pected abu'e.

In the: C,l~C of fat lIIalab~orpti(lII. the
facce~ will contain fat .... hich clln be
detected by micro~copil' examination of
the 'i1ool~ or by qu,lIltitati\c amlly~i~.

\\'here ~lllal1 m{)tecuh.:~ ~uch a~ mono­
~aceharide~ arc not ah-.()rbeu. the) e,,"en
an O'>motic effect" hich "ill pre\ enl .... ater
ab~orplion in Ihe large 1I1Ie~lInc. gl\ II1g
ri~e to:l1:lrge \olul1"Ie ofwlIlery ,1(XI"-

Fig 1 Causes and consequences 01 malabsorption.

ILvrnohabc; abnormality
«(at inalabsoiptlon)

IIlSlllliOerlt absorptive
surface area

• disotdefed anatomy._-
yIPafaSlle "'estallonS r

, I-Cl secretJon
(,j. II'DIl absorpbon)

,j. IntnnsIc llldor
I.. 8,2 abeorpbon)

Tests of nmlah50rption
• Ftlewl/tIl.11lc pre-.cnce off:lll~

slools i" an important ~ign of

Failure of dlgC'llIl11 I' proper!) called
maldigc\tlon The term 'malab"orpllOn'
dc"Cribc.. imr~lIrn'k:nl of the ab<,orpli\c
lllcchani,m... bUI In practice j .. u..cd 10
cncompa~~ !loth di,order-.. Mal;lb~{Jrption
i~:I condition ~ hich l';1ll occurllt ;IIlY ~l<lge

of life fmm it \ :lricly of l'au~c~ (Fig. I ).
The dinic,ll effect, of lIlalab~orption

re~ult from thc fllilure 10 ab~orb nutricnt~.

The major C(Jn~cquence~ of gener:Jli/ed
malab,orption uri~c frOIll inadequate
energy inwke whk'h rc~ult~ in \\cightlo~~

in ;ldlllt~ and growth failure in children.

Diagnosis
In ~U~I)Cctcd mal:lh~orpti()n :l det;lilcd
dietary hi~t(Jry i, e~,e:nti'll to c~tabli~h

c:lting p:lllern~ ,md habih. Endo~copy

and billP~y :Ire by far Ihe mO~1 impon,lOt
lOol~ a\'ail:lhle for the i'l\e~tigalion of
ga~trointe~tinitl tracI dl~ordcr~. They
:l1I0\\' mm:ro- and micrm.copic 'lUdy of
Ihe IIlte~tmalllluco,a and arc tho: ~tand:lId
lechni(IUe~ u~cd \0 diagnO"C maJorcau..es
of malab~orpllon~uch a.. coeliac disca'>C.
Radiologjcalte~t .. arc of a....i"lance ~ hen
detectll1g abnormal anatomy of Ihe
bo\\cl :Ind motility. Though not u,ually
IllH"llg:Jled. it i, important to a~-.c" lhe
,tate ofteeth and gum,. :lnd the adequacy
of ,ali\al") '-Cerelion. a, lhey play an
important role in initi:lling dige,tion.

Pro\ idcd tbat dietary input ,.. adt.-quale.
the prc-.cnee of malab-.ollltion from lhe
,mall IX)\I,el .... ill often be indic:lk-d by
change~ 111 Ihe f:K.'(;e~. in panicular b)
diarrhoea. Diarrhoea due to malab-.orpt ion
can be a;,~umed onl) if other cause... 'iueh
a.. infeclion and la'(all\e ahu...... ha\ c been

MALABSORPTION

Ha\ing been iniliall) hroken do"" in
pan h) cool..ing and nla'licalion. food
i .. 3"imilatcd h) I~ hod) h} the com­
bincJ action of 1"0 rmce..~,: d,g~"lion

and ab,orptlOn The major nutrienh
lcarboh)dnuc. protem and fal) are brolen
do"'" CIl/)malicall) lolo\\, molecular
Yocighlcompoun<h, Dig"',ll\ Cen7) mes
arc \Ccrctcd b) the 'toma,"h. panerea"
Jnd ..mall inlc\tinc.

The lran,pon of Ihl.' producls of
digc'lioll inlO gut epithelial cell\ and
from there to the ponal blood j .. Icnncd
ah\orplion. The ab..orplion of "ome
nutncnh i.. pa",i\c "hile othc.... n:quirc
actl\e tran'lXln.

PHYSIOLOGY OF DIGESTION
AND ABSORPnON
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Simple tube
Surface area
-O.3m::'

Mucosal folds
Suo1acearea
lI1ICR!ased 10 -l.Om::'

Mucosal vllII
Surtace area
onereased to -10m::'

Microvilli
Suo1ace area
n:reasect to -2IIOrn2

Flg. 2 Effecls 01 mucosal structure on absorptive
surface area of the &/TlllIlnlesUne.

• Inadequale iote'linal mucmal wrfxe
fFig. ::!) a" occur<. in coeliac di .....a'>C.

• Innammation affecting the mUCO'il.
~ub muco,a and frequently tho.::
enlire bo",e! slructun:.. as (X·,·u,.... 10

Crohn·"di'oea~.

• Infeclions of lhe bO\\l~1 "au,ing
imcslinal hUrT). The'oe may be aCUle a~

in 'kllmonella. or l'hmnic a, in lropic:11
"prue.

• Abnomlal bo",e! anatOIll) or lII ..um·
cienl bo"'e!. This ma} occur afler
repeated surgeI') for chronic di ..ordc,....
..uch ;I~ Crohn· .. di"Ca;,c or after lxl\.\ el
infarction and removal of lho.:: necrolic
OO"'e1.

u.el1O ocIetrlIIy~ fth /feri:xtIacMrPrb' II'Ilec:It:ln 1Ilildl. itlOOI/1
~WIllI PfIl*: ..-.liliBase

"-bIdInII~11_ ......

D6lId~ lIlIY be UBI II deIIIc2 speofit U'dOnII S'IlY"lII
dilIlIda~ as IIaaM! Of 5UC:l'aSlI

~ pwaullc 1I.ft2IDll__ UBI 11"__01~ II.ft2IDll

"*"y 11 tySk a:.n-
~ II'*t polrnBs iIR! LI5lld lO_n'UOJMII*P~, bF

..-....g,.e-adon111rre" In 0flIl ..

~ ........ 8., aImrJ*:rl

T......_..-_..
~.........

• SlYTel'" It'\I. An 1II1rJ\CnOth Injection
of ,ccrClLO 'timulalc, pancrcatic
,eerclion '" hieh l'a,'>C,,,,-'tI b) a.'piralIOll
(If duod.:nal contcnh and mca,urerncnl
of tl) p!>1ll Of nm}lno.c acli\ il).

• Pallcrt'O!llllrr/ 1#'\1. Fluore~clll dil­
nUrale i, h)droly-.cd b) cholc'lerol
e'ler:hC in p:mcrealic ,ecrelion. The
'" aler-,oluhle nUOI'('..,,;elll i, ah"Orhcd
and clinctcd in urine'" here ih
l1uore;,cem:c gi\ e"10 lodlrecl measure
of pancrealic function.

O!h..,. ll'<,b \\'hidl n1:l) b.: ernplo)l'tl in
lhe in\e'ligation of mal:lb,orption .lOd
gnMroinle-.llnal dl"C;l"C arc.Jxm n in Table I.

Gastrointestinal disease
Thuc arc many di,ordcr, a"ociatcd
with l11alab,orplion. Gcnerali/cd mal­
ab ..orpllon occur' for a numb.:r or
re:I'on,. The,.: include:

• In:n!cquale dige"lion. which i, 'ecn in
chronic pancre:uili .. a, :1 con..cquence
of in,urficicnl p,l11creal;c en/Ylllc
rclea ..c.

Case history 44

A 6l,l·)car·01d wOl11an. ",ho had
made an excellent recovery afler
local e~ci,ion of .. brca<,l lUnlOOr 8
year'> prc\iou .. I). pre'oCnlcd ",ilb
",eighl Ill"'" bone tendeme" and
",ea"ne"_ lIer "ymptOIll" bad
de\' e1op..-d 0\ er a nUlllhcruf111OO1h,.
Her family "'ere concemceJ that ~he
"'as 001 caring forhcl"Clf norealing
aoc-qualcty There "';h 110 c1inil:al
c\ idencc: of recum-nce of breaM
,'ancer LITs 'ho"'ed only an
c:k\alcd allaline pno.,phala;,e f430
Un!.

• What other bloo.:hemical ICSh

",ould heofa<,..i~tanec 10 mallng
a diagl'lO'oi,'l

COff/mt"" I>tI !If./!.tl: /56.

Malignant di~ca'c i.. not l1"u:lll)
a....oci .. tcd Wilh Ill:llab..orpllon unle....
lhere i.. abnomlal bo"'cl mOlility ",hieh
allo ..... , bm:lcrial nora 10 proliferate. ur if
lhe lumour "ccrele' a hormone 'Ilch a..
VIP. ",hil:h call~cs di:uThoca (p. 132).

Inadequalc bile MIll ,cerCI inn occllr,
in many form .. of li\cr di ..ea..e and givc"
ri ..e to fal malab"orplion. Paticrn.. may
pre..ent Wilh lhe clinil'al fealurc<, of
g.cnemli7cd rnalab,orplion on lOp of lhe
underl)ing liver di ..eu..c. Inadequ,lle fal
ab..orplion ;.. a"ocial.:d '" ilh illlpam:d
abwrplion of \ itarnin D fa fal· ..oluble
\il:lminl. In lhe ab..el1cc of adeqU:l1c
,un light e~po,ure. patklll.. may becomc
\' ilamin D deficient and unablc 10 ab,orb

Clinical note

Man) palienls '" llh mal·
alY..orplion rccogm..... thaI

cenain lhing.. in their diel-u..uall)
fall) food..----cau.... diarrhoea. The)
a\oid thc-.c food .. and r...duce lheir
fat intalc. A.. a re..ull. f:n..-cal fat
excretion Illil) be nonnal hceau\C
of this 10'" dictal) fal intale.

calciulll fr01111h... gut. Thi, Illay lead to lhe
de\dopmclll of o~lcomalaciaor riclcl'.

Th.: llwlab..orplion uf specific sub­
~lartce.. tend.. to occur in certain well·
defined condilions ",leh a .. vilamin B il

mal<lb~orpliollwhich lead.. 10 pernil:iou~

,tnacmi,t. This occurs when inlrin~ic

f:lclOr production i~ IO~1 due 10 £'blric
muw....1alrophy. Palienl .. may also have
inherited dcficicncie .. of inteqinal
":lccll:lrid;l"c~ such a.'> lacta"e '" hich
t·:.au ..c rn .. lnb..orplion '" hen lhe patienl
drinl~ mil" or eilh milk produeLs. Thi .. is
knO\.\n a.. lacto-.c intolerance.

Malabsorption

• In suspected malabsorption. a
detaded cietary history IS essenllallo
estabflsh eating patterns aro haOOs.

• Endoscopy aro biopsy are the mosl
mpooant tools aro frequently aDow a
spealic diagnosis 10 be made.

• Laboralory tests II'IItle tnVesDgalJJn
ol gastJtw1leslt1a Iisordefs IaI rtIo
one olrwo groups; tests 01
malabsofpbon and tests of paraeatlC-
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IRON

Desquamation

Menstrual
flow

•Iron loss

Iron deficiency anaemia is the common­
est of all ~inglc-nutricnt dcficiences.
Million, of people worldwide are
affected, with ,eriou~ly impaired qualilY
of life and work efficiency. The principal
causes ;rre chronil.: blood 10'S and poor
dictary inWke of bioavailable iron, e.g.
the uptake 1)1' iron from the diet C;Jn be
dccrea'ied hy a numher of dietary
conqilllents ,uch as phytic acid and
fibr(". Iron deficiency can also occur in
coeliac di,ease and OIher intestinal dis­
order, where m31ab,orption is a feature.

[n all cases of iron detieieney anaemia
it i' impol1am to diagnose thc underlying
e(mdition. c'ipecially malignant dise;j,e.
the pre'el\ce or intc,tinal para:-ites or any
OIher illlc,tinal pathology which may
cau,e chronic blood los'i. [ron deficiency
rn;IY al,o develop during pregnancy.
evcn in vvell-nouri,hed women. due \{l

the increa,ed iron requirement, of the
developing felU:-.

Iron defrciency anaemia develop'i in
three stage~:

1. A depletio/l of il'f!n S/Ol'/:,\ with Ill!
jlmcti/)/wl imfil/il'lIIem. Serulll ferritin
concentrations of less than 12 J-I£/l
contirm thi,.

2. Dejidl'1I/ erytltl'f/{Joiesi.l. Haemoglobin
levels remain normal. but red cell
protoporphyrin i~ increased. The
~ynthesi, of tran~ferrin is increased
;Ind percent saturation is decrea~ed.

11<IC1I1 precursor is markedly increa~ed

in iron deficiency. Levels arc also
affecled in porphyria ;]nd hy exposure
to inorg<tnic lead compounds.

IRON DEFICIENCY

Body distribution

I Red cell mass

I Ferritin stores -20%1

1Myogtobln -5%I

-5-tO%
absorbed

Fig. 2 Iron balance.

infection. trauma and malignant disease.

Iron Intake
-20mglday

-O.35mmoVday

• Strum iron determination.1 arc of
limited routine value. being of most
assistance in the diagno,is of iron
overload and acute iron poisoning.

• Tow{ inm /Jindil1g wpflcity (TlBC)
of a serum specimcn i' an indirect
mcasure of tran'ferrin concentration,
although in some laboratories trans­
ferrin can be measured directly.
Normally transferrin j, around 30%
saturatcd with iron. When this falb to
less than 15%. iron deficiency i, likely
and some degree of c;linical effect can
be expected. A high percent saturation
i, the most sensitive marker for iron
overload. Like serum iron. tran~ferrin is
decreased as pan of the m;ute phase
response. Protein-energy malnutrition
also decrca~es tran~rerrin synthesi~

by the liver and hence its ,erulll
concentration.

• SawlI ferritin i, the be,t indiC;Jtor of
body iron storeS. It i, normally greater
than 12 ~lgl1. The acute philse response
to infection. injury or malignant
disca~e (;illl result in incre;hes in
~ertrm ferritin. making the diagno'is
of m;]rginal iron deficiency difficult
in the,e circurnstanee~.

• Rell all [Jl'lllopolplJyrin i~ usually le,~

than I ~tll1ol per litre of red cdl~. This

Variou' labor:ttory investigations arc
helpful in the diagno,is of iron deficiency
and iron overload:

LABORATORY INVESTIGATIONS
OF IRON DISORDERS

"

~
N

"

"

"

N N
/

There are 50-70 ml110l (3-1. g) of iron in
the body. Thrcc-quarters are present as
Ihc molecular complex with haem. Most
of the remainder i~ in tissue stores oound
to lhe iron stomge proteins. ferritin and
haemosiderin. Le,s than one per cellt of
total body iron is in the plasma. where it i~

associated with the iron-binding protein.
transferrin. Body iron is efficiently
reutililed. Dictary intake is about 0.35
rmHol (20 mgJ per day. The factors which
regulate inte~tinal absorption of iron are
poorly understood (Fig, 2).

Senlrtl iron cOTlcclltrJtions vary with
agc ;md sex. Nonnal ;ldull concentrations
arc 18--45 j.Unolll in m;lles and 1-1-32
~Ultol!l in females. [n both groups there j,

a marked circadian rhythm in serum iron
concellmuion.

Iron is transported in plasma bound to
the specific glycoprotein. transferrin. each
molecule of which binds twO Fe" ion~

logcther with bicarbonate as an anion. A
number of factors can lower senlln iron
independently of iron status. These
include the acute phase respon~e to

IRON PHYSIOLOGY

Iron i~ an esse11lial element in humans,
being the ce11lral ion in haem. the non­
protein constituent of haemoglobin
(Fig. I). Haemoglobin is responsible
for Ihe transport and delivery of oxygen
from the lungs 10 the tissues. Iron
deficiency causes a failuTe of haem
synthc~is. leading to anucrnia which
results in lis~ue hypoxia. Haem is also a
con~liluenl of myoglobin in mu~clc li~~ue.

CylOchromc!> and many other intra­
cellular enzymes aho contain iron. but
:lfe largely unaffected in all but the mosl
~cvcrc ca..,cs of iron deficiency.

M - Methyl
V - Vinyl
P - Propionate

Fig. 1 Structure 01 haem.
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fI}. 3 PIlotomiCrogf1Iph of an Iron c1etic:itnt blood film.

When 15'1- or Je~.....atur<llion i...
rcached ..... ort. capacity h impaired.

J. 10m dt'ftdel1C1 (IIl(Il'lIIia. There i... 10....
haemoglohin I'c ... ulting in a microcytic
hypochromic an:Lcmia (Fig. 3). Lo....
-.tainablc iron i......cen in bonc marro .
Only in thc l:lIe ... tage ... of iron de­
ficicnc) anaemia arc 10.... l'onccn­
lrations of ...erum iron obscncd.

Treatment
Oral themp} .... Ilh iron -.alt.!> l' .... idd)
u...ed to lreal Iron dcficienc~ anaemia. It
can lat.e up 10 6 month~ to replctc the
bod) .. tore.... Compliance i.. a prohlem
~ince .. ide effect'> ..uch a", nau...ea. dia­
rrhoca and olher imcqinal complaint ...
may be encountercd. These arc :111
k~~cned if the iron ~alh arc taken with
food. A combination of iron :md folate
i...... idcl) pre~rihcd during pregnane).

Haemachromatosis
llaemachmlllalO~i ... (hron7e diahctc~) i, a
rel:uively COllll1llln lllherited di~c:I"'c

ehamctcriLcd h) incrca~cd iron ah orplion
and iron dcpo... ition in \ariou org:uh
.... hich lead... 10 fibro... j ... and organ failure.
The c1ini"al prc~enl:ltion 'anc' .... idel}
depending upon dielary iron intat.e,
akohol abu~e or Ihe pre~enee of
hepatOlo"'IIl~. Women an: Ie ...... ~C\ere1)

affected lhan men. being protected b)
ph) "'lOlogical los ... of iron during
men... tru::uion and in pregnane). Whole
bod) iron COUlenl lila) be increa.<.ed 10 ten
time... nonnal.

Clinic.d fe:llUrc~ include chrnnll'
fatigue :lI1d. in extreme ca...e kin
pigmcm::llion. diaht:le~ mellitu h) po-
gonadi ... lll. liver eirrho,i ... and hepatoma.
Serum iron i~ inerclhcd. wilh al111lht
complete ...ulurallon of tran~fernn. The

...crum ferritin i... marh'dly increa~ed to
greater than 500~. Chronic iron o\crlo:ld
i~ INL:llly lrealcd by repe:lled vene ...cclinn.

Iron poisoning
Accidental inge~tion of iron tublel ... by
children i~ common and may be life
threatening. S}mrllOnh include ll:IU'-C:l
and \Omiling.alxlominal pam. diarrhoea
and hacmalcmc ..i,. In ~e\ere ca...e,.
hypoten<;ion. li\er damage and coma can
re,ult. Serum iron is increa,ed and
transferrin i... \:Iturated (>7lYf J.

Acute iron poi'>Oning is treatl,.'d b~

chdating the iron in the ~lOmach and in
the plasma .... ith de,ferrioxamine (Fig.
-I). The chelated iron i... excreted 111 the
urine a~ a deep or:mge-colourcd ,'om­
plex. Thi...... hould not be confu~cd wllh
Ill) oglobinuria.

Com",,,"1 til. pag!' /57.

• What i... the diagnosis and .... hal
other in\ e ligations ~hould ha\t=
been done first"

Case history 45

A .J2-)car·old .... oman presented
.... ith a hi,tory of increasing lelha'll) .
di7.Zinc"" and breathless~s_ She
had brill Ie hair and nails. She
complained of heart palpitation on
exerci~ and reported panrcularly
heavy periO(!.... Biochemical irwc... ·
tigalion re\caled the following
re~ult~:

I"'"Iron

• Iron deloency IS commonly caused
by the combIna1lOl'l of blood loss and
low dtetary Iltake

• Iron deflCleOCY can be diagnosed by
finding a hypoduomlC microcytiC
anaemia

• Serum fermln tS the most reliable
Stngle blOd1emicaltest o! iron
deficiency

• Iron oveflOad may anse follOl'l"Ing
repealed blood transluslons.

• Iron ovefioad IS ciaglosed by finding
an increased serum II'Ofl

concentra1lOl'l and pettenI saturallon.
and tncreased serum femtn

• AaxIenIallll)ll pclCSOfW)Q in et*nn
IS an mportant rnedtcaI emergency

4,umolll

'0'>
<5,.,JI

Scrum Iron
Transferrin ~:.luraliun

FerritinClinical note

A microC) tic h~ po­
chromic anaemia.

.... ith me ab)ence of stainable imn
in a bone marro.... biop!»'. aTe lhe
be... t diagnmti,· indice~of
e~tabli...hed iron deficieoc).

Smce there ... no major mcchan ...m
for e",cretion of iron cxcept b) cell
de:.quamation .. nd occult blood lo~...
iron merload i... ah\oa}, a po.....ihilit)
.... hen iron thempy i... pre<;eribed. Iron
overload lIlay al ...o be cau..ed by chroni,·
blood tran~fu,ion.... T ....o other con­
dition~ mal he cncountered: haema­
chronl:1to~i~ :md iron poi ...oning.

IRON OVERLOAD
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COPPER AND ZINC

Clinical nole

-----~IUrine
< I OJilTlOllday

Wilson's disease
All adole\cenl" or young aduh ...... Ith
otheTv. i,e une\plained neurologic;ll or
hcpaticdi..ea~\oould be in\e'tlgaled for
Wihon'" di'Ca\C_ 'mcc Ihi, condition i'
falal If not diagnuwd and tre;ltcd.
Sy mplOm, arc a rc,ult of copper deptJ\i­
lion in II\er. hmin. and I..idncy. Copper
dcpo\it\ in the eye l'an 'omctime, be
~een a~ a hrown pigment around Ihe iri,
(the Kay,er-Flci'cher ring).

The inheriled defeci in Wil"oll',
di<;C:J'-C i.. bclie\ed 10 be in the gelle
coding for ;w en7y-mc in\ohed in
copper e\Cretion into bile :lnd rcah-.orp­
lion in lhe I.ldne)'. Lrinal) copper e'(cre­
lion i~ high and -.cruOl concentmtlOn,
10\\ (Table I). Ju"t "'hal cau'-C't lhe 10....
caerulopla'rl1m concentration, in Ihe\C
patienh remam, undear. Confimlatlon i'
by mea..urcmcnt of copper in a Ii\er
biopsy .... hich i\ u.. ually greater than
:150 Jlglg dry \\l,'ight in patient' .... ith Ihe
di,ca~c .

In Ihe genernl
population. ma~inal

cqp..T cler1Cic.'n.) may be a
e:Jrilioo,;N."Ub"<h.~ risI.. f:lCllJ. \lrJCC

blxh c'(r-uiI1ll..'lllaI animal ;nt human
",uJiL... \hoy, thai a Jov. coppcnlX.1
comb.ned .....lIh high caJbohyei".lIe Inwl.e
may k:ad 10 h~iloIe.IcroI;ll::miaand
l"altlia: abnormaJitn

INBORN ERRORS
OF COPPER METABOLISM

There lIrc I.... 0 inborn eITOl"'> of copper
melaboli'm: Menke' 'y ndrome and
Wil-.on', di'-Ca~.

Coppt'r toxicily i, uncommon and i\
OlO'>! u..ually due to admmi ..Ir.lllOn of
copper ..ulphale o;olulions. Oral copper
,ulphah.' may lead to ga,tnc perfor.ttion.
Serum copper concentration' may be
greatly c1c\ated. Copper i't tOXIC 10 many
organ~. but renal tubular damage j .. lhe
major concern. Treatment 1\ by chelation
..... ith penidllamlnc.

COPPER TOXICITY

Both children and adull .. can de\c1op
\) mplomallc copper deficiency Pre­
mature infant.. arc lhe l'llO'-t ,u'><:epllble
'ince copper \tore, m the li\er arc laid
down in Ihe third lnme\ter of prcgn.InC).
In adults. deficiency i, u,ually found
folio .... ing inte'linal bypas....urger), or
in patient .. un parenteral nutrilion.
Symptom' range from bone di ..ea'e
10 an iron-re,i'lant microcylic hypo­
chromic anaemia.

Menkes syndrome
Menl..e\ 'tyndrome i... a \1."1"} r.lf(' but falal
condition .... hH:h pn:\CntS in infant' a,
gro\\th failure and mental ret;lrdation.
....ilh IC,>ion' of lhe major hlood \-c'-.cl'
and hone di\ea..e. A characteristic sign
i.. 'stcely hair" (pilo IOni).

Body dillribulion
1200~moI

r~ -'-0'=9"

",

12.5\JmolIday

COPPER DEFICIENCY

•

Fig. 1 Copper balance.

COPPER PHYSIOLOGY

LABORATORY ASSESSMENT

• Serum cO/'l'er. Nomlal concentration,
arc u'tually bet....een 10-22 f.Ulloln. of
.....hich 9()q i, bound to cacrulop!;!..­
min. Towl copper concentralion 1ll;IY
\ary eilher due 10 change.. in coppcr
itself or 10 change.. in the concelllm­
tion of cacrulopJa.. rnin.

• Serum (·(leru/opfu.lmil/. The normal
adult Ic\cI.. are 200--600 mgll. Cacrulo­
plasmin i.. increased greatly in Ihe
acute pha-'oC reaclion. and in !>Omc ca\C'>
may be 'to high a-.. 10 rai<;e lhe ((:Mal
copper concenlralion 10 30-45 IJIUolII.
Caerulopla,nun leH'ls may be helpfUl
in Ihe interpretalion of serum l"Opper
conccntrntion,.

• U,il/a,,· (·flf'f,er. Nonnal excrelion i'
< 1.0 l1'llol/24 h.

Copper j, an c,\cntialtracc metal which
i, a component of a wide range of intra­
cellular mClall()Cn/ymc\. including cyto­
chrome ,,"ida'c. \upcro>;idc di<,mula\c.
lyro<,ina,e. dopamine hydroxyla..e and
I~ ,yl m:ida..c. Mo,t of the copper '"
plasma is 3<''OCialed Ydlh the \pccific
copper~bindingprocein. caerulopla.'.min.

COPPER

About 50r~ of the :I\ ....rnge Jail) diela!)
copper of :ltound 25 IlIllol (1.5 mg) i,
ab'orbcd from the <,lomach and Ihe ,mall
inte\tine (!"ig. I). Although copper i,
present in 1110\1 food\!Uffs. there i,
c\'idcncc lhal Ilot all modem diet, contain
\ufficicnl copptr. c<,pcciall) "hen I:lrgc
:lI11Qunh of refined carbohydrate :tTC
con<,umed. Ab,orbcd copper i, tran,­
poned 10 the lI\cr in ponal blood bound
to albumin and i., nponed to pcnphcml
ti".,ues mainly bound to caeruloplaM1\in
and. 10 a lC\!oCr extent. albumin.

Copper i' prc'>l:nt in all metabolically
aCli\t'ti,..ue... The hlgh""1 "oncelllf;ltion'>
arc found in liH:r and in I..idncy ..... ith
.. igniflcant ;1I1\ounts in cardiac and
skeletal rnu..dc lind in bone. The 1IH'r
contain~ IWA of the total body COl1h::nt of
1200 ~UllOl (80 mg). Exec.... !.:Opper i.,
excreted in bile illlo Ihe gUI. and Ihe
faecal copper outpul (12.5 f.Ullo1l24 h) i..
Ihe .. urn of unah..orbed dielary copper
lind thai re-excreted into Ihe gut.

A number of din-erent ime'ligation't arc
needed to diagnO"oC di'tOrdel"'> of copper
metabolism. The..e arc:
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I~Copper and zinc

• D18!1JOSis of severe copper
defICiency can be made by
measuremenl of serum copper.
Values of <10 p1'ICM III aduIIs and of
<5.0 p1'ICM If! neonales reqUlfe

"""""""".• The mapr rtJom error of copper
rnetaI:Joism IS WiIson's cisease

• Witson sdisease 1$ treatable and........__.

• Adequate ZJf'lC IS needed lor growth.-..
• Syqllomalt::: ZJf'lC defiClency lithe

aclJh causes dem\aullS. haJ loss and
poor wotn:f healing.

• SertITI ZJf'lC c:oncen1JalJOnS
peISISIel'lIIy below 5JSTlOlII warn 01--"'-

ZINC TOXICITY

children. Ihe rale of gro.....h during reha­
b.lilallon from famine ha~ been c1earl)
rc1aled 10 the diela1) supply of bio­
:l\ailable line. Zinc deficienc} is kno",n
to occur in patienh on intra\ enou..
nutnl ion and cau~c"a characlcri'>tic ..lin
rJ ..h (Fig. 3) and hair 1m.... \\ ound
brealdo.... n and dela}ed hcaling are
olhcr complication,. Acrodermatili'
enlcropalhica, a rJre inheriled dil>Order
of line I1ll'taboh"lII, nlanifel>t.. it~lf in
infancy a.. ~lin ra~h. Unlreated, Ihe
progno..1" i~ poor. but oral zinc therapy
lead .. to complete remi ..sion. Zinc i.,
antagonized by I.:admium. and l.inc
deficienc) can be a con'>C<Juencc of
chronic cadmium poisoning.

linl.: lO\icil) i., uncommon. It i.. u~u:lll)

due to e'(po~urc to high le\e!., of line
fume ... It is diflicult 10 indul.:e to'(icit}
b} dicta!') means. Houe\er. in ca.ses of
..elf roi ..onin~ .... ith lInc salts, the
~)mplOIll" are fe\er. \omiling. 'tomach
Cr.UllP" and diarrhoea.

Fig 3 Skin lesions In lInc deficiency.

Urine
<1OJ.lmolld.y•

ZINC DEFICIENCY

LABORATORY ASSESSMENT

The ::I\eragc dail} diNar) JIItalc of line
il> around 150 IJIllol (I 0 ll1~l (Fig. 21. It i.,
prc'>Cnl in all protein-rich fOOlb. Around
J<n i~ ab'oOfbt.-d. Ab-.orplion i., reduced in
lhe prc~nce of ph) l:llC~. In the Ii\er. line
i~ incorporated inlO rnclalloen/)me...
.... hil... In blood the majorit} oflhe lilli..' i..
contained in the el}lhroc~te,>. In pla'>lTIa.
901'"f of l.inc i., bound 10 albumin and
JOCf- to Cl;,macmglobulin. Line re-.ef\C~

in Ihe bod} ar... ~mall and ,Ire 10cateJ
main I) in lIlu.,c1e and hone. Zinc i~

e\cretcd in urine. in bile. Lll pancrcalil'
Iluid and in mill in lactating mothef'..

ZINC

Zinl.: i~ an el>-.elllial clement prc\Cnt 1ll
o\er 200 melalloproteinl> .... ith a .... ide
range of functions. Carbonic anh}drol!>C,
alcohol deh}drogena..e. alkaline pho..­
phala.~ and ~Icroid hormone rel·l·plOf'. arc
",ample,.

llNC PHYSIOLOGY

Zinc deficiency occur.. in both :ldulh and
children through lad of diclary linc. In

The repeated finding of a lirK: coneen·
tr.ttion in a ~...nlln ~pccinlenof Ie", tlMn 5
1-U1I01/1 i....ug~e~ti\e of impending line
deficiency and requires ill\c"ligalion.
Unlile copper. "",rum/inc fall .. during. lhe
acute pha;,e re"polhC to injury or infect ion.

Marginal zinc deficiency i., be~l

delllonqratcd by a pmlli\'c clinical
rc'>pon ..e 10 ,upplemelllation. Oral or
illlra\Cnou., line reH:r~e, lhe ~igll~ and
.,ymptolll.. oflinc deficicncy wilhin ..... l'ch.

Body distribUlion
30_

Plasma ~1-23111Td1,

Muscle 60"01

.....-

,....--

­...
'0-22

Dietary ~lnc:

150llmoVday

Case history 46

A 15-}cJr-old girl pre-.eotcd .... ith
abdominal pJin and dlJrrhoea
for 3day,. She hecameJ,lUndlced
and a pre,umpti\c diJgnO'>i, uf
infl'\:li\c hep'lllti~ wa~ made. but
'loCrologic:l1 tC,h \\erc negati\e.
She ,ub....-quently died offulmi mInt
li\er f:lilure. AI PO" mortcm her
li\er copper concclllrutioll wa.,
fuund to he gw"ly in~·rea..ed.

• Whm in\c"ligHtion, ,hould be
carried out on lhi .. patient',
yl)unger ,i~ler'!

COlIIl/Il'll/ 011 /1(1~e /57.

Trealnu:nt i~ h} admini~tr.llion of a
("helali ng :lgcl1I. pcnici Ilam inc.10 promotc
urin:lf) copper c\cretion. P,lticnh are
maintaincd on or.lI penicillamine for life
and I\."<juire rcgul:lr monitoring 10 en~ure

compli:lnce and 10 I.:hcd. for ~ide

('ffech. Li\ertr;m~pl:InIJtionma) al~obe

con~idercd,pJrticularl} in} oung patlcnt,
.... ith 'oC\erc di'>Ca~.

F'iI 2 Zinc: balanc:e.

TibIe 1 Biochemistry delennlnallons in ~tients

.tlll WIlson's disease
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THERAPEUTIC DRUG MONITORING

Fill I PtnlTll eoncenlrltion oj • drug lollowil'lg administration.

"1

Plasma drug
concentrallOfl

•2
,

o

..1.J• ...............................=-::::::===~
6 8 10 12 14 t6 18

Tme (!'lours)

""

Plasma drug
concentratIOn1000,--------------..,

The effect of mO~1 drug lhemp) I' a"-.e"",,d by ob....." ing Ihe
change in the pal lent' .. clinical ,laiC. Therapeutic drug monitor­
mg (TDM) i.. thc mca~urcrncntof drug concentrations in plasma
or !>31i\3 a" a mean.. ofa............ ng the adequac) of dosage. Thi,
i" panlcularl) 1Il1ponam \'0 ilh those drugs for IA.hich then: is no
good obJcctl\C Inc3!>urcofcffc~'li\cncs,>and there i!>seriou<; ri ..1­
of IOl;H:it). For TOM [0 be of \alue. there mu,>! be a prO\cn
rc13tion.,hip bcly,ccn l~ pla,ma drug conccmr.llion and the
chnical efft.'CI.

Follo"ing the adnllni,lrallon of a drug. the graph of pl~rna
conccnlr.llion again'tlimc .... ill ..00.... a cune rather like thai in
Figure I Such a cunc. u,ually ploued on i>emi-Iogarilhmic
graph paper. e:m gi\c u..efut lO[oon:lI;oo ..ueh a.!> the half-life
orlhe drug (l'/~1 and lhe \olume of di,tribUlion. The..e can be
u'cd to c,lullate Ihe correct do,e 10 !!i\c once a pla'>ma
concentr.ttlon ha'> been determined. After 'it'"\eral .. imilar do<;e'
h:l\ e been lP\ en. the pall~'m reachc~ a stead) stale. at .... hich me
pla,>ma concenlralion .... 111 O!oCillale bel .... een a peak and a trough
lc,c1. It u~ually tal..e .. about fi\e half h\e~ for Ihe stead) stale 10
be altilmed. In the '>tead} slate. there is a siable relationship
bet .... een do-.c and effect. amI deci,ion~ about dosage change,
can be made \Hth confidence. For 1110,t dmg, there i, a linear
relallon,hip hct .... (.~n do..e and pla,ma concenlr.ltion. Uo",e\Cr.
phenytOin ,hm'-" non·lmear I..inetic<; (Fig. 2).

SAMPLING FOR TOM

The concentration of a drug in pla~ll1a or ;,alh:l ch:lnge,
con'lanlly mer the period of trealment. and in order to compare
one lre<llmelll \\ ilh another. some ;,tandardization must be
introduced. When tal..ing a ,ample for TOM il i;, importanl to:

• :lsI.; lhc palienl ,thoUl compliance
• check for interacling drug;,
• nOle lhe do..e. and lhe timc ;,in<:e the 1,1\1 do;,c
• take the ~al\lple al an appropriate lime.

The be,t lime 10 lake a ,ample i;, ju,t before a do;,e. Thi' i'
kno\\n a,:.l 'lrough' concentralion.

limit 01 metabolism

Dose 01 drug

INTERPRETATION OF ORUG LEVELS FIQ 2 Non-linear kinetics of phenytoin.

A greal deal of information is required in order to interpret dmg
concentrutlOns correctly. Where concentration~ arc lower than
c:<pectcd. thc most lil..cly C:lU'>C i~ non·compliance. In Ihc ab:.cncc
of an lllcrea'>C in dose, higher than expccl~-d COOl.:cntrulion,>
indicate Ihal a change ha<;lal..en place either in olherdrug themI'}
or in hepalicorren::ll funclion. It i.. much easierto interpret re,>ult"
if CUIIIUI:lli\e report"::Ire ::I\'ail::lb1e.l>mce lhe~ ::1110.... (:ompari~n
bet.... ecn Ic\cb achie\ ed, pro\ ided lhal dO!>ing det::lib ::Ire gi\ en.

Each drug h::ls::I population reference range .... hieh indicale\
Lhc limit.\, ""imin "'hich mo..t patienb "'ill ,ho.... ma:<irnum
Iherapeutic effcct .... ith mllllmum loxicil). Uo.... e\ er, Ihis is onl)
a rough guidc. Wh::ll may be a therapeulic le\el in one patiem ll1:l}

gi\c ri..e 10 lo:<icity in anothcrtFig. ). 1bc most Iikel~ reasons for
me plasm::l concentmuon falling abo\'l~ or belo.... Ihe reference
mnge are gi\cn in Table 1.

Although l11::1ny drugs ::Ire monilOred in 'peciaiisl unilS such
as cardiology, llCurolog} ::1M oncology, onl} a small group of
drugs is required 10 be mc~ured in mosllaboralOriCl>. E.umplc'
ofdrugs for .... hich TD~I is appropriate. and the reason' .... h}, are
sho.... n in Table 2. Many ofthe<;e drugs ha\e ::110.... lherapeutic Fig. 3 A population reference range tor • common drug.
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Taole t Common relsons lor sub-tnerapwtlc or Table 2 ONgS lor which TOM Is appropriate
toxic levels

~,--T.... _

"""""_.."",_..-------
indCl{. 1'111\ me:m~ Ihat the concenlralion
al \\hich 101{icil) oceur, is nOi much
higher Ihan lhal \\hich i~ required for
thcr.lpcutic eff~cl.

"'" follcity- ./..... ./- ./

- ./-- ./

""'*"""'" ./

...- ./- ./_..-

.,.~ ./

./ ./

./ ./

./ ./

./

-.

..._.....
II h9t1~(I'\11!t\IIIblam

.. I low hlIpeubt ...

-'~•.,..,.lImftId. i*"dS"-'...

IIj........,Il...o:bIi~.e;
bofIlII'Ic:"*l be-.red

Increase Decrease Decrease Decrease
Absorption ....Olllributlon ....Metabollsm .... E.cretlon
Decrease Increase Increase Increase

.

DRUG INTERACTIONS

Some drug, Inlerfcre with Ihe melabolism
and cl{crelion of olhcl"'>. and a~ a re,uh the
addition of one drug will "It~r the pl3-~ma

concentmtioll of anOlh~r(Fig. 4). In ~uch

circum!>lancc~. mlher than try 10 eslablish
II new 'teady "ate. II may be :Ippropriate
\\ hen a patient i" recei\ ing :1 "hort coun-e
of a drug. temporarily to di<,contillu~ or
lower the do,e of the drug It potentiutc,.
For exurnplc. a chronic a,thm:ltic. well
controlled on theophylline. developed a
severe chesl infection. The p'Jlielll wa,
pre,crihcd erythromydn (which can
interfere with Iheophyllinel and laler
pre,cllled 10 her GP complaining of
tachycardia and dio·ine",. Her plasma
lheophylline conccntr;ltion was found
to be 140 flIuollL much higher than Ihe
therapeutic range of 55-110 IlIllOlll.
Since the erythromycin treatmcnl was
~lill required. her theophylline was
SlOpped for twO day" and rc~lartcd at a
lov.cr do"C. Once the lIlfcclion ";c, clear.
\he "01\ re,tartL"<I on her original dose of
thCQphylline.

PHARMACOKINETICS

Although Ihere i~ con,iderable \analion
bel"ccn p:lliem.. in the rate al \\hich Ihey
mctabolil.e and c"(crele drug~. predictions
can be made ba\cd on populalion
a, erage.... Thc!>e allo\\ the calculation of
loading and maintenance dosc!> \\ hich arc
btller than the rough gUll.lance gi\en by
manufacluref',. Once a patient wilh good
compliance ha.\ bcrn slablliLed and the
plasma drug concentrntion OIl ~le3dy slate
mea)ured. It i\ possible to adjust plasma
concentrntioo\ 3f:cur.llcly.

Fig. 4 Common mechanisms 01 drug Interactions.

Case history 47

Mrs CG. who ha.' been I\.--ceiving
digoxin for mild hearl failure.
presented at lhe geriatric day
hospilal complaining of nausea.
On examinalion she v.as found
10 have brnd)cardia and appeared
dehydrated. Her digo~in con­
centralion. lal.en 6 hou"" afler her
morning dose of 0,125 mg. "~
found to be 3.1 nmoV! (Ihernpeulic
range 0.7 ~ 2.5). On que lioning it
emerged lhal she had been 'omiling
forlhreeda) s. Ilcr-.erumcrealinine
"as elt'rJled.

• Explain lhe digo~in re~u1t.

Conun('nt on pogr 157.

Decllased plasma concenlrat,on

Therapeutic drug
monitoring
• TOM IS 01 use only where the plasma

concenlrabOn of a drug relates to lIS
cIilIcaI effect.

• For a ntealWlQIulWllerprelallon of a
drug level. lui detais oIlhe pa1lerlfs
dosW1g tatory shtUd be obtarled

• Poor alfTllIianoe IS the COlMlOOest
cause oIlnadequate plasma drug

..-.""'.
• The 5aJlllIe shot.*! be taken at \tie

correcllJme foIorwIng \tie dose
• Used correctly. TOM can idenllly
~andcana'lOld

lalrogtnC 1OxlCIty_
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TOXICOLOGY

Table I Orvgs and poisons lor which biochemlo
eel leslS are useful

Ebxl~ •

~nlrrw...........
SilqIaI8 nlltlod 9I5ef

-""­'"'""'"

AlIll\lIrIII 'praidcM18

catcun gU;orIale, 8IhanoI

N·acetyl cyslen.............

I!ItQ! C41tmwt-•...."u.,
s.vn~ __,LmlI­~nsen.n~
l:!IDrxl\Jll!M!S-sen.mt*ull-,..,......--,.,.

CyandI 00:l0biI~ edeIate

~ AnlJdio;lom anIiIcld't
Ep/ledme I~ Propranolol

FluondM CaIcUn gk.wnakl'"'.­Nitrates II;IapsooB

0""..-.....,."..­
Pa.«etamoI...,..
.......­
•.g. Q/tatI'I

..,..-

.....-­..............
OigaiqlliOlP'lOl"........----"--.IUI

Table 2 Commonly used antidotes
---

TREATMENT

Four c1(alllplc~ of poi,urlll1gs \\ here
patients may pre,ent \\ ith few clinical
feature!> are salicylate. p:lracctlll11ol .
lheophylline and methanol and ethylenc
glycol. Ho\\c\cr. if action i" nott,ll-cn in
the!>C ca.,e", the con~quencc I" ..... \ ere or
fatal iUne,,;,.

COMMON CAUSES OF POISONING

• differential diagno~i~of COIll;!
• confinnation of br.un death
• monitoring drug abu'>C
• in\ e,tigation of 'u'pcct...>d non­

xcidc::ntal poi'iOfling (e.g, in childwn).

I11dicalion of the -..e\enl} of poi"O!lIng.
The length of lime .... hich '" ill dap.....
bcro~ the patient l\.'(:0\ Cf', con..ciou\IlC"
may depend on the half~lifc of the drug
(Fig. I).

Olht'r reason.. fordrug anal) \C.. include:

MO<,1 ca-,e, of poi"Ofling arc trcah:d con­
....n ath ely. i.e. thc ~y mptom, arc lrcat.::d
and the drug is dllllillated by noonal
metaboli,m and renal e\cretion. When
there is hepatic or renal lIl,ufficien.....~.
active measures 'uch a~ hacmoJiill)",s
or charcoal haemopcrfu,ion n1;l) be
i1ucmpted. Such Illea~ure, arc UOrlll;l]ly

re'trictcd to a ,m:J1I group of drug'
and poi~on, induding ,ali\:) latc.
phenobarbitone. theoph) Iline. eth~lIlol.

meth~mol. ethylene g[}col and lithium,
\Vhere ,Ieti\e measure, arc u,cd to
eliminate drug~. pIa, ilia coneenmnions
,hould be monitored.

For a few drug~ thcre arc antidotcs
(Table 2). The~c '[lOlIld not normally ho;;

givcn unless it i, ceMain t[wt Ihe dnlg or
poi~on i, pre~... nl.

CONFIRMING POISONING

Drug~ fur which I1IC,l'llrCIll\lnl i~ u,cful
include carbon lIlonoxide. digoxin.
ethanol. iron, lithium, paracet:lmol.
paraquat. phenobarbitone. phcn) luin.
quinine. ,alir.:) I:lte :lI1d theophylline. Thc
main rea.,on for drug analy"e~ i" lO a,;,cs,
the progno"j" The r.:onr.:entr..ltion in a
blood or pla,ma "pttimen give, a guo<!

MEASUREMENT OF DRUG LEVELS

Fe.... of the ,igm or ~ymptolll~ .... hich
ma~ be present arc ,pccilk for :my one
drug or poi,on. Patient, may .... ell preo,('m
in coma. A drug ",n::en on a urine !>pcd­
men can be rc:ldil) e:tITied out. but thi"
indicate" onl) lh:n a dnl£: ha" been tal-en
and milY gi\c no indication of the '>C\cr­
ity of the O\erdlhc. 1I0\\e\'er. lh.:rc j,
frequcntly no need to "no" the blood or
urillc I.:oncentration of the dmg a, thi,
information will not OIlier the treatment
of the patienl.

Toxicology I' the \Cicllf.:1: \\hich in\ohe~

the inn:\lIgallon of the poi-.oncJ patient.
In Ill... ,)mpWmatH: palient. the Jiagno-.j ..
of poi~oning i.. nlJdc more oft..:" on
clinical rather than l'lboralory finding".
In all C:l~\ of ,u\pcclcd poiwning. the
folloy. ing bio<:hcmical determination..
..hould be l"l.."qUC'IL'd:

• 'ierunl U 6: band LF1\ to a\o,e<"

kidney and li\cr function
• blood gluCO'>C to exclude

h)pogl)caemia
• blood ga'>C\ to 3\'oC..\ acid--ba.-.e ..talU..,

Other biochemical Ie,!,> "hich arc of
\alue in \pccific poi;,oning\ are gi\cn in
Table I.

6

2

o

•

-- HCO:l'(lTlITIOVIj
-- Saheylale (mmoIJI) 8
-- H'(nmol'IJ

Plasma [HCO:l') and (H')

90

80

,.
00

50..
"'I
201
"I
0'o • 8 12 16 20

rmelhour1;)
FIQ. 2 Barbonate adminlsUitlon In s.alicylate overdose.

"
,•

.45 h

--Plasma phenylOll'l (lamoL'l)

-- Plasma phenobarbitone (lamoL'l)

,001
Upper lhefapeutoe,c-

0123.567
Tme alter oYerdose (days)

FIQ t E1imil'lltion of phenytoin and phenobart)iIone from plasma II different_.
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Plasma paracetamol
(mmotll)

"..,;..---,--------------,

Salicylate
In ,alieylme poi..,oning. failure to detect a large O\erJo~e early
Ie:l().., 10 '\C\ l're mel:loolic ilcido,i, from" hieh the patient may not
recO\ er. It i, therefore irnpon:Ult to e>;c1ude thi.., common drug if
there i, any 1iI...e1ihood that II ha, heen laken. A ,imple qualitath l'
Il'... l i.., 3\ailablc in all ho... pitilh wilh acule admi",ion~. Thl'
treatmenl for "'aliey late poi--<lIIing I'> ...odium bicarbonme. "hich
both ('nhancl" c,crcl1on and help' rom.'Cllhc ilCidlhi, (Fig. 1).

1 0 Tooearly

""......-
Treatment

....- Treatment
t.nI'ke!y 10..-Paracetamol

In parucl'tamol pOl-..oning. the pla\1II3 par..K.'Ctamol concentr.Jlion.
relaled to liml' of ingl''''lIon. i\ progno\tlc (Fig. 31. Palielll.., arc
often a...~mptom:ltic when lhcy pre..elll at Ix"'plla!. A "'J".-'t:illc
Ihcr.Jpy. N-acCI) Ie) 'leme gi\ en Intr.J\ cllOU...I). can pre\l'nl all of
the hepatotoxic and nephruto, ic c!Tects ofparacctamol poi ""ni ng.
Therapy ... hould be ..,taned \\, ithin 12 h of admission bcforc an)
c1mical ')lI1ptOllh or biochemical and hacmalological (·hange ...
de\e1op. ParJcctamol poi,oning C:IU'>C' '>Crio!.!'. Ii\er damagl'.
and '\C\l'rel~ affl..'Ctl'd pJlIcnl' rna) die.
Patient-. \\ ho ahu'\C akohol are at par-
ticular n,1.. from parneetal1lol poi-.<ming.

05
TreallTlenl

no! requred

O!--;----7---:-:-':':"'"-: ':'~:::::;;::?""_do 2 4 6 8 to 12 14 16 18 ~ ~

Twne altet' IflglI5bon (hours)

rig 3 Prognosis chart lor pancetamot.

emmm'm 011 {'(,g~ /57.

• Comment on the-.e I't-....ult~

• What other mftMll1JII!.lrl would be useful in dclermintng treatment"

Clinical note

• Ihe pre,ence of a bolu ... of dn1!;
in the Gltrdet

• correclion of hypotcn~i()11 h,l~

led III incrl'a......d ab~orption via
the portal ~y..rcm.

Toxicology

• DlaQllOSl$ of poisorung is often made
dll'llCally, Symptoms may be spook
or non-specillC.

• Serum urea and electrolytes, blood
glLIOOSe, blood gases and lFTs
should be requested II every

"""",,,,, """""
• Ana/ysIs of specdic: dnJgs and

pocsons IS reqwed I'Ifrequeruly and
rri'J alter consuItatm WIth the

-"""• For salicylate and parac:etamOI.
plasma drug cmcentraborlS are used
10 pnq10SIS and stIOIJd always be

"""""'"• Polsonlng may~ general
supportIVe therapy or spealic

...""""

If lhe pla...ma drug
concentrdtion i.., ri .. ing

lhen dnlg i.., ,till bcing ah»orbcd.
Till' mu... l Iilely cau~e... are:

:Ikohol and hen/odia/l'pine\. bolh of
"hich may not be lethal\\' hen lal.....n alone
hut arc re"pon..,ihlc for numl'rou, dealh..
\\ hen tal..en lO!!cther in 0\ eroO'><'.

i, to gi\c ethanol and mallltalll Ihe
pla,rna conccnlration around 20
mmol/1. The ethanol i~ prcfl'rcnliall)
nll:.ubolizL-d and the unch:Jngcd akohol,
arc gr:ldually c1iminmed in the urin....

CHRONIC POISONING

Chronic poi..oning occur-.. "hen lhere i... a
gradual huild-up III drug concentr:llion
over a period of time. and i... u..,ually
iatrogenic. Patien!'> m:l) pre ...enl "ilh a

hi'IOI)' only of tal..ing lheir u... u:1I mel!­
iC:Hion. In ,ueh ca' ....~ pla,ma drug
concentration,> call be of grl'al a..... i'lallce
in a,",e",ing thc degree of toxicilY. Once
lhe Jru}!: h:I" becn withdrawn. 1'1:''''11I:1
leveb fall and Ireatment with a llll\cr
do..,c 'hould be rein\tated.

Pui..oning duc 10 the inleraclion of
drug' who ...e effeel,> arc additi\c I' n.)[
uncommon. An example i, lhat III

'1a' K C, BCO, Urea Creatinine H PeO: PO
IIIII/Ol!f JM,uM Ill/10M I..P" I..Pa,.., :u 102 20 8.' 11O .15 3.7 13.3

Salicylate 46 mmolJl

Theophylline
Poi...oning \\, Ith ,10" -n::lea...e thL'{)phylline
pn.-parJ.lion... can Ic:ld to de\ elopment aft... r
2~8 h of ...... \el'l:: arrh)thmia.... h)po­
I..alaemia and dcalh. In c:I'e... of ..,u'J".-'Ctcd
poi ...oning. the lhl'nph) Iline con('entmtion
,hl)ultl be llIca... ured and It-. ri..,e or fall
monilored. Mea,un.:.., to aid c1l1uinalion
arc of limited eHecl.

Methanol and ethylene glycol
Methanol and elhylcl1l.' glycol :Irc mcla­
huli/cd lu formic add and oxalic acid
rc\IJCCIIVc1y. Poi~oning 1'0 ith Ihe\e i, not
uncommon. Patient-. del'elop a ,evere
metuholic :lcid(J,i~ :111<.1 in Ihe ca...c of
cthylcne glycol :I ,c\ere h) pocalc<Jemia.
due tll prcdpit:llion of c:Jlciul11 by the
o .... :Jlatc. J\-!o.::I"uremertt uf the ,eru11l
concenrrali(ln, of clhylene glyl'ol and
rnelh:lnol are Iwt required. TIIC treatmenl

Case history 48

A man aged 38 pre<.cnled at A&E late one afternoon. claiming to ha\c tal..en 100
a"p1rin table.... carl) in the day. He \\a,> hyper. entilating and ('onlplaining 01 ringing
in h.... ea"" lie felt an"io(l\. but hi ... pupil ... \\ere of nonn:d ... ilc am.! no uther
il"normahue... were !.lb;,encd. lie" as gi\ en gastric la\ age and blood \\a. talcn fur
mea~urcment of "lIicylak'. urea and c1eclrol)'tcs. and blood ga~.The rt uh ... \\ cre
a... follo\\,:
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METAL POISONING

EdeUlle disodlum

Calcun II dIspiaoId from
mg-5lnIC1ured chelale by----.......-
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• rcnalluhular damage
• ga'lromtc,tinal cro,ion,
• llCurologil"al dilmagc.

The metal, .... hll:h ,gi\c n'>C to dinieal ")Illptoms in man arc
,ho.... n 10 Tahle I Ap... rl from the O\.'ca..ional ,uicidc or
murder altempl, m(l't poi-.oning.. arc due 10 cn\ironmental
conl ... nlln ... tion or admini'lr...tion of drugs, remedies or eo..­
mctic, .... hich l'ontain met:l1 '>:II". There arc three main clinical
&:ffec" of t.'\po\ur~' to to,ic metal\. The..e are:

Poi-.onlOl,! \'ollh metal'> i!> one of the olde:>l forms of IO'licil)
kilo"" 10 man. Uoy.c\cr. il i" only rt."Ccntl) that the 1I'K."Ch;lnl'l11:>
OflO\icil) hJ\c bt.-comc 1..110\0011. More importantly.lhe mC'an~of
diagno... i ... and trcallncnl aTt~ no\\ 3\ailable. The ~ymplom, of
poi ...oning an:: related tn the amount ingc...ted or ab'>Orbl.'d and to
Ihl.' durulioll ofC\po"un:. In t:encral.lhe ekmcntal metal, are Ie...,
lO\ic Ihan their ..all ... , Organic compound:.. "here IIII.' metal.,
co\ alent I) bound to carbon. may al.;,o he to'(ic.

METALS ASSOCIATED WITH POISONING

DIAGNOSIS F'll 1 Struetum and actions of chelatlog egent5.

Arsenic
AT'>Cnic never occun. as the free c1emcnt.
but a~ the ion'> A..1• and A..... and may be
found in -.om.:: insecticide!>. Acute ingestion
gl\e, rise to violent g:l'tro-

tion eau,>e,> bone di,>ease (aluminium
o~teody,troph)) and gradually failing
cerebral function (dial)',>i~ dementi;I).

Diagnosi, b by mea.. urement of
aluminium in :1 pla.. ma ,pecimcn
{T:lble I). Aluminium content of bone
biopsy m:ltcrial i, :1lso used. witb level'
greater than 100 Ilg/g dry weight
Indicating accumul<.ttion.

Trc:ltl11cnt of aluminium toxicity b hy
prevention. In t'ases of toxicity. alumi­
nium excretion may beenh<.tnced by using
the chcl:lting agent desferrioxaminc.

.... Adion ..... /1ndIett 01 tomdly """"-""'" >O.5.W9_ o.-.~.IPi!ia .._llII
~~1hU.CCUlI.IlIfIlII ............. >3 }I'IlC6l1l"e-ctVOloe e............."·~>tIoplf

>tOjl!dlll""'-

""""'" ,.go r'lIlllK II blood or RInIIu:u...... tx:lr-. .....
>90 I"IIlli'N 1111 .... ~.~..., >2.0 jI!dlll blood IiI:a¥. cde. -.ns.u CQrIlII

>O.12}1'1lOM II .... a-.c:...-. .................,
-.. >120~CNIlIl'IIlIII .... ....ancI~l.............'_---...... >5 rI'I'dlll blood AcUlIIfllIIIIiIUe

CIworIe; ........~"

Table 1 Releren« and action rangeJ lor tOll~"~_=":':' -,

Aluminium
Aluminium i, poorly uh,orbcd from the
Gllracl. v.hich i, ju,t:l' well ,inec unt­
acid preparation, used by dY'PClltic
patient, may contain as much as 500 111£
of aluminium per tablet. Aluminiulll
levels in water supplic' arc variable and
llIay contain from Ie" than 50 to 111\)re
than I(X)() ~!l. Thi, i~ a potential halard
to renal dialysi, patient~ when the
aluminium can enter the body acm" the
dialysb membrane, thu, byp:",ing
intc.. tinal absorption. The water u,ed in
dialysis is no.... tre:Lted to rcmo\c
contaminating mctab. Acute aluminium
toxicity is extremely rarc. Aluminium
toxicity in pmien!:> wIth renal d},fune-

COMMON SOURCES
OF METAL POISONING

Bluod. phNlla, ~cnllll or urinc can all
be u~ed for mca~urcIllCn1, and in ~umc

C:l~e~ it may :11'0 be helpful 10 mea,ure thc
fl1et:t1 conccntration in othcr lh~uc~ 'Iu:h
a, hilir. The :lction limit, for metal,> in
phl'lll:l and urine arc ,hown in Table I.

A~ \\ ilh mO~t poi..on~, treatment cOlhi~!:>

of relllO\ al of the ,ouree of the Illetal and
increa"ing the elimination from the bod},
.... hilc l'olTCcling dcrJn,gcd phy~iological

or biological mcchanl,m~. RcnlO\'al of
the ~urce may require that a pcrwn be
remO\ed frolll a contaminaled .. ite or
.... orkplacc or thatlhc u'>e of a medication
or CO""lClic be di"Continued. Elimination
of hea\} mctah i~ achie\cd by lreal­
ment .... uh chclatlng age"" .... hich bind the
ion~ and allo .... Iheir e>:eretion in the
urine. The binding in pla,>ma .... ill. b}
equilibrium, remme <,ome metal ions
from li\~uc\. Ho.... c\er, renlO'lll from
bmin and bone rna} I:ll..C ~mc time.

The \lrul'lUre.. and mechani..m, of
action of 1.... 0 chelating agent~ are ,hown
in Figure I.

• pla,ma or hlood 1c\c1~ oflh.: metal
• urinary cxcrClion of metal!>
• an a!>~ociatcd biochemic:ll ahnor­

mality rel:ued wthe loxicity.

TREATMENT OF METAL TOXICITY

"IClal poi'>Oning lila) Ix: ",u"'Jl'-'Clcd in ca~ ...
II hl'rc II j .. not prc...:nl and 11I1"cd in ea~!>

"here it i ... the C;lU~ of the ...ymplollh.

Diagno,i\ 111:1) be mack hy mca... uring;
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FIg_ 2 Eftec1s 01 lead on haem synlhesis.
Lead (Pb) inhitlIIs porphobiItnogoo synthase and Fe"
IncofporaIlDn into haem. resultJlg J1weased levels
04 5-atl'IflOIaevlJn acid and copropoq::ilyrr J1 ume
and prolOpOrphynn Jl eryttvor;yI.es

Diagnosi,> il by clilmation of blood
alld urine men:ury conccntrJ.tion... (Table
I). Long-term monitoring of e,posure.
,uch :.h may be neces!'>ary ..... ith those
\\orking IIolth dental amalgam. may be
carried oul ulom!! hair or nail clipping'.

Trc:.ltmenl of acute mercury poisoning
il by u~ of the dimercaprol chelating
agent!> \\-hich le:ld~ to excrelion \ ia both
bile and urine. Chronic exposure is bell
treated with N-acetyl-penicillamine.
unless renal funclion il cOll1proll1i~--d.

the eating of Icad~containil1g paint, or
dirt by children (pica). There i, ,lilt)
concern O'er the contamin:'llion of air hy
organic lead con,>tituen" of petrol. Only
5-IOQ of lead il ab,orbed from the
ga,>lrointe<;tinal Imct in adult, hut lhl"
proponion is higher in children.

lead poi,>oning caUlel anaemia a,
\\ell a., hepatic. renal and neurological
-.equelae. In geT1Cml.lhe con""'-'qucnce, of
organic lead poi..olllng are neurol~ical.

\l.hereas inorganic lead poiwning n',uh..
in constipation. abJotl1lnal colic. :.lIlaetllla
and peripheral and motor neurone
deficicncie... Se\erc c:l'>C~ <k\dop en­
eephalopath} ..... ith lCiLure, and coma.

Biochemical e\ id...ncc of lead poi;,on­
ing il b} the finding of fru;,ed prom­
porph)nn Ie\eh in the el)"lhroc}ICl due
10 the inhibition of a number of thc
'ynthetic enZ)mcl of the haem pathv.ay
by lead (Fig. 2). A clinical ... ign i, the
,Ippearance of a blue line on the gUill'

Lead is Illea,>ured III v. hole blood or in
urine (Table I). E",retiOfl can be enh,mced
uling any of Ihe chelating agen"
NaCaEDTA. dimercaprol or N·acet)l­
penicillamine, bUI may require to be
prolonged in order to deplete bone ltorel.

Mercury
Mercury poiloning lila) be acute or

chronic and i, related to expo,ure lO

clemental mercury vapour. inorg:.ltIic
,>alt, or organic form, ,uch al methyl.
mercury. Mctalli....- mercury is relallvcly
non-toxic if ingc,>led. hut mercury
v,lpOlir can give ri"e to acute toxieilY.
The ~Yl11ptOt11, arc rl:lpir:llory t:li~lre"

and a metallic 1:.l,le inlhc mouth.
Mercllrou~~all", l1otahlycatol11el. ha\e

been known 10 C;lUle chronic toxicity
following ..lin ab"orplion from powderl
and other fonlll. but are Ie.., toxic th;ln
mcn:uric salt1>. notably men:uric chloride.
This i~ highly (Oxic ..... hen ingc,tcd. The
symptom, arc nau~ca :lIld \omitlllg.
mUlCular trcmo...... CNS ,)mptOllll and
renal damage.

Cadmium
Chronic e'ldmium (O'(icit) t)Ccu" in
mdultrial worlc" eXJX"'Cd to cadmium
fume" The 'y mptom, are thOle of
ncphroto\lclt). hone dilCa-.e and. to a
Ie"..er e,tenl. hcpatow\it"ity. Renal "tone
formalion may he incrc.N.·d.

In diagno"il. mdicaw..... of renal dam­
age. in partlcularp, lIli"'n>globutin in urine.
can be u,ed to monitor the cffct·tl. Blood
:tnd urine cadmium C'lImatel (Table I)
will gi\ C :1lI obJccli\ e indcx of Ihe degn.-e
of expolurc .. and. in 'Ollle C:llC~. Ihe
cadmium content of renal bioply tl",ue
may be lIleful.

Treatment of chromc Cadlllltllll !Oxic­
ily i, by rel1lo\al from cxpO"lIre. Thc IN:

of chclating agenl, i, IlIlt rccoml1lcmJcd
bcC:lIN: ll1ohilil.al101l of cadmium may
caUle renal damage.

The major "ou rce ofc:'llim i11111 ex polure
in the general population h in tobacco
~ll1olc. v. ilh ,moler<, having blood
cadll1iumle\ dl tv. icc that ofnon-'l1loler...

lead
Inorganic leatilm, long been kno..... n to be
to,ic. but acute lead poilOl1Ing " rare.
Chronic lO.xi,,·ity i" related to indullrial
e\po~ure. Ie'ld kachcd from v. ater pipe".

IOh~'tillal pain and \omiting. \\1111 ~hod..
dc\elopillg. Chronic ingc"tion i~ c\i­
dellced by JlC"i"tcnI diarrhO\."a. dcmlatui"
and IXlI) lleurop:uhy. The bo,:"lmdicatorof
chronic aN'nic e\JXNlre i" hair anal)'"i".
The ar">Cnie contem \\ III \ aI)' ..... ith time
along the length of the hair. A 11.'\1.'1 of
>O.5IJg/g ar"cnic In hair indicatc~

,ignifieam e"jllhurc. Urine ar"enic
mcao.urcrnenh are aho of \ alue in ~"''>C~~­

ing occupational e\jlO'>urc.
Treatment of acutc and chronic aN'Il1C

poi~nmg I" hy wPJlllnl\C Ircaunem and
enhan..:ement ofcwrcuon u"lng IIIltlally a
dimercaprol-type chelati ng agent and. once
l) mptOlll'- h;J\ c "uh,idcd. '>;-acet) 1­
Jl('nicillaminc. [n ca!'ol'\ of renal failure.
ar'>Cnie ma) be renlO\ed by h~lCmodial) ~i,.

Case history 49

A I :!-)ear......,ld A~ian girl prt:\Cnts

110 jlh nau<.ea and \ omiting and non­
locali.fing neurological signs. She
hOb been uSing brightly ..-oloured
fat:ial cosmelic" obtained abrood.

• \Vhat biochemical 1n\t:Stigations
..... oold be appropriale'!

COlllnU'nt on fX(J:t! 157.

r>.... Clinical note

~ Often as<,QCiatcJ in
... the pa~t \l.ith lI1urde".

aN:nic poi;,oning may ~till be:
encountered 3-' an indultri.lI
dii>ea-lC. The featurel are
abdominal pain. headache.
confusion. peripheral T1Curopath)
and coma.

Metal poisoning

• Heavy melals are an nsdous cause
01 Qa$IrOI'lIesbnaI. renal and

"'"-..",.
• Measuremeol 01 blood and urn!

IeYeIs are used III diaglOSIS 01..........
• Treatrnent 01 acute exposure IS with

chelallng agents.
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ALCOHOL

Ahu-.c of alcohol (ethanol) ., a major conlribUior 10 morbidil)
anu IllOrtalil) in the UK. far oUhlripplll£ Olher drug, in It'>
effect, on the indh idual and nn ,()Cit'I). Alcohol is a drug'" ilh
no rcl,:cptor. The mechani"lIh b) "hieh it C\Cnli its OclrimclI1:l1
cffl.'CI on cell,> and organ.. arc nUl "ell undc~lOod. but the
dfc.-,'I, arc ..ummarized in Tahle I.

I'or clinical pUrpo"C' alcohol cOlhumplion j\ cstim:ucd in
:lrbitral) 'unil~'- one unit rcprc\Cl1ling 200-300 rnmol of
clhanol. The ethanol comenl of >,omc comlllon drinb j ....ho\\ 11

Table 1 Effects 01 ethanol on ofgan systems

SY'~ CooOitioo Ellec!

CNS ,.". """"---
"""" --.........w_ ---""""""'" """" CIr~I""........ """" -....- ,.". -....."""" -... """" F.., ....-~~1ClIel.-.::e........-- ,.". ---'"'" """" "'-'-......tJuqLij:Md-

T_ """" -
Tho: effo:ct" of elhanol CXt'e" filII into t.... o categoric,;

• lho-.c: ",hich arc dirt.'(.·tly rclaIL-d to thc= blood alcohol
eonccn-tration althe ume. 'uch :h conl;l

• lho-.c: ",hich are cau-.cd by the n'k:tabolic dfet-t, of
continued high ethanol concentrntlOn,.

111... relati\ e contribution ()(ethanol in ca..c, ofcoma. e'pct-i.
ally- ",ocre other drug\ and/or hcad inJul) are pre-.cnl. may he
difficult to dL\tingui,h. Blood cthanol dclcnninatiol'" arc the
be,t guide. Where Ihc\C :11'0: nOI 3\ailablc. pla.\ma o\mol:Ll1ty
rnea\urcment and calculation of tho: 0\11101:11 gap may help_

Ret·o\cry from acute alcohol poi...oning i~ u~ually rapid III the
ab,cnce of ren:\l or hcpatic f:Lilure. and r, ,po:edcd up if hcp:nic
blood no.... and oxygenation i, m:IX1I1l1/Cd. The elimination fiHc
ofcthanol i, do~e-rdated:at :Ilc\cl of 100 mlllol/! it i~ around
10-15 mllloi/h. Ethanol t:oIlCl,.'l1tr<l!illll' in a group of chronic
alcoholics admilled in coma with acute alcohol poi,oning arc
,hnwn in Figure-t.

Alcohol illhibit~glucollcogcnc,i, and ,orne patient' are pronc
to dc\ clop hy poglycacrnia 6 36 hou", aftcr alcohol inge<,\i\)n.
c,pcl'ially- ifthcy- are malnouri,hcd ur LI,tcd. A ~mall numbcrof
the'c malnouri ..hcd paticnl\ d.::\c1op alcoholic kctoocido,,'.

METABOLISM OF ETHANOL

ACUTE ALCOHOL POISONING

ElhaJlol i, metaboli/cd III ,ICCI,Llddl)"de b)" t.... o main path"'J)"'
(Fig. 2). The alcolml ddtydrngclla,e route i, oper:ltiona! .... Ill,:n
the blood alcohol concentration i, in lhe range 1-5 Illlllui/i.
Abo\e thi, 1110,tof the ethanol i, mct:Lboli/ed via the micro­
,ormll 1)450 ~y~tcm. Although Ihe end product in buth ca,c, i,
at·claldchydc. the ~idc effect... of induced P-t50 can be ~ignili­

cant. Eth:rnol mClabuli'l1l and excretion in a nonnal 70 kg lIlan
i, ,urTlnlarilCd in Figure 3.

in h};ure I.lbc leg::IIlimit fordri\ ingin the lK i,a blood alcohol
bel of 17A mmollL (80mgJdLI hut there i, prc"ure to rcdlKc
Ihl'to 10.9 IllmollL 150mgldLJ.

1 gla$Ii sherry
.325 mmoI

,~,

li~ goIl whISky
~ 250 mmoI-, ...

FIQ 1 Alcohol content ol common Orlnkl. ........
IfIbreath
(6 L'1lWl)

~ 1 44 1TlfTlOI;1l

~

Renal e~cretH>O

0.8 mmollt1

_u_
0.008 rnITIllM

Unne alcohol
17 mmoVl

-­""""""

Fig. 3 Metabolism and e~crelion 01 alcotlot.

~ Acetaldehyde

NAO' NADH
•
W

rC8t8lase\

HA Hp

Elhiln04 •••IIIi~

P.roJlaome
Fig 2 The metabolism 01 ethanol.



"LCOHOL 111

20 UK I&gaI~ Imot 11" rI'IIrolII

FlQ .. AkohoI concentrations In comatose patients.

,52 3 •
T_ af1«~ (houIsI

o"

30

60

50...

Many of the cffeCI\ of chronic alcohol abu\e arc due either 10
lhe IO\icity of acctaldeh}de and/or the failure of one Of more of
lhe many homco\t.llic and \ynthctic mechanism.. in the lhcr.
One of lhe earlie.. l \ign.. of chronic alcohol abu\C i\ hepato­
megaly. Thi\ rc\ull\ from the ;lCcumulation of triglyceride due
10 irlo...rca~d \ylllhc\i\ from the carhohydralc load and reduced
prolem \ynlhl:\i\. Ct\minul-d high Clhanol intal..c may cau\(,' the
fol10\\lng \4:qul'l~:

• impaired gluco\C toll'mnce and diahl;-te\ mellilu"
• hypenriglyceridacmia
• cirrho\I\ of the h\er \\ uh rc\ullanl decrca-.ed '>Crurn :albumin

c(lllCenlr.a.tion
• ronal hy pcnen\ion \\ ilh re\uhant oe\Oph:a1;eal \arice\
• coagulation dcft:ct\
• cardiomyopathy
• pcriphcr.a.1 neunlpathy.

CHRONIC ALCOHOL ABUSE

Diagnosis of chronic alcohol abuse
Chronit' ;llcotwl abu'c can be \CT)
difficult 10 detet:l. and j, u...uall) dClcr­
lIUI'k."'d from the pallent\ hi ..tol).ln order
10 be more oOJCCIl\C. there ha~ been a
continued -.earth for lllarl..c,", of ethanol
abu"C. }\, )'et there i .. no highl) "Cn~ili\e

amI ,pccil'ic marler. Uml,CH:r. a number
ofhluod component, are altered and the ...",
(an gil, c an indication of chronic alcohol
ingc\tion. The 1110,1 t'ornmonly u~cd are:

• Hypcruricm:mia.
• Elc\lllCd )'GT. Thl' CfllytllC i...

im:n::I".:d III sor~ of alcohol :lbu"Cr..
It j .. not a \pccific indicator a, It i..
incrc:l',cd 10 all f()nl1~ of liver di'ca,e
and ;... induced by dnlg, ~lIch :1'
phenytoin and phenoharbltone.

• Elevated ,crum triglyceride.

There arc 11 number of other poten­
tially ll'>l:ful marker.., nowbly i,oform\ of
lfan\fcrrin v. hich :m.: dcfkicm in lhe
carbohydrnte linked 10 the protem. Thi\
carhohydr:llc-ddidclll lran\fernn i\

pre\ent in more than 90'} of patienl\
\\ilh chronic alcohol abu~. Such :h\ay\
are nO( yet \\idcly :a\ailablc.

Once Ihe di:agno\i .. of chronic :1Icohol
abu;,e is made. lhe\e marlc,"" are of u\c in
monitoring beha\ iour inc~ a \inglc
'bingc' will lead to th ir derangemenl.
)'GT i\ u,~d regularly inlhi\ manner.

Chronic alcohol abu\C CXpchC\ Ihc
illdi\idual 10 increa~d ri\l of damage
from Olh~r \Ub\tallcc,. Chronic akoholie\
have highl.'r rates of \ll1()king-rel:ll~d

di\ca\~. and arc more \u\ccptiblc to
poi\oning with hcpalOlO;tic \uh\lance\.
They :11\0 have diffaenl ratc\ of Ill~la­

boli\m of therapeUli(" drug\ and care
needs to be laken in treating thcm wilh
drlll:!\ which arc Illctaboli/cd by lhe
<:ytochromc P450 \y\tC111.

Admi\\ion ralC\ to Iw\pilal \\ Ith
akohol-rckltcd di\ea\c\ arc high. ;1I1d
\ince the diagnOM\ i\ \omclime\ UlhU,>­
peclcd. it ,hould alway\ he cnn,idercd
when carrying out an initial examin;J!l(JIl
{Fig. 5).

PabenlS WIth drvg-
retated prob(ems ("'1
60~--------.

'"'
60

"j
20·

F,g 5 Admissions 01 drug-rt!lated problems to
one UK hospital.

• ElhaooI abuse IS a COfM'lOI'l dInicaI_.
• An elevated senm osmolality and an

IIlCfeaS8d osmoIaJ gap can be 01
lia~bC value In acute elhaool
",...,...,.

• Chrclt'lIc elhanol abuse can be liIflWI
to detect

• sen.m JUT IS ollmted value lor
liaglostS 01 ettlanol abuse but good
lor mclttlOmQ abstrlence

• The efIedS 01 chronIC akohoI abuse
are I'lOI frnded to !he IiYer

Case history 50

A 16-ycar-old boy \\ho"C epilepsy
h3ll R.'t-enlly hecuII)c poorly con­
tmlled v.a' found 10 h'l\c a rai"Cd
-,GT of 82 VII. Because of hi~

lrouble'iOmc hcha\iour hi~ parcnl\
\U'peC"ted he \\.1\ drinking.

• 110\\ might alcohol abu'>C be con­
fimloo or c~dudctP

• HI\ <,crum alkaline pho<.phJ.l~

\\ 3-...''20 1:I1. 1XIe\ ,hi.. ,upport
a diagno\i\ of alcoholic Ii\er
di<,ca\C"

COI/II/lt'nI 011 fIllf?" 157.

Clinical note

Melhanol and ethy Ienc
glycol (anlifrec/e) are

born mctaboli/~d hy alcohol
dchydrogena!>t.' to fomlic and
m:alic acid... whieh arc lO\ic. In
order 10 prc\enllhi\ metaboli\lll.
ethanol i\ infused 10 3 concen­
tration of::!O mmolll until the
alcohol~. mClhanol and clhy lcnc
glycol. are C\crcled un,·hangcd.
Alcoholic, \\ ho t.Innk eilianol a\
v.el! 1\ mClhanol in flKt pfO(,'CI

Ihern"ehc,> again\t Ihe \\0f"1

eff\"Cls of melhanol poi'>Oning.

Alcohol I~
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COMA

The comalo\!: pall~nt prc'>Cnc.. a number
of problem, 10 the phy,il·ian. ,orne in
rdation to illltial diagnO'.b alld -'OlllC lat('r
dunng treatment.

Best motor rel.pOl'l"

6 C8ff}'1OQ out request
5 L.ocalI2ed response to paO'l

I
.Flexor responMIlO paIIl
3 Extensor posluMg 10 paW1
2F1eXOlposturWlglO~, .....

Best YertIal ""POftse

50."",,,,,,
.. Confused conversabon
3 Inappropnate speech

2~"""1 None _

The depth of coma can be ddined
folio.... iog clinical c>;amin:lllOn u,ing a
"c3le 'uch a" thai in I;igurc I. Thi ..
allo\\\ clinical 'Iaff to c,lahli,h the
..e\efit) of the com... and to monitor
change,. Ohtaining the correct diagnO'>i ..
i~ paramount. To [hi .. end thi: Il)l)\l \alu­
able infonnation i .. u..ually ootained fmm
the clinical hi"or). bUI (Tequ!.'nll) a
reliable hislol') i.. not :I\ailahlc.

Patent") of :liN a). hlood I're"urc.
Icmpcr.llurc. pupilla!) rene, and hllxxl
gluctbC concentration nL'Cd 10 be mooi·
tored rcpealedl) and a \Carch "hould ~
made for c\ idcocc of lmuma or needle·
mar\.. .. allhc limc of :lJmi~,ion.A careful
hil>lory and ph)'l>ic:l1 c'taminalion \\ ill
g,\(, the correct di"gno"i, in mer 9()q

of ca-.e". Olher biuchemic:ll Ie"" Clln
help in diagn(",,, or for the conllnued
monilonng of com:lllhC IXllien"

DIFFERENTIAL DIAGNOSIS OF COMA

\ helpful mnemonic in the diagno,i,
of the ul1con"":iou,, patient i" gi\en in
Hgure::!. 1I0"c\er. "ithin each ofthe\C
cmegor;c" dc'>Cribcd lhere :Ire man) PO"­
"ible cau'>C". The fiN priorilic.'> in treating
an ullCon'oCiou, patient arc 10 en~urc th:ll
:ll~a~";lre dear and thai breathing and
cm:ulallon arc -.ati<,faclOf).

Cerebrovascular accident
Where coma of cerebrO\ a"cular origm
'" <,u"J'lXled a CSF examination {Fi!!. ]j

"ill <,ho" the prc..encc of blood and" ill
hdp to diffaentiate a wharnchnoid
haemorrhage from cercbml infan.:tion
When :"I\ailablc. imaging .... ilh a CT -.can
i, prcfcmblc.

FIQ 1 The Glasgow Coma Scale.

Flr.l : .xclude r81Hd lnlr8cnml81 pre.SUfe (ICP)

Check lundllor ral&ed ICP 1NB Performln~ lumbar puncture in pallent
With r8l$lld ICP can be latal

J
I seeol'id: collect CSF belore starting antiblo1ic5 I

1
Mlcrosc~ Biochemlei!ll

8nd mlcroblo oglc81 eX8mll'i811on
••8mln81Ion (usually only supportive

(fTlO$llmporlant 01 mlCrobiologocal
CSF _lysis) lindirlgs)

.1
Results •

I

II G'=! Elec:tropfMM'l!!$I$
~M' I I P...... I ",d

omm. •CSF

"""
_. - _.
< 25 mrnoL'l - 040" """""""'M

~ • - ""....,d• -- """"""'"II plNma. CSF --"""'... r8bO. < 2.0 .- ""-.- -...
CSF "".. ~ ...
~.-- I,

.......­.....--.~.""""""'"....
d-.­.y-
""'"--

e,g, Tranquilhzers
Opiates

Head IIlJUry
Cerebrovascular
accident
Infection
Spaee-OCCUPYlng
IeSIOO, e,g. tumour

Hypoglycaemla
Hyperglycaemla
Endocrinopalhles.
8.g, hypolhyrodism

"""""""'~""""d....-m

""""''''''''''''Hypernatraemoa

o

A
Fig 2 Differential diagnosis of • COfTII patienL FIQ 3 Investigation o1lhe webrospIl'ia1 fluid..
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I

be detL'CIt"d on the brealh i, not \uffi­
cieT1l for diagno'i ... and a full clinical
e'lamination ,hould be made in all ca\C...
of alcoholic coma. If acido<;i\ i<; pl"l"-.cnl.
meth:lnol or eth}-Icnc gl}col pol<;Oll1ng
'oould ::11'0 he "u'pcctcd.

Carbon monoxide poisoning
Carbon lllono'tidl.' pohoning account'
for a large number of dealh, in the
UK each ye;lr. Coma can occur ""Jlh
carbo xyhile mog lobi n coocent rat ion
abo\e 30Cf of haemoglobin. Carbon
monoxide poi..oning mal' be in\idiou\
due to a fllully hl.':ltcr or poor \enlil:Jtion
;trld may be pre,aged b) hC:ldachl." and
confu,ion, Treatlllcnt wilh oxygen
rC,lOre, l)'{yhaclllogiobin. Thi, i., a
dallgeroll' form of poi<;oning which
rcquin.. ' careful aflcrcun;:.

Hepatic coma
Acme orchronic hepalic failure lllay rl.',ult
in coma. Thi~ i, belie,,:d to be due to
lhe failing li\cr\ Hlahility to renw\'e
n('umtoxlll, ,uch a' ammonill from lhe
blood.

Alcohol
Alcohol is a common cau,e of cormI in all
age range,. Coma depth and Ienglh i,
associated with the amount of akohol
inge~ted. and thi" ~ho"", wide inl..::r­
patient vllriation. Alcoholic coma can be
as,>ocial..::d wilh head injurie" hypo­
thermia ltud lhe pre,enec of other drug,
wilh which h~ action may be :Jdditi\'c. In
l1Io~1 ClI!>e... coma call~ed by elhltOol will
rc~ol\e relalively rapidly. the exception
being when there i, hepalic in~ufficielley,

In case!> where the blood alcohol 1e\e1
exceed, 80 111rnol/l. hae11lodialy,i, may
be required. The flKt lhal :llt-ohol can

0\er~. In ITKht Caloe\ ofdrug or poi~n­
induced coma. con'>Cnali\e Iherap) i\
all that i., required 10 m.aint3in \ ilal
function, until the <;ub,tanL'e i\ eliminated
b) metaboli\tll and cu'relion. The be...t
<;peeimen to analyze for di3gno\i~ 1\

urine. Where drugs .!ouch a, phen)toin or
thcoph~ lline are suspectt:d. pI3J>1Il:IIc\eh
..hould be measured on admi\,ion and
thereafler umil Ihe) fall 10 thcwpculic
Ic\d<; (see pp. 110-111).

Drugs and poisons
A wide variety of drug, and poi,on, ran
gilc ri,c 10 eOllla if tal..en 111 .,ufficiclll
dose. In wry few ca,c~ ltre lhere 'pcdtic
dink·:J1 ,igl1', Exception, arc the pin­
point pupil, of opiate poi<;oning for
\I hich lhe ,pecific lIIHagl)ni~t naloxone
h effeclive III rC~loring eonloCiou'nc.....
:lnd the dlvcrgell1 'trahi~mu, (Fig. 4)

:I"ocl:llcd with lriC)dic anlideprc"ant

• 1/1 haner;l/lmc"lII~ili~ CSF prolem i.. incrca'>Cd and glucO'C
i~ 10"" or ab<.cnt. There i, a leucoC)lmi<; which may be
\ i"iblc a) c1oudine" til '>C\ere ca!.C<;.

• III I'iralmcl1i"gili{ glucO'C i, nonllal or only \Iighll}
dcpre'<.t.--d and prolein rna} be nonnal.

Infectious causes
Mcningiti.. (bacterial ,lIld viral) and encephaliti\ (viral) can
bolh lead 10 coma. MeningoctX'cal rncningiti\ ha, a high mor­
talil}. c..pcciall} in child~n. Diagnmi.. i, of great imponance
:Ind CSF ,pecimen, ,hould be obtained before antibiotic
therapy i, commenced. The u~ual finding, a~:

Metabolic causes
1lle brain i, acutcl} \Cn,ili~e 10 failure in
meI300lil' honlCO"la..i,. and a ""ide range
of di"Order. can gi\e ri\C 10 di'>Olienla­
tion and lalcr COll1a. t\lany of thc"C ca~'

can be corrc<:II.'d rapldl} b) trcatmcnl and
thu, Iheir carl} diagf'K)',i" i.. mandalof).
1lle mO~1 COll1mon form.. arc ,ho""n in
Figure 2.

H}pogl}cacmic and h}pcrgl)'caemlc
coma~ IIlU,1 31""a}.. be con.,idc~d. Diag­
no~i~ i., b} mea..uremCnI ofblood glucO"C_
"" hich ,hould be camed OUI on admi".. ion.
Glueo\e can be \:lfcly gi\en 10 an}
diabetic in coma out)idc ho)pilal. but
in..ulin IIIU.,1 nm he admini\h:rcd until
hypcrgl)c;lemia i., confinncd. Over 99'1­
of hypoglycaemic cpi,<K1e\ encounlered
in Accident ;llld Emergency DCP;lrl­
menh ""ill be in p:llienl' \\ilh known
diahele.. mellilu'.

• The lirsl pnonty is to ensure clear
airways and satisfactory bfeatfwlg
and euculalJon,

• laterallZJng neurological SIQIlS sI'IlUd
alWays be sotJ!tIt as evdenc:e 01 a
~ """""-

• Hypc9yCal'!lTlla 1'1 the known dlalJelM:
pa1lenllS the CXlITIn'meSt metabolic
cause 01 coma.

• AI'Iljl percentage 01 paaents 1'1
coma fran aI causes wi have
aJcohoI as a~1I'1g laetof.

Case history 51

A 20-)ear-old in,ulin-dcpendent
diabetic ""a\ found uneon'>Ciou~

hc,ide hi .. blc}e1c. An hour or <,(J

earlier he had lell a pan) ""here he
had been drinlmg. l1e "" a.. brought
10 the AL'Cldenl and Emergent)
Dcpanment

• Wh3t in\e'tig.alion, and mlcr­
\cntion., would he appropriatc
in thi, ea-.e"

Comml'1!f "" 1'(lI~t' 157.

Clinical note

Coma :l:-MlCialed "" ith
a cerebrm-a;,cul:lr

accident ""ill ha\e an abrupt on'>Ct
and gi\e 0 ..... (in ffiO!>l L'a:.c\) 10

unilateral \igns. Coma cau't.--d h)
rrn:labolic or toxic cau~, "" ill
u'uall}- affoci all pan~ oflhe hod}
L-qually and \\-ill de\e1op 0\ er a
period of time.

Coma I~
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LIPOPROTEIN METABOLISM

The lipoprolem '}"tem c\ohed to ,ohc the problcm oftran~­

ponmg fah aruund lhe bod} in the aquoou, en\ ironment of the
pla...ma, A Ilpoprotem i,a complex 'pherical 'trueturc which has
a hydruphoblc core "r.:lppcd in a hydrophilic coating (Fig. I).
The c:on: contain' trigl}"cridc and chole"te!)I I:..tel"'>. "hilc lhe
"urfacl.' eontilin" rho"pholipid. free chole'terol and protcin\­
the apolipo-pmtcin, (Table I I. Chole,teml i.. an e'-.ential
c:omponcnt of all c:ell membmnc.. and i, the precu"nr for
"tcroid hormone and bile ac:id biO\}nthe<;i~. Triglyc:eride i..
central W the 'lOr'"oige and tran'pon of cnerg) "ithin the bod).

-­HJ-----j!)~.'"

(1)-
-----<~T-

~~..,.

Table 1 Properties of some human apoIipoproleins

Ac:Mlet LCAT

,.....
T~ nlc:tll:JlesleroI tr.-.sporl
BnIs 10 lDl ra::epDl"T__

ActMlles LCAT_U't,_U't
8n;ts 10 lDL reeepIOr and probiltIIy
alto 10 InaI!l8l spldc Mr fllO!J*If

Larl/&Sl~, Synthesized by gul H~ef a
mealNoi Pfflsenl on f\Om'l8I fastll'lQ ~s.ma

t.IaJr1 earner of dietary In\1ycIlnde

Synl!llslzed on the Mr. MMJ eartl8f of--­Generaled lrom VlDlnlha arculaoon
MaS! carner of choleslem

StnaIIsl bI.C mosl ab\.rldiIrtProlllClMl foodlon
Takes ~!rOlTI extrahepa~ I1s1U11IO
". t.w!of PCfttlon

,.""""

HDL partlele.. are deri\cd from
both li\ er and gut. They act a!'. cholc'IC!) I
e~lcr ~hullle... rcnxn ing the <;terol from
the peripheral tissue.. and returning it
10 the li\cr. The HDL is ta~en up
either directly b} the lher. oc indirectl}
hy being trJn..fcrred 10 mher circula­
ting lipoprotein'>. which then return it
to the Ii\cr. Thi<; proce!'.<; i' thought to
be anI i-atherogenic. and an cle\ated
HDL-cholc"terollc\el ha.. been ~ho\\n

to confer a d~rca'>Cd ri..~ of corona!)
hean di<.e3~ on an indi\ idual.

0,

Main apollpoproteln.

B.. Po ·1. vII. E

B, (;.11 E

FIQ 1 Structure of • lipoprotein.

Apolipopillllill -- Si!eol.ynIIlt$iII

« ".. _..
.... ".. _..
• ~... e-
o. "'.. --C< ... e-
01 "'" e-
01' ... e-
E ".. Lmr.~,-

Tallie 2 The lour main lipoproteins and their lunctlons

LCAT=Leat/wI r;:tIoIesIeroI~~
LPI. = UpoproteJ'llplSlt

The endogenous lipid cycle
Thc Iher ~}nthe~i/c, VLDL panicle..
\\ hich under!!o the ~me fonn of dclipi­
dation a~ chylomicron.. h) the action of
lipoprotein lipa..e. Thi.. re ..ult .. in the
formation of an intermediate den..ity
Iipoprolein (IDL) '"' hich become, 10,",
den'>it} lipoprotem {LOLl "hen funher
dclipidatcd. LDL may be remm ed fmm
the circulation h} the high affinily LDL
receplor oc by OIher 'ca\engcr roule,
which arc thought 10 be imponanl al high
LDL b eh and the maIO '"' ay in \\ hich
chole ...crol J' incorporated Jnto
alhemmalou, plaque...

LIpoprotein melaholi,m (Fig. 2) can Ix:
thoughl of a' t"O cycle,. one e~()genou,

and one endogcnou,. both centred on the
liver. Thc..e cyde.. are inlerconnetled.

T\\>\l ~cy en/Yille "y,lell1\ are ill\oh ...d
in lipoprotein met:lOOli ..m. e.g.:

• Lipoprolcin lip:l ..e (LPL) relea..e.'> frcc
fally acid, and glycerol from chylo­
micron, :llId VLDL inlCllhe ti ....ue...

• Lecilhin: dlOle..lcrol acyl lran,fera,e
(LeAT) fOrlll' cho1c'lcryl c"ler.. from
free chole..lerul and fally acid,.

The exogenous lipid cycle

Dicta!)' lipid i" ab..orhcd in the ..mall
mle'tine and lllcorporolled 1I11O ch} 10­
micron, \\ hich :Ire ..cnctcd into the
lyll1ph:ltic, and reach the hl(xxhlrcam
\ia lhc thor-.cie ducl. In lhe circulation.
lriglyceride i" gmduall} n:mmed from
lhe..e lipoprotein, b} thc action of
lipoprotein lipa~. Thh,enzyme i' present
in the capillaric.. of a number of li ....uc...
predominantly ;Idipo.. e ti"ue and
~~eletal mU<.cle. -\~ il lo<.c~ trigIYl'Cridc.
t~ chylomicron become, ..mailer and
dcnaled. with fold.. of redundant ..urface
material, The<.c remnanh are renxned b}
the Ii\er. The chole"erol may be utilized
by the li\cr to form cell membrane
components or bile acid... or may be
e,cretcd 10 the bile. Thc Ii\crpnn ide~ lhe
only roUlC b} "hlch chole..terol Iea\e,
thc body in ,ignificanl anlOUnl,.

METABOLISM

Sc\t~ral different cla....e.. of Iipopf"O{eins
e\i'>l \\>ho..e ,tmctun: and function arc
clO'>Cly related. Apan from the large...t
'pecic,. the ch} lomicron. the..e arc named
according to their den"lI). ;'" lht:) arc
mo,t commonly l\l)laled b} ultrJcen­
trifugation. The four main Iipoprolein..
and thclr funclion, are ,ho"n in Table 2.

NOMENCLATURE
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~
Clinical note

About 25% of the
UK population have

pla\m<l choh~,>temllc\'cls above
the dc~ir.lhle reference range.
In 1l10~t L'a..es this i~ the n~~ult

of diet and lifcstyle.

Lipcprotein metabolismI~
• ~eu'IS are c:ompIexes

01 bpId and protetnS whch lat*tate"""_.
• TheIl" metaboism can be thou!tt 01

as two lI1lenXlnI'leCIed cycles centred

"''''' ....
•~ are defined by lhelr

density and ciffer1lI~.
strudute and functloo.

•~ have a ItrJctJonaI as
wei as structuraIlf'4IClrtar1Ce

• Cholesterol can criy be exaeted
from lhe body by way oIlhe Mr.

The LDL rt.'Ceplor(Fig. 3). a glycoprrncllI
pre-.cnt 011 Ihe <;urface of all cells. span\
the cell membrane and i<; concenlr:lI00
in ~pcL-ial membrane recesses. called
'coaled' plb. It blllds to lipoproteins
eontainmg apolipoprolein B and E. and
imemali/.cs them for breakdo\\n .... ithin
Ihe ccll. Re..:eptor. are then reqcled to
the cell ~urface. The number and
function of fL'CeptoN dictate the Ie\el of
circulating LDL. When the cell has
~ufficienl chole<;tcrol. the synthesis of
receptor. i,> down~regulated: \,\ hen the
cell i~ cholcsterol deplcled. the reccplOl1>
increa~ in number. Inherited malfunction
or ab'Clice of thcsc receptor<> leads to
familial hypercholesterolaemia (FHt

A ,>pccific l1lul:ltion ofapolipoprotein
B re~ult~ in defectl\e binding ofLDL to il:­
receptor and produce~an identical clinical
picturcto Fit called familial defective apo
B (FDB).

THE LOL RECEPTOR

Apolipoprotein<; arc the protein com­
jXlllCIIl'>oflhe lipoprotein<;{Table I).11lCy
are llTlponantln:

• lIlaintaining the l>tOlelUral imcgrity of
the lipoproteilh

• regulating certain enzyme."> .... hich act
on Iipoprotcilb

• rtxeptOf l\.'COglllllon.

APOLIPOPROTEINS

HOI.

CM
,""""'"

Glu~

5.23.'

Urea

i----..t1'_..clJpoproteln•• _. lipase
" . ....

Exogenous
<yo.

CI HCO,
1/11/1011I1----------

70 ::!O

Amino ltClds

K

3.8

Choleslel}'l
eslllr d.opIel

103

Serum O'molalit} .....a~ measured a~ :!82 mmolllg and am} l:be 1780 UII,
HI,> trigl}'ceritk .... a~ I\::ponC'd to be >50 mmolll.

• Why i) there a di'>'.'fCpaocy bcl .... cen the: calculated and mca~urctl O\molallt}?
• What arc the lilely eau~ of the hn~~nrigl>L"eridaemia'l

C,'WIIIPIlI (If! 11(1f{P 157,

Case history 52

A 3-year-old btl} "",lh a ImlOry of chronic abdominal pain .... a.~ admitloo a~ an
emergenc),. 111\ blood .... a~ noted to be pin" in the syringe. and the ..erum ....~mil">,

~jl . ~ HMG GoA reductase
I:~"'f"'~:~~~ ~LDLreceplors H'

I, lysosome

"~holeSler~~ ~ Endosome
I ~..J-~ f

'ACAT I \ A~if19
- .. '-......'~/-",&' 0

Fill, 3 The lDl receptor pathway.

VUll

.. ....
F_

Fig 2 LIpopfoteln metabolism
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CLINICAL DISORDERS OF LIPID METABOLISM

1

Fig. 1 Xanthelnmas in younger IndlYlduals (age <40 years) usually indicate
hypercholeslerolaemla. In the elderly they do not call)' the same Significance

...
QI)

--
Fa soUlIe ¥I&iInrI------,,--­._-

N.V

la.1Il,IVOfV

.....

AGacl ..... (II bIl:II:nI LPl.

nbIIIy1lI"-apo Col
~ tIr lpoprC1lIIl Qltl

IrIIbMy III "'-100B NofaI

-­FIIckacII'U'I'I»1 (II bIl:II:nIUlO._
PoaIbIy wVt gin dIled

POI*tlly WQIt lIlNdIlc

AnaIpI'IiIIpJpi--­(Ta'lgIIl"--1

,-­,-­
~--­",CO_

Table I Some genetic causes 01 dysllpldaemia

l~rilll{/ry when th.... dl,order i, not dlle to an identifiable
underlying di,ca..e.
Sl.'c()Iulm'\'-whcn the di,order i, a manife~tation of ,ome
oth....r di ..ca'.....

Currently there" no 'ati,f:lt'!01) compTC­
hell""c t-Ia, ..,ficalion of lipoprOicin
di-.ordc ...... GenClle da~"llic:llion ... ha\c
been 3UClllplt.'(] bul arc becoming incrt:a~­

ingl} comp1c'( a" different mutation" :lrc
di<,cO\crcd (Table I). FUllli/illl hyper-
dlflfrHrrofa('ltIia IFI!) .... hieh pre'-enh with 'l(anlhda\ma
(Fig.I), lendon x3mhorna,. 'l'\cre hYPCI\:holc'itemlacmia and
prcm:llurc coronal') hean di;,ea!>e 1l13y be due to any ofo\er 150
diffcrcm mutation, of the LDL receptor gellC. Mutations of the
apolipoprotcin fapo) B gene ean gi\e an identical syndrome.
f'wl1iliall"lH'rd,,'1omiu-OIw('l/Iill which presents with recurrent
::JhdolTunal pain and pal1creatiti\ may re~ult from genetic mut::J­
timl\ of the lipoprotein lip,he or apo C·II genes. Erupti\e
...anthoma.. (Fig. 2) arc chamctcri\lic of hypcnriglyccridaemia.

Until gene therapy and/or \pceific ..ub",ituliol1 thempy
become more H\'lil;lblc. gcneticcla.... ification... \\ hill' biologically
\ery illumin;lting. arc unlikely to prove \ cry u-.cful in practir.:c.
111 practice. lipoprotein di"order- are ,illlpli ..tically c1as,ificd a..
being:

CLASSIFICATION

Lipoprotein di~ordc..... arc "OlllC of Ihc
commonc" metabolic di",a~" .....en in
clinical practice. The} may prc<.enl .... ilh

their' ariou' <,cquclae .... hieh include:

• comn:!!') heart lh-.ea'>C (CHDI
• :K'U!C p.lllt'realt!t'

• failure 10 Ihri\!: anJ \\cal.oc....

• calame".

Table 2 Common causes 01~ry hyper·
lipidaemil

C\IIbeIIIs IIIIlIiU Irla-.l~

At:dd-.. Irla-.l~

Owlne......... Irla-.l~

Dn.gs.-.g .......-.::s ~~--
Secondary
Seconda!) h}perlipoproteinaemia is a
\\ell-rcco~niLed fcalUre of a number of
di-.ca-.c\fTable 2) \\hich di\idc broodl~

into 1\\0 categoric..:

grouplll~ a~ the di,easc progre~se.. or i~

trc:lt....d (Table I). The major ad\antage of
lhi .. da\\ifieation is that it i, \\idcl}
act'cpted and gi\e~ ;,orne guidance for
Irc'lllllCnl.

The \1"( type' of h}lJCrlipoprotclO,le­
mi:! defined in the Fredrick;,on C1a\\­
ific:ltion arc not equ;ll1ycommon. Type" I
:!nd V arc r.lrc. \\ hile typc~ lIa. lib and
IV are \cry common. Type III hyper­
tipoprOleinaemia. al;,o kno\\n a;, familial
dy,bclalipopl"Oleinaernia. i,> intennediale
III frequency. occuring in about 1/5fXXl
of lhi: population.

----

--....101...

--
-

Primary
The Fredrickson or World '-IC:lhh Orga­
nization classification is thl' most \\ itll:::ly
accepted fortheprimaryhypcrlipid:-.emia.,
(Fig. 3). It relic .. on the finding' uf pl:l\ma
analy:.i,. mther th.m genetic,. A' a rc ..ult.
patients \\ ith Ihe 'alOe g....netlr.:d.... fcct may
fall into different ~roop'. or 111;.l)' change

FIg. 2 Eruptive unthorMs Ire thlracteristie of
hypertrigIyceridlemll.
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Fig 3 Fredrickson (WHO) aassifiution of dyslipidaemia. ThIs IS based on ltIe appearance 01 a Iasbng plasma sample
alief slanl:fJlg lor 12 hcus at .. C and anaIysas ollIS choIesIeroI and tngIycerde c:ontenl

ATHEROGENIC PROFILES

The casual as~ociationofcen'lin
fonm of hyperlipidaernia and
CI-ID i, ckarly the major ,lill1­
lIlu, for the measurement of
phhnHI 1ipid~ and Iipoprolein,
in clinical praclice. The most
common lipid disorder linked
.... ilh atherogenesis and an
inerC:hcd risl.. of CHD is an
de\ atcd pla"ma LDL cholc'­
tcrollc\cl. but increasingly it i~

being rccogni/ed lhal indi\ld­
ual~ .... uh 10.... plasma HDL eho1­
c,tcrol and hypertrigl)ecrid­
acmia are also al inerea'>Cd ri,l...

• Clinically ob\ iou~ di!>Ca'>C~

,uch a.~ renal failure.
nephrotic \}ndrome and
cirrho\i<; of Ihe lher.

• CO\crt condilion' .... hich rna}
pre<;cnl as h)"perlipidacmia.
1b.:<.e include h} po­
lh}roldism. diabele~ llIdhtu\
and alcohol abuse.

~
Clinical note

• The phy\ical ,ign\
of the hypcr1ipid:lcmia~

arc not ,pccific for any panicular
disease and may somclimes be
pre<;ent in nonnolipidaemic
patient.'. e.g. arcus senili, (Fig, 4).
Their prc,ence i~. however.
highly ,uggestive of rai,cd lipid,.
Tendon 'I.alllhornas (Fig. 5) om:
IXlnicularl) a"socialc<! .... ilh F~ 4 Arcus senins..
familial hypercholc'lerolacmia.

Fig. 5 Tendon xanthomas. These ale palhognomic:
lor larTllllal hypefl:mleslerolaerrna and are ohen first
seen on the achDes tendon as III bs pallenl

Anon-"Illokcr. hiS blood prc\\urc" as I~5195 mmUg and he ........, obc"C \\ ilh cenlr:ll
fal disuiblll;on.

Case history 53

A 53-)car-old male .... :b found 10 ha\e the follo\\ing rel>Ulb on a fa~llng blood
..ample:

• Whal other infonnaliol1 and in\lc~ligmion, would be helpful in lhi<; man's
managcrncnl"

• Whnllrcatmenl oplion, would you t'on,idcr in lhls ca<;c'!

CIIIUIIII'III Oil/Xl};" J57.

I~Clinical disorders
of lipid metabolism

• The Frednckson dassdtcaliOl'l
1$ sti cornmorty used to daSSIty
hyperiIpoproletnal!fTllaS by

""""""• The genellC and enVlronmenlal
nature 01 many causes of prmary
hyperliptdaerma are, as yel.
unknown.

• 5econdary causes 01 hyperllptdaemia
are common and Include
hypolt1yrOldlSm. diabetes mell~us,

liver disease and alc0hoi abuse

)GT
un

138

GluC'OSc:

9.86.8

Trigl)ccride
-------~nrlll(}III~-------

Towl cholesterol

..,

I ~
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MANAGEMENT OF HYPERLIPIDAEMIA

CLASSIFICATION

Diabetic:

Suggested Slartil"9
,_poontlo' discussion
, Wllh paloenl about

drug treatmenl

BeoeI~ 2,
NNT for 5 YfS'

<"
.20
.25.....,
> 120

Non-smo«er SmoIIer

. . .
J., . . .

-....

-..'"

-....

-.."

"E"

Benetitl
CVO events Plevented
pel" 100 troaled tor 5 yra'

>7pe1100
.6perl00
.4perl00

'-"2 5 per 100
• 1.25 per tOO
<OBper tOO

Key to risk tablee

•
•
•

HolHtllibetlc

•
•
•

> "'"
lS-:zoo,;,

10-15%...,,..
2.5-5'"
< 2.50;"

Non-smoker Smoker

p,"""""
Syr CVO nsk

(non-fatal & lalal)

Total ChoI HOL.etIoI
4 5 6 7 B 456 7 8

lllOi'l05 • • • •• • ••••

''''''' .
140185 •

120f7S •

• assumes BP redUCllon of about t0-12/5-6 mmHg In patients with BP:> 140-150190. or
choleSle,ol reduchon of about 200.. In paliOnts with 10tal choleslerol > 50-5.5 mmollL,
produces an appro~imate '/3 reducrlon In CVO nsk, whale~er the pre·1rllalment absolute risk,

, cells wllh this marker indK:atll lllal In pallents wllh ~ery hogh 1e~llls at ct>oIesterol (:> about
8.5-9 mrnoVL) or blood pressure (> about 170-18OJ100-tOS mmHg), the nsk equalions may
underestllnate the lrue risk Therelorelf II recommended that treatment be considered
at lo_r absolule CVO rI.k le~el. than In other patients.

,,
i•
&•

"'­
~

Hypeollii,,'-.
LPde___---

Becau,>c the llwn:lgcmenl of primary nnd
,>ccond:lry hyperlipidaemia i, funda­
menially differcnl. Ihe IWO group, of con­
dilion, InU,t be di,lingui,hcd. Thc l11;Jin
,ccondal) hypcdipidaemi:I' are due 10:

• diabcte, mcllitll,
• alcoholl1li,u,c
• hypolhyrnidi'lll
• nephrotic ~yndromc.

The management of h)pcrlipidacmia i~

an impon:lnt a\pect of coronary hcan
di~ca,e (CliO) ri~1. factor correction.
Modif) ing h) pcrlipldaemia lOgethcr
.... ith the other non-lipid rl.,1. factor. ha:.
been repeatedl) ,ho.... n 10 reduce the ri,1.
of de\eloping CliO and to dela) or e\en
re\eN: the prngrc"ion of c,labli,hed
ClIO Ri'1. faclOr" for CHO (Table I)
fall into ' .... 0 group": tho\c .... hieh can be
corrcct«l (,uch a, ,mol. ing. h) pcnen,ion.
h)pcrhpld:lCmia .lOd obc"'t)) and tOOse
.... hich cannot he innuenccd huch a!> age.
\Cl; and famil) hi,tory).

Table 1 Coronary heart deselse risk IlCtors

MANAGEMENT GUIDELINES

Fig t Risk assessmenf table lor men based on the National Health Committee New Zealand Guidelines
1997.

There ha\ c bt:cn many puhli,hed 'tT3legie,
for Ihe management of II patiel1\ .... ilh
primal) hypcrlipldaemia. 1\10'1 modem
guideline" adnx:ale the o\er.tll CliO ri,k
as\C"mem of a patient ....hen deciding to
trcal h)'pcrlipldaernia. One tool for thi,>
ri,L a,>'>C,<,ment " ,ho.... n in I-igurc I.
Here. I.no.... ledge of a patlcnt'.., \CX. age.
<,mol.ing ,Iatu\. blood pn:,ure. diabetic
"tatu'> and total:IIDL cbule,terol r.ltio are
integmted into a ,ingle <.core repre-.ented
a'> lhe ("oi-- ri,1. of a major cardio'3SCular
e,enl o'er the ne"t 5 )eal'\.

From thi, ,trateg) it i., clear that lhe
dcci,>ion to tfeat h)pcrlipidaemia relic,
hea'il) on biochemical re,ull<'. The
interpretation ofthe\C re,uIt,and the action
limil' u'ot.-d for intenention arc based on
data from large ,lUdic, .... here \Iandardizcd
methlxh .... ere u"Cd 10 lllC:bUrc plasma

chole,teroJ. triglyceride :lOd II DL­
,-hole,tcrol (HDL-C). It I'. lhercf{lre.
nece"ar) Ihat the laboratory anal)/ing
the !>pccimcn~ folio.... , ,Irict 4U:l1 it)' conlrol
procedures. Ihu' cn,uring a high le\ cl of
aeeuraC)' and pro.:i,ioll. Bccau\CofJ:!endcr
differences in the incidence ofCH D. \II(h1
guideline,. including tho,c in Fi~ure I.
ha\e diffcrent 'Irategic, for men and
"omen.

DIETARY MANAGEMENT

The fi~t-line management of an) pri­
mary h)perlipidacmia 'hould al .... a)' oc
diefal) modification. Thi, mal be time­
con\Ullling and difficult but It, impor­
tance ,hould nol be undere,timated.
OietaJ) managemenl a~ a ,ole lherap)
\hould be puf'Oued for 3--6 rnolllh~ before

iI' drect i, e,aluated. The principal diet­
ary guideline, for reducing both pla,m:1
cholc,terol and triglyceride are ,ho.... n in
Figure 2. Thi,> diagmm illu,tr:lte, Ihe
'Iandard lipid-Io.... ering diclal) guide­
line, .....hkh are currentl) re<:ommended.
hUI Ihe<,e oh\iou,>ly require some tmn,>­
latioo for patient U\C.

In e!>"Cnee. it i,> recommended thaI n..-d
meat and dairy <:on<,umption be reduced
....hile that of \egetable'. fruit and pul.....,
be increa'>cd together .... ith more (i,h
(especial I) oily fi"h ,>uch a.o;; macl.erel.
"311non and tuna). In addition to rnodif)~

mg the com(lO'ition of lhe di<,'t eight
reduction 10 :\(:hle\t' ideal bod) eight
eoupk-d .... ith c:\erci\C arc imponant ao;;
Ihe..c "ill frequentl) impro'e glueo\{'
tolerance and lo.... er blood prcs~urc in
ackIition to their effects on plasma lipid,>.
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Ib)
Fig. 3 Palma, xanthomas belore (.) and after (b) treatmenl

Reduce 1000l
lallOlake 10 PfOI/Id8

only about 30"0
01 caJones

v

~~
Cerea'l RedUce calone Iltake

10 achleYe Ideal--
Red.­...~
.--~

and lriglyceride
~,.,.

Reduce lIlIlurale(l
tat II"ltake 10 PfO\'IdlII
only aboul JO" 01

IOIaI 'al H'llake

F9 2 Lipid-lowering dietary guidelines.

Table 2 lipid-lowering drugs

DRUG THERAPY ""......
Drug therapy for hypcrlipidacmia. if required. ~hould be \ iewell
;,\ an adjunt'[ to dict.,ry management and other lifc\tylc change,.
There j, clIrrcl11ly <I «mg.c or lipid-Io\', cring drug, allailahle \\ ilh
a \lariclY or ;Ll.:liol1\ (Table :n The coml11onc,t drug .. for the
treatment of primary hypcrcholc\ICrolacmia arc the HMG CoA
rcducW\c inhihilor, (the ',[min" ,. Two 'l:llirh. prJ.Ya~t:Jlin and
,irll\:l\lallil. h:l\c been l.:onclu,j\c1y ,110'.1.11 [0 reduce comnilry
morhidity and 11l\lnalily ;I' 1",'[1 ;l~ alJ-cau~c mortality in large
randomi/ed conI rolled trial~. The comnlone\l dnlg~ for the
treatmenl of primary h}l>Crtriglyccridaemia or combined

!We 800 MQUll$lIanl retm Block bllIlCld~MId tower lOIaIlIld LOt.-,..
HUG COA rec:klclaw WlbtOtS Inhibit dlo4eSleroll*lsynlhesls and lower lOIaI

and lOl. <:hoIeste<ol

Fibrates Acwate ~eirI lipase and lowert~, lOIat
and lot. cIlolBslerol. May If'ICf(!aSol! HOI.~

hYI>erlipitlacmi:1 an: the fibr..11C~. Figure 3 illu~lrate~ rlinical
impro\ Clllcnt in a palielll wilh combmed hyperlipidacmia treated
with lipid-Io,"cring therapy.

Case history 54

An a~ymplumati" 38-year-old
.... oman .... a\ \Creen...... :u II .... ell~

.... oman clinic and found to ha\l~ a
non-fJ.\tlllg pla~ma cholc\terollc\ el
of 8.7 mmolll.

• What OIhcr informal ion and
in\ c\llgation...... oold yOIl require
10 help 1Il the management ofthi..
.... oman-'

• What ....ould that management
emair'

COli/III!'", (l/llJt;ll{r /57.

Clinical note

It ~hould not be
con~idcl'\.'<Iloo laiC for

inter. ention. e\l~n if:l patient ha~

ad\unced coronary h-I=art di-.cu'>C
or h:l'> ~uffeR--d a myocardial
infarrtion. lbe benefih of
secondal) pre\ entlon are '" ell
establi<;hed. particularly .... ith
~Iatin therapy \\ hich ha~ been
:.00.... n 10 reduce all ..t:au'>C
mortality e\en in patjcnt~ ,"Ith
apparenlly 'oomlal" tOl:al
(:hole~terolle\el\.

Management of
hyperlipidaemia

• AIIeasl. two tasllng IpId profiles
shlx.*t be pertormecI before starting
any loon 0( IIpId-loIro-enn 1tIerapy

• FllSlb 1tIerapy always CXlfISISIS 0(
t6elary rntllificalXln.

• Drug therapy.' reqwed, shouk:I be
....ewed as an~ 10 lieIary
....."

• 0Iher nslI factOfS lor coronary heart
d:sease tnJSt be managed aImg wrth-
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HYPERTENSION

Hypencn~ion IS defined a~ a chronically increased systemic
arterial blood prcs,urc. The World Health Organization
criteria of hypertension is a systolic blood pressure of 160
mmHg or a dia,lolic blood pressure of 95 mmHg or more.
Around on~-qu3rlcr of the adult population of Europe and
North America will h:l\c a blood prc".!>ure reading mer this
limit. although most .... ill ha\c (I lo.... er pressure on rechecking.
II is impon:mt not to ba~ clinical decisions on a single rai~d

blood pressure reading. A diagnosis of hypertension :.hould
only be reached follo.... ing repealed measuremenlS of blood
preS~ure 0\ cr a number of .... ecb.

Serious complications of hypertension include:

• strole
• heart dbea!>C (boch cardiomegaly and coronal) heart

disease)
• renal failure.

Malignant hypertension de.'>cribes .'>c\cre hypenension
which rc~ull~ in arterial damage characterized b) retino­
pathy. papilloedema and progres..i\i~ renal failure. Despite the
confusing name, mallgnant hyperten~ion is not due to cancer.

CAUSES OF HYPERTENSION

Hypenension can rc~ult from an increased cardiac output or an
increase in pcriphcrnl rc~blancc. or both. In prnctice, the main
abnonnatit) in 1TI0~1 ca..c.. of hypertension is increased total
peripheral rcsi .. tam:e. In thc majority of patients the cau ..!.' of
the hypertcnsion is nOI known. with 95<;f of all hyperten~i\e

patients classified as h:tving ·es..emial' or 'primary' hyper­
ten~ion. There i.. no doubt that hypertension is related to
genctic and environmcntal factors. Obesity has a contributory
role. Alcohol con..umption is :llso comlTlonly associated wilh
hypertcnsion.

B) definilion. the (·au!oC.:> of i>l."'Cond:Ll) h)pertelhion are
kno.... n. The biochemislry labornlory has a role 10 play in the
diagno..b of a \ariety of disordcrs .... hich lead 10 secondal)
h)perten,ion. Thc:-.c arc ,,1l\Cus,.I...d belo.....

Renal disease
H) pertension i, a common feature of chronic renal disca-.e
and abo of renal \:l.l.Cular problems. Unilaternl or bilaleral
renal artel) Meno"I" .... ill lead 10 h)pertension. The a'>!>O-­
ciation of h) perten\ion and the l"idne}s IS outlined in Figure I.

Drugs
The oe..trogen and proge\togen component\ of the oral
conlr:ICepti\c pill contribute to the hypertension .... hich rna}
de\clop in pre\ iousl} nomlOlcn.:>i\ e .... omen.

Excess aldosterone secretion
Secretion of aldoslerone from an adenoma in Ihe glomerular
zone of Ihe adrenal cortc' (primar) hyperaldo"leroni,m
or Conn', ..yndrome) can cau.'>C hypertension (Fig. 2). The
char.lcteri ..tic biochemical picture is thai of a h)pokalae­
mic alkalosi,. lIypert~n,ion i, al"o found in patiems ..... ilh
Cu,hing', ,)ndrome here there is inerea~ secrelion of
('ortlsol precuJ",or. hich ha\e mineralocorticoid activity.
Congenital deficienc) of the en/Yllle IIP-hydroxysteroid
dehydrogcna'c .... hich intercon\,ert.. cortisol and cortisone
re ..ult, in the 'llpp:tr~nt mineiJlocorticoid excess' syndrome.
Thi .. en~ymc normally protec" the mineralocorticoid
receplor from binding and being aClivated by corti,ol.
Glycyrrhctinic acid. a component of liquorice. inhibit, the
11 p-hydroxy'teroid dehydrogenase. and liquorice abu~e

produce, a clinical picture which mimics primary
".Ido..tcroni,m.

InactIVe products

,-,-_0

AngIoIeo$In III

=---l~

L"'",

FIQ. I Hypertension ItIll the kidney.
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Phaeochromocytoma
An lIKrc:W..'d prodocuon of cah:cholalmn;:.. from a benign flC'

malignant lumour c:au-.e.. \a-..ocoo\trluion The im:rca\(."\l
L-:llcrholamme production ma) noc be ...:1-.. ) 10 confiml. a..
phaeochroIl1OC}IOlll:l" frcquently ..cerele c:llechol:lllllne..
epi'>Odical1} Crinal'} L'all..'C,;holanllnC melabolite" (Fig. ~. may
IlOI he ek\ aled unle..s the patlenl ha,> Ix....n ..) Illplomatie dunn~
the period (If urine collcrlll'O. P\:hllla :ldrcn:llinc and noradre­
nallnc concentration, Me u..uall) lllcrea,ed but thc,c
OlC:Nlremel11.. :lre onl} a\ ;uhlhlc III a ,mall number of celllre,>.

Other endocrine diseases
Acmmcgal} aoo Cu,hlng\ '} ndrome arc ;11'10 a~s.oc:ialed \\ Ilh
h)pcneINon.

Pregnancy
The malll feature of pre o ..:c1a1l1p,ia in pregnancy {pp. 142­
14311' h}pcnen..ion. A ri .. m!! '-('rum ur::llC conccntratlOn 1..

encounlered carly in the de\ eloplllent of pre-ecl:lI11p'l>l lind
i.. imp!mllnl for Illonilorlllg lhc conditIon. a, i.. the IIrll1Jry
prolcin c'tcrellon and ""rclllillinc clearance.

INVESTIGATION OF THE HYPERTENSIVE PATIENT

:l I,. :l- I-l --
I ........ r

OHMA

~
.-I'lyclroxy'3- \.- ...

d1hydroxy- "'"""-,-- - ......

Noradrenaline ~ NOflTletadrenaJ,ne

::::1: Clltee:hoI-O-melhyltranstemse• Mol...,.... o.ldaM

BI<x;henllcal lI1\e..tlgatloo, 111 h~ pcnen...on ha\ c three main Fig 3 PathwIy lor production of eateeIloIImIne metabolites,

roll."

• Patient 'hould be: \Catcd for at
lea.,t 5 mmutc'l.

• RC'lt :lml on ,uppon at le\ cI of
hcan

• U\C appropriately 'I/cd cuff.
• En..ure men.'"U1) column ... \erticaI.
• Infl:llc cuff alx)\ c "} 'lolic Ie\cl

b) palpating di'appcal".tlKC of
radiall)ul'C,

• Denale cuff ,lowly :Ind U'C
the di,appc:trancc of '(lUnd
IKorotl.O\, phu!>C Vj a, dia~lolie

pre,,"tc.

Hypertension

• The CMIwtJe11l_1Q ma,onry of
palltlnts W!Itl hypenellsao1llll81ound
10 have'essentJaf or 'pmIaIy'
hyp8r1eO&lOn. where no speah:
cauM can be Iolnl

• Hormone measuremems may be
necessary 10 uc:llde 1318 causes
of tIyper1eI-.n such as
phaeoctvomocyto, Com's
",......,.. """"'",,,,......,.
""'-~• 8Ioc::hemlcaI tesIs are usetulll
deteetllg and morvtomQ renal
damage wtlich can be a cause 01
hypertensioo or a malllfestallOO of~.

• Biochem\callests are useful In
morlilorit'lg the biocherTucaJ effects of
anlt-hypert8llSlYe drugs, eg-

~.....1nI1~1II..P"PlIII--'-"-~ dlblInordlblInfl"'~--.:.n

IlIoc* P"I*II1nI1 onral~ tt3Mly,~ IIdIDIg I*lIIl: \UIlIt.
~1Wm~. '*'-'\I ,.......... l'IleIIe tn:I (\Il;ftUrlg '*'*111--RolIIb»II'IIIy 01 e.ao..n .... nD YUa.Ur ImOOIh muICiI. !lIlKItly~ 'IIICllMr IOIIe................
~ inbIls~ tlIlyrM IN1lUm1 8f'l\IlOIIl*l1 Wo h poIeI'lI

.IMXOUltIlClOIlI'lgIOIlllIIil a

\!ca,urcmcnl of hlood
prc,..ure:

Clinical noteCQ,.

-­...........- .....­...-..

Cmllml'lII 011 lX'.':" /58

Should one of the cau,e' of ,ccondary
hypcrlclhion be diagno,ed. lre:lllllcnt
dil'L'CtLxI al Iht: di,ea~ lila} often lead III

the rC\0lUll0n of the h}pcrtell'lon
Trc:llmcnl of l."<,el1lial hypcrten,ion 111;1)

in\ohe Ilft:'lyk modifiC;llmn, and Ihe
u,c of anll-hypertcn,i\c drug' !Tahle
II. A dcei,ion to proceed 10 anti
h) pcncn.." c drug therap} ,hould al\\;l}"
balance the risls of lhe trcallno:nt ;lj;aln'l
lhe benefit.'> \\hich \\ 111l.'n,ul.'.

Case history 55

A -K)..}ear-oklla\\}eT i\ found b}
hi, GP to ha\e a blond ~,un:: uf
16:'i1110 mm Hg. The palicnt'\
mam l,:omplaint \\a~ of ..."·1:....1\(:
'\\I:;ltmi!, GluCO'it: \\a., detfi.100 on
C'I(lJ,mmallOfl of hI" urin;:

• SugsC\I two po~"lblt: diagno'>C,
• Whlll biochemic:.l in\C'ligUlion,

,hould no\O, be rcque"etI'!

TREATMENT

• t:onfinlllll!: that Ilk' ell/KilliOn i,
~'nlfklal) 10 another dNJrucr

• dctcumg and monllOr1ng n:nal
d;lm;lgl.'

• ltKlnitoring the blochemKal effcct'> of
thcmp}. t:.g. diurclic-mduccd h) po­
blac:llIl3
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FIlJ. 1 Biochemical eflects of tumour growth.
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In Wc!>tcm ~ictic" one dC:lIh in fhe is
cau-.ed by cancer. The cffc~'h of tumour
gro'o'lh may be local or .., ...cmic (Fig. I I.
If tumour grO\\lh i.. not count..rcd b)
trealment. the con<,cqUl.'IICC.. may be
oo..truction of blood \c..1,CJ... I) mphaucs
or duel'i. damage 10 IIC.... C.,. erru..ion~.
bleeding. infection. "cero"i.. of ..ur­
rounding 1Il>~ue and C\ CIIIU31 death of the
patient. The cancer eelh rna) ~retc

to'{in'i locally or imo the genernl cirt'ula­
lion. BOlh endocrine and non-endol'nne
turnour-. ma) ~crcle honnonc.. or other
rcgulalol) molecule...

A tumour marker i'i an) substance
.... hich can be related [0 the prc!>Cncc or
progrc..!> of a tulllour. The U"C of tumour
marl..cp.> i... CO\ cred on pagel> 130 - 131.

LOCAL EFFECTS OF TUMOURS

The local gro\\ Ih of a tumour can cau"C a
.", ide r.:angc of :lbnOflnalilic... in commonl)
rcquc,lcd bioch~micaltl!~h.Thi~ mal be
a con~equeOl:e of ob~lruclion of blood
\C~~ls or ducl~. c.g. the blocl-3ge of bile
ducts by carcinoma of he:!d of p:mcrea~

cau~e~ ele\ated ~eru1ll alkaline pho~­

phat:l~e :lcthity. and ~ometime~ jaun­
dice. The symptOllh \\ hich result fmm
~uch local effects Illay be the fir~t ~ign to
the patienl lhat .~omclhing i~ wrong. but
there I1wy be no initial ~uspicion that
there is an ullderlying malignancy.

The liver is often lhe ~ite of metasta­
tic .,pn.:ad of a lumour. An i~olaled in­
erea~c in Ihe ~enllll alkaline pho~ph:llase

or )<iT h a common finding when lhb
occurs. E\en with ~ignificant li\er in­
\Ohemelll. there may be no biochemical
abnormalities. "Iodc~t incrca~e~ in the
acti\ itic~ of the aminotrJ.n~femsc~. ALT
and AST. arc ob~cned if the r:ltc of cell
dcslruction i., high.

Metastatic ~pread of a tumour to an
imponant site may precipitate complete
s}stem failure. For c:'tample. de~truetion

of the adrenal cone'\: by tumour cau'oC~

imp..llred aldosterone and l"Onl~ol <;ei;rc­
tion. \\ Ith polcntiaJl) fatal con~quence;,.

Rapid tumour gro\qh gi\l:.." rise to
abnormal biochemi;,tl). L..cul..acmia and
I) mphoma arc often a~wciated "ith
elc\ ated :.crum urate concentration;, duc
to the r.lpld cell turno\er. Serum lactate
deh)drogcnasc I;, often ele\ated in the'oC
patients reflccting the high conccntr.ttion
ofthl: ('n/) me in the tumour and the cellu­
lar turnover. Large tunlOUf'o mal not have
an e\tensi\e blood ~uppl} and the tumour
cells meCI their cnergy need., \ ia

anaerobic gl}col} ..i\. Thi~ mal rc~uh in
the generation of a lactic acido~i,.

Renal failure ma} occur In pallCnt'
with malign:lncy for the folio" Ill!!
re:lson~:

• ob~trU{"tion of the urin:lry lract
• hypercalcaemia
• Bence-Jone.. pmleinuria
• hypcnlrical'mia
• nephrotoxicity of cytotoxic drug~.

CANCER CACHEXIA

Cancer cachexi:l dc~cribc" the char.lctcr­
i~tic wa~ting often 'cen in cancer p;llicnh.
The katun:~ include a1l0ll..':'ti:l. ktlmrgy.
v.eight lo~s. mthcle \lealne". ;lI1acmia
and pyrexia. The de\e1opment of cancer
cachc... ia i~ dut' 10 many factor-. and b
incompletely undcNOOI.I. Cenainl} .tlwre
i~ an imbalance het\\t'en dietar) caloric
intal-e and txxl} cneTg} requITCrnt'nts. Thi~
resulh from a comblll:ltion of faclof'o:

• hwdequll/l' fiKH.1 ;/lwte.
• /1II/xlirel/llige.fI;lJl/ (l1If1 flhw'7l1ilm.

• Com/Jetit;oll /)elweell the IUl\t ll/ld
1111/10/" for /1II,,;el1l). Thi: gro" ing
1U1Ilour ha!> a high melabolic r.tte and
mal deprive the bod} of nUirient~.

e~pccially if il i~ large. One con..e­
qucncc of thi~ "a fall III the pla,ma
cho1cslerol le\ cI in cancer patient'.

• IJ,cretuell energ" requiremellt ofIhe
callcer /Jatierlt. 1ltc ho~t reaction to
the tumour is simil:tr 10 thi: metabolic
response to inJuT). "ith incrt'a...."<1
metabolic rate and altered ti,~ue

melaboli,m.

Tumour spread mal cau<.c IIlfcction.

dY'phagia. pcN~tent \Omiling and diar­
rhoea. all of" hich may contribute 10 the
o\crall pit'IUTe <;('cn in cancer caehe\ia.
The obWl"\alion that ~man tumuu", can
haw a profound effel·t on ho<;t metabo­
li,m ,ugge,h lhat l'ancer cells secrete.
or C:lu,e the relea~e of. hUlIloral agents
"hich mediate Ihe metabolic changc, 01
cancer r.;;u:hexi;l. Some of lhe~c. ~t1ch a,
IUllWur necro~i~ factor. have been iden­
lified. Thi~ cytnlinc i~ ~ccrcled by :ICll­
v;llcu macroph:lge, :lI1d act- on :I varicty
of li"uc~ inr.:luding ll1u,r.:Ie. adipo~c

ti~,uc and li\er.

ECTOPIC HORMONE PROOUCTION

It i~ a characteristic feature of some
cancef'o that th ...y ...ccrete homlOnes. e\ en
lhough the tumour ha.~ not ari...en fmlll an
cndo.:rine organ. Referred to as e('lQpic
hormone production. hormone secretion
by tumouf'o ha." frequcmly bl.'Cn in\okcd
but r.trdy proven (Fig. 2). Small cell
carcinoma., an: tnc mO'ot aggn:~,i\c of the
lung canccf'o and arc the nlO'>tlil-c1y to be
as~ociatt:d "ith eClopic hornlOnc produc­
lion. Ectopic ACTH ..ecn:lion c:lu,ing
Cu~hll1g'~ ~yndrorne. an overproduction
ofl"Onl\Ol. i~ the mo~t common. Hov. e\cr.
the c1a.~"c clinical feature, ofCu.,hing·,
~}ndromeare nOI u.,ually apparent in the
rapidl} pmgres\ing ectopic ACTH dil,QT­
der. Biochemical features include h) pola­
laemia and metabolic all-alO'>I~ and the'>C
rna) be the <;ole indicator; of the problem.

NO( infrequentl}. patient... "ith malig­
nancy de\elop the ~yndromc of inappro­
priale anlidiuresi." (SIAD). Water I'> re­
tained and p;lIient,> present" ith hypona-
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Clinical note

Cancer and its
consequences

• Cancer may cause cintcaI 5qIS
and~ II palJenls by caUSlnQ
obstruction. exermg pressure or-- """'""""• Cancet c:act1exJa IS dlaradel'lZed by
nlllOOlllelhargy.1I'lJSCIe wasIing.

'M!lljlI toss and artaemIa.

• Some nan-endocnne ttmours secrece
hormooes. e·1l k.rYJ cancers may

""'" ACTH.
• Hyponatraerrva. ooe tl water

retertIOtt. IS i1e COllllllOlll!5t

btochlmcaI abncrtnaity seen
II palJents WIth carteef

Thl' mca\urem<:nt of
oe\trogcn and

progc'leronc r...ceplOr, in biop'~

malenal ha\ ~en u-.ed 10

lll.'lermme .... hlch brca~t cancer
palll'T1l>, \\ ill n. jXlIW to endocrine
therap). c.l.! nh the anli·
oc\trogcn lamo\ifen. A\ Ihe
') nthl'\!\ of proge\lcronc
receplor. i.. dependenl on
(lC'tradiol. the prc\encc of both
rc..-eplOr. indil."alc\ the intcgrit)
of the Oc\lrogcn receplor
mcehani,m in Ihe tumour celt..
lhg._'). The progno'tic \alue of
,uch receptor mca\UrCmclll>, I'

'till contrO\cr.la!.

E,- Eo) ..---.--..
• ~ E--ER

EA I

l '
~

'- PA ---- -I
E1 - OestradIOl
ER - oestrogen receplO1'
PA - Progesterone receptor

Fill 3 Progesterone receplor synthesis Is
dependenl on the integrity ollhe
oestrogen receptor~ay.

the lre.llmcnl of ,omc lumour. ..... llh cyto­
lo"ic drug,. panicularl) lymphonl>l\ and
..ornc leul;lcmia... and i\ lno.... n a\ IUIlKlUr
I~", \)ndmm..-.

'00 '"

Gllk·t-...e
nrmolA
1I~

mANA
VVVVV

mRNA
VVVVV

T~

Cn:.1lmll'le
,..,,111
I]S

•

""

7.0

Anti-lUlllour Ihenlp) can ha\l.' -.cnou\
cffcCh. Gonad;!1 f'lIlurc an..mg lrom
r:ldlothcrap) or Chl'rllOlher;lp) i.. fre­
quently ent.,(lUntered. 11) f'llrnagne-.;lcmlil
and h) polalac:mia rna) be 01 con<.equell<:c
of the u'tC' of ttt.: C) 1000'\:h: drug. ci,plallll.
P'llicms treated .... lIh methtll:rc,ate rna)
become folale ddiciclll.

H} pcruri~-aemiai\ thl: ~"\,">,('qUi."IXC 01

lh... ma'i\I\<: cell dcath .... hich (X.:cur. In

CONSEQUENCES
OF CANCER TREATMENT

Ib)
o--.stnmon th8t honnone ....... In
ar1erie! supply to tumour Is less It\an
In venous dllliN9L Good lMdenot.
espeaally It mrnt:.'led with fal

Secretary
g<lll'lules

1"
Hiltochemical demonstration 01
hormone in tumour cell seerelOfy
g.ranules and mRNA 10f' hormone
In tumour Definitive IlVldence

IlCO

Hormone

CI
mmolA­

96~.I

• \\1lOIt I the Tnt»,l hle!) ,hJgnoo.i.. •
• What funher blflchcnmtf) Ie I' \houloJ he req~ed'

CfllJllnrnl on f'<1~1' J58

r~

FIQ 2 E'tldence 1000ectoptc hormone pt'oduction.

Case history 56

')1. a .l1-) ear·(.ld male. rrc-.cnledlo hi .. GP compllllOln!! of noctuna. frequ...n.:)
01 1II1l:lunllon and pol)dljhl:l. On c'ilmination. he had mild trull<:ill UbC\Il).
plethora. and anLle oedema lie had I'\.Irpllra of hi, aml\ but no \lri;lC. 111\ hlotwJ
f"'C'\U~ .... a., 11l~IIS mm Hg. Biochcmi,tI) ~Ib in :l 'ioCfUm 'penmen ..tltllo\ed

'"Condition rnoIveI .tter _glQI
removal of tumour Ot' Irr8dl8tlon.
Good ew:ience. but rnay be due 10 Iumout'
seeretJOfl of a relMulg 18ClOr a g MCf8tIOn
OIl grorw9l hotmone I'I8Y be due to ..
~ OIl gmwlh hotmone r.-.w.g

"""""""

tral'mia. TIll'. i\ prulMbly Ihc comlllone\'
biochcllllcal :.hllonllaluy '>Cl'll III palll'nh
.... IIh 1'0I1Kl'r and 1'.111110\1111\ ariahl) due '0
pitUitill') A\' P '>(.'Crction In rc'ron'>C 10

1l0IHNnotl~' 'lI111uh. SIAD I' often. m­
com~~·lIy. amihull'd 10 cChlpic \ VI'
..caelltln..... hu,;h i, in f;1l."t \el') mrc.

Some ~·am.:er\ lila} cauw h) pc.-r­
ca1caenlla. In rnan) ca..e.. Ihl.. I' due 10

,hI.' ,caelmll of par.nh}roid hormone
related prolein. IYIIlrP. ,o--callcd be·
C;lU..e or lh rclation,hlp .... nh P'T11 MIh
m lh ,INclure and fun...:llon

101
HormoM may be ••trllCted Irom
tumour. Good evodence. but may
be due 10 .bsorpIJon OIl hormone
bytumDur
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TUMOUR MARKERS

Prognosis
To be of \alm: in prog:no~i .... the coO<.:cn­
Ir.ltion of Ihe lumour marl..er "hould
cOlTdah: \\ ith tumour ma~,. For e1(alll~

pie. BCGcolTelate<, \\ell \\ ith the lumour
rna" in choriocarcinoma. HCG and
alphafetoprotem (AFP) correlate \\ith
the tumour lll~, in Ic..ticular teraloma.
and paraprotein" correlate .... ilh thc
tumour ma~!> in multiple myeloma.

Screening for the presence of disease
Tumour mar"cr-. ..hould not. in routine
dinical practice. be u-.cd to ..creen for
ll1;Jlignancy. howc\er appealing Ihi!>
might be in theory.

The exception 10 thi!> ruk i~ Ihe
,crccning of ..pccilil· high ri,,1.. popula­
lion,. For example. thc homlOne calei­
IOmll. which i, increa~ed in patient' with
mcdullary cureinonl<l of thyroid. Illay be
u'cd to ,crccn c1o~e rclativc~. Prophylac­
tic thyroidectomy may then he advi~ed if
,IllY arc found to ha\e elevated calcitonin
concentration,.

A PRACTICAL APPLICATION
OF TUMOUR MARKERS

Diagnosis
Mar"c,"" alone are r.lrely u-,ed to e"tabli,h
a diagno\i ... , Their detection in blood
\\hcn thac i.. clinical c\idence of the
tumour a" \\e11 a:-. radiological and.
rerhap,. biop,,)' c\ idcnce. \\ ill often
conlinn the diagnosi....

In'tituted promptly. The frequcncy of
"ampling. \\ lth the attendant co"t im­
plication". i, much di'-Cu~'>Cd.

Assessing follow-up
Even when a patient ha.. had "uece"ful
treatment. it i~ often \ aluublc 10 contmue
10 monitor thc marl..cr long after Ihc Ie\ c1,
haH: appeared to ,Iabllilc. An increa'>c
indicate, rccurrence of thc malignancy.
Detection of incrca.,ing mar"cr conCCl!­
tmtion allo", ...ccond-linc Iher-tpy 10 be

Monitoring treatment
Treatment monitoring i~ the area m which
rno"t turnourrnar"cr-- hu\c found a u..eful
role. The decline in concentr.ttion of the
tumour mari..er i, an indication of the
,ucees~ of the treatment. "hethcr that be
'urgcr). chemother.tpy. r.tdlOthcr..py. or a
combinallon of thc...e. HO"CH'r. the r.ttc
of dedine of mar"er concentration
,hould match that predicted from "00"­
ledge of the mar"er'" half-life. A ,11m cr
than elltpecled fall may \Iocll mdlcate that
not alllhc tumour ha, been dimin:lloo,

ing lreallnent and a~~"ing follow-up
(Fig. I). but arc al'oO u-.cd in diagm"i,.
progn()<;i~and <;CrL....ning for the pre..ence
of di<;ea<;e.

Tumour mar"el"\ can be u,cd in differcnt
w3y'. They are of mO't \'alue in monitor-

THE USE OF TUMOUR MARKERS

Suspectad maligna~

"histologically COflllnned
,-_...;rn~'~hgna;:;~::::y__.J

A tumour m;lrJ"cr j .. any 'tub\tallcc .... hich
C;1n be rclallx110 the prc""ncc or progre~,
of a tumour. In pl'3l.·ticc. the clinical bio­
chcmi'tll') laborator) ll'lC'bUrc" marlef'>
v.hich arc pcc'>Cnt In blood. although the
tem1 'lumourmarl.cr.· canal-.obcapplicd
10 ..ub'ttancc't found on the 'turface of or
\00 ithin l:ell .. fhcd in frulcn or (Xlr.lffin
..el.'tion't. A IUmour marl.er in pla,ma ha!>
been ....-creted or relc3.!'ot.'d b) the lumour
cell... Such mar\..er"l are IJ()( necc:,~rily

unique produc" ofthc rnalignolnt cell .. , but
ma~ ,impl) bcc'pn:,~Jb) the tumour in
gre:llcr amounllhan by normal cdb.

Tumour rllarJ..er, fall InlO on..- of
'>C\cml group..: they nuy be honnooc't.
e.g. human chorionic gonadotrophin
(HCG) -.ccretcd by choriocarcinoma: or
en7:) me... e.g. pro'latlc acid phO'iphalase
In pro,lalc c:lrcinoma: or IUlllour anti­
~en'. e.g. can:inocmoryonic antigen
CCEA I in colorectal ,·areinom3.

Fig, 1 The use of tumour markm.

Some of the use~ of tumour marker-­
discu~!>Cd abO\e can be illustrated with
reference to Figure 2. This ~hows how the
tumour marker AFP wa... helpful in the
managcmcm ofa young man wilh a malig­
nant teratoma. The presence of AI-"P
IOgelhcr .... ith the homlone HCG conliml­
ed the diagnosis. Bct.... ccn 75-95lk of all
patient ... pre...enting "ith te~ticular tera­
toma h:l\eabnormalitie~ in one or boIh of
these mar"c~. The \ery high concentra­
tion of AFP (>10 000 "WI) indicaled
thatthc progO(hi~ was nOl good. and that
it .... a... likely there "'ould be tumour re­
currence after treatment. In fact. AFP
concentrations fell in response lochcmo­
thempy. but \\hen the Ic\els reached a
plateau. surgery .... as carried out. There-
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after. chemOI/\l.'rapy wa\ continued.•llld AFP fell to very low
le\eb. COlitinUL-d lIlonitoring of AFP levels in ~uch a p.1liem
would providc Clldy .... aming of tumour recurrence.

AFP kUII

• ••,0' • • •
,0'

,0'

,,>, ........
'0,
+~

,-
o 50 100 150 200 250

-~-Filii 2 The use 01 AFP~ts In the management 011 patient with I
testicular Ieratomll.

TUMOUR MARKERS WITH ESTABLISHED CLINICAL VALUE

M:lrkcl' playa major roll.' in the rnanOlgement of genn cell
tumour!> and choriOC;lrdnoma. Unfonunatel). mere are m:ln)
c:l.\oC~ in .... hil'h mar"cl'arca\ ailab1c but the IUnlOUr.. are re\i\t:lnt
to chernothemp). '>0 their u-.c i\ not m;lndatory. Table I \ho.... \
v.hkh marker.. ha\c ~:lined an e,tabli.,hed place ill the
rcpcnoirc of te," commonly offered by the clinical biochem­

i"lf) laboratory.

THE FUTURE

Monoclonal :lnlibodie.. r.thed ;l!!ain"l tumour celb and Iheir
mcmhr.tlll:' ha\c!L-d to tnc de\c1opmem of man) ne"" IUnlOUr
m;uil."r :1.)-.:1) ... althou~h fe .... h;lve a~ )el gained an eSlabli..hcd
plxe in the management of patient.. "" ith cancer. There i!> no
doubt Ihal tumour 1ll00r"eT'l arc an efficient and cheap .... ay to
nlOnitor U'-catmcnl. The '>C;lI1.·h goc.. on for Ih.:: 'perfccl' mar"er
"" hieh could be u-.cd in population <,(,:reening. diagnO'>i... p~­
nmi... monitoring trl."atmcm and for follov.-up of lumour recur­
rence. Hov.c\ cr. the 1."00p;lcit) for IUnlOUT'l to alter the L·\pre,.. ion
of lheir ,urf'lel." antigl;n, mOl) ma"e thi .. goal unauainable.

Table t Clinical situations where tumour marten have been found 10 be useful- T~ ........ - -- - .-..
'" ...'" ./ ./ ./ ./

~
Clinical note

'" -... ./ ./ ./ ./ Somelime, a man may

HCG ./ ./ ./ ./
act a, a ncgati\e...'" conlrol when hi!> panner usc~ a

HCG """"""'" ./ ./ ./ ./ ./ prcgr1;lncy te,t kit at horne.

CA 12:5 ""~ ./ ./ ./
Teratoma of the tc.,li~ has a pea"
incidcnc.:: in men in th.::ir lwcn-

AQd~tase P.... ./ ./ ./ tic,. ;lnd lhi, tumour frequemly

ProIIlIltllp8Cl!ic ProIlille ./ ./ ./ <'ccretcs large amountl> of I-ICG.

anllQe!1ll'SAl Thi\ will give ri..e to a positiw

CEA """"'" ./ ./
pregnancy te'l in lhe man!
Such II finding ~hould be la"en

"""'"' ......"~ \'cry ~criou,ly and follov.ed up
of thyroid ./ ./ ./ ./ immedialely.-- ,....,.. ./ ./ ./

"- - ./ ./ ./

• Whal is )'our dlff.:remial dia~nosi... in the light of the liver funcllon t61 results~

• HOlA might AFP be of help in this case?

Comm~nJOIl {JOgr 158.

Case history 57

KS. a 72-year-old male. had complained of pains in his lo.... erchcsl and abdomcn for
\1.\0 month~. III, jlcnernl prdClilioncr deletlco.! dullness:ll both lung ba~s and
referred him 10 a che't physician. On 2J June he .... as admilted 10 hospital.
Eumin:ltion rc\caled an enlarged liver. lie had been a hca\"ydrinl..er. Biochcmi!>lry
rc.sult\ .... ere~

• TIle rna," use 01 tumour mart<:ers
IS WI momtomg treatment. aIltlough
they may also be 01 use In screerung.
<ia!1lOSlS. prognosis, and I'lIOng­
tenTlICJlooN-up.

• Calatom is used 10 screen the
relalJYes and tamIy 01 a pallenl 'NIltt
meduIIaJy caranoma d lhyfoId.

• AFP, paraprolem. prostate speafic
antJgen and a vanety d IYJrmones
are~ In estabistwIg the
~ ci certaIIl1ITIOUl'S•

• AFP and HCG are d vakJe I'l
prlllicMg the 0U!C0ITle d non­
semmmalous germ eel tJ..mouIS.

Tumour markers

)GTLDHAST ALT
UR----

83 98 719
80 107 -no 1020

ALP

1540
2170

Bilirubin
JhI(lf/1

24
25

2316
In

Dale
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GUT HORMONES AND MULTIPLE ENDOCRINE NEOPLASIA

GUT HORMONES
More than 30 different mokcuk, hJ\c
ht.~n identified 3-\ ha\ ing rCJ:!ul:llt") mlc..
in the function of (h..~ ga"trointc\tinaltracl
(Llhle. II. Some arc c1a"ical hormone.._
:lhhough the endocrine cell .. of the gut arc
nOI grouped lngcthcr in di'>Crcl .... org'llh
hut arc \.\ idd) di'I'Cf'.CU through the
ga'lrnil11c\tillal Iract. Olher.. ,Ire 10<:,11
paracrinc regulator, or Ilcuroln.lll\mlllcr...
Some of the...: hiochcmil",,1 rcguhllor,
act in all three \\:lY". I-or exampk.
"omato,talin ha~ ::m endocrine function.
<Jnd i.. prc"Cnt in rh'·umnc... hut it :Iho ha..
pJr..Lcrinc ;lcti,ity in the :lrllmm of th...
'lOlll.Kh. The function, of IIMII) of Ihc"C
regutllnl) molC'Cuk.. remain unde'lf. bUI
(l\cl">(.'l.Tclion j .. -.olllelime, the cau-.c of a

'p'-"t:ific clinical di-.onlcr

..-.. Tw-ol~ --...... -... GastncIOdIllll~ ......

-"'<CC!Q -... Pa'lClNbc ...,.,.....:llIlm
"""" -... Pn:DIIlC~ I8CflIIlOIl

Gaslnc: I'tIOII:wy~ lGIP) -... ~ gil.(XM...mated IISlM1 relIase Inhbls
gastne fICid Ml:felIOn

Vasoactrve inIeslrIaI~
_.

SmooII1 m:.osde reIa.labon. SlJnUates~

"'" .......-- -... Inthales~ "lesllnal moIIlIti"

""""""" -... N~ imtlltory effects
N&JroIfBr1SITlIttef,.-

Panaeabl;~ IPPl -...",- InlIbIIs P'flCfeiI~ bIl::artlonaIe and proleI'IleO'ebCI'I.

......- - ----, ,......61.... ConIrW;Ion 01 S/IlOOIl~

"""""

$eroConin
HO

GASTROINTESTINAL
DISORDERS

GASTRIN AND THE
ZOLLINGER -ELLISON SYNDROME

G'l'tnrmIllOl' "cerCi..: l'ITgC an1uunh of
ga"rin \\hich 'limu1:11c cxcc"j\C ;!l"id
":Cf\'liol1 ll1lhe 'IOmadl and C;JU\C ulcera­
tion. The,... peptic ukel' arc rcfr:n':lory 10
therapy. The ,e\ent)' oflhc ulcer.llion j .. a
mudl greater threat to the p;l1icllt in the
,hon term than tht' malignanl gnm th and
'Im.:.Ld of Ihe tumour. Hypcrga"lrinacmia
IOgclhcr "ilh acid hyp.:r,"'cr.:tiol1 j .. di­
agno'lic of the Zollingcr- Elli>,(1ll \)n­
dromc. Allhough the p.ll1cn:a\ due\ nol
contain many !!a~trin-!lecrclingcdl,.mO\1
g.hlrinolll.I'> arc. surpri~ingl). found a\
i\lel cdl carcinomas. Ga..\lrirKlm;t\ orten
OO':CUT in "-\'oOCiation \00 nh Olha lUlIlOUf'

VIPOMAS AND THE WATERY
DIARRHOEA SYNDROME

Emkx:rine (';lU..e.. ofchronic diarrhoea are
rare. The ,yndromc v.hich ,"c1ude ..
\\:tlcl) di;trrhoea and extreme v.c:tlne"
due 10 pota,\ium l.leplclion " Ill<l'l often
related to an o\crproduction of \ :.,0­
aCli\e inte'tin:.l polypeplide (VIP). Pro­
\ idcd Ihat other cau'e, of di:lrrhoca ,uch
a, inr~l:lion, Illalab~orplion or la~ati\c

ahu,c ha\ c been excluded, Ihe prc\cm:c of
'l:vere \\atcry diarrhoea and hYlxlk:.lae­
mia with normal or 10\\ g:l,tric aeid ,e­
crclion i, ,ugge;,li\c of a VIPoma. The
diaglll.hi, l:an be confirmed by the find­
ing of an e1c\ated VIP concentration in
ploNna, The tUlllOU'" arc U'll:lll} found in

the pancrea,. Surgical re,cction i;, the
treatmcnt of choice.

GLUCAGONOMAS

Glucagonoma" arc rare. The} are u"uall}
malignalll tumou,", .... hich ari'tC in the
pancreatic i\lc". The clinical feature"
include a char:leleri\lic denmuiti;,. mild
dillbetc" mcllilu' :uld 1(1\\ amino acid
cOllcentr:nion, III pla,m;I, Diagno;,j, ma)
be conlinllcd hy lhe dClll\lINration of an
elevated pla,ma glucagon conccntration,
Surgery i, indil::ltcd, ahhough many
tumour, arc inoperahle,

SOMATOSTATINOMAS

SomalO,tatinollla, arc ran.' pancrcat;e
i,1et cdltumol.ll""" hil:h arc u\uall)" malig­
nan!. TIle clinil.'al fl.'aturc, indudc mild
diabch:' mcllitu'. diarrhoea, malab'Orp­
tion and gall,tollC', Dlagn(N, Illa) be
made b) finding mcrca"Cd pla.,rna con­
cemralion, of <,Qrnato,laun. Surge!) i" an
option if the !Umour i, Ilx:ahzcd, other­
.... i-.cchL'nlOlht.'rap} i., lhe lil..c1} treatment.

TUMOURS SECRETING PANCREATIC
POLYPEPTIDE (PPOMASI

Tumou", '>CcrclLng pancrL'alic pol)"jX'p­
tide arc mr~. The dinic;JleffeCh arc u,u­
ally due 10 the local dfcCh oflhe tumour
r.uher than (() thc M,.'1;:rClion of the hor­
mone.

CARCINOID TUMOURS AND
THE CARCINOID SYNDROME

Carcinoid lumour, arc found in (he
ga.,(roint..,tinal lml.'!. mo,t frequl.'nll) in
the apjX'ndi ~ and il("ol:ael.'al region\. The)

may ai'll occur in thL' lung, or o\arie"
and occ;Non;llly occur al mulliple ,ill:"
Tumom beh:niour \:lrie, .... ith loc:lllon,
MO't ofthl}'>C .... hich ari'>C in lhe apjX'ndi\
are benign..... herc;!\ IhIN: in the Ileum or
jejunum arc oftcn malignam. Many btU
nOI all p;llll.'nh ..... ilh carcinoid tUIIIOUr-.
de\dop the carcinoid ") ndromc."" hieh i,
char:lctcri/ed h) nlhhing :lnd diarrhoea,
Thc'e 'ympwm, are relaled to the -.ccre­
tion of ,crotonin, although other tumour
pmdlu.:t' 'lich a' hi\tamine nl:l) he
ill\ohed, Serotonin i, a \;j.,ocon,trictor
which i, pre,cnt in high concentr.uion III

Illalclct, and rclea,ed during blood
dOlling. The diagllmtic te"l j, me;Nlrc­
ment of 5·hydro~yindolt'acelicacid, a
Illct:lbolilc of -.crotonin, in urine (hg. I).
~lca,urclllcntof -.crotonin eoncelUr.uion
in pl:hma i, :11\0 po"ible. Drug~ are often
nccc,.,ary to control the diarrhoea and
nu,hmg. and ,urgc!) i, lhe lreatment of
choicc_

Ecwpic ACTH productIOn from carci­
noid tunlOll .... i, a .... ell-reeogni/cd l'auo,c
ofCu,hin~f\ \)ndmme,

~C~C~N~

N

• OXIdatiVe deam.oallOn
• O>tidatlOn

5 Hydrolty Indoleacetic acid
HO
~CH2COOH

Fig. I serOlonln ,nd Its urinary metabolite 5­
hydroltylnook!acetic acid. cenamloodslUffs such
as bananas afld tomatoes~ 5-hydroxy'
llldoleacebC: aCId and may IIlIer1ere w,th the UrJ'lary--"'"
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Parathyroid P~urtary PancreatIC
adenoma lumours IUmours Medullary thy.OId

~~

I~

Bllateflll
phaeodlromocylOfniiS

MEN Type lib

M~I

-~

~=laty l
~~ ..-

Gut hormones and
multiple endocrine neoplasia

• CblllcaJ disorders lClvoMng regulatoty
peplldes 01 the gastrOllllesbnaltract
are uneoovnon.

• Gastrtoomas secrete gaslnn wtw::h
causes gasttic acid hypersecretion
and ulceralton,

• V1Pomas are a rare cause 01 ChronIC
diarrhoea and potaSSIum deplellOl1.

• Some pall8n1s wrth cafClOOld lUmoUrs
deYeIop 1lIsOOg and liantloea. most
probably due to an overproduclJcrl of

""""""•~ endocnne neopIasla
syndromes are riIefIted disorders
ctlaractenzed by abnocmaIltn:bon 01
a wOOer 01 endoc:me glands.

• Management 01 MEN syndromes IS
by SUTQICaI treatment 01 the speaIic---• Invesbgabon 01 the patJenl.s famly IS
II'lCIiCaIed 1'1~ endoc:me

"""""'-

C\pl"Ct...-d clinical effcch. Where po«,ib1c.
..urgc!) i.. the trcatmem of choice. 11lC
IhTf.'C lc,itm.. of MEN I)PC lIa arc all
indi\ idu:LII) potentially lethal. and carl)
diagno,i, and oper.ttion i.. \ ital if tTC:lI+
IIll'lI\ i, 10 he ...·uTati\e. An c,-.ential pan of
elinir.:al lIl11nagemclll of :my patient .... ho
I' found 10 h:IVC;1 t\lEN ,)ndrorne will
he lhe il1\e'lig:LtlCJn of OIh... r famil)
lllemhcr-. PronX:;.llion te,". weh ,})O Ihal
'hown in Figure 3. can deteonine lhe
pre,cnt:e of medullary carcinoma of thy­
roid cvcn when ha,e1in ... calcitonin con­
celllnilion, arc wilhin lhe refer...nce range.
Thi, will .11)0........arly 'urgicallrealment.

••-

MEN Type tla

ParathyrOId BIlat8fll1
adenoma phaeod'l.omocylOfniiS

Pallenl w,lh
medullary
carcinoma
01 thyroid

Clinical note

MEN Type I

30.000

The H; receptor
anlagoni," ,uch a,

cimetidine arc ..... ide!) U'4--d 10 treill
peptic ulee". 1lley ilia) cau'oC an
increase in pla'ima ga~lrin

conccnlr.ttion, to valu..-' .... hich
might 'uggc,t the [lTe-.ence of a
ga'ilrinoma. Thc-.e druj;' ,hould
be !>toppcd hefoTC \ample' arc
taken for ga~trin Illca,uremem..,

20.000

Treatment
E.,ce,~i\l:: hormone production ,ccn in
MEN ..)ndrome, gi\c, ri,e ltl lhc

40,000

oflen found in the ga'troim..-,tinal tr3r.:1
and may be rc'lxm'iblc fordiflir.:ultic, in
....... allo.... ing. di<lrrhoca or con'tip;lllon

FIQ.2 Cl3ssffication 01 MEN syndromes.

Calclton,""....,-__-:::_.,....,...,.._.,...,..,
(rJgI1) Ca g1l)C(l(late (2rn9'kg bcxty welghl)

,nrused I,v. over I min followed
IITIrnedialely by rapKllnJllCl!OI1
01 penlag.astnn

j
10.000 / Response In

normal oon1ro!
o I ~'n-:-F"~---0 1 2 3 4 5 10

TIme (min)

Fig 3 Calcium and pentagastrin provocallon lest
of calcitonin secretion. There IS an e~aggeraled

response 10 combined calclum and pentagastm
pI'OVOOiIlJOfllCl a pa!lef'll WIl!l medulary caranoma 01.._.

MULTIPLE ENDOCRINE
NEOPLASIA (MEN)

Commt'/It Otl pm:,. I5X.

Case history 58

DC. a 50-year-old man ...... as
referred to a ncurologi,t after (,lIm­
plaining of a ,iJ;-month hl'tu!) of
<;c\ere head.1chc, Ill..' ..... a' f(>!!Ild tll
be 'lightl} h)pcnen"I\C. L and E..
and LIT, .... ere unrcmarlahlt'. The
onl) abnormality inlliallyl1otcd ..... 3-,

a 'oCrum acJJu'lfxl r.:alcium conceo­
Innion of 2.80 mrnolll.

• \"hal funher 1Il\t',tlj,!atlon, ilI'l:

TCqUlrcf.! III thl .. p;llicnrl

Muhipk endocrine neopla,ia, arc inher­
ited di,ordc...... The 'y ndmme, arc u'ually
tr,m,miued III an auto..omal dominam
patlem. The endncnnc gland, mo't ortcn
aff..."Cted arc the parathy mid. pituitary.
p3nerea,. lhy mid and adrenOlJ. It i, po'lu­
latcdlh.u lhe cclltypc.. invohl.'d 10 IOc"C

tumou..... h:1\c a common crnb!)ological
prccUN)f". There arc lhn:e well-defined
mulliple endocrine neopla'lil ,yooronlC'
(Fig. 11.

,\tE/I. 1\11(' I i, t'harneteri/ed hy h)­
perpar3lh)roidi,m. togelher wnh pitui­
tary and pancrealic tumou ..... , H)pcr­
caleaemia cau..cd by excc" PTH "Cere­
lion i.. the dominam fcmure in thi, ,)n­
drumc. The m<N common pituita!) tu­
mour " a non-functioning chromophobe
adenoma which. although II doc' nol ..c­
crete a hormone it'elf. Illa) have cffe...·"
on the ,ecrelion of other :mlerior pitui­
ta!) hoonol1l.". The m()'.l common pancre­
atic lumour III t\IEN lype II' an "leI <.--ell
tumour ..ccretlllg g:l'lrin. The ...::crellOn
of ga"trin nla) Icad to ga'tric U1ccI1l1ion.

In \U:'N tI'JI(' fill. medullary carcin­
omaofthyrnid i, pre'cnt .... ith hypcr­
parathyroidi,m and hilatcr.ll adrenal
phaeochnlllloqtOmalo. Medullary card­
noma nfthymid i, diagml,ed on the ha,i,
of clcv:IIed calcilonin concelllr.lIion, in
,er\lm. although provm::<Ition le't'. ,uch
,I' a r.:.llciulll infu,ion and/llT admini,tra­
tion of pelllag'l'lrin. Illay he ncce"ary
to llcmol1,trale lhe ,lhl1ormal calci­
tonin n:gulatiOIl (Fig. 3). Diagm"i, of
phaeochTOl11clCylOm;1 i, nOI c'l'y (p. 126).

Medullary r.:ilrcinoma of Ihyroid.
Ilhaeochromocy,om<l. ll11d multiple
111uco~al IK'UTOm;I' arc pn:'enl in /If1~N

IIpr-III,. Th..- pre,cnr.:c of lhe," lleUTOmil'
on lh..-tong.uc. lip.. or hUCClll mueo..a i.. the
1110,1 r.:on,i'lcnl featurc. Ncuroma'arc al'\O
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HYPERURICAEMIA

Nucleic acid!'> CQm:un ba-.c.. of I.... 0 diffcrcm type... pyrimidines
and purine.. The c:lI:.looli,m orthe purine'>. adenine and guanine.
produce.. uric acid. Al ph),ioiogiclli h)drogcn ion concentra­
tion. uric acid i,mCKII) illni/cd and pn=:.cnl in pl:bma ~ "Odium
urale (Fig. I). An ck\ <lIed '>I::n11ll urJ[cconccnlraiion is kno\\ n as
h)pcruricacnlla. Uric :«:id and urate arc rdali\c1) ino;olublc
molecules .... hich re:Kl1l) precipitate out of aquoou:-. solutions
..uch:b unlle Of ~)"no\jat flUid (Fig. :!:I. 1llc consequence orthi..
,,, t~ l1K,<hcal (·OOOiIIOIi. goo!.

;lY>=o-=;pKoi==-.m~.
H H H· H
Uric: Kid Ur.te ion

FIQ. 1 Uric Kid lind Urltl!.

URATE FORMATION AND EXCRETION

L'rnle is formed In three \lo3)'. The;,e are:

• h) de 110\0 ")lIlhc"i..
• h) the mclaholi,rn of cndogcnou..

D:'>1A. RNA and t){hCf purim: contain­
109 molecule....ueh a.. ATP

• b) the breaJ..dov. n of diet:u) nucleic
acids.

Ur-dle i.. excreted In ' .... 0 "'3)":

• Via ,!I(' J.itll1('v. The maJonty of urate
I~ cxcreted \ la the "idrn-y. Renal
handling of urate i~ comp!l:x. It i~

fredy filtered at the glomellJlu~. but
99e;- i~ reah~orhcd ill the proximal
tubule. The di~talluhu1c~al~o ~N:rete

urate. but :Igain much i~ reab"orbcd.
The amount of urate excreted in Ihc
urine i~ around IO(',y oflhat filtered at
the glomcl1Jlu,.

• Via lilt, Kill. Smaller amounl' of ur:tle
arc excreted inll1lhe gUI where il i~

broken tlown by baeleria. Thi ..
process is called urieoly,i,.

Urate cnncenlr:llion, in 'crum arc
higher in mcn than women. Even wilhin
the rcfcn::ncc range. ,cnllll urate i, ne;lr ih
aqueou~ "\Olubilily limit. The pre..encc of
protein help' to "eep lhe m~Jlet:llte in
~olulion. A high 'oCllJm urale may ari\C
from incrca~ed uratc formation. or
from dccrca~dexcretion. The common
cau<;c' of hypcruricaemia are 'Ulllma­
rilcd III Fi~ure 3. Genetic cau..c, of
hyperuricaemia an: "nOwn as primary
di,order... and Ihere arc aho ..econd­
ar) cau,>e,>. MO't primary t:au~, arc due
to dco:rca!>l'd excrction of urate (90'"i of
ca,e<,) mther than 1IICre:L\Cd production
( I(y}).

lesch-Nyhan syndrome
One genetic dic;order \\hich ,hould be
.. inglcd out is Lc<;eh-')'h:m ..)ndrome.
an X-linked di,order cau ..cd b) a
deficiency of h) poxanlhine-guanine
pho~phoribo,)Itran..fcr.he. an enl) me
which i\ in\oh cd III "llhagmgpurine ba<,e<;
for re,) nthc'I" to purine nucleotide... The

syndrome i., chara~::terilcd cllnicall) b)
exce"'I\e uric acid production_ h) pcruri­
caemiaand neurologi,-al problem' \\ hich
include self mUlilation and mental retar­
dation.

GOUT

GoUl is a clinical ,)ndromc which i..
charactcrized b) hyperuricacmia and
recurrent aculc arthrili,. Wherca.. all
patienl~ \\ ho dc\elop gout will h:l\ e had
hyperuricacmia al -.ollie point III the de­
\elopment of Ihe di"C:l\c. only ilminorit)
of patient!> \\ ith hypcruricacmia de\ clop
goul. The rea~on for lhi\ i~ nOI "IlOWI1.

Acute goul i.. triggered by the ti\\ue
depol'ition of \odiulll urale t:ry\tal,
which cau~e an infbmrnalOry rC\I>on,c.
In lhe chronic situation. IOphaccou, de·
posilS of sodium urate may form in lhe
li~~ues (Fig. 4). Goul is cxacerb:llcd by
alcohol. The rca~on for thi\ i, lwofold.
Ethanol im:reascs lhe tUl'I1o\cr of AT!'
and umlt: production. Ethanol in exec"
Iml)' cau~e lhc :lccullIulalion of org:lIlic
:lcid, which compele with the tuhular
secretion of uric acid. Di,ordcr, weh
as ethanol intoxication. diabetic "elO­
acido~i~ and ~taf\':lIiun Ic~ld 10 ele\ a­
tion\ of laclic acid. l3-hydroiltybulyric
acid and acetoacetic acid. and will cau,e
hypcruricaemia.

Treatment
The symptoms of acute gout respond to
anli-inn:lmnlalOl') drugssllch a..~ indometh­
acin. but it ~hould be n()(cd that lhe"C
drug... ha\c no diret:t effect on the "C1lJ1Il
umte 1c\el. Low-dmc a\plrin should ~
a\oid...-d:b it mhibll'" renal ur.ltee1(crctlon.
Treatment IIIU\t also be dirccll'd at the
h) peruricaemia. Drug....uch a~ probene­
cid which promote umtc excretion can
be used proph) lacticall). A diet \\hich ii
low in purine~ and alcohol may be pre­
scribed in an effort to reduce the plasma
umte concentration. Allopurinol. a 'pc­
cific inhibitor of the en/) me \anthille
oxidase which catalyze" the oxidation

Fig 2 Ur.te stones from the urinary tract.

of hypoxanthine 10 xanthine and uric
acid. may al-.o be effective 1lI reducing
urale concentrations.

A numbcrofothercry~lal1ineanhropa­
lhies may presclll as goul but are not
:l\\ocialed wilh hypcruricaemia. MOSI
l1otahly, p~eudogoul i\ due to the dcpo.. i­
Iion of calcium pyrophol'phalC t:ryslah.

RENAL DISEASE
AND HVPERURICAEMIA

Renal di,e:lse i.. a cOlllmon complicalion
of hypcnlricaerni:l. Se\eraltypt"> of renal
di\ca-.c ha\'c been identified. The mosl
t'ornmon i, urate nephropathy \\ hith i,
cau\Cd by the deposition of urale cry'tal,
in renal tissue or the urinary tracllO form
umtt ..tone.... Thi ... ma) be associated wllh
chronic h) pcruricaemia. Acute renal
f:lliure can be cau"Cd by the r.lpid pre­
cipitatIOn of uric acid crystal'- which
commonl} occu,.., during treatmcnt of
patlenls \\ ith leul.aemia:. and I) mph­
oma.s. In the -acute tumour Iy.. i., ~)n­

dmme- (p. 129). nucleic acids are rdea!>Cd
as a result of tumour cell brea"do\\ n :lnd
arc rapidly metabolized 10 uric acid.

URATE IN PREGNANCV

Serum urate is of\alue in the mOnitoring
of maternal well·being in pregnancy
a.....ociatcd h) pcrtcw,ion (pre-eclamp--
,ial. along ide other mar"ers such as
blood pre ure. urine prolein e-.;cretion
and creatlllllle clearance (p. 1~31.
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NORMAL

Clinical note

Case history 59

A 50-)car-old man was awakened
by a 'ie\cre pain in his IcfllOC.llc
~as shi\crin!! and fc\'cri\h. and
the pain bcf:amc '>0 inten.)e that he
could 001 bear the wl;'i!!hl of the
bcddolhL,\.

• Whal biochemical ICSIS would
help male the diagnosis?

ACUIe goUly anhritis
ma} be diagn~d b)

e"amination of S} 00\ ial fluid
fwm an acutely inflamcdjoint.
Sodium urale cr)'!>tals will be
otN~ncd wilhin pol) morpho­
nuclear Iculoc)lc\ \'ic~cd under
pol:lrillng light.

-~--•I~ dieWy intake
• Increased nucleJl::.... """""'"
• Irneased ATP b<eakdown

Uncolysls in gut

1

1

Plasma ~Ie f.. .....
•••••

Plasma urate t

(

!rncrellsoo renal excretion 1

INCREASED PRODUCTION

DECREASED EXCRETION F~ 4 Tophaceous deposits 01 sodium urate in
tissues.

I~Hyperuricaemia

• Unc aCId IS formed from the
breakdown of endogenous
Of exogenous punnes..

• HyperuncaefTlla may be caused by:
- an nc:reased rale of puma
."...,.

- an l'lCfeased rate of turnover 01
nudelC ac:ads. as II'l rnaignanoes.
lISSue damage Of staNabon

- a reciJced renal eKCtelJOO.
• HypetuocaerTlla IS II nsk taaor tor

gout whdl octUS when urate
aystaIs are deposited II'l bssues.

• Hyperuncaerr'll1S aggravated by II
diet h9l1l'l ptmeS and alcohol.

'--;.,,;,.;,;,......:"'-)

1
.... -­•••••y

l o.c:..-ed renal excreloOnJ
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SKELETAL MUSCLE DISORDERS

Myop;uhic.. arc l'OnJilion.. affl"Cling lhe
I1lU'>l,;Ic~ .... hlch lead to .... callie".. andiOf
;ltWphy. Th...y rna) bccau-.cd by congeni.
tal faclor.(a, in the mu'>Culard) "lfophit.~ I.
by .. ir.al infccllon or h) al;ut~· damage duc
10 ano:\ia. mfcOlon" lO\(in, or drug...
Mu-.clc Jcncn:ltion i, a majO!" cau'>C of
myopathy. Mu-.clc .... C:ll..nc" ell" occur
duc 10 a lad. of energy producing
molt.'Cu1c.. or ;1 failure in the h:alancc of
...1"''':11'01)1''''' "llhm and ..urroolldlOg the
mu"",l... (.'cll nee......."!) fnl' llCuromu-.cular
function,

Noonal mu\l,;!c \\ hil'h i, O\cnJ'l.'fJ .... ill
end up "ca" or III ..pa..m unlll re..h."(]. In
'C\ ere ca..c.. of Il\ CrthC. c'po.'ciall) .... here
Ill(}\ cment.. arc .., rong and errJ.lic a .. might
occur during COll\ uh.ion~. damage [0

Illu-.clc eelh may rc..ull. SCH.'rcl} dam·
aged Illu-.clc cell-. rctC:l!>C myoglobin. :1
condition "00.... 11 a" rhabd{llll)ol)~i~.

MUSCLE WEAKNESS

To~;ns

·""""'"·"'"'"Acute CK .; chrome CK ~

Tnluma
·F.......

."""""""CK·

[)enervation
• Tratnlll.bC
• Me\i1boIoc (amyloid)
W~.CK_

Endocrine
• Cushlrlg's CK ..IN)
-ThyroIoXJCOSISCK .(N)
- HypothyrOIdism CK t(Nl

Inlection

."""""-Vlfal
Acule CK' chrtnc CK _

'

Primary muscle disordenl
+---~·~~sCK+

• Muscle gtycogenoses CK •

FI\l 1 Causes 01 myopathy, with associated changes In serum creatine kinase (CK),

Sy.lemlc: mel.bollc: dt....e
• Penodlc hypokala8lTllC paralysIS
• Hypocalcaeml8
• Hypomagnesaeml8
CK usually N or 1

Mu-.clc .... eal..ne"..... hleh 1Il;IY or Ill;!) not
progrc" 10 rh;lbd(}myoly~i" h:L~ man)
C;lU..c~ (Fig. I), Diagno~I' of the condi~

tion v\ 111 depend on the dini('al picture
and will include in\C'liglllion of gcnetic
di'order' by crllymic or ('hromo,omal
analy,i,. CllducrillC im c'ligalioll' ami rhe
'eardl for drug effect'. Infccli\'c call~l'~

may be diagno'cd hy i,olation of lhc 1\:1­
e\,11l1 org;mi,rn or it, related antibody.
bUI oftell no org,l11i'lll i, detected. These
ca'c'. lnown a, myalgic clll.:ephaliti,
(MEl. pO'I.\ir:l1 'ynurome or chronic
fatiglle 'ynurome. arc relatl\ ely commOl)
and arc now regarded a, tnle dl'cascs.
\\herea' form,llly they .... erc thoughllo
be psycho'olll:lti..:.

Investigation
In all ca,c, of muwlc \\cal..nc", "",rum
elt-elml)'tc, 'houh.l bechecl..ed along .... ith
cre'llmc 1..1I1,l'C ICK). A full dmg hi'lory

Table 1 CtfIl,llar enzymes which may be
measured In the InYeStlgltion 01 muscle_.....

G,algen..... l.tMliiliPu,..--l.aelIlt or,o..--P1upoJl<e_............,... ........
4-l~ ~pIbolyI.-

~hould be t'll..en 10 c~tllJdc plwrmacll­
logical and 10xicologit'al l·:llI''':'. and a
hi'WI) of alcohol abu'c ~ll{)ulu he ex"
eluded. Neurolllu"'ular cleclrtlphy,io·
logical ,tudie.'> ,hould be performed to
detect neuropathic'. Where'l gencllcc;IU....
i' suspected. a mu-.cle biop.'>y ~hould ~

laken for hi.'>top.1thological ,ludic, :lnd
mC:lsurcment of mu<;clc elltyllle' (Tabk
Il. In contrJ.st to rhabdolll)'ol)',i,. -.crum
CK and m}oglobin arc frc(IUcntly nomlal
in p;lticnl~ .... ilh m)op;lth).

RHABDDMYDLYSIS
1\lusclecclb which aredam;lgcd .... illlcal..
l'reallnc I..ina~ into the pla.'>ma. Thi' en­
tyme e"ish in different i\Oform'. CK­
M\1 or tOlal CK i~ u'Cd a' an indc.. of
..1..~1etal mu'\Cle damage, Very high wmm
le\el.. rna) be e..pcclt-d in palient' .... 00
have been cOll\ul,ing or ha\c rnu-.cutar
damage due to ~Ieclrical ,hocl or cru,h
inJUI) .Creatine l..ina.-.cconccntrJ.1 ion' may
al">O be high in acute 'pcll, in mu-.cular
d) "troph). For the.... rea'oOfl'..... hen CK i'
u-.ed as an indicalOr of m)ocardialillfarc­
lion_ il is better 10 mca\urc the M8

i,uerllyme whiCh i, more ,pccific for
cardiac Illll~tle d:llIlage (pl'. 48...-.49).

The damaged muscle cell, \\ ill al,o
Ical.. myoglohin. Thi, compound .'>torc,
oxygen in Ihe lllll,ck cdl' for rck'l.'>c
under cnnditioll~ of hypoxia. :1, occur..
during <,e\erc e'(erei,c. The di"ociatinn
cur.c of myoglobin i' compared \\ilh
hael1log10hlll III Figure 2. [t deli\ers up
it, oxygen only .... hen lhe PO falh 10
around ~ I..Pa. When muscle cell~ become
,moxie or are damaged b) trJ.urna. m)­
oglobin i' relca....--d into the plasma. It i'
filtered al the glomerulus. Urine "ontain­
ing myoglobin .... ill be an orange or bro.... n
colour. Thc damaged muscle cells release
la1'£e amounts of potassium ions into the
e'l:lraccl[ular fluid causing hypcn..alacmia
and al-.o tend 10 tal..e up calcium ion,.
reducing '<rum l"akium conccntr.llioll.

Se\crc muscle dam;lge i.. frequentl)
accompanied by a reduction in the blood
\olmlle. Thi, rna) occur dinxtl} ;1' a
re~uh ofhaemorrhage in o,.c\ ere tr.luma. or
indirectl) becau.;,e of fluid '>t"que'tr..llion
in lhe damaged li~~ue.The rc~ultant 'hocl..
frequentl) cau\es acule renal failure.
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IWIfmoglobin and myogloOin

Fig 3 Biochemicll mulls lollowlng rNibdomyolysls In I patient who had taken I drug.....-

M)Dglobin lI"Clf 1~ nOI ncphrolO'(ic.
Children \\ ilh mU'oCular d~ ~troph)' do not
de\elop renal failure dc~pite ha\ing in­
creased 1e\e1\ of llI)oglobin III urine for
many yea""

Investigation and treatment
The hiochcrnic:,ltc~l~"hich arc of U~
in ~u\pc('led rhabdom)'ol)\i~ fFig. 3)

arc:

• 10lal creatine lina"", in M'mm
• urine myoglobin
• \Cml11 J'Ot:I,\iulll
• ,enll11 calcium
• 'cnlm cre:l1inine.

Treatmenl i.\. directoo to"ar(h main­
taining tissue perfu~,on and lhe control of
elcclrolyte imbalan(..e~. It melude\

• c:ardiac monitoring
• conlrol of h) pcrlal:acmia and hypo­

c:alcaemia.

Hacmodial)si\ may be nece~~arywhere
renal funclion is .'>C\'l:rcly cOlllpromi~d.

OTHER CAUSES OF
MYOGlOBINAEMIA AND
MYOGLOBINURIA

Myoglohin is nOI ~pccilic for ,kelclal
muscle and i~ 31'0 relca,ed following
myocardial infarction. where il nwy be

u~d as an early marker of m)ocanlial
d:ullage (see pp. -18-49).

DUCHENNE MUSCULAR DYSTROPHY

lbi~ X-hnled rece,,~i\e disorder results
from abnommlities in the dyslrophi ngene.
C1mically. it is characterised b) progn:,­
.,i\c mu~lc "eakness. usually in bo)'s.
from thc age of 5. Very high serum CK
may precede the onset of ..ymploms but
latcr in lhe disease the CK le\cls fall.
Approximately 75% of female carrier-.
also havc rai"cd CK Ic\·c1s.

~
Clinical note

• Ill' c~tigation of muscle \\eaknesl<. in an elderly palicnl .\.hould
alway\ include serum polassium. magnesium and calcium

1llea~uretllcnt\. IlYJ'Okalaemia. hypocalcilcmia and h)pomagncl<.aemia may
all dc\c1op 1I1\idiou\ly. Correction can rc"ul! in a dramalic imprO\cmcnt.

Case history 60

A -ll-)ear-old labourer "as admluoo to hmpilal. He had collapM:d and ga\c a
four-dOl) hi"lOry of nu-Iile illne~~. "ith ~hi\ering.mYillgia. headache~. d)-\pnOt"a.
\OmillnJ! and diarrhoea.

Serum Cnl)"mc" (on admission)
AST ALT LDH CK

un
149 88 l.BO 6000

• What lihUC'o could ha\c contribuled 10 the high serum erv) me~ acll\ lIIe"'~

• Whal le<.l\ may help identify lhe source(s) of cnz) me ele\3tioo"

Cmnml't1t tin Il(J~~ 158.

Skeletal muscle
disorders

• Muscle weakness IS a common
compIalnl WIth a wtde vanely 01
causes

• BIochemcalll'!'leSllgabon of
muscle weakness can pI'OYIde
rapid d1agnostS and eHectrve
treatment where IOI'lIC changes
are Itle cause.

• Intraeel'dar enzyme analysis from
muscle biopsies can prOVIde a
dagnosIS II some rilenled-..

• Severely damaged musde eels
release polasslum, aeabne knase""-• Sefun creatne knase and
myogklbIn are frecpenlIy normal
II pal81ts wm myopaltry.

• 8evefe rhabdornyoIysIs, e.g.
lobmg.,ur}'. IS an IfT1l(lrlant
cause of acute renallabe
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DNA DIAGNOSIS

VNTR POLYMORPHISM
RFLP, ha\c the limitation that c\el)
Indi\idual ha, two copic, of the rele\ant

LINKAGE
In \CI) fcw di'>Ca..e,. e.g. ,ielle cell anae­
mia. the mutation cau.. ing the di-.ealoC
occu,", at a 'lte which i, recognized by a
rc'triction en/yrnc. RFLP analy-si,> j,

therefore immediatel) dia~no<;Jie. More
commonly. ho .... cver. the re<;triction site
i, not the mutation "ite. One then lool..
for a polylnorphi,m in a restriction ..itc
which i, c10!>C to the clinically- important
mutation ,itc '>0 that the twO '>lIe.. will
remain hnled durin~ mciotit: recombina­
tlOl\. If the polymorphic rc,triclion "Itc
and the mUlation ,ought arc c10,e1y­
Ilnlcd thcn RFLP :m:ll),i\ \\ 111 be highly
infonn:lli\e. but a, the di ..tance bet .... een
them inl're:l'oC' the reliability of diagllO,i ..
decrea'oC\ (Fig. 2).

MUlant allele

(II) PoIymorphoc DNA sequences may be regatdecllS DNA marllllfS

(b) Dumg lTleIOSIS. chromatid CfOSSOY8f OOCUIS WId the DNA 58qtII!OC85 a'e shufIIed

(e) Those markets NI are physically dose 10 the gene of merest f1lfTIitlflllok8d. wtWe!hose
thai ase dis!ant Of on sepaliIte dllool108OiTle$ afe lA"llonked

RESTRICTION FRAGMENT LENGTH
POLYMORPHISMS

In the laooratol). DNA can be cut into
small piece<; by en7YllK" called restric­
tion endonucleases. The'>C en/} nlC' arc
rc~tricted to cuttmg the DNA at "pt.'l:ific
base pair sequence". The pre..cnce of
poly morphic <;it~..... here there arc differ­
ences in Ihe base pair <,cquence of the
DNA. may create ocaboli,h acuning ,ite
for a panicular restriction endonudea~.

In these instances. the poly morphi\m, arc
lno.... n as re!itriClioll !rcll!.metrr f(,I1,!:'"
po(mwrpllis/IIJ (RFL~) a~ they lead 10
the production of DNA fmgmcnl" of
different length.. after en/yme action.
DNA fragmen" may be "C!X'r3ted by
c1cctrophore.. i,. tran,fcred to a n} Ion
membrJ.ne and hybridized .... ith a DNA
probe labelled .... ith a radi03cti\c or
optically act1\1: marler. Thi.. i.. called
Soulhern blot analy,i, (Fig, I).

(.,,---

Go

MO\1 of lhe hUm3" genome doc.. nOI code
for functional proleit,,: there are long
untr3n ..lalcd region, between and c\'cn
within gcne,. The genome is not idcntieal
from one pcr-.on to the ne"t. a, on a\'crJ.ge
e\ery two hundredth b..1~e pair will he
different. When a change oceu,.., in the
coding. region. it may lead to the 'ynthe­
si, of:tn ahered protein. defect i\'e in ih
function. Ch:mge, in the Iloll-coding
regiun arc ofll'll neutral. bUl may he u,eful
mar"'!,.'r, for lhe l1loh.::cular gencliei,1.
Recently. change, in non-coding DNA
h:l\c been identified a, lhe cau,e of 'llch
di,ea,e, a, fragile X ~Ylldromc and
myotonic dY~lrophy.

DlgeSl&d DNA

,:g~-:~::,::""w
~;_ 'Y#'""r.4tI!Y

Molecular genetic, i.. 111001 u-.cd by many
di<.ciplmc, and i, the \Iudy of the e'(pre~­

.. ion and inheritance of gcne~ at the
molecular 1c\c1. In clinical biochcmi<;uy
,hi,> in\ohc\ 'Iudying ba<,c pair se·
quence diffcrcoc'C\ in the DNA. Anal)'si,>
ofap,:uienl'" DNA and the genes that it
contam,> can prO\ ide diagllO\tic inromla~

lion.lo.lutalion.. In 'lOgic gene.. mil) cau;,e
inherited dl'>C3'iC\ \uch :1.. C)'\lic fibro<-i ...
'iid.lc cdl anaemia. familial hypercho­
lc'ilcrolaclllla and Duchenne mu\cular
d)'ilrOph). Compound di ..order.. in­
\ohing ..c\em! gellC'> arc thoughtlo be
Impon:ml 10 common di"Ca~.. \lIch 3"
coronal) hean di'>C3'>C. diabctc .. mellllu..
and cancer.

THE HUMAN GENOME

FIQ 1 Southern blot Inlilysis of humlll DNA. rlQ 2 Unked and unlinlled markers (luring meiotic raeomblnation.
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"Cclion of the DNA (one inherited frolll
e:lch parcnO :md i, either +/+ or +1- or
-I- for lhc pol) morphic 'lie.

Another t)~ of pol) nlOrphi,m i,
called :1 \:Iriable numhcr tandem repeat
fVNTR), Uere the rc'lrictlon "Ill,''' nan":'1
region of Inc genome .... ho..c length l aric,
bet .... cen indllidual.. due to different
number>; of cople" of a "(lCClfic -.cquenee
fa 'tandem rcpcat" I, The rc"triction frag­
ment pallern obtall1ed u'lng probcl>
.... hich identify different '>Cqucnce, i~ al­
nK,,1 completel) unique 10 :m mdi\ idual
and can be U'>l."d a~ a ·g...netlc fingerprint'.

POLYMERASE CHAIN REACTION

The pol)l1ler.l-": chain reaction {PeRI
(Fig. 31 hal> fe\olulloni/e<l the ..Iud) of
gene.. , PCR allo...... a ..mall ......ellon of hu­
Illan genomic D:'IIA to be amplified man)
lime.. in the te"t tube. The technique i...
.. Imrie. fa't. and require, a.. lillie a .. a
\lIIgle cell. DNA for :tn3Iy... ' ma) be ob­
lained from an) nudc:lIed cell: most
commonly u..cd arc .... hite blood celk but
hair rool\, mOUlh "Cmping.. or ..penn can
al,o be u'cd. Such "mall \:lInplc\ h:l\C
olni(lll" 3<h:'lntagc.. for prctlill>ll :lIld fo­
rcn'ic diagno...... '. but great carc nnl\,1 be
ta"en to :\\oid COlllaminalion with ccih or
DNA from the labof;l\ory,

The primcr, cho~cn to amplify Ihe
DNA arc identical 10 ,hort length, of the
..cquence of the genomil' DNA which
nan" the arca of lIuere,t. The douhle
"Iranded DNA i.. tiN denatufed by heat­
mg. Primer.. anneal to their complemen­
tary "equcnce.. and, by Ihe aCllon of DNA
polymerase. C\(lel1"1011 occur\ completing
the fiN cyde, Thi .. newly \ynthesi7ed
DNA i, aho u..ed a .. a tcmpl:lle for Ihe

2nd cycle and "0 on. By th ... 30th ('yele.
Ihe region flanked b) the 1.... 0 primer"
.... ill haw been nmplifit:tl more than a
million fold,

APPLICATIONS OF ONA OIAGNOSIS:
CYSTIC FIBROSIS

C)Slic fibrosis is rdatllel)' common.
being eneoun!"red in 1/16(X) Caucal>inn
births. II is an aUl{N)mal recessi\ e condi­
tion. Around one in l\\enl}-I\\O of lhe
populalion arc carrie..... ma"Ing the dl'­
ea'oC one of the mO\I common -..:riou"
gencti(.·abnormalitie~. Thedi..cal>C aff("('h
exocrine -.ttrclion,. and lhe onl<.Cl of Inc
dl"Ca<,e rna) be :11 birth or later m child-
hood. Ne born '>Crttning ha.. been large!)
un..ucce ful. and tr.tdltional confinna-
tion of the di<,("a-.e depended on lhe dem­
OO'lralion of an increa~--d chloride con­
centralion in a -.ample of ,\\eal.

iI is no\\ po"sihle to identif) children
.... ho .... ill be affl'('led and aho thO\C .... ho
.... ill be carriers so lhal ~enelic dl:lgno-.es
and counselling can be gi\cn, Thc genc is
on chromo"oOmc 7. and code, for:l protem
called cy,tic fibfU<;i, Imnl>mcmhmnc ~'on­

ductance regulator leI-I·R). Thi" n:gu­
I:lle, Ihe function of a bicarbonate/chlo­
ride c~changcr. DNA diagno... i... of c}'lic
fibrosi, can be used in prenatal diagno"i",
Furthermorc, cystic fibro,i ... i, now
regard<."d a" 31arget for gene therapy. Thi"
procedure in whi<.:h mi,~il1g or dcfecti\c
pan" oflhe human genome are replaced or
repaired herald, the hcgilliling Of;1 nc ....
era in medicine.

Othcr di"ca,e ... in .... hich DNA
diagno"is could be of \:llu<." inclutk:

familiul hypercholcsterolaemia. alpha-I
antitry!">in deficiency. congenital adrenal
h)pcrpla~ia and Wihon',!, disease.

Case history 61

A male mfant hasq"lic fibftr.;;i ... He
h3-" 1....0 SI!>le", and a brot.her. His

mmher and father are unrelated and
appear \\ell although his m3lcmal
uncle died as a child \\ ilb the dil>­
ease.

• [)rd .... hi~ famil) lree

• Uow \\ould thls child ha\C been
diagnosed and 00\\ \\oold)oo
in\ cstigale his sibling..?

Cmmnenf on page 158.

DNA diagnosis

• Analysis 01 apallel1fs DNA can
provide \he cIncIan WIth diagnostic
Inlormallon.

• The technology tor studying: DNA
lI'lYoIves IooIong for the dl!ferences 11
\he lragmenlS formed when \he DNA
IS DIgeSted by specific enzymes
known as res!l1ctJon endonucleases,
or amplificatlOfl of selected reglOOS 01
the DNA by atechnique called the
potymerase chain reacllOTl.

• GeoetlC analysis can now help
diagnose children with cystic fibrosis
and klentify carriers of lhe disease.

.......
o
.~.~

OtCt~

0~0""'"
/

Clinical note

Eilample

In the tn\estigation of Illhcritcd di.'.cascs.
it is oflcn u..crullo s"elch u p;lIielll· .. family

lree 10 illu,tr:lle al a glance hi, Of her family hi.. tory.
'Inc ,imple rulc' and conwnllOns for con..trocling Ihese
di:lgnlm':lre sho.... n in Figure·4,

Ftg 4 Family trH.

F'9 3 The polymerase chain reaetioo.
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FETAL MONITORING AND PRENATAL DIAGNOSIS

Biochemical IC~I .. h.I\C Iimlled \alue in
mOnitoring fClal dc\clopmenl. bUl 'iOlIle
componClll~ of maternal blood and urine
and amniotic nuid may be measured 10

gi\ c c\ idence of p;lthology.

HUMAN CHORIONIC
GONAOOTROPHIN (HCG)

HCG 1\ a gl)copl"(l(cin produced by the
chorioruc eelh oflhc dc\doping cmbl)o
.... hieh 1\ detectable by ;,cn\lli\c a-<;'>a)\

.... lthm d~) .. of concepllon. \lea.<,uremcnt
of UCG i\ u..cd 10 confiml pregnanC).
and form .. the ba.,i, of pregnane) teqs
11'.9). The protem·... r.lpid r.tte of \}nlhc.
'oj .. In carl) pn:gnanq prm Ide.. ")\Icmic
c\ idence of thc bI3"'OC)\1 2~ h afler im­
plant:llion. IlCG cOnllllUC\ to be <;l.--crctcd
by Ihc dc\c1oplIlg pl:lccllla. and !>Crum
and urine conccnlr'ation\ lllCrca.<>C during
lhe fiN 9 .... cd.. , of pregnancy. then de­
dine gradually until thc third trimC"ler
(Fig.. II. The function of IICG i~ to main­
tain the actl\ lty of the corpu" luteum,
"lI~tainlllg proge~lcrone ~ynlhc.. i,. Mea.~­

urerncnt of HCG h al;,o of value in:

• A,'c<,<,ing fet:11 \ iabllity in threalened
:lborlion.

• Delecling cClopic pregnancy. HCG
fail~ 10 ri,e althe expected rate.

• Detecting :l1ld monitoring hydatidiform
mole and choriocarcillOIll:1. HCG lIlay
be uxxl tI., :ttlllllOllr m:ui.cr fOf di:lgllo,i<,
and monitoring of Ihe<,c trophoblastic
malignancie<,{pp.I)O--IJI).

BIOCHEMICAL MONITORING
OF FETOPLACENTAL FUNCTION

Human placcntal lactogen (I-IPLI i<, <,yn·
Ihc,i/cd by the placenta. HPL concenlra­
lion in m:lll:rnal blood IIlcrea~e~ during
pregnanc) until tenn. It can be u..ed to
monilOr placcntal functIon.

(k~triol i~ a ~tcrold ,,}nthe;,izcd b) the
combined 3ction of en/} mc;, in the fetu~

and placema. Concentmtion III maternal
blood increa'>C, throughoul pregnanc).
and II can be a!>"ayed in maternal urine or
blood. Oc;,triol \\a~ al onc time commonl)
u~ to nxmitor felOplacemal function.

The;,e Iw a biochemicalte,t~ ha\ e been
,upcr..cdedb} ph) ,iral in\c"'igation~~uch
~ ultr3~ndand c:miiolOcogr.lph).

PRENATAL OIAGNOSIS

Prenatal diagnostic tC\:hlllquc~ fall IIlto
IwO groups: in\asi\c and non-in\a;,i\c
(Table I). Prenalal diagnu.,i' Illa} ht..
required becau'C of incl"a-.cd ri ...k (If in­
herited di<;c3'>C. Neur.lltubc dcfcc:t, can­
flOt u,uall) be predicled b) famil) hi,tory.
and pregnant women rna) be offered a
"Crecning le,llo delectthe-.c di;,onler-._

Table I Techniques lor prenaul diagnosls

AliiiUOllllleM"""""-...­Cardocel_'­F~Wlbop5yFetal Mr bop5y.........-----
Alpha fetoprolein (AFP)
AFP is a small glycoprotcin ~ynthc~ited

hy the yolk ,ac :Lnd fcwl liver and i, :l

major felal pllNlla prolein. Becau~e (If ih
si/e il appear.. in felal urine. and hcnce it
is present in amniotic nuid and matcrnal
blood. AFP conccntr.llion, inCrCll'-C in
maternal blood until 32 week<, of ge~la­

lion in:1 nomlal pregnancy (Fig. 2).
Detection of higher lhan normal AFP

concentration~ can ,uggc~t CNS dcfecl\
"llch a... anencephaly or 'pina birida carl}
in pregnancy. bl.--call'>C ~uch malfonna­
lion.. oflhe neural tube arc ll~">OCiatcd 'NlIh
leakage of plasma or CSF protell1~ inlO
amniotic fluid and eon~uently mJtcmal
;,erum AFP eoncemrJlion~ incrc:I~. In

,onlC countric, all pregnant wonlCn in
alllemllal care are gi\ en the opponunlly 10

have Iheir <.crum AFP mea...urc<! between
16 and 18 wl:l:k~ of ge ... lalion. wilh
appropriale l·oun~elling.. When a high
rc~ull i.. obl:uned.lhc te ...lmu,t be repealed
on il fre,h .....mple. Oncc other po""lbil­
itie, for an ele\ated AFP. such as "Hong
date, or multiple pregnancies. ha\e been
excluded. an amlliocentesi~ i, pcrfomled
:lnd the AFP determined in amniotic
fluid. High le\ch ;,uggc'ol the pre'>Cncc of
a neural tube d~'fcct.

Amniotic fluid acet) kholine,terJ..e
(an cntymc found in high concenlralion~

in neural ti,~uc) i, aha u...ed in wme
centre, 10 dell"Ct felal malformation,.

$crum At-ll and HCG concentr.ltion"
and lIIaternal age may be: con,idered
together 10 a... ;,e~ .. the ri~k thai ehromo-
<,Omal di,ordel"> ...uch a Down's "y'n-
drumc arc likel) 10 he pre llI. If the ri ...k i,
high Ihen alllnioccllle~is lIIay be pcr­
fonned 10 obtain cell" for karyOlyplllg.

Cells for ,tudy of inborn error-. nmy be
obtained either by biop~) of the chorionic
\ Illu~. which i~ genetically identical 10 the
few,. or by culture ofcdb from amniOlic
fluid. Thc I.JlIer procc<,<, lal..c, 3-4 weck'.
Both en/ymc ~tudie~ lind. il1crea~ingly.

DNA analy,i~ nKly he carried OUI on thc"e
ti"llC ~alllplc,.

Bilirubin
Bilirubin i, mea'lIred in amniotic fluid
10 aid in the a~sc"mcnt of fctal rhl.. in
rhc"u, incompatibilily. lncomp:uible red
cell amigen ... can cntcr thc mat<'mal cir­
culalion either from the few .. althe time
of dcli\ery or. rarel). bccau",," of incom­
patible blood tmn,fu,ion: ~pecific red
cell antibodie ... arc slilllulalcd in the
mother. If. as in rhe ...us di ...ease. the antl­
bodie, arc IgG. they cross the placenta
and rea..:t with ...pecific antigens on the
fetal red cell mcmbrane causing haemo­
Iy .. i, (I-Ig. 3). Thi~ i~ unusual in 3 ri"'t

..~ HCG;;::.:"'~ .,

50000

Ma_~

AF~K-;:"'~ ."...,.....__-.-~.....

"Xl ..,,­"""'_ ....
o·
" 20 30

GeslabOn (weeIls)

F"iI2 AFP in maternal blood dlaing pregnancy.

50""00 20 30
GestabOl'l (weeks)

F"Ig. I HCG concentration in InIternal blood In early pregnancy.
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Fill 4 Uley graph E\IWul:wl abso!bs Iiljrt of 450 nm The absortIance IS lirectIy
related II) rts an:entraIIOI\ and this enables the nsk of Illrauteme deattJ 10 be

"""'''''

low nsk of lUe

H"11 rISk 01 IUD

Medun nsk of lUe

Fetal blood gases
H)drogen ion concentration. blood gases
and ,crum lactale concentration can be
lllea,urcd in fetal blood. Such mea..urc­
mcnt.. arc onl) reque..tcd .... hen non~jnl'a~

,i\e im c"tigalions hale indicilted that the
fetll' I' at ri,k. Felal blood can be obtained
by lhe technrque of cordoccnle,i....... here
lhe blood is ..ampled from lhe umhi[ical
cord through a fine needle in;,ened through
the abdomen under ultra;,ound guidance.

Hydrogen ion concentration can al,o
be rnea~\Ired in fetal blood 10 a~ ..e" fetal
di,trc" during labour. Capillary blood
~:lmplc, c.ln he obtained directly from the
baby', scalp once the cervi .. is suflicient­
Iy dilaled. Fetal hypoxia eau~es a lactic
:tcidosi, ilnd elc\iltcd hydrogen ion eon~

ccnlr.ltion. Measurement of fetal PO, can
Ix: obt:lincd direclly lI,ing a trJ.n;,c~lan­
cou, oxygen electrode.
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PhOSphOlipids
In the immature lung. failure of ,urfact­
ant production lead, 10 Ihe re,pirator)
di,tre" ,)ndrome hee p. 148). Thi, 1\ a,
the miljor cau~e of dealh in prem"turc
bilbies and i~ ~till the major indication
for a-,;,i'1ed venti lalion. [n ccnain circum­
'lancc~. il i~ necc~~ary to know if the fetal
lung;, :tre mature. and to a;."e~~ the fea,i­
bilily of an early delil'ery. The ralio of
lecithin to;,phingomyclin in amniotic !1uid
i, me:NJred and a ratio < 2 indi!.:mc,
immaturily. The ab~enceof pho'phalidyl
glycerol al,o indicare, thaI the lung~ are
not mature. The~e le~h :'lre rarely u,cd
now that ,urfilclanl i, al':lilable :h a
treatment for at ri,l babrc, and gC'lalion­
al age can be lIccur.llc1y a"e"cd b)
ultraMlund.

..._-

FIQ- 3 ~lirublnwmilln rMsullnctMTlpatibility.

pri.'goallq but rna) be a feature of "ub~qucnt prcgnancie,.
E'tcc"\ hrca"cloy. n of n:d ccll~ lead.. 10 anaemia. o\erproduction
of blllruhlll and. C\ cOlu;.Hy. oedema.

During fetal hfo:. unconJU!!3lt..-d bilirubin crosses the placenta
and j ... rcmO\~'d by the m<Nhcr. '>0 the baby may nOi be born \\>ilh
oo\iou.. jaundice. Ho.... c\cr. the baby y,ill rapidly become
Jaundiced in the dol}' immcdI>IICI)' after birth. In utero. Ihe Ic\d
of bilirubin in Ihe amniOli~' nuuJ can be u<.ed 10 predict the
<,e\enl) of l~ l"clal t"ondiliOll. f\rnnioccmc..i.. j, performed on
.... omen .... ho h:l\c prc\iou,ly had an
affected felu .. :Ind on '""omen .... 110 ,110\\ a
high ;md ri,ing Rh lim:. The ,c\I:rity of
the problt.:rn can be a"c,'>Cd by rdcro:ncc
to ;, nomogram y,hich rcl:nc.. bilirubin
k\ch to gc,I;ltional age. 'llch a, that in
Figurt' 4. Fl:lal e~change hlOt'll1 tran,fu~

,ion or early delilcry ma) he con,id.:red.
Rhc~u~ IllCOll1POllibilllY I' much Ie"

COllllllon r101luday, ,incc 'll'ceplible
women an:: gilcn an inlralcnml' injection
of anli~rhe'll' H1uibudy al rhe lime of
delivery l\l eliminate fl:l,ll red hluod cell,
which may hil\e entered the nwtemlll
ciro.:ulalion. A, :1 eon'el.juence lhey do
nOI ,un il e long enough In he rccogni/ed
a, forcign anligen, in lhe mother. How­
eler. haemolylic di\Cil,e of lhe newborn
cannot bc completely elimin:.ned. he­
eau,e il Illa) be c:lUled b) other blood
group rllmmpallbililie,.

I~Case history 62

A JO.-)car-oIJ "oman" ho had pre­
I iou,l) deli\ eretl one Ihe child and
had one mi"Cam3gc allcnded for
anlenatall·arc. She "01" loo" nIObe
me"u, ncgati\ e. At 30 "ccl, ge,tJ­
tion ,he .... J~ found to hale a high
titre of anti-D amibodie,.

• What in\e'llgation~ are IlCC'ded
00_ '

Comm("n/ fm /J<It:(" 158.

Clinical note

Fetal ultra,ound
~canning. related to

time of conceptiOn and/or
;,cquemiilJ IIlca'>urclllen~. ha"
blxomc the be~1 .... a) of monitor­
ing fCla[ gro.... th. Thi.. te<:hnil.juc
ha.' ,uper.edcd man) biochemical
tc'h offctal .... ell-being .... hich
.... ere once commonl) performed.

Fetal monitoring and
prenatal diagnosis

• Confirma\ll)l"l of pregnancy is by
detecOOn of human c:honorlIC
gonadolrqiwl f1 maternal ume

• Bevaled concentralrJns 01 alpha
letoprolt!ll'l rn malernal blood and
annotIC lIuId may rtdIcale the
pteSeI'lCe of a fetus WIth aneural hbe
dol'"

• Arrnobc lIuid l*tbn measuremenlS
are of vakle III the deleeoon 01 nsll. rn
rhesus ncompatblrty
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PREGNANCY

MATERNAL PHYSIOLOGY

t.laternal phy,iology change, \0 drJlllallcally during pregnane)
(hal reference r.mgc.. for biochcmicallcst" j nnon-pregoanl "omen
arc often not applicable. The main differences in Ihe commonly
rcquolcd tc~l~arc:.ho.... n in Table I. Thc.'>Cdiffcrcocesshould JlO(

be mi!>lnlcrprctcd a" indicating (hal M)mc pathology is prc..em.

Weight gain
The mean .... eighlgain in pregnancy jl, 12.5 kg. bUI then: i.. a \CI)
large <;,andard ck\ialion (about41..g).1lIe gain in \\eight i.. made
up of ~\cr.ll cOlllponcnh:

• Tilt' products lifC(II/ce/"ioll. Thc.'>C include the fetus,
placenta and 3mniOlic nuid.

• Mtltl'mll/ fat SI/Ires. ThC'iC Ill;}) acL'oum for up to 15,} of the
\\ eight Increase.

• \!(l1('n",/II(lf('f rel,.IItitm. TOial body "mer incrca~!> b)
about 5 Iilrc:... IllO"Uy in the Cl:Ir.Jccllular fluid. The \olumc
of the illlr.J\ :i!>Cular cornpamnenl increa'>C" by more than a
litre.

Respiratory function
Mild hypcr\cnlllation OCCUI"> from early' pregnancy. probably
due 10 a ccnlr3lly mediated effccl ofproge...lcrone. and PCO~falb.

Ho.... c\ cr. blood h}-drogen ion conccntratLon i" maintained .... itllin
non-pregnanllimih. "IIlCC the plaJollla bicarbonate fall~ due 10 an
IIlcrea!oCd renal excr":lion of hicarbon:IlC. Oxygen consumption
incrca~" by UboUl ::!O'1. but PO; i" rcluthely unchanged.

Renal function
Because of increase" in pla"ma volulllc and cardiac output. renal
blood now incrca,e,. The GFR ri~, early in pregnancy. and
creatinine dear.mee may be I SO mlJmin or more by 30 weeks.
Serum urea and crealinine conccnlraliOlh fall. Tubular functiun
allers and. in parlicular.th..:rc i~ a reduclion in the renalthre,hold
for glueo"c. Glycosuria may be pre'cnt in ur 10 70'11- ofpregnan­
cics. Tubular rcab~orptionof uric acid :md amino ileids :lllcr,.
and their excretion in urine incrcasc!o.

Carbohydrate metabolism
The fa~ling blood gluco\C falb early in pregnancy. probably
because of sub,trate utilil.ation. The re~ponsc to a standard
carbohydrate challenge i~ ahcfl."d in laic pregnancy.

Protein metabolism
Serum albumin concentr,ltion falls gradually from early preg·
nancy and this b related to ECF expan,>ion. TheconcentrJ.tion~
of many other protcin~ lIlerea~. panicularly placental proteins
such as al~aline phosphatal>C of placental origin. transport pro­
teins such as tran~ferrin. hormone-binding gl)coprotein~~uch

as thyroxine-binding globulin. and fibnnogen.

Hormonal changes
Oesuugcns and progesterone are <;eereled in greater amounl!>
early in pregnancy. and protein hormones ~uch as HCG and
HPL an: pnxluced by the pI:K:Cnla.

PREGNANCY ASSOCIATED PATHOLOGY

Morbidity during pregnancy may be due (0 pr-e-e:dsling medical
conditions 10 lhe mother such as diabetes mellitus. hyper-

Table t Relem'1C8 rangelln the ltIird trimester of pregMOCY, and how /tier
c~re wittl rlOIl--pregnant conlrots

Senlml bbld--a ....... --""""- 132-1.cl lJ5.-l.t5-,..... ,,..,
3~'

"""'",..... 17-101 "-".-,..... ,.... 21-28..,....... ,... ....,
Gt.I::oM1"'*Wl~ 3.1)-6,0 ",.S5

""""- ...... 2>-"-,....... ,><t. 0.7-10

-"" ".., .,."-....... 3-" ,.."

AlwlnI ..r.iCIIlI ......_ (U'l 3-20 ...
AIpII\Ilt .. '.iCIIlI....._1U't 3-" ,,-"
......~_... fU'I ,~ ...,.,
1IDod1t(~ .- 3S-'S

IIDod Pro, lkPIl 31)-60 "-5,

Malemal blood
In utero l

POfIt·natal

F'Il 1 Diabetes mellitus In pregnancy Is usociated with fetal
hyperinsullNemll. In IA8ro this leads 10 increased growth. while posl-flalatt
the petSlStng~ causes neMalal tIypogI'fcaerT'la.

len!>ion. renal di<;ca.<;e. thyroto'(icosis. or due 10 pregnanc)'­
a!>l>QCiatcd condllion~.

Diabetic pregnancy
Preg.nancy in a diabetic p.3lient. \\0 helher she is kno\\o n to be
diabcti~' before pregnancy or .... hen diabete~ mcllitu:. manife:'b
it...clf during pregnancy. i~ a!>sociated wilh increased fetal
mortality and morbidity. Maternal hyperglycaemia promote,
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I

I~Pregnancy

• PhysiOlOgiCal Changes occur In
pregnancy, altenng many
bioc:hetrIIcaI reference ranges. 00 not
be mISled IflIO beieviog lhallhey
rtlical8 pathology

• Dlabeles 11 pregJanCy IS aSSOCl3ted
WIth naeased leta! mortality and
rTIOl'bdty, Good diabebc control
dumg pn!!1I3I'lCy decreases
compIicabOOS. The baby of a diabelJc
mochef has an meased probabiIlIy
of de'<eIopIlQ respRlofy cislTess

""""""• Hyper1ensIon and arISlI'lQ serum
urale conc:enIralJon ate earty features
rt!he deveIopmenlof~,
a rapdy progressrlg c:onrftrJn wtIc:h
carnes conside1abIe fISk to rTIOlher

....-

VI

t~presetW) I{ I~.. IV ,em.....

~
Clinical note

• Pregnane) i!t thc
eommoncst C:lU.'>C

of mncnorrhoca in :J woman of
reproduclive age. A pregn<lllcy
lest !thould :Ilw:lys be pcrfonned
before other endocrine inveqig<l­
tions of the cau~c of ab~ent
Illcn~trual bleeding,

• Whal is the most likel)'
diagnosis?

• Whal sideroom tCSt{s) ~hould
be performed"

• Whal biochemical in\cstiga­
tions should be IXrfonned
immedialel)'I

Comm~"t 011 pil1(~ 159.

Case history 63

A 20-year-old woman in her firsl
pregnancy was referred 10 hospital
by her GP when she was 31 week'>
pregnant. Al 12 weels pregnant she
::tppcared wel1. had no oedema and
her blood pressure was 110170
mmHg. Now. "he complained thm
she was unable to remO\..e her ""cd­
ding ring and that her vi~ion Yo as
blurred. On examination anlle
oedema .....as also obse.... ed and her
blood pm.sure .... il!t found to be 1801
Il0rnrnHg.

Early

Fq. 2 Clinical features of pre-«lamps'-,

fClu!t. and drug Ie\e!'> should be lept a..
10" a' possible during gestation and
thereafter if Ihe mOlher I" brea~l feeding.
!tince mallY drugs are ..ecreted If\ breasl
mill.. Of particular concan are anti­
con\ulsant drugs. Careful monitoring of
level<; is necc"ary to ..Icer bcl"cen lhe
danger!> of malcmal ..ei/ure" :lnd potenlial
fel:ll dalll:Jgc from thc drug.

Drugs in pregnancy
Many \IoOlnen ha\e. of nc(,:essily. to con­
IInue 10 lale drugs during pregnaoc). No
drug!t are "ithout ri.,llo the de\eloping

Hypertension
The patient "ho dc\clolh h)pcncn ..ion
in prcgnane)-a nmdition de..cribed
\ ariou .. l} a... prc-cciarnp..ia or preg­
nant')-induced hypt.·nen..ion-" al in­
crea'>Cd ri ... l of placental in<;ufficicncy
and cOfl~.'qucnt fctal intraUlerinc gro" Ih
rclardallon. The hypcnen..ion i!t thought
10 be the eau,ali\c f::tetor of eclamp<;ia. a
..e\ere illllC"'!t '" hich u,ualty occurs in the
......cond halfof prcgmmcy and i.. ehar.lcter­
i/cd by gencr.lli/ed eon\ul<;ion.., extreme
h)penen,ion and Imp;nrcd renal function
mcludlllg proteinuria. Th... d,-.c:I'>C i.. a
.. ignificant cau"C of m;'lern:ll d..:alh. which
occurs mlht commonly a.. a rc..ull ofcere­
bral haemorrhage.

The feature .. of pre-eclamp..ia arc
,hown in Figure 2. Diagno..i.. depend<; on
..everal of the,e fcalUrc~ being present.
The hypcnen~ion :md a ri .. ing serum urate
concentration are encounlered early in the
devdopmcll1 of the con<lit ion. The aetio­
logy of the va..ocon.. triction which is
re ..pon~ible for the hypcnension j!t not
known. Fluid retention which leads to
oedema is often, but not always. a feature.
A<; lIlost women wilh nonnal pregnancies
have oedema by lerm. thi!t i!t not
diagnoslic of prc-eclamp..ia, There i~ a
greater chance of prc-eci:unp..ia in lhe
palient who was lnowllto be hypcnen..i\e
before becoming pregnanl,

II is important 10 monitor blood
preS!ture. '>Crum urate. 2-1 h prolein ex­
cretion in urine. creatinine clearance
and abo to aS~!tS felOplaccntal fuoction.
Pre-cclalllpsia may progres<; \'el') rapidl)
and medical treatment i!t of limitcd \aluc.
The only action which", ill rc\cr..c pre­
eclamp~i::t i... delivery of the baby.
Frequently il i\ difficult to decide on the
oplullum lunc for deli\ery ""h,ch is best
for Ixxh molncr and child.

h) pcrilhulllli,m in lhe fetu' (Fig. I),
hl,ulin il- a gro"lh faclOr. ilnd babic, of
poorly com rolled diabelic p:uicnl' are
large and blo:ucd. Adequate cOnln)1 of
diabetc, mellitu.. during pregnancy dc­
crea'-C, complication,. The bab) of a dia­
betic mother ha.. an incrca--.cd I)robabilit)
of dc\c10plllg rc,pir3tol') di ..trc,<; <;yn~

dromc.
Incrca..ed frequency of micturition.

and gl)co.,una. may I.:au..c concern Ihat a
pregnant .... oman ha' dc\clopctl diabete...
during pregnane). The...c finding .. arc
common and do not nece"~lril} indie;!te
p3tholog)
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Other features
• Mental retardatIOn
• Short statum
• Deal mullsm
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FU CIRCLES RlGKT THROOGH WlTtl BLOOD

0000

PKU 8lOQO TEST

Prim In Pwrdl Of~ Pen_.----
G.P.1UmI-­............-a. of first .. IM40li
TJJIe of INding - IloClII c::::J
Tktl_ t.tly i1.,......r.n c::::J

FI\I 2 Filter paper card "Guthrie card1lor the
collection of 'blood spots.'

FIQ. 3 Fealurn of cminlsm.

tOlhe:lduh do.."geof 100-200~pcrdayby 12 ye:u<;ofage. The
ab..cnce of c1lllieal ~ign .. of hypothyroidi1>m or hypenhyroid­
1-"111. together "ith nonnal !>Cntlll T~ and TSI-I concentr.ltion1>.
prO\' ide.. c\ idcncc of lhe adequacy of trcatment.

If a po..ithc ..crcening tcst i.. obl:lined.lhe 1110ther', lhyroid
function i, u,ually al,o ;h'tC1>\cd. Maternal atlloantibodie, (':In
no's the placenta and block rel'eptor "ite.. on the fetal thyroid.
[n thi~ rare ,ituatioll. :Ifter an inili;lllr:tn,ient hypothyroidism
just after binh. the haby· .. 0" 11 lhyroid function will u~ually

develop lIormally.
TSH ..ercening doc.. not deteel ~econdary hypothyroidi;,m

due 10 piluilary di ..ca~e. Tlli .. i, a much rarer di1>ordcr than
pril1\ary hypolhyroidism. occurring in one in everyone hundred
lhou,and birlh.. ,

Fig 1 Capillary blood sampling in neonates.
• Does the di...c3!>C hu\c a relali\cly

high Incidence?
• Can Ihc disca~ be dctected "ithin

days of bmh?
• Can the dl~a~ be identified by a biochemical marker

"hich can be ca!>ily rne:lsurcd?
• Will the dl~al>C be lIlb~cd clinically. and "ould thi!> c:lU~

irre,crslble damage to the baby'!
• h the di>,ea~e trc:llable. and willthc re~uh of the "crcening.

te~t be available before any irre\'e",iblc damag.e to the baby
has occurred?

Congenital hypothyroidism
Primal) hypothy roidi ...m i-" prc.loCnt in one in e'cl) three thou!>:Ind
fi\c hundred binh!> in the UK.lbere is often nodinicale\idcnce
at binh lhat the baby i!. abnormal. yet if congenital hypathyroid­
i!>m i!> unrecognilc.:d and untrealed. affectcd children dc\e1op
irrc\ ersible mental retardation and the char.lCteri1>tic feature~ of
cretinism (Fig. 3). MCKt C:l!>e\ of congenital hypathy roidi~1lI are
due to thy roid gland dy 1>gene'I~. the failure of the thyroid ~lanJ

to de\elop properl) during early embf')onic ~ro"th. The
presence of a high blood TSH concenlration 1\ the ba..~i.!> of the
~rcening te~t (Fig. 4).

A posili\e re,uh of a "C'reclllng te"t "hOllld be eonfinned by
demonslr.uion of an ele\:lted TSH in:l !>entm specimen obtained
from Ihe infant. When nCl."c-"!>:lf). thym'l:ine treatl1lCnt should be
initialed as soon:b p<K.\ible after diagnosi!o. lbc inilial dosage i!>
10 IJg/kg and thi!> can be gmdually increased during childhood

Neonatal !>creening programmcs for hypothyroidi1>1l1 and
phenylketonuria ha\'c been cstabli1>hcd in many countric~. BOlh
the!>e di!>ordeN carry the rbl" of impaired mental development.
which call be prevented by prompt recognition of the di~ca!>c.

Local factor1>. !>lIch a~ population mix. Ic:td to the !>ening up of
1>pccific 'crccning programlllc!>. Forcxample.the high incidcnce
of congenilal :tdrcnal hypcrpta~ia (I :500 live binhs) among lhe
Yupik Esl"imo is thc slimulus for a ,cfCl'ning programme for thi,
disease in Alaska. In Finland.lhe irK"idence of phcnyll"etonuria i,
low and neonatal screening is not carried OUI.

Di~agrcemcnt on the benefil' and ri~I"s of le1>t;,. the pre~encc

of public prc"1>ure and availability of funding are factors "hich
continue to delermlne "helher neonalal ~rcening programmes
arc c!>tabli ...hed.

NEONATAL SCREENING
PROGRAMMES

Many countric!> ha\c programmes to
~rcen for di~3.'>CS 31 binh. A blood sam­
ple i.!l collet'ted from C\t:1) bab} around
the lJt'\cnth day of life. Capilla!) blood
sampling In the rn:omllC 1\ ~"t performed
on the planlara<.pttl ofthe fOOl.e"lX"'Cially
on Ihe medial aspect of the posterior
third. as .;hown in Figure L A 'blood
spot' i,> collecled on to a thlcl filter paper
card (Fig. 2). The !>pccimcn can be 1:011­

\cnientl) sent by mail (0 J ccnlral
screening laboratory. The folio in)!:
question\ arc u<,ually considered hen
di!>Cusloing thc cOsl-dfcCli\cness of a
!>Crttmng prograllunc.
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ThyrOid dysgenesl. Icnn \I hich beller Je!>Cribcs Ihe group of
di ..order..

The dek"Clion of phenyllelonuria v. a"
Ihe lir.t ..crcenmg programme 10 be e ..­
labli ..hed, The ..cn.-cning lest is based on
Ihe detection of in(.-rea~ phenylalanine
eoncentr:ltion IIllhe blood spot.

The m:,in.. tay of the managclIlcm of
Ilhcny Ilclonuria i~ to n..""<luce Ihe pl:l'-ma
phcn) lalanine concemrauon by dicta!')
I:onlml. ~lemal retanJation i.. not pre'l'nt
at blrlh, and can be prnented from
occurring if pla~lIla pheny lalanine con­
(.'entralion<, are kept low in the early year.
of lifc. It v. a... lhoughllhat dicta[) control
necd only be follov.cd for ten year. or..o
but eurrent \ icv. ~ arc Ihatlifelong th... rapy

'" T1I.."Ce'\aJ).

TSH•
~""'"

No-­.-
AIltenor.......,

T. t-.:T::.:.,.SH_

NO~··=·C' _

--T. _~

TSH Normal...J
FIl) • Control of TSH SKretion.

Phenylketonuria
The Incidence ()f phen) Ik~lonuria i~

around one In CH~r) len thou-.and binh"
in the UK. Phenylketonuria ari..e~ from
Impaired cOII\c,..,ioll of phenylalanine 10
I) ro..inc. u..uall) bcl'aUI,C of a deficiency
of phclIylal:mmc hydrox)la!'oC. hgurc 5
..ho", .. ho", phcnyialanlllc. an c..-.cntial
amino acid. i.. mclaboli/cd. In phenyl­
ketonuria. phenylalanine cannot be con­
\cncd In tyrlhlllc. accul11ul:ttc\ in blood
and i .. e,crclcd in lhe urine. The main
unnary !l1cubolilC j\ phcnylpy rtJ\ il' ,1(:11.1
(ll 'phcnyl"clonc') \\hich giH~' lhe di,­
l'tL ..e it .. name. The clinical feature"
include:

• inilabilit). poor feeding. \omiting
and fitting in Ihe fiN \.\ l,.-c"" of life

• menIal n::lardalion
• eczema
• reduced melanin formation III lhe

.. lin. re..ulting in the c1a.... ical fair
haired, blue e)ed appear.lnce,

Phenylalanine hydro:\)la.. e u ..e ..
lelrahydmbioplcrin {BII..}:,.. il cofactor.
Ikfeclive BH" ..upply or regeneration.
due to deliciency of dih)'droptcridine
reducla ..e. ha\e been identified ;IS rare
cau~c.. of ·hy(X.'rphenylalilnil1m:'mia'. II

FOLLOW·UP OF SCREENING TESTS

A po,ili\e or equi\ocal re .. ult IT1 a
..creening le~t should be follov.ed up
rJpidl) and eOil:iently, A clearly po..iti\c
rc ..ult \\ill requin.' imm...diate refcrrallO
a paedialrician. Requ';-<'h for a repc:u
..pcemlcn hccau..e Ih... re ..ult \las border­
line. or there \\;ll> in..ufliciem sample. or
the alMI)"I" v.a~ un..ali<,faclOl). IllU .. t be
h:mdled tilctfull). Parent" frequently find
it di .. tre .... mg if their child i~ su.. pcctcd
of a ..eriou.. <.h ..ordcr even if sub..c'lucnlly
the haby i.. found to be normal.

I
PhenylpynN8te

OIhydropteOOtne,"""....

Clinical note
N.a..pJnylphcnylalanine melhyl e.. ler
(a'panalllc) i.. a I:onlmonly u~cd anilicial

,\\cetem:r. It i, hmlell down in thc gut to phenylalanine.
Palielll .. 1-1 ilh phcnyllctonuria lIlusl :1\ aid any food
\:ontaining Ihi .. additi\c. 11 is panicularly imponalllihat
fO()<.hluff,. including ..oft drink,. ~hould be dearly
labelled with:1 I-I;lming th;llthcy contain Ihi, anificial
..1-I\:,Ch.'ner.

I~
0-, CH2-C-COOH

- "o
F'!I5 Metabolism 01 pMn~lanine.

Case history 64

The 'blood ..pot. analY~l\on36-da) -uld bab) girl indi..-ated
a high TSH. 2M mUll. A \CC"-'tld blood sample \\3!> qui\:U)
obtained for a repeat TSH C\umation, l1lr: laboratOl)­
reported a TSU conccntr.l\ion or 6 mUll.

• What furtner in\C\hgatlons ..hould be carried out?

CfHllnJtlll Ullllf.I,f{4: 159.

SCreening the newborn for disease

• In some countnes SCl"eenr'lg programmes have been
established to eIetec:I: specdic diseases rl babies.

• Analyses are performed on blood spoIs obtalOt!d arotnl alE!

week alter butIt
• Carmon diseases tested tor rllhis way are congeMaI- "'"""""""'"• For 1110 be~ 10 screen Jor a lisorder the dsease

shoukl have a relatrvely tiljI inCIdence. be detee:table WJtIwI
days d bdl. r8SIJl rl senous consequences d ITIISSEld cfincaIy.
and be treatable
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INHERITED DISORDERS

Table 1 Clinical and biochemicalleatures which
slJongly suggest presence 01 an inherited,...'"

ence of an inherited di,order are <,ho" n
In Table I.

There may be information in the
family hl\lory. pcrhap<, e\en the death
of a pre\ iou'> child.

Malformation in a newborn baby
uwally indi<:atc.. either a genetic abnor­
mality. or inkction or drug cxpo..urc in
U1Cro. Ilo"e\cr. d)!>n1orphil>m may aho

eo-...-"---....""'-..
CMndo

LlICIIloIc IC1dcIliI end
~.....,
I~_I ,--

• N,,:onatat '>Creening C;lll Identify -.ome
dl'order-.. ,uch ill> phenyll..etonuria. in
the ne\\, born baby In the liN da~ .. of
life (pp. l-W-145J.

• Man~ di..order, ill\ohing a .. inglc
gene defi.'Ct beeome apparent in the
neonale. "ymplOm.. dc\doping In the
li~t \\ed of life.

• Di'>Ordcn.l>uch a,>l'amitial hypcn:hote,­
tcrolacmia tpp. 122-123) ma~ not be
f\.'Cognized umit adult life.

The inherited di,order, \\ hith arc
diagnosed in the fir<>t wcckl. of life u'iual­
Iy invohe cemral melabolic path\\,ap•
,>uch :L'> amino acid melaboli'im. carbo­
hydrJ.te mctaboli ..m and .. torage. orgalllc
;lCid metaboli<.m. steroid honnone hi{)­
.. ) nthe,i .. or the urea cycle. SymptOlm arc
often non- ..JX."Cific. e.g. \omiting. leth·
ilrg~. poor feeding. litllllg and hypo.
tonia. FeatuTC::. "hich <'uggc<;' the pre,·

THE CHILD WHO FAILS TO THRIVE

The fealure of :.11 in hen ted di,orJcr ...
i ... a genetic deled. onen the ~,ult of a
... ingt.: ba~ \ub,tiluIIOIl ur deletion In the
D:"I.\. \\hich rcwl!'> In the rcdul'l'd '}Il­

the,i, 01 •• panll;ular protcm or in the
,~nlhc..i, of;. prolein "llh an altered
,Homo a.:iJ compo... lliOI1. \ d ........ ical in­
born error of mCIJboli,m in\ohc.. a
mi",.ing ur lkfccli\c l'n/~mc .... hieh
cau,c'" a hlod. on a mCI;JIx,lic p;uh\\;I)

and the rmuuclionoftu\il' mCIJbolitc ....
\lore than four thou'>'lI1d di ..ordcr..
in\ol\ing .. ingl..: gene ... h;j\c been
identified.

Inherited di-.ordc1"o ma~ he dcte..:lOO at
diffcn'1ll ... tage.. Juring Ilk

• Hctcro/}l;otc carrier-. of a di-.ea-.e lila)
be found during '>Crccning. !>uch 3" on
[;uml} member- of a pallenl \\ ilh
mu ...cular d~ ..tmph~.

• Some inherited di ..order.. C;lIl he
dcte<:ted hefore hirlh. The prenillal
dia2no'l" of q .. tu: hbro'l" I' de..­
cribed on pag.e.. 1.'\8-LN.

Table:2 $elected Inherited dlllOt'ders

Disorder Main tealure

Acute IntefrTllnent pl)fPhyria

Adreooleucodystroptly

Agammaglobuhnaemla

Alpha 1-anb\JypSln deficiency

The porphyrias are disorders of haem btosynthesis. The aclJle porphyrias whICh present with abdominal pain and
neurological features all have increased unnary porphobilinogen dunng an allaell:, and this IS diagoostic

This rare neurodegenerative disease is characterized by lhe Impaired metabolism and subsequent accumulafion
of long chain tatty acids in plasma and tissues

There IS a complete absence 01 immunoglobulin prOOl.ICllon, $electIVe IgA deficlency is more common with
aHected children pre5eflfing with recurrent respiratory In1ectlOOS

Pabents With defICienCy 01 the protease inhibitor, alpha 1·antltrypsin. may presenl WlItl liver disease in childhood
or W11tl pulmonary empt1ysema in aduhs. All patients WIth genotypeS associated WIth low alpha 1-antilrypsin in
the serum are ~ke/y to develop empt1ysema ~ they srrtOIIe or are exposed 10 erMronmental pollutants

BiotJntdase delicMlncy Ala~ure of biotm recycling results III an organIC acO.ina, developmenlal delay, setlures, alopecia. hypotorna and

",,,".. ""
Cor!genIIaI adrenal hyperpiaSla ThIs name IS grven 10 lisorders oIlhe eozymes nvotved II stertllCl hormone blosynthesls. The roost common is

lack ollhe 21 hyOOlxy\ase on the pathways wtich lead to ccrtISOI and aldosterone (pp. 86-87)

See pages 138-139

An n:reased exaetJon of the atTWlO aad:s eystJle.Iyslrte, argtrWle and cmlhI'le leads 10 an naeased i'lcidence
of renaJ calt:ta Adefective carner protein causes rnpaued renaJ tubular reabsorption olihese amlllO aad:s from
the glomerular Iira1e

ThIS IS a~ storage cisorder where there IS a defect IIlhe mentxa'le transport of cystI'lE!. CystIne aystals
are deposlted in kililey. iver, speen. bone marrow and COfT'l88

,"""'- See pages 122-123

ThIS deled IS preseri II approxmalefy 1.100 000 babies lithe UK. Adefiaency 01 gaIiIdose 1-phosphate urdy!
1nmsfen15e means that lhe baby caMClI utIlIZe lhe gaIacIose compolll!l~ of !he lactose wtich is presen!1I .....
Such i'lfants may present with !abe 10 1twM!. vorTlllrlg and lianMea and 'l.I'Itrealed may die lithe neonatal
penod or go on 10 develop iver lisease. mental felaJtia\lOll. eataraeIS and renallIbJIar damage



be re]at~d 10 the preM:nce of an inh"ritoo
melanolic cli,order.

Ba~ic hiochemic:l] Ie,,, may Pf(l\ ide
clue,. Unc:I;p]:llned hypoglycaemia.
h~ pocak":leIlH;I. acid-ha'C di,turhances
or ti\ef dy,funcation indica\<: Ihe ne..'<1
for fUl1her m\e'tigalion'. The diagno,i'
of an infeclion doc, nOI preclude the
pre\Cnee of an Illhcrited mclabolic di,­
order: ">Cp~i;" commonly atOcompanie, a
melabolic defC'ct.

In lhc ,c\erely ill infant. llIea,ufC­
menb of ,crum ammonia and laetaleo
urin:lf) organic acid,o urin:lf) ,lIld ,C'rUIIl
amino acid, and erylhrocy Ic gJ]Jl'\U..e I­
pho,ph:lle uridy I lrJn,fcr.!..e "ill he re­
quired. If the baby ha, a problem" hich i,
apparem inlcrmiucntly. lhen blood and
urine ,hould be eolkch:d for :maly,i,
during lhe at°Ule pha~.

Allhough. mdi\ldually. inherited
metabolic di-.order. are rare°("Olteeli\cl)
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lhey pre'ent a major problem in manage­
ment. The biochemical basis of disorden.
encompa"e' the hrc:ldth of metabol;;"ffi
and lhere I' a multilude of ,pccialized
Ie,,, \\ hieh 'Ire u,cd 10 conlirm the
d,agno\". The ,pccia]i~l]aborulor)i,lhe
'OUfCe nf ad\ it·c and a"i~13ncc if an
mhcrilcd defecl ",u,pcclcd.

Sek"i,.°led IlIheriled di,ordeJ"> are OUI­

IllIed alphabcti(Oall~ in Table 1.

I~CQ,v
Clinical note

• The diagno,i, of many
mhcntcd di \Order. relics

he:!\ ilyon laboralOl) m\c"tigalion,.
Ho" c\cr.lhC' pre-.eming fealuresof
lllany mbom error. of mclaboli'm
arc -.0 non-,~ific Ihm there i, no
'Ub,lliutc l'or the :llel1 clinician III

thcirdclcelion. AlIne\\ bom inl';ml,
"ho arc ,icl.. mU,1 he con,idcrcd :It
ri,1.. of a gtOnclltO d"order.

Table 2 ConIIfltHld

Inherited disorders

• lMerned O:sorders are caused by gene detects whdl re5lJt II the synthesls of a rtDJoed
amourt of a partICUlar proIeIl. or II the synthesis of a protein WJIh an aItefed atIW'IO aCId
COl'T.posloon.

• An 'ilbom entlf of metaboism· rJvoIves a missing or defiCIent enzyme which causes ablock
on a metabolic pathway

• There are more !han 4000 SIlgIe gene defects. many of them rare, but coIedIVeIy they
present a chaIIeoge to boIh dinIaan and cr.n.:.al bioctIer'nI:sl

• Some riIented dlsordefS presertlln the rll'Sl few weeks of kIe WIth nOIHpeafic syrt1ltoms.

OIsotder

GJuc0se-6-phosphate
det1ydrogenase deficiency

G'Ycogen storage disease
{type I: von Gierke's)

Haemochromatosl5

Homocysllnuria

lesch·Nyhan syndrome

Maple syrup unne disease

M~ endocme neopIasIas

"""""'­
"".",."......
""""""'""""'"
Urea cyde delects

Vllamrl 0 depelldllid nckelS

\Wson's disease

Main lealure

ThIs 1$ an X·linked disorder aSSOCiated WI\tI oeonatal jaundice on the 2nd or 3rd day 01 me and drug-Induced
haemolytic crises (p. 149)

Deficiency of glucose-6-phosphatase rnaJl.es the glycogen Slores of the body iMccessible, Children with this
disorder have hepatomegaly and hypoglycaemia accompanied by hyperhpidaemla and lactic aCidOSis

see pages 106-107

A defiCiency 01 the enzyme cystall1iorune synthase leads to the aCClllTlulation of sulphur-¢)lltalning amino
acids. Mected children are normal at birth but develop eye problems, osteoporosiS and mental retardation

This IS a severe form of hypoxanthine-guanll'18 phosphoribosyltransferase deficiency, an enzyme involved
trllt1e metabolism 01 the purine bases (pp. 134-135)

Thl$ defect I1lhe clecarboxylatlOll of branched cfwt arruno acids such as leUCIne, I$OIeuclne and valine
leads to severe brain damage and death dunng !he first year of life

This group of cisorders is chatacterized by tlSS09 accumulatton of gIycosafTW'lOglycans such as hepann
sulphate and dermatan sulphate This results in skeletal delormrt19S, mental relardaliort and premature

"'~
See pages 132-133

See pages 136--137

See pages 144-145

This is caused by defiaency of enzymes nYOIw!d IIIhll metabc'sm of propionyt coenzyme A

DeficIency of enzymes of the urea cyde~ In a buikt up of arrmna ., the blood. severe cases are
ohen fatal in the firsllew days after Iwth

See pages 70-71

Ths causes vanabIe~ and hepatIC S)'I11lIOm$ as a consequence of CXlpp9f IoxiciIy (pp. 108­
109).
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Surfac:lant lherapy
Surlactanl supplied..-

--Da,~

l
-3......
--3-4~"

-- ""'"
• 6

PO;> IkPal

prone to fluid 1m.., \ ia the ga:.troinu....tinal
Ir.K·t due to diarrhoea. The dehydrated
child i~ relati\c1y more w:lIer depleted
lhan "odium depleted becau"e of Ihe
immalure lubul3r funclion and larger
bod} 'J,urface area relati\ e 10 body weight.

Auid depiction rna) Ix: a:.~!>~d by
I.no,", ledge of clinical hi!>loJ)' and by­
clinical exarnin:lIion.

MIld dehydr::lIion. <,uch a., that cau.....d
hy ga~troenteriti'>. i.., often lcealed orally
'"' ith \OlUlions conlaining gluco<.e and

0,W"''---­
2

Reaplratory distress
.yr'lodrome

No SUrlacUlnl, lalll,J'B of
alveoli 10 BllpaOd

".

BO,

60-

20-

50-

,.-
...

FIQ 1 Oxygen dissociation CUrvK lor letal and maternal haemoglobin.
At low po. lhe fetal ttl delrven; llIOfe oxygen to lhe tlSSOOS, For !his reaSOl1lhe
neonate can SUMVlIIew!ls 01 hypoXIa wIIICh would nol be pclSSlble lr'l an aM

Surlactanl
S8C'B1Irlg-NOl"mal

Endogeoous surfaclallt
supply, nonnal elq)al'"lSlOll

".....
FIQ 2 Surfactant and Itspiratory dlstrtu syndrome.

"ith 60Q in Ihe adul! (Fig. 3). In Ihe
fir'>' ,"eck of life. the ECF e(Jntract~

and thi., conlnbulc" 10 (he ~eighl 10""
"hich occur; nOO1mll) al thi,> time. By
Qne year of age. the l()(al body ~atcr i\
6(yt. and ECF 25{i- of body ~ eight. [t
follo~!> thai nuid,> pre'>Cribed 10 "icl.
children mu"t be related 10 age and.
particularly. (0 body ,"eight.

Infanb are \el) \ulnerable 10 "aler
lm~ becau'iC their renal tubular function
is not fully malUre. In addition. the) are

All glomeruli .lre formed by 36 \.\-eeb
gc'lalion. bUI bccau,c of reduced renal
blood flo\\. lhe glomerular filtr:llion
rale i, reduccd al birtb. Serum creatinine
ri,c,> in lhe fir'>l fe~ \.\-eeb of life and
lhen f:lll,> al .tooul4 "eek.. and remains
low for 5 yca!"'. ~ hen il gradually in~

crca.'>C' 10 aduh Ie\ c1'>.
Proximal lubular funclion i'> im­

mallln:. and bicarlxm.lle .md gluco'>(' rea­
b,>orplion i,> reduced. Thi ... lead'> 10 a 10\\
~rum bicarlxlnJle COIlCClllralion. GI}co­
'>uria and aminoaciduria llla) be found in
lhe nomlal nt.'Qn:tIC. A bab:r"" abilily 10
conCClllrale urine i, poor, A urineo<,mola­
Iity of 600 mmolllg I'> Ihe maximum thaI
can be produced. In lhe nt."Onalal period_
lhe kidne) .... ablhl} 10 excrete ~aler and
ekclrolyle,> i,> lunited. Thu\. great care
mu,t be till.en IlIlhe pm\ l'>ion of intra\e­
nOll'> fluid,>,

The lotal body ~ atcr of a ne" born baby
i,> around 75q oflxxly "eight. compared

FLUID AND ELECTROLYTE BALANCE

Th\." Imll,ition from illlrJut<.:rim: life [0 an independent c\j,tencc
require, chang.e, in man) biochemical ') ,terns. Mature function
lila} no( 0.: anaincd for .... ccb. lllomh;, or c\ en ) cars afler birth.

AI hirth the lung' mU\II:l.Lc 0\ cr from lhe pla("cma :l'> lho: organ
.... here ~a, I."\changc laLc\ pla,.;e. "Blood ga~\' are qUill.' differ­
em in thc felU' and in thc m: .... bom bab).

Fetal haemoglobin ha, a high oxygen affinity and the
o\)gen I.h"'lX:lJlion l'une j .. 1ll00cd 10 Ilk: left. ",hieh fa\{)u"
lll.ucma]-f.:taltrall,fcr of O\H~l."n <Fig.l I, Thl." fctal PO "only
about 4.6 LPa. UO\\,c\I:r. there i, a hlglk'r COfl\.-enlr.tllon of
haemoglobm in feul hlood than in the adult. '>0 th:!l Ol;)gl."n
lran,port and "'''lie o'l,)gcnalion are cfficienl. Maternal PCO:
j, 10.... cr than in the non-pregnant ,tate. and fetal PeO i..
higher. aooul6.S 1.1)a. The fetallH"] i.. around 56 nmoill.

During I;lbour. the few ... ~"an tokr::lle "Ome degree of hypoxia
and ;lcido... i.... The fiN re... piratnt) mmemenb innate the lung....
,md it thc) ;lre m'lwr(' ;lnd ha\ e adequate ... urfactant. there i... a
lenfold reduclion III pulmon:lT) \a..cular re"'l tance. Ga<,eou ...
exchange i... quickl) c lahti ... hed -..:J Ihm PO, ri ...c and PCO, fall .

Rc,>pir::llLJr) di ... lrc ) ndrome i... cilu~d by lack of <;urfac1anl
(Fig. 2) and n:,>uh'> frolll failure of ilheolar e\pan:.ion and
,>ub-.equcnI ,lhcol;lr collaIN.'. ul.."t:rea'>Cd
compliance and \e1llilalion/perfu,>ion
abm)nllalilic'>. Ilypmemilalion pnxluce'>
a re'>piratory aciuo,i,>. and hypo\ilemia
lead'> 10 a metabolic acido.. i'>. The more
immalure lhe baby.lhe grealcr i, lhe ri,l.
ol l'I::,>plratory di'>lrc .. , '>yndrome.

RESPIRATORY FUNcnON

RENAL FUNCTION
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genol) ... i... 10 maintain blood glucose
coneenlralion. \\ ith lipoly... is producing
fn:e f;.lll) acid ... 10 provide the main en­
erg} ,ource until fceding i" e...tabli ...hed.

Neonatal h)pogl)cacmia is defined
a'il blood gluco'>C below:! mmoill. Thi~
lIlay ~ encountered panicularl} in:

• the light-for-date, hahy. or prelenn
Hlfant where the gl~cogen stOfCS arc
dcplctcd

• the infant of a diabetic mOlher.
llCf..-au-.e of the felal h} perin,utinacmia
f-.ec p. 1..J:!1.

Fat and.-

CIntracellular

""'"

Adull

""

Neonate

.,,,

Fig. J Body composition ("Ii. of bodyweigM)ln tile neonate and adult

de~:lml)h"'''', If the child is moderatdy Of

'>C\erel) dehydrated. intr:ncnou, fluid,
lila} be requin.oJ, The \olume of fluid arK!
the ,peed with which it i, gl\en will
dcpend on the clinical condition. For
C,''(ample. dehydration due 10 <,e\en: diar­
rhoea may require urgent correction and
pla..ma \olume e\pan"ion,

The n:,p()ll,e 10 trealment mu"t be
carefully lll11niwred b) a",e"lllg fluid
halanee. urin ... output and 'tate of
hydration til frequcnt intenal", Body
weight i, a good "imple lllde1\ ofhydra­
tion and ,hould be reglll:lrly lllCiI'Urcd.

LIVER FUNCTION

The li\er of a ne\\hom hahy may not be
capable of conJug:lting all the bilirublll
pre,cllll.:d 10 il. Thl.: eOll,equence i... neo­
natal jaundice. and lIl:lny hallic.. become
jaundit'ed during the fiN week of life. In
fuJl·term habie, thi ... u,u:i1ly rc,olvc~ rap­
idly, In premutul'e hahic ... who..c liver
function i... not flll1y mature the j,lUndice
lIlay he more ,c\'cre and the hilirubin
concen1raliol1lake, longer to fall.

Jaundice during the fiN :!4 houl' of
life j ... alway, palhologic:l1 :ll1d IllO,1
probubly due to hlood group inCOIll­
p:ltihillty or lllfcction, \\!hen there i..

Case history 65

The haby of a diabetic mother
weighed I.6-Hg(hclow IOthl'Cntile
for\l.elghlJ when homa. ge..tational
ageoO:! wloch, 1nc baby "'a.~ well
at binh. but her condilion deterio­
raled '" ithin hour; and ~he had res­
piralO!") problem\.

• \\'haloiochemiealdclennillations
..hoold he requc;,too on Ihi~ baby'!

• Why I' It Important to con"lder
each requc"t carefully"

CtHnmelll ,,,, pagt' /59.

increased de,trul-1ion of rt.oJ blood cell,.
as in rhe'u, or ABO incompallhility.
there i, an inaca...c in unconjugated
bilirubin. Unconjug;Jlcd bilirubin hind..
10 albumin. and when the alhumin i,
saturated. the ellce" whio.:h i, lipophilic
i, ab..orlx.'d into cd"', In particular it C;JlI
cra", the hlood-brain harrier and bind \(l

protein., in the bruin", here it i.. ncurotmi,·.
The clinical <;)ndromc of biliruhin­
encephalopathy (lemicteruq lIlily n:..ult
in death or sc\ere mental handicap.

jaundice which Ia-"~ 1Il0re than 10
day' after birth <;hould al\\:I)" be l1l\c,ti­
ga,..d. It may indicalc g:llacw,aemia,
"ongenital hypothyroidi ... m. cy,tic
fibro;,i, or gluco..".-6-pho,phalc dehy­
drogenase deficiency.

Where thce'<ce, .. hilirllbin I.. lound to
be conjugated. Ihe pathology I'differenl.
The tVvO mo't o.:ommon e,II!\C' arc neo­
natal hepatili ... p<h... ihly contraeled from
the mother ,It hirth. or biliary ;Ilrc,ia
wherc biliary drainage h di,ordcred,
Thi, may require 'urgical int<:T\'cntion.

ENERGY METABOLISM

Before binh, the dlicf ..ouree of energy
for the fCIll .. i, gluCOM: ohlaincd fn,llll Ihe
llIothcr \ ia the placema. Any cxec..~
gluco"C i, "'lnrell a... Ii\cr glycogen. Free
fally acid ... ern" the placenta :lIld arc
stored in fat. Al binh. Ihe bah) Illu'l
switch to gluconcogenc,i, and glyco-

~
Clinical note

New hom babic.. ha\ c
low Ic\c1.. of \it:tmin

K. which i\ Jll\ol\cd III tile
..ynthe\is of blood coogul:lllon
faCiOf"'>. To minirnil.c the ri,l of
intracerebral haemorrhage. it ha,
been r\."Commcnded lhal all
newborn babic,. p.1nieularly tho..e
who are bre:ht fLoJ. be gi\en thi ..
\itamin.

GASTROINTEsnNAL FUNcnON

Although the bru~h bordcr di,accharid­
a~... lmahasc.laclasc. ,>ucr.lM') are pre"t"nt
at birth. for lhe fi",t 7 day' of life laclo......
rna} beab,orbcd unchangcdand;Jppearin
Ihe urine in Ihe nomlal infanl. The proteo­
lytic enlymc,. rennin and pcp,m. arc
prc'cnt in the nconatal stomach, hut
'>Ome protem may bc absorbed without
di~e'lion.

CALCIUM

P;Lrtlcul;lrI~ in the premature infam. there
may he ;L tr.tn,ienl. often a-,ymptom:llic.
hypocalcaemia in the fir,t few day, of
life when the infant's p:lnlthyroid
gland, appear not 10 rc,pond adc(luatcly
to the hypocalcacmi:l.

Neonatal h} pocatcaell1ia i, morc lil.dy
to occur in pretcrlll infant'. mfant' with
re,pil':ltory di,trc ...... ,yndroillc. a,phy"i­
:Itcd infant ... ,lIId infant, of diabetic mother,.

Paediatric biochemistry~
• Respiratory distress syndrome IS the

c:onseQUeflCe 01 lack 01 surladaM,
whdl prevents eKPaf\SlOll and
aeratlOll of pulmonafy alveoli,

• RelatIYe 10 adults. babies Rave
increased lotal body water and
extracelularwater. Reoalluncbon
changes With age. GurideII'les lor IIwd
and eteetrolyte 'ep&acemenl therapy
1'1 babies are qude dd1erent from
those IfI aduIls

• Jaurdce IS oorrmon 11 babies 1'1 the
first week ol ife. In !eml babies, !his
usuaIy resotves Iapdy, Jall'ldlce
cktmg the 1irs124 hows ol iIe IS
a'ways patl'lOlc9Cal-

• Neonatal hypoglycaefTIa may be
enca.rTIe1ed I'Ilhe premature Ilfant.
the 1o;jlI.for.cates· baby or the infant
ol a <iabebc moIher.
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BIOCHEMISTRY IN THE ELDERLY

Table t BlocMmlcal assessment in a geriatric
patient

TMt Auoci8Ied COfllitions

Diabetes mellitus
I)iahcte'> mellim" i, common in old agc
(H};, 41. Genetic factO!"'< ;md Obe'ily con­
lribute 10 lhe in,ulin re,>j't;mee .... hich
underlie, the de\i,~lopment of NIDD~1

(pp. 56 -571.
Glueo.... ,olcmnee decline, .... llh age

c\en HI the ab'>Cnee of diabetcs mellilu"
and lhe n:nalthrcshold for gluco'>C ri"c,.
Thc,e (lh"cn al ion .. e:ln mal.e the
diagnml" of di:1hcte, mcllitu, difficult in
:m clderly palienl.

Table 2 Some common dlugs known to aHe<:t
thyroid acllon

"'''' - 1_TOO ""-"""" TOO -,-_TOO- """""''''''''..-...,,. l-DOPA.. gb:;u;allwds

WIIbil T. teeItlICn """"rrcw: T.-T. CO'l'iefSIOI1 -,-
AetU:e0flll T,- ~,-

B) the )Ci,r :!050 more Ihan 2<Yr of th...
\\ "rlu', populallon \lo ill he tl\ cr 65 }l'ar,
of ilgC. i\" the pt)pul;llmn ag morl"
cllmcal blodlClIlIGl1 re,ol,Jrcc, .111 ncl,.x!
[0 be directed to.... ;mh the problem.. ofttle
ddcrl~ POPUI;ltIOfl.

Th.:rc " coo'>ldcr.thk \ Jriatilln in the
on,...! of function ..1 change, in bod}
')'tcm,hccau-.co(agl.'. f\lan} organ....",,}\\
a gradual dcdm... in lunctlon e\cn In the
ah-.encc ofUl..ea-.c; hut ,in..::c there 1\ often
con<,idl.'rnblc funclioll;J1 re..enl'.lhcrc :tn:
no clinical COII......-qucncc'_ The problem
facing the clinical I:liot:!l.:mi,t i.. hm" to
differentiale bcNccn the biochemical
and ph} \iological eh.lIIg"''' .... hich arc the
con..equcflI:C\ ofageing. and IhO'C (:11.:10,""
\\ hich Indic:llc thill Ji,ca-.c j .. prc-.enL JU'i'
1x't:,IU..c the rc\ult ofa Ilitx:hcmi,u) le,1 in
:10 elderly p:llient i, differem from that in
a young pcr.on doc, nm mean \Omc
palhology ,.. pre'>Cnt Serum cre;uinine i,
an e ..ample. Renill fUnl"tulIl dderiur.lle~

.... ith age (Fig, I J but findmg;l creatinine
of 140 j.Ullolfllll an ~O-year-old \\oman
,hould nOI he l':lthe for al;lTln. Indeed,lhi,
creatinine TC'UIt may rcpre'>Cnl a TCmar"­
ably good glomerular fihration rate
con,idering the ilgc of the patient,

The lnlerprelalion uf biochemical
lIle:l"Ure11lenh in the ekkrly require"
Ih:ll lubor:lIorie, e"t:1hli"h age-rcl:ued
reference range" for many of the te,t,
underta"el1.

DISEASE IN OLO AGE

Some di'e:l'e" ;Ire more commonly
encountered in lhe elderly lhan in Ihe
young. In addition, common di,ea,e,
may pre,ent in a different .... ay 10 lhal in
Ihe young. Elderly palienl' may ha\e
more Ihan one di'>Ca"C or lIlay lal.c '>e\eral
medication.......hich mimic or ma,I. the
nonnal di,ea~ prc'>CnlJlion,

The admi,-~ionofa palient for gcrialric
a'ne!>'ment in\ol\e, a degree of
",crcening' biochemi"lry .... hlCh may
point to\\ards lhe pre",ncc of dl'>Orde,.,
\\ hich may 001 tK- 'U'f1'.·l-teJ !Tahle II.

The metabolic di'><.'J .....·" \\ hich occur
moq commonly in lhe clderl) Jnd lila}
prescnl in unu<,ual \\ay" melude:

• Ih}TOid di'<.Cil-'>C
• diabelc~ mcllitu'
• renal di"Cil-"C
• plluitaT) disca...c
• impain."d gonadal function
• bone di<.ca'>C,

Thyroid disease
Thyroid dy,fum:tion i, common in Ihe
elderly. Diagno'l' may be o\erloo"ed
,>inec many of the clinical manife,Ullorh
of thyroid di'Ca<,e may he mi,interprcl ...'(]
a, JUSIlhe normal ;lgeing prOCl'" (Fig. 2).
Cnu,ual pre-.ent;lliorh are common e.g.
clderl) patient<, .... ilh h)pcrth)TOidhlll
arc more li"c1y Ihan }'oun};cr palient<, 10

prc,ent "" Ilh Ihl: c;lrdiac-rclaled dfl'et, of
increa,ed lhyroid honnone.

Thc illlerprl:lillion of TSII. T. and T,
rc~ulh may nOI be "trai};htforw;lrd
in the clderly population a, lhl:,e p<llil:l1t,
u'ually h;l\e more than (Inc ;ICII\>C
di,ea<,e procc". A patiellt wilh a
,e\crc non-lh}'roid:ll illnl:'" may "how
low T.., T, and TSH (I'. 83). A palll:l1l"
lhyroid funclion can only ~ ,mi,facwrily
in\e"tigalcd in lhc llb'CllCC uf non­
thyroidal illnc"s. Elderly patienh may
;tl,o be t:J.I.ing. drug' which :1ffcct
lhyroid funClion (T;lblc 2).

Hypolhcnnia i, often cncounlcrl:d in
an elderl} p;llicnl. II i" importanlto l·,lah­
li,h if there i, an underlying endocrine
Jj"order such ao;; Ihyroid di"ca"c. or
e\cn adrenal or pimitary hypoluncllon
IFig, J).

-..
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Ftg. 1 Age-related tall in the creatinine clearance rel~ range.
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Ftg 2 The clinical manifestations of thyroid disease may be misinlerpletecl
as chmc:leristics of ~normaI~ ageing.
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Hypoadrenalism

Fig 3 Possible endocrine reasons lor hypothermia In the elderty patient

Renal disease
Renal funl'tion gr.tcluall) deh:riorate~ thmughoutlife a, 'ho\\.n
b) the increa~, In Ihc upper Illnil of the age-related reference
r.ml;c, for bolh urca and creatimnc. Creatinine e1earancc fall,
c\cn though Ihe amount of creatininc produced decrease.. a~ a
con;.c(lueocc of r<:duccd Olu,dc ma!>lio. A degree of cardi:ac
in,ufficienq l11a) enforce Ihl' fall. Thc :abilil) of the kidne) ..
to concclllr.Jtc urinc :and to e'(crete ::I dilute urine bolh decline
\\.Ith age.

Pituitary disease
Wilh incre:l .. ing age the piluit:lry gland dccrea~e.. in "ize. and
the lllcidence of micr<J:ldenom:h and foc:l1 nl'lTo!>i .. increa ...c,.
Gonadotrophin :md AVP ,eeretion incre:t!>ol'. :md growth hor­
mone ,eerclion deerca,e... The .. ignifkancc of the lallcr i.. thc
..ubject (If much current in\ c~tig:llilln.

Gonadal function
Both ovarian :IIIU te,tleular hormone ~ecretion declin(" wilh
age. The menopau,c in womcn may cau,e di,tre"ing ,ymp-

Pfe~8lance

I·.j r----------,
"
30

20

oL,....----
o 10 ~ ~ ~ ~ ro ro ~ ~

Age group (years)

Ftg 4 Age specific pteVllMce 01 known diabetes mellitus.

Case history 66

A 72-)ear-old man prc'oCnlcd 10 hi~ GP in a coofu!>ed !olate.
On examination he \\. a~ cmacialoo and had motor and
\en!>Ol) pol)llCump:uh) Akohol could be liomell on his
breath.

• What funher tC~I....hould be undcnaken'.'

C(lmmrnl on T'f-,gf' 1.'i9.
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tom, in Ihe ..hon term. :tnd ..eriou~ bone di,("a,e in the long
tcrm. Thc hcncfit~ of po"l-men(lpau~al honnone repl:acemenl
therapy (IlRTj a~ .... e11 l',t:lhli~hcd in rclmion 10 menopau,al
,)'mplom" and milimenancc ofbonc ~lruclUf"(',and may ~ignifi­

c:mtly redU('e Ihe ri,1. of coronal') h<'an di'-Ca~.

Bone disease
Bone di,e:hc in j,!encr.J] I' morc common in elderly patient,
Ihan In Ihe )oun~. O,ICOPOrtJ"', i~ the 111O'\'t common hone
dN..a!>!;' .... htch occur-. in lhe c1do:rly (p.?:!). The ri~k of hip frac­
ture Illcrea..c, dramatie:all} .... 1Ih iocrca!olllg age bcc:au"C of :a
reduction in I'Mme m.:L'~ rer unit \oluml'. Bone 10'i~ :lCcekrate~

\\.h...n oe,lrogen production fall, afler the menopau~c in
\\.omen. hUI holh , ... 'e, ,ho\\. a grildual bone 10" throughout
lifo.'. The COmnl(ln hiochemical indi('l" of cakium mct3boli,m
are nonnallll patienl' l'\en \\.ith 'l"O\ere primal') ()'.teoporo-.I~.

and CUITCllll) arc (lfllttlc help in dia!!no~i, an<llreatmelll_ c'(cept
10 en,ure that OIher complical,"!! condition, are nOl prc-.enl.

Vilamin D dcficil'oc) renlain.. acaul,t'ofo-.t...omalac-ia in lhe
dderl), hou.....hound or in~lIIutionali7ed patient... Viurnin D
,I;ltu~ C'III he a,'>C~'>Cd hy I1lCa,urement of the main ein:ulalmg
metabolile. :!5-hydro'(ycholocakifl.'rol. In ",\ere O'>tcomalaeia
duc 10 \ ilamin D deficiency. ,,-,"rum calcium .... ill f:all. and therl.'
\\.111 he an appropriate inere'I"C III PTH -.ceretion. AIJ...aline
phmphata..c \\ ill he eb .lIed

I)aget'~ di-.e;I'1.' i, eharJl:leri/ed by increased mlcocla~lic

acti\ Ity .... hich lead, to incrca ...ed bone rc'>Orption. Bone p:ain
can he panicularl} -.e\cre. Serum all.ahnc pho~ph:lIa;,c i~ \el')
high. and urin;lry hyum't)pll.llinc c'tcrclion i~ c1e\aled.

M}elom:I i, frequent I) enl'ountcrcu in older paticnt~. Ho.... ­
e\er.:1 ,i/cahle pmponion Oflhl' eldl.'rly population \-\-ill ha\e a
paraprolcin hand on e1cctrophore~i,. hut only a minorit) \\ ill
ha\l: o\>en lll}dOm;l.

NUTRITION IN ELDERLY PATIENTS

Nutritiollal deficiencie\ (Ire mure l'011l11l0n in Ihe elderly.
c~pcci:dly Iho~c wlm are neglected or who fajlto eat a halanced
diet. Recent evident:c ,ug~e'I' thalthl' i, a faclor in the reduced
immune rc'pon,c found in all ll1alnouri~hed patient!>, which
l1,'ndl'f' them more ,u,eeplihle to Infection.

Clinical note

When faced \\ Ilh a biochemical problem
in In clderly p;lIlentll i~ imponant 10

remcmber th:at it i, highly lil.e1y (in contrasllO a young
pel"oOn Ith:1l morc than one pathology i, prc-.enl.

Biochemistry in the elderly

• The dincal blochetTIst rrosl be aware 01 whether a change r1

a ilIoctltwIU pallITletef is anoonaI oo:tIfleI'ICe 01 old age or
Indicates the presence 01 tisease.

• Corrmon diseases Il'I eldMy patients may present Il'I a liflerent
way 10 lhalll'l yotrqI!f pa!lentS.

• aierty patJenls may be ptllSOlbed a runber 01 rneOca1Jons
whlch wi CCJITl)IIcale \he n1eIpfeIalJOn 01 resutts
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CASE HISTORY COMMENTS

Case history 1

~ Ikla) In IrJn'f'llrtllll.! the ,pc."l:imcn hllht-labor.uo!} y,:L~ nOi

I..nulO. n anoJ the: pallcm uf re\Ulh llhlilined l,<rum urea = 11.8 mmoill.
....)(Jillm = 1.'10 mmnlll and pOIJ''1tlm:: 6.7 mmollll \uggcst rnalloc

p;tll<:nl mal he \olhum (),,:pklcd Yo Ilh rre~ren31 uraemia:md

h)pcrLal3CnlIJ. Tht' I'o111Cm, If corm:t. j .. t)pi<:allif Ad<!L'>OII"'
di-eOl-'>£". an cnoJocnne emc:rgcl"loC) 1I0"'cI cr. a do:la) in <.epar.lllng
the <.l"rurn fn)ll1 the dOl IMe.. Ilk- pola.... lum and '>O(hum
cooremtallOO\ unrehabk a, the""" 10m. mo\( out of and into
the CI') th1'l,X)I~"" alt,,"!! their «",,(nlratlon gradIent', Thu..

3IM"lIn..'T ..p......-im...n I' rcqUlrI.'l.I \(l C"'>l,mll,h the patient' .. true eleclrol)lC'
,,:UU\

Case history 2

A 'Crum pola"lllm ut ~" mm<.lVI ,.. not mlTlpatible \\ llh life Thl'
..puriOU\ re..ull rna) ha\C ari~n a, a re..ull of a lr.ln\,(T1pllon error

from the phone 10 the nolL.... uhc real re\uh ,hould h:l\c hccn ~..'i
1l11T'K.'1II). In an 1l11KTv.1....• health) and lit )oung ~lIh./<---et III ith a -.erom
urea andfur crc,l\1Il1l1C mthe referen,'c runge, the Iil.ellhood of 11

..criou, l."1«lrol)Ie di,lUm.1nce j, \el) remote,

Case history 3

A, I' t'tlllHllnn III lhe..c .. irctJln,lanc.:, lh.: O<l) had cOf!~umed a large

anlllUnl of refined ..amnh)dr.II.:-' .... \1 t'an, of -.oft drinks, a jam

doughllUl and III ewe" of 200 g of a''oImcd ,\le.:l, o\er the

prccccdmg 2 huu!"' Thu,. II " to he cxpet·lt'd lhat llll' bluod gluco!oC

\lQuld be high ;1110.1 J dl<lgl1\''', of diahcle, me1hlU' ,hould not be

made.

Case history 4

After 2 d:.)', (lr ~H lhe kidney, adapllu lhe de"rea~cd inpUI ,111d

would cun'cl'I'C ~,)diul11, pota~"ul1l and \laler, H,mClcr. he will

conllllue 10 In-..: \I:u...r In~n'lhly and:J' a r... ,ulllhc leF :Ind Eel-'
will CUlllr:tcl III eljllal pmp.,rtiun Aft<:r J-t day' lhe COlHr.1Cli,Hl II ill

beeome enli .. ,,! \I hen the EO- Illa) lie in,uffieient Co maintain lhe

circul;lliol1 'llld, if nOI cUffi....,lcd, \I ill I.:ad 10 d.:alh.

M;ln) mdl\ Idu;ll, In lhi~ ,iluallon \I til al-.o be -":\I:rd) injured

\I ilh 'lgnific;ull Illuod Ilh' Thi, \I(lulu ob\loll'l) hmhn compromi<i.C

lhe ECF I (llume an.J IIlluJd IlUll.e ,ur\i\:11 unlil.el).

Case history 5

Th.: biochemical rc,uh, qrongl) ~ugg.:" pr.:-renal uraemia.

a, there l' a marl.,'d IIlcreaX' III the scrom urea \I >lh a \cry mode'l

mcrea III the -.crom creatllllllC lie ha, -.cl':rc h) pcmalr,u:mia

and the l\lt) Ilb-cn aUon, \I\lul.J mdicalc lll,lt'he polUenl i,

romaril) 'uUenng fRlm .... a'er depletion. 1b.:-.erum

ptlta"IUlll I' ",'onal J\ I' hI' amon gap. Thc-e re-ul', \lould.

lhere/ore, mdical': the pl'I:"<:llCe of profound Ul1Complical..>d .... a'er

dcpkuon

In a COl--e ,I.... h a. lh" 11 l\ e,-en'ialto e:'\c1ude 1W)ll·"elOtic.

dla~ue. porttoma, Ill, hhl(wJ gluro-.c: \la, 9.2 mmoUl \lhlch

ewluJc~ Ihl' dla~llO'>l\ Ketone-. \lere not dct«lcd. nor did he

h;(\e an acldoy.l' II .... a~ rapldl) C'>tahh.hed from lhe clinical hi,tory

thallhe mall did not hale: :l<;.."e'>' to \later for more lhan lhree

da), A dlagllo,,, of pure .... atl.T <Jo.·p1c:lion \1:1'> therefore

l",'abh,hed on ,he !'la\!, tl( lh.: hl'l<lr). clinical finding' and blo­

ChcnllC.l1 fealure.

Case history 6

11li:'>C urea and e1oclrol) te, are I) plCal of dilullonal h)ponalracmla.

Her nomla] hlood pre\'lJrc and <.c:nlm urea and creatinine

C(lo.....nlrallOf!\ e'\c1ude "gnificanl -.odIUm dcpklioll. lbe ab<icnce of

oelkma e\elude' a \It!nirlcanl mcrea-.c in her l()(al body ~ium.

The-.£" ll."lIl" ;lI\' dUDclcn\lI.: of the \(l--Call.:d '} ndmme of

inappropriale anlldlure,,, fSIADI and~ dllC 10 >o4"CTetion of A\,P in

rc'pon\C to non-(knl(>IIC ,timuh. lbe worlC pmdUo:lion of A \,P j,

e\'remcl) rare e\cn m p;lllCm, \I IIh mahgnam dlloC'3.SC.

The unnc ....... mol;lht} I~ III "ecpmg \11th the dlagllO'l~01 SIAD.

HO\lC\er, an} unne o-.molalit). other Ih;(n a 1l\3\.lll1:lll) dilute. urine

of.\O mmolll.g. \luukl \uppt\l1 thc diaglKJ\l'. When the urin.: i,

ma\lll1:IlI) dlllll.:. lhe unne flu\I -rate: "in e\.cc\\ of 500 mllhtHJr

.... hil.·h l\ mlan.tl'ol) dm....all) obI IOU' Thu',lhc meOl-,urcmenl ofth.:

unne ,~mlliall') add, ltllle tt> mo1l.ing a diaglllbl' lllthl\ C;LSC.

Case history 7

Thi, i. a da\'lc pn.'-..:mauon of ~\ere -.odIum and \lal.:r depletion

\I llh clinICal e\ idcO<.... th) poIen'lon. l3C'h)cardia. \leal.n.:\\l and

biochemical e\ldclll'c lpre-rcnal ul'"a<:mia \llIh a ,igmrOCa11l11K:rCOl-\C

In llll' \Crulll lire:. Jnd a 'mide\' merea...: in ll~ \CnllTl crealininel

\I hich Indicalc \CICrc l'ontruc'ion of til.: ECF \olume:, It i, \lonh

nOllllg thai a \CnlJn 'oOdillll1 COOCCnlr:thon i, a \cr) poor guide 10 the

pre\Cnce, Of "h-ellCC, (If 'odium depktion. Thl' paliem requm'\ bolh

'oIJ(huln .lIld II :ltef a~ a Immel' of urgcnc). In I ie\l of hi,

ga'lmil1tc'lInal ,}mplOm' Ih" \I ill need to hi: gi\en inlr.llcnou,l) a~

a 0.9r.. Iol:wjilllll chluflde 'oI,IUliol1

Case history 8

A, in all L'a,c, uf m':llh,: trallilm the priOrlllC~ are A, 13. C: cn~llre a

palcnl Alrwn), ':INII'C the paliclli i, lIre;llhillg and en.ure thallh.:

palient', ('i!'ClIl:llilm j, 1l11(lCI. The,c arc lh.: ha~k principlc, of

rc\ll'ClWlllln,

I'mm a hilJChcIlllcal point III \ic\I lhe pallCnl h.a~ a dang.:rou,ly

high 'crurn ptna"iulll. Thl' i, dUl' Hl rclca"'l: of pola,~ium from

d;ullagcd 11'~UC' Thl' \I III reqUIre immedimc lreatmcnl \I ith calciulll

(gi\cn 1.\ a, ealclllm chloridc I>f ",llcillOl gluclll1alc ) 10 COOnleraCl

lhl' d;lllgel'< of h) p.::rl.alael1ua, and lh<:n 'lep' llI....'llto be l:ll.en III

IU\lcr the ptll:l\\iulll. Thl' \lilllll\oh.: lhe u<;c ofill~ulin alld gluco~

inlll,ion' III the liN lO,l;lnc.: and II I' Ill.ely lhat such a pallent ma)

require 10 he dial) \Cd The OIh.:r f.:alurc of note: i. lhe 10\1 '>Crulll

bic:lrbonJle ;lnd ,he high \CrulO anion ~ap. From ,he hi\cOC) and lhc'iC

rc,ul" one can ctlnfi\knll) lilah' a diagno..i' of lactic acid,)<.i, due 10

ll"UC h)ptl\l;l. The lrealll~n,of lhe la.;llC a.:i(\(N\ \lill t1cp.::nd uIXm

e'tahh,hmg a \;[1I,fJlClt>r)' ufCulalion and U"UC O\)g.:na'ion

Case history 9

Thl' \loman dl,pla), the feaIU!\..., of .....\.:1\' '<Odium depiction and \hc

h 011'«1 IIl.cl) to hJ\e a Ie" ,<\cre degn:c of ''',It.:rdcplL"tioo. 1llc:

e\ llknee fOf ....J(!1um dl.'ple:lloll " her ~n.""I\e \I ...a .."'-....,. her 1"\'­

renal uracnlla and her h)pot1alraclllm. WhIle her glOl1lCrolar fihr:uioll

rute tu., do..-crea-ed hlT tubular funcllon aJ"PC:If', ':I'i,f3«101) a,

demon~lr.al,-dh} ho:T ahllll) 10 form a conccntr.at.:d urin.: and to

l"OO.....ne her unnc 'Od1ll111 Thl\ \loman ~I\.:d Irmdeqll:l'C

Intru\cllOU' nUl.J Ihcr.aP) po..!-opt:ru\ll d) Her lrealment regllnen

.... a' t"peciall) dcficiclll In -.odium \lhlCh IeoJ to a oonlr.llC'llon of her
ECF and 1111' cau\Cd her '0 dc\cl0p I"\'-renal uraemia. lbe

con'ra.:lion in her rTF \I 111 al'oll hale "lllllllal.:d A \,P -aTCUOO and.



thus, she conserved water and became hyponatraemic. The
contraction in her ECF also stimulated aldosterone secretion which
caused her renal tubules to conserve sodium.

In order to prescribe appropriate fluid therapy for this woman, one
needs to estimate her sodium, potassium and water deficits from. her
fluid balance charts. Particular note must be taken of losses that are
relatively rich in sodium, such as drainage fluid, losses from fistulae,
stomas or by nasogastric aspiration. Insensible water loss and urinary
losses must also be taken into account.

Case history 10

The creatinine clearance is calculated using the formula below where
U is the urine creatinine concentration, V is the urine flow-rate and P

is the plasma or serum creatinine concentration. As there are 1440
minutes in a day this man's urine flow-rate, V = 2160 11440 =

1.5 ml/minute. His urinary creatinine must be in the same units as his
serum creatinine. His urinary creatinine concentration: U =7.5 mmol/l
= 7500 ~mol/l. His serum creatinine: P = 150 ~moi/i. Thus,

UV = 7500 x 1.5 75 ml/minute
P 150

This is low for a young male.
When it was discovered that the urine collection was for

17 hours and not 24 hours his urine flow-rate was recalculated
(2160/1020): V= 2.1 ml/minute.

Recalculating his creatinine clearance:

UV = 7500 x 2. I = 105 ml/minute
P 150

This is in the range one would expect in a young male. One can
see, therefore, how errors in the timing and collection of urine
significantly influence the calculation of the creatinine clearance.
Errors in collection are by far the most common and serious errors
encountered when estimating the creatinine clearance.

Case history 11

It would be unnecessary and even dangerous to attempt to perform a
water deprivation test on this patient. It is worth noting that one can
make a confident diagnosis of cranial diabetes insipidus from the
history and the observation that she was producing large volumes of
urine and complaining of thirst. Her blood glucose level excludes
diabetes mellitus as a cause of her polyuria and her hypematraemia
accounts for her thirst. In normal circumstances a serum sodium
concentration of 150 mmol/I will stimulate AVP production and
cause the urine to be maximally concentrated. This patient's urine is,
therefore, inappropriately dilute. Note that her serum urea is not
increased. This reflects her high urine flow-rate despite her
significant water depletion.

Case history 12

The marked increase in the serum urea with the modest increase in
the serum creatinine would indicate the presence of pre-renal
uraemia. Pyrexial patients are frequently hypercatabolic which will
contribute to his high serum urea. His urine osmolality of 629
mmol/kg would support this, for if his pre-renal uraemia were purely
due to dehydration his urine osmolality would be much higher. His
low serum bicarbonate and high anion gap indicates that he has a
metabolic acidosis. This acidosis will cause the potassium to move
from the intracellular to the extracellular compartment. The reduction
in his glomerular filtration rate results in his inability to maintain a
normal serum potassium in the face of this efflux as both these
factors contribute to his hyperkalaemia.

Case history 13
The serum urea in this case, though high, is relatively low in

comparison to the serum creatinine. This would indicate a low
protein intake. The serum bicarbonate is low indicating the presence
of a metabolic acidosis. However, the anion gap is normal and,
hence, it is unlikely that this patient's [H+] will be grossly abnormal.
The hyperkalaemia, therefore, is likely to be entirely
due to the low glomerular filtration rate with the efflux of
potassium from the intracellular to the extracellular
compartment being of minor importance. The hyponatraemia
in this case would reflect an increase in total body water.
These results clearly indicate that the patient needs to
continue with dialysis. This woman's serum calcium status
should also be assessed. Hypocalcaemia should be excluded
and a high serum alkaline phosphatase would indicate the
presence of metabolic bone disease. Serum PTH concentrations
are a very sensitive method of detecting hypocalcaemia and
metabolic bone disease in patients with renal failure.

Case history 14

The low [H+] and high bicarbonate concentration confirm
that this patient has a metabolic alkalosis. This will have been
caused by his severe vomiting which, in view of the history,
is likely to be due to pyloric stenosis. Ingestion of bicarbonate
would not lead to this degree of metabolic alkalosis though
it will have aggravated the situation. The severe vomiting
has led to dehydration and this is manifested by the presence
of pre-renal uraemia. The hypokalaemia is due to a
combination of potassium loss in the vomitus and the
metabolic alkalosis causing the influx of potassium from
the ECF to the ICF.

The urine results are typical of a patient with dehydration
and metabolic alkalosis due to vomiting. Aldosterone is being
secreted in an attempt to expand his ECF and the patient is
conserving sodium despite his hypernatraemia. The hyperaldos­
teronism is promoting potassium loss despite his hypokalaemia and
the patient has the classical paradoxical acid urine.

Case history 15

The high [W] and PC0
2

confirm the presence of a respiratory
acidosis which, from the history, will have been expected. Note that
the bicarbonate is not abnormally increased, which indicates that this
is an acute development, and renal compensation for the respiratory
acidosis has not had time to have a significant impact on the
respiratory acidosis.

Case history 16

The [H+] is at the upper end of the reference range. The
PCOz is markedly elevated which would indicate the presence
of a respiratory acidosis but the bicarbonate concentration
is also markedly increased as the compensatory response
for the respiratory acidosis. This man has type 2 respiratory
failure.

Case history 17

The dominant feature in this patient's acid-base disorder is an
alkalosis as the [H+l is low. The bicarbonate concentration is in
keeping with the presence of a metabolic alkalosis, which is the
dominant disorder in this case. The PC0

2
is increased which may be

partially due to a compensatory reaction to the alkalosis. However,
the increase in PC0

2
is in excess of that associated with this degree

of alkalosis. The patient had a long-standing history of respiratory
disease.

The P0
2

indicates that the patient is satisfactorily oxygenating her
blood.

l ~
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This patient's hypokalaemia and metabolic alkalosis can be
explained by profound potassium depletion due to the use of diuretics
with an inadequate intake of potassium.The principles of therapy are
potassium supplementation and alteration of her drug regimen to one
that will ameliorate potassium loss, e.g. use of an ACE inhibitor.

Case history 18

By far the most likely diagnosis based on the information given is the
nephrotic syndrome. In the nephrotic syndrome you would expect the
serum albumin to be low and the urinary albumin to be high. The
serum urea and electrolytes are frequently normal. Although the
glomerular basement membrane may be damaged, the glomerular
filtration rate is usually normal in the early stages of the nephrotic
syndrome. Hypercholesterolaemia is a feature of the nephrotic
syndrome. The history of recurrent infections suggests a degree of
immune deficiency. This patient is likely to be losing
immunoglobulin and some of the components of the complement
system in her urine and this could lead to a relative immune
deficiency.

Case history 19

This man is suffering from multiple myeloma. He is one of the
approximately 20% of patients with myeloma that do not have a
paraprotein in the serum but have Bence-Jones proteinuria. His renal
function should be tested and hypercalcaemia should be excluded.

Case history 20

This man is likely to have suffered a myocardial infarction. However,
with the history lasting an hour he may not, at this stage, have
abnormal serum cardiac enzyme levels. One may wish to establish
baseline values for his cardiac enzyme so that any subsequent change
may be quantitated, but there is no definitive indication for doing
biochemical investigations on this man.

Case history 21

Metastatic breast carcinoma is the most likely diagnosis in this case.
The liver function tests indicate that there is little hepatocellular
damage present and that bilirubin excretion is normal. These
findings, however, do not exclude the possibility of hepatic
metastasis, giving rise to localized areas of intrahepatic obstruction.
If this were so, then the /GT would also be increased. A normal
serum calcium does not exclude the possibility of bone metastasis,
which is another source of the high alkaline phosphatase activity.
This would be detected by doing alkaline phosphatase isoenzyme
studies. A third possibility is that there may be a local recurrence
with the tumour itself producing alkaline phosphatase, though this
would be very unlikely. A bone scan would be very helpful in this
case.

Case history 22

In this case, by far the most likely diagnosis is carcinoma of the head
of the pancreas obstructing the common bile duct. This, classically,
gives rise to severe, painless, deep jaundice which is in keeping with
a bilirubin of 250 llmol/l. This is uncomplicated obstructive jaundice
which is characterized by an alkaline phosphatase activity that is
more than three times the upper limit of the reference range. The
aspartate and alanine aminotransferase activities do not indicate
severe hepatocellular damage. By far the most important further
investigations to be performed on this patient would be to image the
structures in the vicinity of the head of the pancreas and the common
bile duct looking for the cause of the obstruction. This could be done
by ultrasound or radiology.

Case history 23
The most striking features of these results are the marked increase
in the aspartate and alanine aminotransferase activities. These
indicate the presence of acute hepatocellular damage. The bilirubin
is increased and there is a degree of cholestasis as indicated by the
increase in the serum alkaline phosphatase activity. As the increase
in alkaline phosphatase is less than twice the upper limit of the
reference range, cholestasis is unlikely to be the dominant cause of
the jaundice. The increase in the /GT is to be expected as this
enzyme is increased in many forms of liver disease.

By ~ar the most likely diagnosis in this case is that the woman
has acute viral hepatitis.

Case history 24
(i) This man has diabetes mellitus confirmed by the presence of a

fasting venous plasma glucose greater than 8.0 mmol/I and a
two-hour glucose value in excess of II mmol/l.

(ii) Though this woman has a satisfactory fasting venous plasma
glucose, she does have diabetes mellitus as her two-hour
glucose is greater than 11.0 mmol/l.

(iii) This man does not have diabetes mellitus but he does have
impaired glucose tolerance, as is demonstrated by his fasting
and two-hour glucose levels.

(iv) This woman has impaired glucose tolerance.

Case history 25
By far the most likely diagnosis in this case is diabetic
ketoacidosis. This may be precipitated by a number of conditions,
such as infection. This may have caused anorexia and, thus, the
patient may have omitted to take her insulin. Trauma can increase a
patient's requirement for insulin but there is nothing to suggest that
in this case. The blood glucose can be checked at the bedside as
can a specimen of urine for the presence or absence of ketones. The
laboratory tests which may be requested are urea and electrolytes to
assess renal function, the presence or absence of hyperkalaemia and
the serum sodium concentration. The patient's acid-base status
should be assessed to quantitate the severity of the acidosis present,
and the blood glucose should be accurately measured. These will
influence the patient's treatment. It is essential in cases such as this
that samples of blood and urine and, if appropriate, sputum are sent
to the microbiological laboratory to look for the presence of
infection.

Case history 26
Nocturnal hypoglycaemia is the most likely cause of this woman's
symptoms. The diagnosis can be made by measuring her blood
glucose while she is symptomatic. However, this can be distressing
to patients and not always feasible. Indirect evidence of nocturnal
hypoglycaemia may be obtained by measuring her urinary
catecholamine excretion or urinary cortisol excretion overnight. A
further clue may be obtained if the woman's glycated haemoglobin
level indicates good diabetic control in the face of hyperglycaemia
during the day. In many such cases a diagnosis of nocturnal
hypoglycaemia is inferred if the symptoms are relieved by
changing the insulin regimen or getting the patient to eat more food
before she retires at night.

Case history 27
As renal failure is the most common cause of hypocalcaemia, her
serum urea and electrolytes should be measured. Unsuspected renal
failure is unlikely as her serum phosphate is normal. Her plasma
PTH should be measured and if high (appropriate to the low
calcium) then vitamin 0 deficiency is the most likely diagnosis,



and the cause should be sought. An increased serum alkaline
phosphatase would be compatible with vitamin D deficiency. The
bone pain is due to the underlying osteomalacia.

A low PTH would indicate hypoparathyroidism. Other causes of
hypocalcaemia would be unlikely in this case.

Case history 28

The two most likely diagnoses in this case are primary
hyperparathyroidism and hypercalcaemia of malignancy. The most
important biochemical investigation to be performed at this stage
would be a plasma PTH measurement, which will be high in primary
hyperparathyroidism and suppressed in hypercalcaemia of
malignancy. In patients with hypercalcaemia of malignancy, the
underlying disease is usually detectable by a careful clinical history
and examination. There are however notable exceptions, multiple
myeloma being one, and therefore a sample of serum and urine
should be sent for protein electrophoresis to see if a paraprotein band
can be identified. A blanket request for tumour markers such as CEA
or AFP should not be requested unless there is a clear clinical
indication for doing so. The patient's alkaline phosphatase activity
should be measured and alkaline phosphatase isoenzyme studies may
be indicated, especially if the plasma PTH concentration is
suppressed.

The patient shows evidence of dehydration and has severe
hypercalcaemia which should be treated by rehydration in the first
instance.

Case history 29

Though this patient is hypocalcaemic, in view of the
hypomagnasaemia one would expect the PTH to be suppressed.

This patient needs magnesium supplements. As magnesium salts
cause diarrhoea they need to be given parenterally, especially in this
case where there is established diarrhoea and malabsorption. It is
likely that once the patient is magnesium replete, her original Vitamin
D and calcium supplements will be sufficient to maintain her in a
normocalcaemic state.

Case history 30

As Paget's disease can be considered a disorder of bone remodelling,
the serum alkaline phosphatase, which is a good marker of osteo­
blastic activity, can be used to monitor the disease activity. It cannot,
however, be used to demonstrate the involvement of a specific bone
or deformity; this has to be done radiologically. If a patient is being
given a bisphosphonate it is important to monitor the serum calcium,
as hypocalcaemia is a well-recognized side-effect of these drugs.

Case history 31

CASE HISTORY COMMENTS

pre-operatively to facilitate the surgical removal of the tumour.

Case history 32

There are many causes of short stature but in view of the
documented fall off in the patient's growth rate over the past year
and his delayed bone age, growth hormone deficiency is highly
likely. The measure-ment of random blood growth hormone
levels are unhelpful as one frequently gets false positive and
false negative results with this test. Urinary growth hormone
measurements appear to offer a useful screening test for
physiological growth hormone assessment. However, the
standard test for diagnosing growth hormone insufficiency
remains the insulin stress test. This is a potentially dangerous test
and should, therefore, only be performed in centres with
specialist expertise in paediatric endocrinology.

Case history 33

This patient has a high serum T. because the oestrogen
component of hormone replacement therapy stimulates the
synthesis of thyroxine-binding globulin. Thus, to maintain a
normal level of the physiologically active Free T

4
the total serum

T. needs to be increased.

By far the most important investigation for this woman is a
fine-needle aspiration biopsy of the thyroid nodule. Frequently,
cystic lesions will be drained by this procedure and may not
recur. It is important, however, that adequate thyroid epithelium
be obtained to enable the diagnosis of thyroid cancer to be
excluded or confirmed.

Case history 34

As the TSH is approximately 20 times the upper limit of the
reference range and the serum T. is significantly decreased, this
woman has severe hypothyroidism. Skeletal and cardiac muscles
are involved in the hypothyroid process, causing the release of
creatine kinase into the circulation. This, combined with a
decrease in the catabolic rate of creatine kinase, will be sufficient
to cause the creatine kinase to increase to the levels observed in
this case. The aspartate aminotransferase is at the upper end of
the reference range and this will fall along with the creatine
kinase and cholesterol after a few weeks treatment with
thyroxine. In view of the evidence of myocardial ischaemia
it is prudent to proceed cautiously in this case with a
low dose of thyroxine and gradually increase it in a step-wise
manner.

Case history 35

It is likely that this patient has suffered a relapse of her
The history and presentation indicate hypopituitarism. This causes an thyrotoxicosis. This may not yet be clinically manifest, though
increase in insulin sensitivity due to the relative deficiency of one would expect a patient with a fully suppressed TSH and a T.
glucocorticoids and growth hormone. It was correct, therefore, to use in excess of 200 nmol/l to be symptomatic.
a lower dose of insulin.

If the woman is pregnant or taking an oral contraceptive
In view of this man's marked increase in prolactin, which does not

which contains a large amount of oestrogen this may cause an
change significantly during the combined anterior pituitary function

increase in her serum thyroxine-binding globulin sufficient to
test, one can make a diagnosis of prolactinoma.

account for a serum T
4

of 210 nmol/l in a euthyroid woman. The
The hypoglycaemic stress induced in this patient did not cause the TSH frequently remains fully suppressed in patients who are

expected rise in serum cortisol. It is essential, therefore, that he is recovering from thyrotoxicosis when thyroid-stimulating
commenced on cortisol replacement before surgery. His low T4 com- immunoglobulins will contribute to the stimulation of the thyroid
bined with the abnormal response in his TSH (i.e., the 60 min level gland in addition to the patient's endogenous TSH production.
being greater than the 30 min level) would support a diagnosis of If there is a doubt about the diagnosis of a relapse of her
secondary hypothyroidism. He should therefore also be commenced thyrotoxicosis, a serum T

J
or Free T. may be helpful in making

on thyroxine replacement. As prolactinomas frequently shrink drama- the diagnosis. Both would be increased if she has suffered al ti.c.al.ly_in_re.s.p.o.n.se_tO_b.ro.m_o.cr.i.p.ti.n_eh.e.m••aY_b.e.t.re.a.te.d_W.it.h.t.h.iS••dr.u.
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Case history 36

Whenever one encounters the combination of hyponatraemia with
hyperkalaemia, adrenocortical failure must be suspected. There is a
modest increase in the serum creatinine with a normal serum urea
which is not typical of Addison's disease. In adrenal failure the
patient usually has pre-renal ureamia which causes the serum urea to
rise more than the creatinine. The low serum bicarbonate is a feature
of adrenal failure.

It is essential that a Synacthen test is performed in this patient to
exclude or confirm the diagnosis of adrenal failure. As the patient has
severe skeletal muscle pain the creatine kinase should be measured as
the hyperkalaemia may be due to potassium released from damaged
muscle. If rhabdomyolysis were detected, it would be important to
monitor renal function and calcium status carefully.

Case history 37

This presentation is classical of acute adrenal failure with
characteristic symptoms, physical findings and electrolyte pattern.
The diagnosis is confirmed by the Synacthen test.

On presentation, this woman was sodium depleted with pre-renal
uraemia. As her ECF was expanded with 0.9% sodium chloride, this
improved her glomerular filtration rate which is sufficient, even in the
absence of aldosterone, to correct the hyperkalaemia by increasing her
urinary potassium excretion. The reduction in this patient's blood
volume will stimulate vasopressin secretion, giving rise to the
hyponatraemia. The sodium chloride infusion by restoring her blood
volume will inhibit AVP secretion, enabling her to correct the
hyponatraemia.

Case history 38

Cushing's syndrome is the most likely diagnosis in this case. One can
be confident of the diagnosis in view of the increased urinary
cortisol:creatinine ratio, the absent diurnal rhythm, failure to suppress
with low-dose dexamethasone and the failure of the insulin-induced
hypoglycaemia to stimulate cortisol secretion.

Establishing a diagnosis of Cushing's syndrome is insufficient as
it is essential to discover the underlying cause to enable the correct
treatment to be given. This patient should have a high-dose
dexamethasone suppression test with serum cortisol and ACTH being
measured. Suppression of the cortisol would point to the pituitary­
dependent Cushing's syndrome as would an abnormally increased
ACTH concentration. An adenoma should be actively sought in her
pituitary and adrenal glands by CT or MRI scanning. If her ACTH is
abnormally increased she may undergo selective venous catheterisa­
tion to locate the source which may be due to a carcinoid tumour of
the lung.

Case history 39
This clinical presentation combined with the biochemical findings of
increased LH and testosterone are typical of the polycystic ovarian
syndrome. Ultrasound examination of her ovaries would confirm the
diagnosis.

Case history 40
An accurate measurement of height and serial measurements of
weight are the most important means of monitoring the nutritional
progress of such a patient. Patients are at risk of developing
micronutrient deficiency if they experience difficulty in swallowing
and, as a consequence, alter their diet to one which may be deficient
in one or more components. For example, fresh fruit and vegetables
may be sacrificed in favour of highly processed foods, thus causing
vitamin C deficiency. Another alternative that has to be considered in

these patients is that because of the relentless, incurable, nature of
their disease they may ingest excessive amounts of vitamin and trace
element supplements in the vain attempt to halt the progression of
their disease. A careful dietary assessment should be made in this
man and, if suspected, vitamin or trace element deficiencies or
excesses tested for biochemically.

Case history 41
Measuring the serum vitamin B

12
concentration is inappropriate in

patients on parenteral treatment. A routine blood count is much more
appropriate. In a patient with pernicious anaemia feeling 'run down',
hypothyroidism should also be suspected and thyroid function
assessed. The incidence of carcinoma of the stomach is increased
among patients with pernicious anaemia and this diagnosis should
also be borne in mind.

Case history 42

This patient has insufficient small bowel to enable him to be fed
enterally. He will, therefore, require long-term parenteral nutrition. It
is important that he is encouraged to take some oral fluids and
nutrients to maintain the integrity of his remaining bowel.

The caloric and nitrogen requirements to restore and maintain his
skeletal muscle and body mass should be assessed. It is important to
assess his baseline micronutrient status so that any deficiencies can be
corrected. As he will receive the bulk of his nutrition parenterally in
the future, his micronutrient status will need to be monitored. Once he
is stable this should be formally checked at six-monthly intervals
along with his weight, skin-fold thickness and skeletal muscle mass.

Case history 43

In a patient such as this in ITU the biochemical measurements that
are most frequently helpful are:
• serum urea and electrolytes to monitor renal function and serum

potassium as he may become hyperkalaemic as a result of tissue
damage

• pulse oximetry to assess tissue oxygenation
• blood gas analysis and plasma lactate to detect and quantify

acid-base disorders that may arise
• serum muscle enzymes such as CK may help detect a

compartment syndrome or monitor rhabdomyolysis.

Case history 44

Recurrence or metastatic spread of the breast cancer would need to be
excluded in this woman by imaging her liver and skeleton. Alkaline
phosphatase isoenzyme studies should be performed. However, if the
increase is due to an increased bone activity, this does not necessarily
represent metastatic spread of the tumour. In view of the history and
symptoms, osteomalacia due to malnutrition or malabsorption may be
the reason. If the patient has malabsorption or malnutrition she may
have a macrocytic anaemia due to folate or B

12
deficiency and may

be deficient in other micronutrients such as zinc and other vitamins.
Malabsorption is often difficult to detect clinically and she should
undergo tests of malabsorption such as faecal fat measurement.

Case history 45

This patient has the classic symptoms and signs of iron deficiency
anaemia. The finding of a low serum ferritin with a low serum iron
and per cent transferrin saturation are typical of this condition.
However, if iron deficiency anaemia is suspected, the most important
and usually the only investigation required is to demonstrate the
presence of a hypochromic microcytic anaemia by examining the
blood film.

a



Case history 46

The finding of a high liver copper concentration would indicate that
the patient died from Wilson's disease which is an autosomal
recessive disorder. The patient's sister (and brothers if any) should be
screened for Wilson's disease. Serum copper, caeruloplasmin and
urinary copper excretion may indicate if she also has the disease. A
liver biopsy may be indicated to confinn the diagnosis and allow
treatment to be initiated. DNA analysis is becoming available to
assist in the diagnosis.

Case history 47
This patient has symptoms of digoxin toxicity. This is in keeping
with the plasma digoxin concentration which is high though
such levels are not always a reliable means of detecting
digoxin toxicity as its action is influenced by other factors
such as the [H+] and serum potassium concentration. This patient
had developed pre-renal uraemia which resulted in a
decrease in her digoxin excretion and, as a result, she developed
digoxin toxicity on a dose that had previously been appropriate
in her case.

Case history 48

These results would indicate that the man has taken an overdose
of salicylate. The plasma salicylate of 4.6 mmol/l will
contribute to his relatively high anion gap of 18 mmol/l.
Salicylate poisoning is associated with a metabolic acidosis
and a respiratory alkalosis due to the direct effect of salicylate
on the respiratory centre. The [H+] and PC0

2
indicate that the

respiratory alkalosis is dominant at this stage in the patient.
In all cases of salicylate overdose the plasma paracetamol

should also be measured as many proprietary analgesics
contain aspirin and paracetamol. In the early stages of
paracetamol poisoning, when treatment is effective, patients
will not display any specific signs or symptoms.

Case history 49

Many imported cosmetic agents contain lead. Not infrequently
children will ingest these agents accidentally and may develop lead
poisoning. It is, therefore, appropriate to measure the whole blood
lead and erythrocyte protoporphyrin levels.

Case history 50

A high serum )'GT is not diagnostic of alcohol abuse. )'GT is induced
by a number of enzyme-inducing agents such as
phenytoin and phenobarbitone which this boy was taking.
Currently, there is no biochemical test to confirm alcohol abuse.
However, the combination of an increased serum )'GT
and urate with a macrocytosis is strongly suggestive of alcohol
abuse.

The alkaline phosphatase of 520 U/I is entirely appropriate for a
teenager during his pubertal growth spurt. It should not be taken as
indicative of liver disease.

Case history 51

Hypoglycaemia is by far the most common cause of acute coma
in insulin-dependent diabetics. It is essential that this
patient's blood glucose be measured and, if hypoglycaemic,
he should be given glucose. It is possible that the combination of
hypoglycaemia, with or without alcohol intoxication,
may have caused him to have an accident which could result
in a head injury causing his coma. Thus, in addition to
monitoring his vital signs and grading his coma, it is essential
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to look for any superficial or neurological signs suggestive of head
injury. It is essential that this be done even if he is demonstrated to
be hypoglycaemic and rapidly recovers when given glucose, as the
complications of a head injury such as a subdural haematoma may
not be immediately apparent.

Case history 52

This boy's calculated osmolality is approximately 206 mmol/kg.
Thus, the osmolal gap is approximately 76 mmol/lkg. This has
arisen because of his severe hyperlipidaemia which has caused
pseudohyponatraemia. In severe hyperlipidaemia the plasma water
concentration is decreased due to the abnormally high contribution
of the lipoproteins to the plasma volume. As a result, the
concentration of sodium per litre of serum is decreased as the
sodium is not present in the lipoproteins but will have a normal
concentration in the serum water.

Severe hypertriglyceridaemia in a child may be caused by a
decrease in lipoprotein lipase activity. This may result from genetic
defects in the enzyme itself or in the enzyme's cofactor,
apolipoprotein ClIo Lipoprotein lipase is essential for the normal
catabolism of chylomicrons and VLDL.

Case history 53

This man has diabetes mellitus which is the most likely cause of his
hyperlipidaemia. His )'GT is high which may be due to the presence
of a fatty liver, a common finding in non-insulin dependent
diabetics on presentation. The high )'GT may also be due to a high
alcohol intake which may contribute to his hypertension. However,
the combination of diabetes mellitus with central obesity and
hypertension would suggest insulin resistance or the so-called
Syndrome X.

Details of his family history with respect to coronary heart
disease should be obtained. Palmar or tuberous xanthomas should be
looked for and, if present, would suggest Type III hyperlipidaemia.
His Apo E genotype should then be established.

This patient should be treated by dietary measures. Particular
attention should be paid to his alcohol intake. Liver disease should
be excluded as its presence would preclude the use of metformin
which would be an appropriate drug to treat his diabetes, or the use
of fibric acid derivatives to treat his hyperlipidaemia.

Case history 54

Though the plasma cholesterol level is not significantly altered in
non-fasting blood samples, this woman's hypercholesterolaemia
should be confirmed on a fasting plasma sample in which her
triglyceride and HDL cholesterol should also be measured.
Secondary causes of hyperlipidaemia such as hypothyroidism and
diabetes mellitus should be excluded. If her plasma triglyceride is
normal and she has primary hypercholesterolaemia, a likely
diagnosis is familial hypercholesterolaemia (FH).

If FH is diagnosed, her children and other members of her family
should be screened for the condition. Treatment is based on diet
which, in patients with FH, almost invariably needs to be combined
with cholesterol-lowering drugs such as the HMG CoA reductase
inhibitors and/or the bile acid sequestrant resins.

Case history 55
This man is most likely to have essential hypertension, but it is
important to consider other secondary causes especially in a
relatively young patient. Acromegaly and phaeochromocytoma may
present with the combination of hypertension, excessive sweating
and glycosuria. Once considered, the signs and symptoms of
acromegaly are usually readily recognized. However,
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phaeochromocytoma may not have any symptoms or signs suggestive
of the diagnosis apart from the episodic nature of the sweating. The
patient's fundi should be checked for any evidence of malignant
hypertension.

In suspected phaeochromocytoma, urinary catecholamines or their
metabolites should be measured. If the patient does not experience
symptoms during the period of collection these tests may be normal.
Hyperglycaemia and hypercalcaemia are other recognized conse­
quences of excessive catecholamine secretion in patients with
phaeochromocytomas. If a phaeochromocytoma is diagnosed then the
possibility of familial disease should be considered and family
members screened.

Case history 56

In males at this age, the most likely diagnosis is Cushing's syndrome
due to carcinoma of the lung with ectopic ACTH production. As this
disease is usually very aggressive, patients tend to develop florid
metabolic features of the disease compared with the physical signs
which may be minimal. His serum urea and electrolytes indicate that
he has developed profound hypokalaemic alkalosis and glucose
intolerance. These can all be attributed to hypercortisolism. Cortisol
will also cause muscle wasting which, combined with hypokalaemia,
will lead to weakness. The nocturia and polyuria can cause profound
potassium depletion.

Cushing's syndrome should be confirmed by measuring his
urinary cortisol output or demonstrating an increased serum cortisol in
the early morning and late evening with the absence of the normal
circadian rhythm. His plasma ACTH concentration should be grossly
elevated. In such cases, if carcinoma of the lung is demonstrated
radiologically and/or by bronchoscopy, the diagnosis of ectopic
ACTH production is made without necessarily confirming it
biochemically. Conn's syndrome and other conditions which may give
rise to hypokalaemia with hypernatraemia are much rarer.

frequently patients with acute gout may have a normal serum urate
level. The presence of fever would be compatible with septic
arthritis. The joint should be aspirated and, in addition to looking for
urate crystals which would confirm a diagnosis of gout, some of the
aspirate should be sent for microbiological studies to exclude the
possibility of infection.

Case history 60

The large increase in the CK and LDH relative to the AST and ALT
would indicate that muscle is the major tissue contributing to the
increase in serum enzyme activities. However, muscle does not
contain ALT which comes from the liver. AST and LDH are found in
muscle, liver and erythrocytes. Thus, the tissues which could have
contributed to the serum enzyme activities include muscle (either
skeletal or cardiac), the liver or erythrocytes.

Muscle is the only source of CK and by measuring the isoenzyme
CK-MB one can detennine whether or not cardiac muscle is involved.
If the liver is involved then the serum )'GT should be increased as this
is one of the most sensitive indicators of liver disease. LDH
isoenzyme analysis will help identify erythrocyte damage as a
possible source for some of the LDH and AST activity. In haemolytic
disorders, one would expect a reticulocytosis and intravascular
haemolysis will lead to a low serum haptoglobin level. These
investigations will help identify whether or not erythrocytes have
contributed to the serum enzymes.

Case history 61

Family tree

q ,

Case history 57

Though he is not clinically jaundiced the high alkaline phosphatase
and )'GT with modest increases in the AST and ALT would suggest
cholestasis. This may be due to liver cirrhosis or malignant disease
affecting the liver, both of which would be likely diagnoses in this
case.

An AFP level may be helpful as it is a good tumour marker for
hepatocellular carcinoma which is also a likely diagnosis in this case.
In Western society, alcohol-induced cirrhosis of the liver is the most
common predisposing factor to the development of hepatocellular
carcinoma.

? ?

Case history 58

The patient's plasma PTH should be measured and, if increased, a
diagnosis of primary hyperparathyroidism can be made. However,
hyperparathyroidism with a serum calcium of 2.8 mmol/l is usually
asymptomatic and thus another cause for his hypertension, headaches
and anxiety should be sought. If the symptoms were episodic this
would suggest the possibility of a phaeochromocytoma which is
associated with hyperparathyroidism in families with MEN. The
patient should have his urinary catecholamines measured and, if the
diagnosis is made, it is important that other members of his family be
screened for hyperparathyroidism and phaeochromocytoma.

Case history 59

Acute severe pain in the metatarsophalangeal joint is the classic
presentation of gout. The serum urate level is usually high in gout,
but only a minority of patients with hyperuricaemia develop gout and

This child should have a sweat test as it remains the definitive
test to confirm the diagnosis of cystic fibrosis (CF). The concentration
of chloride in sweat is high in cases of CF. It would be appropriate to
perform the same test on his siblings though the test cannot be used to
detect heterozygote carriers. DNA diagnosis of both those with CF
and heterozygous carriers is possible, and such tests may be used if
the sweat test is equivocal in the proband. It can also be used to test
the carrier status of his sibs or for prenatal diagnosis in future
pregnancies. Although over 170 mutations of the CFTR gene have
been described, a single deletion mutation, designated tl.F 508,
accounts for up to 75% of CF in people of North European origin.

Case history 62

This woman should have an amniocentesis performed with bilirubin
being measured in her amniotic fluid. In Rhesus incompatibility the
amniotic fluid bilirubin concentration will rise because of the
destruction of fetal red cells.



*

Case history 63

This woman's signs and symptoms are typical of pre-eclampsia,
which is the most likely diagnosis. The most appropriate side room
test to perform would be to test for albuminuria. Biochemical
investigations that should be performed on this woman are:

• Serum urate, as this is a sensitive indicator for pre-eclampsia.

• Serum urea and electrolytes should be measured as she may be
developing renal failure.

• Serum albumin and liver function tests should be measured to
detect liver disease.

• Glomerular filtration rate should be measured as should urinary
protein excretion to monitor her condition.

Case history 64
No other investigations should be performed but the parents should
be reassured that their daughter does not have congenital
hypothyroidism.

Over 99% of all six-day-old children will have a TSH of <10 mUll
while the majority of patients with congenital hypothyroidism will
have a TSH >100 mUll. Babies with a blood TSH between
15-40 mUll on their first test are considered to have an equivocal
result. If in a second sample a normal result is obtained, as is usually
the case, no further investigation need be made.

Case history 65
This baby's blood gas status should be assessed as she is at risk of
developing the respiratory distress syndrome. In view of her maternal

CASE HISTORY COMMENTS

history, weight and gestational age, she may be hypoglycaemic so her
blood glucose should be measured. Hypocalcaemia is another
possibility that should be considered, so her serum calcium should be
measured.

The total blood volume in neonates is small and could be less than
100 ml in this baby. It is, therefore, very important not to collect too
much blood from neonates as they can become anaemic if a large
number of investigations are performed.

Case history 66
Elderly people living on their own frequently have an inadequate
diet. This is particularly true of men if they are unused to
cooking for themselves. This patient may have a number of
micronutrient deficiencies but, acutely, the most important

would be possible thiamine deficiency. This can be detected by
demonstrating an increase in the percentage activation of

erythrocyte transketolase in vitro by the addition of thiamine
or the measurement of thiamine pyrophosphate in erythrocytes.

These investigations are usually unavailable in the acute
situation and patients are usually treated empirically with
multivitamin preparations. When micronutrient deficiency
is suspected, the diagnosis can only be confirmed if the

appropriate samples are collected before the patient is given
supplements.
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REFERENCE RANGES

The li~l belo", doc.'; nOI include reference ranges for all tc..t~ performed in the clinical biochemi,tr) labor-ltor). and il i ..
provided for guidance onl~' in an~ .... ering the cases and c}(ample~ In this 1xJo1... These reference ranges are in use althe Institute
of Biochemist!). Ro)'allnfinnal). Glasgow. Each clinical biochemistry laboratory 'Will j"ue r.tnges ..pecific for the <.en icc'>
and lesls II pro\;de". {II practice, lll"'ays lUI! Ihe referellce TClIlr.:es of ,Ill' 11IIHlmton IH'ifonlling ,he (eM. These \l'ifI eil!ler be
primetJ 011 Ihl' report Ion" or Il'ilI be readily lImi/able from rhe local IlI!Joraton',

CORE BIOCHEMISTRY

The urea and electrolyte profile (U & E's) liver function tests (LFTs)

ALl AbII'le~

----"'----
......, AST
,-Na' K' CI HC:O, Urea Clealrwle

rrll'!Df------- ,-

135-145 3 ....... 9 95-105 21-28 2.5-8.0 40-130 3-Z2 I"'"
......-.... Calcium group of tests

PCO,
.",

HCO,

"""""
PO,
.",

4 4-56 21-28 12-15 2.2-2.6 0,7-1,4 22-2.6

Alphabelicallist of reference values

280-"' .....
(0700-09 00 II)....,., .....
(2100-2"00 II)
<150 U'I

,,~- 40-130 IlmoUl """"" 275-2951T1l'(1i,\1l
Creal!fWle (unne) i-18 rnrr.olr'24h OsmoIaldy (unne) up to 1-400 Il'IfTlOlfkg
Creavl'llfl& deilrance 80-130 mIJllWI ""'... 200-15lXl1Jld\ (female)
()ogo>;11 (plasma)' o 7-2.5 m'lOlII -- 0.7-14 mmoir1
Fembn l5-JOOIlg!.1 P..."", 3.4--4.9 mn'IOO1
FSH 3-13 UrllolaAar phase PotaSSlUfll(unnej' 40-90 rnrnoV24h

!H8 UIl mid cycle ProgestefOflll > 20 m'dIanm lMJiiion
HO un luleal pIlase P_", 60-500 mUn (females)
1-12U~aOu~men 60-360 mlffi (males)

,.."""" <36 un Pro«u.." tOl&l ""'>'
transpejllldase ()GT) """'.. up to 2.5 rnmolr1

GllJlXI$EI (blood) ".0-5.5 fIJIIOlII '""" 135-1451TVT'Qr1

Growth horrnooe (GH) < IOmUil So6<.m (unne)' 130-250 1TVIlOlI24h

"'" 18-45~(malesl. T"""... 1,(}..J21'11Td'1 (Iemale)

14-32~ (tamales) 11-36 IIIl1Ot1 (male)""""_....... 230-525"' Thyrome(H) 55-144 nmoUI

IUJl'I
ThyroI;l s1lfJlUliltng 0.35-5.0 mUll (adults)

LH 2-15 UIlIolcular phase """""ITSHI <25 rnl.IIt rll1lanlS <15 clays)

22-90 U'I fI'lld C)'de Tr\gt)<:en:ie, !aslIng sIlouId be < 2.51T"f1"d'1

1-19 U'I UeaI phase """"'I'2-12 U'l1lUI1l*! u. 2.5-8.0 IT"fI"d'I
0.7-1.0 rnmot'I

70-300 "'
21-281M"o0111
3-22llmoUl
2.2-2.61M"o0111
95-105 nvnoIt1
~bI<6.5~

AI retelWlOll ranges Io$llld are lot se<t.m measure­
ments In adults ooless oltIef'M5e 5l<l1ed,

Alartltlfl amlf'lOtransfllfllst 3-55 UIl
(All)

"""'"AJl<an pIIosphalast
(ALP)

Aspartate /IrlWlOlfanSferase 12-48 UIl
{,\S~-BIcarbonate

8IlIrubJ1 (1OlaI)
C&Qrn (~led)

""'""Cholesterol, 10lIl

""""'I'"""'"

-~ IS~ 10 COI'llIIder '1ClIOn kna' tatt.
han -....a l1r9IIblpd IfWyIa Ir«MtJIts
_ w ...lllallO .. 0UlSldlI ...WrIts~ be_...........

"The IeIerera RerYaI gryen 15 ill .....11fI9t.
le.. a range 01 Sleady SlaII! pla$mI cWg~
acbe¥ed noc less lha'I6l1oln a/lIIr Nils\: 0fII doM
'fIItUJ wi~.,desr.ItJIe hlIipeUIt tiled dJOUl

S915and~oI~

""-1nIiIfY IIecUtJIyW IiW>glIIS .,...enrit lIS iI pie
t.nieI' p/lySlOlOgICilI cxnilIons aWIde f3'1Ji! 0I1II'8'f
saiIIl.-d~w......aIIOflS ate pos:stie

-~.....
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FLUID AND ELECTROLYTE BALANCE:
Concepts and Vocabulary
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_ S.111i ·lll..l'" ~ . ,~ '" 'ns - ~101 - t·l ue"
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INTRooucnON

Fluid and deenol) Ie b.llancc I') cenlr.llto
the mana~cmcnt of an; p:nicm 1m i:.
~eriou~l} ill. Mc:t"urcmcnl of crum
wdium. p0l3""ium. urea and crealinine.
frequentl) "ith chloride and bicarbonalc.
i.. the ~Icommonl} rcqUC\IOO biochcrn~

ieal prol'ilc and) icld:. a great deal of
infom13tion about a patient''' nuid and
clcctrol)IC "I:tlu" and renal fum:,ion. A
I)pical report i\ ..ho.... n in Figure I.

110\·\ "hould Ihc'>C rcwh!o be inter­
preted-! The) rcprc'Cnl conccn1r.llion\ of
Wine of Ihe major can\liluCnl\ of plasma.
but Ihe rc~ull!> can ani) be di\,Cu..s.ed if
other clinical inform:nion about the
pallcnt i.. :I\ailablc. The clinician need:.
to "now if the patient ha.. 10", nuid or i..
nuid O\crlo.ldcd. That mfomlation can
ani) be obtained b} laking a careful
hi~tory and perfonmng a chnical exami­
nation.

BODY FLUID COMPARTMENTS

---__.. :Il_...__ --""_.. -

Fig 1 Acumulative report torm showIng electrolyte results In I patient with chronic renallailuft.

[

The major body con.. tllUcnt i.. \\ater. An
'Hvcmge' pcr..on. \>0 cighing 70 "g. contains
about 42 litre, of w:lIcr in lotal. The
intracellular lluid comparlment (lCF) is
the VOIUlllC of lluid ill\idc the cell<. (28 I).
and thc e:-;tracellular lluid comparlmcnt
(Een i~ lhat volume or lluid which lic~

OUI.. idc celh (14 I). The ECF can be
further ,undi\ided Into pl:l\m:l (3.5 I)
and i11ler.. titial lluid (10.5 I).

A schematic way of represelltlng fluid
balance i~:1 \>oater tank model which ha,
a partition and an inlet and outlet (Fig.

'''''' E_l1lICeHular IU::I, """",,,.""",
N_' ,~-• '''''"'m.'''.....

,.
I """',, ,.

• . ., #. •

•
FIg 2 Wattt lank model of bocty "uid
tomlMrtments,

2). The inlet 'upply rcpre'enl" flUll!.. ta"cn
orally or by inlravcnou~ infu,ion. while
Ihe oUllet i~ norm:Jlly the urinary lmct.
Insen~iblc loss can he thought of as \ur­
face evaporalion.

Selective I(}s~ of fluid from each of
lhe..e compartmenls ghe.. rise to di .. tincl
,igns and ..ymptom,. Intracellular flUId
loss, for example. calise, cellular dy.. ­
function which is most notably evident
as lethargy. confu~ion and coma. La.." of
blood. an ECF fluid. lead.. to circulmory
collapse. renal shutdown and ..hock. Lo..~
of IOtal body water will c\cntually pro­
duce similar effects. Ilo\>oe\er. the sign..
of fluid depiction arc not ..een ilt lil"\t ,incc
the water 10"'>. albl:it <'ub,tantia1. i, ..pread
acros" bolh ECF and ICF companment'.

Th....... ater tan" model illu..trate~ the
relati \ e \olu mes ofeach ofthe..... compan·
mcnt, and can be u\Cd to help \ i'uali-.e
<.om... of the clinical di'>Order-. of fluid and
elcclrol)t... balance. It i, imponant to real·
ize lhat the asse<,~ment of the HI/IlI11t' of
bod) fluid companmcnts is nOI the un­
denaking ofthc biochemIstry laboralOl).
The patient's slate of h)dration. i.e. lhe
volume of the bcxI) fluid conlpartmenls. i~

~sscd on clinical ground,. The teml
'deh)dration' ,impl) mean, that fluid 10'"
has occurred from body compartment<"
0\ er-h)'drilt ion occur. .... hen fluid accu­
mulates in body t·ompanmcnt ... Figure J

illu'trate~ dehydration and
0\ erhydri.ltion by reference to the Wi.ller
tan" model. When interpreting electro­
lyte rc .. ults it may be useful to con .. truct
Ihj~ 'hiochemi<,(s picture' to visualize
what i, wrong with the p:Jtielll·" fluid
balance and what needs to be done 10
correct it. The principal feature~ of di,­
ordered hydration are shown in Table I.
el inieal a,~essmentsof ..kin turgor. eye­
ball ten, ion and the mucou~ membranes
arc not always reliable. Ageing affects
.."in elasticity and the oral mucou.. mcm­
branes mal appear dr) in paticnts brcilth­
ing lhrough their mouths.

Table 1 The principal clinlcalleaturn of sevent
hydration disorders
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Serllm millo/a/in· = 2 X serum (sQ(/iumJ
(IIImo!AgJ (mmo//l)

This Jim,J/e [on/mla 011/.1' haMs if ,he
urum COlln-/llmliOIl ofurea fl/ul glucost'
are withi" the njerence rallge.~. If either
or both ,Ire abnonnaJly high. lhe concen­
Il>lIion of cither or both (in mmot/l) lJIU~1

be ,Idded in to gi\c the c;llculaled o~mo­

lality. SOl11ctill1e~ lhere i~ an apparenl
diffcrcn~·c between the mea..ured and
calcul,llcd osmolality. Thi", is known
a~ lhe oSlIIo/al gap (p. 17).

Fluid and electrolyte
balance: concepts and
vocabulary

• The body has two maillluid
CIJfIllartrnef1ts. the tllracelular IIuId
and the ewaeellulal IUd

• The ICF IS Iwlce as latge as the ECF
• Waler retentIOn wiI cause an increase

tl the vokme 01 both ECF and ICF
Water loss Idehychbon) wiI~ in a
d9aeased voUne of both ECF and ICF

• Soliu'n IOnS ate the marl ECF canons.
• PoIassu'n IOnS are the IlW'IICF.._

The't'OUnes 01 the ECf and ICF are
eslImaled !rom knowledge of the
pall8nls twsIoIy and by ctncaI
",.,w,,,,'"

• 5enm 0SI'I'lC*tity can be measured
~ 01 caJWated from the sen.m
sodUn. I.I'ea and gb:ose

-.-

the O!>l1lolalil) of .<.erum (and all other
bod) nuid!> el:cepl urine) i\ around
::!85 mmollkg.

O\molaJit) of a ..erum or pla..ma
..ample can be measured directly, or il
ilia} be calculaled if the concentration\
of the major solUle~ are already I..no.... n.
'l1lerc are many formulae u.'>Cd 10 cal­
culalc the serum o~molalilY.Clinicall}.
the simple~ll!>;

Clinical nole

Semipermeable
membrane

,

Concenlrated.. ....
, 2

Fig.4 Osmolalitycha~ and water~ in body nllld compartments. The: O'<IOOI.ihl) in
..hffnenl bod> companmenl~ mu'>! be l:\ju:a.l. Th" I~ a<:hlC'''~ Ii) the rt1O\ClTlt'nl of ",;<jn 3Cllb'

~mjpermcabkmembr~In re-.pon;,c 10) ~,,)f)("Cnlr::allQn dlang~

Bod} tluids ";11) grc:llly In lheir COI11­

l'O'ition. HO\\·e\er..... hile tho.' coneelllr;l­
lion of sub~tance.. ma} \ary in the
different bod} Iluid~. lhe overall number
of ~olute particle ... Ihe osmolnlity. i..
identic;L!. Body eompanmenh arc
..eparaled by ~cmiperl1lcabJc mC11lbrane~

lhrough which water movc~ ca .. ily.
O~mOlic pre"urc nlU~1 alway~ be the
~amc on both ,ide~ of a cell l11clllbr,tne,
and waler mO\e~ to keep the o\lllolniity
the same, even if thi~ w:lIer movement
cause~ccll~ 10 ~hrinl.. orexpand in volumc
(Fig. 4). The o~lIlohllity of the ICF i..
flfwG."s tile WllI/i' {/J tlli' (/,II/lofalil.\' Oft/II'
EeF. The lWO comparlmenb conta,"
i~tonic ..olutlon...

The osmolalily of a ..olution i.. cx­
prcsst."<! in mmol SOIUlC per I..i1ogram of
sohent which is u.'>ually .... aler. In man.

AlIhouj!h biochemical
lesling is imponam III

lhe a~ses.'>menl and managemenl of
:t patlenl .... ilh a fluid and e1cctrol)Ie
disordt"r. il i.. no \Ub~lLlule fOf
keeping :tCcur:ne fluid balan....e
~·hart~. Documenl3.l1on of 3. pmient' ..
nuid intake :tnd OUlpul throughoul
the day gh~ the clinician \aluable
infonnation aboullhe palient'.'> :>l.ate
of h:>'dralion.

of I.... 0 .. anable..: the amount of -.olulc
(e.g. sodium), and the amount of ..ohcnt.
the \olume of .... :ller. A concentration can
change because either or both \ ariablc..
ha\c changed. For e,ample. a !>Odium
concentration of 1-10 mmolllma} bc~"ollle

1)0 mmolll becau ..e the amount of
sodium in the solution ha~ fallen or
bccau!tC the amounl of....aterha.. Incrca'oCd
(see page 6).

OSMOLALITY

•

,

EtccIrOI) tc~ are po,ith ely lmd ncg:uhcly
charged ion.. "hich:lre III ,olution in;tll
bod) nuid~. Sodium (Na') is the principal
eX!l':IcciluJar calion. and pola'sium (K').

the prineilXll inlr.lccllular calion. In,ide
cclh Inc main anion .. arc prolein and
phosphate. "herea, in the ECF chloride
(0 landbicarbonaIC{HCO. lpredominate.

A rcque<'1 for measurement of serum
'electrot) le\' u\ualJy Ilcncr:nes "alu<~s for
!he concentr.l.Iion of <.odiulll and polas­
sium ion... together ""th chloride and bi­
carbonate ion... Sodium ion.. are prc~nt al

ttll: highe'l concentrallon and hence lIIill.e
lhe largest contribution 10 the 100ai pl:c.ma
osmolality (\Ce l:lIer). Although pota:.­
sium ion concenlration.. in lhe ECF arc
,mall compared wuh the high coneenlrn­
lioo<, inside cell... changes in plasma con­
ctntration.~ are \cry imponant and ma}
h:l\c life lhreatenlng C01\'-(.'qucnce., hee
pp. 2::! - :!Jl.

Urea and creal I ninc concentmtion.. are
frequently mca~ured .... ilh thc <,erum elec­
lrot} tc~ and prO' Ide an indicatIOn ofrenal
function. incrca..ed coneenlralion~ in­
dicating a dccrea~d glomerular fj[mt~

lion mtc ('oee PI'. 26 - ::!7).

Remcmber lhal a CQnCenlrnllon i.. a ratio

ELECTROLYTES

,-,

CONCENTRATION

......

.,
Fig- 3 The etIec1 of volume depletion and
l'CIII.me e.IPaJlsion on the water lank model of
body COITlpIlrtmerlll.
(.) Deh>dr:itlt"": kM of fluid In ICf mJ FCF
iJw to 1n..~3.'>Cd unlW) k).,'oC"\

(!))<hcrn)<1r::r.IIOlt: IllCreoL....-d flUid In ICF:m.J
ECF dU!:' I,) Illt:rea...w Inl.u.e.
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WATER AND SODIUM BALANCE

Bod) \\ater and Ihe electrol)lc" II cOnlains are in a stall.' of
constant nux. We drin". \,l,C cat. \\c pa-.s urine and .... t sINcal:
during 311thi, it is Important that \,H' maintain a steady SlatC. A
motorcar".!> petrollanl.. might hold about-l2 lines. <;imilar 10 the
100ai bod)' water conte", of thc :I\crage 70 I..g male. If:2 Iilres
\\ere Iml quickly from thc lank it would hardl) register on thc
fuel mdicator. Ho\\c\cr. if \\c "erc to lo-..e the sante volume
from our imr:a\3..cular companmem \\1: "ould be in -.eriou'o
trouble. We are \ulnernble to ,.-hange,> in our fluid compan~

mcnl~. ::md :I number of important homcmt3tic mechani..rns

C>;l"t to prevent or minimize Ihc'>c, Change'> to the ckclrol)tc
concentration arc abo I..cpt [0 a minimum.

To !>unl'c. multicellular organi..m.. mu;,t maintain their
ECF \olume. Uuman.. depri\ed of nuid:. die after a fe .... da)"',
from circulatOr) eollaP'C a;, a re..ult of the reduction In tht' total
bod) "ater. failure to maintalll ECF \olume.....ith tht' con-.e­
qucnce of impaired blood circulation, rapidl~ kad~ to ti~..ue
dealh due 10 lad. of o:l;ygen and nutrienls. and failure 10

remo\e \\a,11: produch.

WATER
Nonnal "ater balance i.. illu,trated in
Figure I. \I ilia inlalt' largely depend:. on
'iOCial habib and i~ \1.'1)' \anable, Some
people drinl Ie.... than half a hIre each
day. and Others may imbibe more than
fhe lilre;, in 2-1 hour:. "lthout harm.
Thir..1 i.. rarel) .In merriding factor in
delemlining imake in Wc;,tem ;,ocictle".

\Vater fOjjes are el/uall) \ :triable and
arc normally ..een :h change;, in the
,olume of urine produced. TIle kidneys
can rc ..pond quiclly to meet the body's
need to get rid of" ater. The urine no\\. rail.'

can \ary widely in .1 \ery "hort time.
Ho....c'er. e\'en "hcn thcre b need to
con ..enl: ""mer. man cannot complctdy
,hut do"n urine produclion. Total body
water remain, rel1larlably con;,tant in
health despite ma"ive fluctuations in

intake. Water e~crctlon b) the lidne) i,
\1.'1)' lighll) controlk-d b) arginmc \aw-­
prc..,in (AVP: al~ called antidiuretic
honnonc. ADU).

The bod) ... :tho continuall) lo.. ing
w:tterthrough the~lin a" peT'>piration. and
from Ihe lung' during re'piralion. Thi.. i..
,'ailed the ·in-.elhible· 10:.... Thi, "aler
los.. i" unregulated and amount.. to be­
t\\.een 5Q0-850 mUda). W"ler may aho
be lost in disea,e from fi .. tulae. or in
diarrhoea. or becau ..e of prolonged
\omiting.

AVP AND THE REGULATION
OF OSMOLALITY

Speci<ll ized ccII, in the hypothalalllu, 'l~n'>C

difference' be1\\ccn their immcellular

o..molalit) and that of the e~tracellular

fluid. and adju"t the ;,(.--crelion of AVP
from the po<;terior pituita!) gland. A
ri,ing o:.molalil) promole~ the secretion
of AVP. 3 dt'dining Q<;lllolality <;\\. ilche,
the ~retion off (Fig. 2). AVP cause<;
.... ater 10 be retained b) the lidne) s. Fluid
depmation re~ult" in the stimulation of
endogenou~ AVP ;,ccretion \\.hich
reduce" the urine 00" rale 10 3" lillie a;,
0.5 ml/min in order 10 consene body
watcr. Ilowc\l:r. \\ ithin an hour of drinl­
ing 2 lilre" of "ater. Ihc urinc no.... mle
may ri ..e to 15 mllmin as AVPsccrclion i..
..hut 1.10\\ n. Thu". by rcgululing water
e.~crelion or retention, AVP maintain-.
normal electrolyte concentration .. within
the oody.

••

0 0 " S, (0 •
Hypothalamus

H,o
PosterlOf
p1tullary

AVPRenal 101_
0.5-15m11rTWl

""""-05- <10 IiInlsIdey

Sweat
Respinltion---500-850mltday

H,o
Fig 2 The regulation of water balance by AVP alld osmolality.

Body dlltrlbutlon
<l2lnres

IntentJt1l,I

Pluma

'CF

Water Intake
0.5-5 hIres/day

.. '"
Ftg 1 NotmII wattl' bllInce,

SODIUM
1lle total bod) sodium oflbe a\erage 70
19 man is approximatel) 3700 mmol, of
"hich approl(imatel) 7Sq- i... e>;change­
able (Fig. 3). A quanerofthe body sodium
is temled non-exchangcable \\. hich means

It is incorporated into li ..~ue .. weh a~

bone and hOi" a ;,Io\\. tumo\er rate. Mo.. t
of the e:l;changeable "Odium i.. in the
e>;trxel1ular nuid. In the ECF. "hleh
comprises both Ihe plasma and Ihe

inter;titial fluid. the sodium eoncemralion
i.. lightl) regulated around 140 mmolll.

SmJillm i,,1(JI,.~ i ... \ ariable. a range of
Ie,;, than 100 mmolJday to more Ihan 300
mmolJda) being encoumen:d in We;,tem
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Naloss io response 10
if\Creased blood pressure

"'&~(ffftff

Na reteolion io reapoose
to fslliog blood pressure

Sweat
-5mmoVday

Sodium Inuke Body dl.lrlbu11on
"'l00->300mmol.'day 3700nvnol

~5mmoVday

10 faeces

I ECF 75% I

Fig 3 Normal sodium balance. Fig 4 The regulation 01 sodium balance by aldoslerone.

'\OCi~lie!>. In health. 10lal body '>Odium
doe, nOi change even if inlakc falb 10 a"
Iiltle a., 5 nunoUda) or i!> greatcr than 750
mmol/da).

~1tlilllll fossl'S are JU~I as \ariable. In
praclical tenns. urinal') 'iOdiurn co;crction
IlUlChc) !>Odium inlake. MO'>l MXIium ex­
ettll()fl i, \ia Ihe kidneys. Some )()(Jium i,>
10<;1 in ...... eat (approo;im:udy 5 mmoU
day) and In the faece!> (approximalel)
5mmol/day).lndisea;,e Ihcga<;lrolnle..tinal
troct ., often Ihe major rome of \Odium
I~~.Thi.. i.. a very imponanldinical poim.
e~pccially in paediatric pr.lclice. a.. infan­
tile diarrhoea may re'ult in dealh from ..all
and watcr depletion.

Urinary ..odium OUlput i:. regulatcd hy
two hormone..:

• aldo .. teronc
• alrial n:llriurelic peptide.

Aldosterone
Ald<hlerone decrea..es urimlry ..odium
eo;creuon by increa!>ing ..odium re­
absorplion in Ihe renal tubule, al the
npcnsc of potas,>ium and hydrogen ion...
Aldo.. terone also J>timulate....odium
con!rCl"\alion by lhe ...... eal glands and lhe

Case history 4

A man i<; Ir.JPpcd in a col1ap<,ed
buildingafteran eanhquake.liehas
!>u,>tained noscrious injuries or blood
10'>'>. He has no access 10 food or
wn!erunlil heis rescucd after12 hI'.

• What will have h3ppcned to his
hody lluid cOllIpanmcnls?

CmTllllent 011 page 152.

mucmal cells of the colon. but in nonnal
circum!>tancc\ the..e effect!l are trivial. A
major J>timulus to aldlhterone '>Cerelion is
lhe \olume of the ECF. Specialized cells
in lhe juxtaglomerular apparatu!l of lhe
nephron J>enscdecrea\eS in blood pressure
and !lecrete renm. lhe fir<;1 slep in a
sequence of C\Cnb .... hich lead!> to lhe
secretion ofaldmterone by the glomeru lar
zone of the adrenal cone'( (Fig. 4).

Atrial natriuretic peptide
Atrial natriuretic pepllde 1\ a polypeptide
hormone predominantly secreled by lhe
cardiocytes ofIhe righ Iatrium ofthe hean.
11 increil"cs urinary ..odiul11 excretion. The
physiological role. if any. Oflhis hormone
is unclear. but it probably only plays a
minorroh: in lhe regulation ofECF volume
3nd sodium conCenlr:llion. To dale no
dise3:.e ,late C:1lI be altributed lOa primary
di~rder in lhe ~cretionof3tri31 n31riurctic
peplide.

REGULATION OF VOLUME

It is imponantlo realize that .... ater will
onl) remain in the eo;tracellular comp3n­
mcnt if it is held there by theoslllOlicefTect
of ions. As Mxhurn (and accolllpany.ing
:llIioO'>. mainly chloridc) are largely
restricled 10 thcextracellularcompanment.

Clinical note

A~scs~mcm of the
\'olurnc\ of body fluid

companment~ i~ nOl carricd alIt in
the clinical biochcnll~try labor:ltory.
This 1Il".'>t ~ done clioicLllly by
histol) takiog and C~:IIlIioaiion.

the mllOllll/ of sodium in the Eel'
determine h3t the ,'olume of Ihe
cOlllpanment 11l be. Thi!> i:.an imponam
conccpt.

Aldo\lerone and A VP inleract to
maintain nonnal \olume and concenlr.l­
lion of the ECF. Con:.ider a patient \\ ho
ha!> been \ omiling and h..... diarrhoea from
a ga"troinleO)linal infection. With no in­
take the p:llicnI become:. nuid deplell...d.
Water 3nd ;,odium ha\'c been 10..1. Be­
cause Ihe ECF\olumc is 10..... aldo\leronc
.'>ecrction i, high. Thu:.. a:. thc patient
begin,> 10 take fluid, orally. any 'all
ingestcd is maximally retaincd. A, thi ..
rJi,c!> the ECF o~lIlolalily. AVP aclion
Ihen ensure'> lhal W3ler i~ retained too.
Thu~. Llldo!>tcrone and A VP inleraction
conlinuc!> until ECF fluid volume and
cornpo!>ition returtl 10 nomlal.

Water and sodium
balance

• Water IS lost 110m lhe body as ume and
as obltgatory 'nsensi:'!'1osses lttlm
lhe sm -.:I Ulgs.

• So:i..m maybe JoslI1om the body III

proior'lQed 'IOITIlng, IiaJrOOea and--• Argrw1e vasopressll'1 (AVP) ~tes
renal water loss and ItIus causes

changes in It1e osmoIaity 01 body IUd

""""--• Aklosterone regulates Ienal sodiool
loss and controlS the sodium conlent 0'
tile ECF,

• Changes in sodium romeol 01 tile ECF
cause cOaogEls Ifi volume of !hIS

compartment because 0' the combtned
llCtlOflS 01 AVP and aldosterone
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HYPERNATRAEMIA

Fig 1 Hypematraemia is COIMlOl'IIy associated with. contracted ECF YOIume, and less coounonIy with
an e~ncIed cornpartme'nt.
(Il \'oIume-.1'f ECF .II1oJ lCF ;u"(' m!u.:oo.
(b) ECF \olumt j, ,hovon~ III be' ..lIl!htl> "'p3n.ktt ICf ,olulJl(' 1\ oonlUl

Hypcmalracmia i, all inr.:n:;lloC in M:rum
~odlUm concentratIon ;lbml.' the refer­
ence r.lngc of 135 - 1-15 mlnol/I. Before
con,ido.:ring In detail the unpli..-ati<IO' of a
high -.o<lium conecmr.uion in a patient""
-.erum ..pccimcn. dimeal facIO!' .... hu.:h
ma~ h;nc contnbuted to the 1Xl11cn....
eleClfol}lc Ji,turbancc .. hould be
examined. Remember thai the \olume of
bod) fluid cornpanmenl\ i .. a..-.e..~ on
clinical ground... IlOl in lhe labol'3loT).
The follo\Oo IIlg que,tion....hould be :l...led:

• 1\ there c\idcncc that the patIent has
1W,1 nU1d'~

• On clinical c,(;JlIlinalion. i,the \olume of the ECF
n:duced'l

• If there ha;. neen fluid 10..........1' Ihi ... prcdominaml) .... aleL
or both .... :Ilcr and -.odiunf!

• Has lhe p;:niem been gi\en inappropriale fluid Iherap). or
inge'led \Odium ,alh·,'

Onl) \\ hen the::...: que'liorh ha\ e be...naddre\~ i, il po"ible
to Interprel \\helher lhe hypcm:llraemia I' 3.!o,ociated \\ith a
decrca~d ECF \ olume, or:l normal ore\ en cxp:lndcd eompan­
ment (Fig. I), The p:l1iclll·' treatmelll dCI>cnds on this I..no\\ l­
edge.

ASSESSING THE CAUSE OF THE HVPERNATRAEMIA

A p:nil'nt may occomc h)pt:rnatr:lemic bccau~c of:

• \\-:Iter depletion
• \\:ner :lnd ,odium deplclion
• e.~cc,~i\'e ,odiulll intal..c or rctcntiOl1 in the ECF
• \el)' rarely renal failurc Wilh :In inability to excrete ,odiullI.

Water depletion
Water depletion Ill:ly ari,e from :1 dccre:l~ed intake or cxce'"i\e
los~. A decrca...cd .....ater int:ll..c OH:r a period of lime \\ hen
in~n~ible 10........ ' h:l\e t"ontinued Iead~ todecrea'>l:d ECF and ICF
\ olume.... The f:lilurc of inlal..e to malch the in::...:n~ible water lo~,

is lhe C:IU-.c of Ihe h) pemalmcmia. The lotal -.odium wnlenl of
the ECF i, ullt"hanged. This i... the lllO,1 common r"'~hon for
hypcmatraemia. A frequenll)" encountered c~all1ple i~ the elderly
pcr-on \\00 becomes ill and is unable 10 gel something 10 dnnl...

Water IO'>!> re~u1titlg in h) pcmalmcmia call also be caused by
a brcal..do\\ n of Ihe nonnal homeoslalic mechanisms \\ hich
regulale \\:ltcr balance. AVP ..ccrction is impaired in diabele..
in,ipidu,; con..cquemly Ihe rcnallubules do nol consene \\ ater
and h)pemalracmia follo\\~. In addilion. AVP aClion i, com·
promi~ in ncphrogcnicdiabclc~ in.'>ipidu". \\here renallubu·
lar cell~ do nOI re,pond 10 Ihe bonnonc.

Water and sodium depletion
In "llualion, \\ here brnh -.odium ami \\ alerarc 10.'>1 fmm lhe ECF.
h) pcmall'3Cntia \\ ill occuronl} ifmore \\ aterthan '>Odium i.. IO"oI.

An o'lllOtic dlurc\i".:J!'..een In Ihe p:llient \\ llhdiabcle' rncllitu...
causc~ a deficil of bolb \\ater :lOd 'Odium ion, and rna) re"ull
in h}pcmatraemia \\llb decrea:.cd ECF \olumc. E>;cc~..i\c
~\\eatlllgor diarrhoea. e"iX-..... ially III cbildren. may al!>O gi\e Ihi\
plt·ture.

•INa11

(0)

-'~.,

~ NoI' contenI noonaI ~-~:'I ~'''''''""'''''''''HlO decreued H very dac:reas8d •• Hp normal

_l 1 1,-• H,o $Wealtngor N,'

""" doarrhoea on ..,,,.,,,.,,,,""
-,~

......... 1
./U"ne is

maximally
c:onoont,atoo
low vcN~me

!"Rllnal watlllloall,)1 I(Osmolk: dlurllSi~)I Ie Conn's syrnlroma~,
ldlsooles InSIpidUS) (dllibetllS meMus) Cushu'lg's syndromll

~!/Unne may not be
concenuatlld

NOfn'llllor
Increased vdUoml

Fig 2 The causel 01 hypemalraemla.

Lo" of body fluid, bccau"C of \'Omiling. diarrh()(':J or from a
fi'lUla u,uall) re,ull, in II\POIUltrl/l'lIIill rJ.lhcr lhan hypcmalraemia
(pp. 2()"'21). S<xIiulII chloride i, lo,t. bul i.. replaced by \\aler.
rc..ulling in hypon3lraemia.

Increase in sodium content of the ECF
H) pcmatracmia may be a t"on'oCquence of ilKrca~dECF \Od ium
content. The adlllllli,tralion of ..odium bit"arbon:lle for Ihe
eom.'ction of an :"Kido.;i, i, a prJ.ctice" hicb 'hould be performed
"11h caUlion. IIllhe C'l:trcmc .. lluation.. ",hen ..uch themp} i,
OC"Ctkd. It i.. somclimc.. notapprccialed thai bicarbonate <.oIUlion,
may l"Ont:lIn '>O(hum at a concentmtion ~really in e'\cess of the
phy~iological f8..1~ -.odium bicarbonale i.. 1000 mmoVil. ami
admini,tcnng too mU\'h can !,mc n~ 10 h)pematraemia. A Ie"
~'onccntratcd \Olulion (1.16'}. 150 mmolll) is a\ailablc and i..
prefclTCd.

The p3thophy..iolo1,!ical pamllcl 10 the adminislration of
<;Odium i, lbe rare coodillon of prima!) hyperaldosleronism
(Conn·, ..}ndmmel. ",here there i~ clI:ccssi\e aldmlerone
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\ccrelion and con\equenl ~odlum

reh:mion b} the r..:nal tubule.... Similar
finding ... ma} be nude in lhe palicm "Ith
Cu"hlOg· ......}ndrom..:. "here lherc I'"
cxce"" coni",,1 produclion. Coniwl ha...
\lcal mincmlOCOrlicoid acti\ it} .I-Io\lc\cr.
in thc~c twocondilion~ Ihe ~erum ...odium
conccntration rarl'ly ri~c~ abo\e ISO
1III11ul/i.

Urine mmolality and ...odium concen­
lration may ...olllclil11c", be of \aluc in the
differential diagno... i... of h}pcmalTaemia.
In prnt.iice. h}~malra..::mia duc IOCU·C......

'lolXliurn ima\.:c and thaI due to "alcr 10'0'"
\hoold be ca.'>ily dl"tingui\hed from the
patienl· ... c1imcal hj\tory.

The eau"'c't of h}pernalra..::mia arc
.,ummarilcd in Figure ~.

CLINICAL FEATURES

The clinical fcaturc ... ll ...sociated with lhe
hypcrnatr:lcmk' [l:tlicnt are V'lTi:lbk. If
there ha.. been Ouid lu...... then the fealUn.~...
uf dell} dratiOll Illay be pre"clll (p. 11. and
Fig. 3). [n Ihe (';l!>c of ...all gain. there lila)
be indication ... of nuid overload 'ul.:h a...
rai ..cd jugular \..:nou ... prc""ure and
pulmona!} oedema

TREATMENT

H~pcmalraemi.l i... Ie..., common than
h}ponatracmia. bul i... u,"uall} of mU('h
lTlorediniclll.,ignilicancc.1l i.. important
nOilocorrcct hypem:llT'"J.Cmia due to water
lo~,,'oo quickly. Thc patient "hould he
j;ivcn water \~rally if I>o...~ible: ifnot. thcn
5'J dcxtro ...e i... ~i\en iruT:l\"enou... ly (I'll.
2+'-25).

OTHER OSMOLALITY OISORDERS

A high plasma o ..molalily may \OnlClime...
be encountcred for reasons other than
h}pcmauacmia. Cau-.c~ include:

• increa'tl'J urC,1 in renal di<,e,l\e
• hypcrgl)'('ae11li:l III diabetes mcllitu\
• the presenl.:e of elhanol or somc olher

inge~tcd ... ub... tanl.:e.

A large Ji ..crcpancy bel ween the
l\lea.'>ured O'>molalily and thc eakulatcd
o molalily ,.. called Ihe o ... molal gap
( --e p. 13) and \uggc ... I!<o Ihe pr..:: ..cncc ofa
\ignificant conlributor 10 Ihe <hTllolalil}
unal'cQUlIled for III ,he calculalion. In
praelice. thi, I' almo...1 al"a) ... duc 10 the
presence of elhanol in lhe blood Vel)
ocea,>ionall}. ho\\c\er. it ma) be due to

2

Olher substance" ... uch 3.'> methanol or
elh}lenc gl}col from Ihe inge ... tion of
antifrcez.... The calculation oflhc O'ollloial
gap can be clinically \cry u~eful III the
a"'........111ent of com"lo...e palienl.'>.

H}po-O'>nlo1:tlit} i\ "'yllOrtYnlOU'" \\Ith
hyponatr,n:mia hecau ..e ,odium i\ the
only iOIl Ilre ...elll in the ECF in 'ufficicnt
amount 'lich that a decrea ...e in concentra­
tion would ... igllificalllly affect Ihe o ..mo­
lahty.

The con ...equcnee'> of di.,ordered
o,mola1it) an.: due 10 Ihe change... in
\olumc "hil.:h ari-.c a ... ~atcr mo\e.. in or
OUt of cell ... 10 maintain o~molie balance.
iSote thai of Ihe thl'tt c,;ample... abmc.
on I} gluco~c cau",~...... ignilicanl nuid
mo\cmcnl. GlucO'>C cannot freel) enter
cell .... and an incrc;I ... lOg ECF concenlra­
I ion cau'c.. \I al..:rlO mo\ c out ofcell ... and
lead, to inlT:lcelllllar dehydration. Urea
and ethanol permc"te cel].., and do 1101

l.:all"'c ... lIch fluid ... hift ... :1 .. long a.. cOlleen­
tr"tion change... occur ,lowly.

Clinical note

Patient... often bel.:omc
h) pcmatraenlll' 1x'l:J.u~

Ih('} are unahlo.' In compbin of
being Ihi"'). 1l1c eomalO~ patient
i... a good c\;unplc. IIc or ~hc "Ill he
unable lIJ l.:ommUnicale hiv'her
need,. ) ct in-.cn,ihlc lo~sc" of ":lIcr
will continue frolll lungs/~kin and
necd to be replaced.

A 76-)'car-<lld m:1ll wi,h dcpre:.~ion and \cry "C\cre incapacllallng di<;ea-.c wa ...
admincd a.. ;m ;1l,'utecnlcrgcnC}. Ilc W;1'> dinically dch)'dr.llCd. III'" slin was la\ and
hi., lip~ and tonguc \lCn.: dry nnd \hri\clicd looking. Hir, puhe \I a.. 1~/l11in. nnd his
blood pre,sul\.' WlI' 95/65 mmllg. The following biochemic:l! re,ull~ were obtained
on admi",ion:

• Comment on lhe<.e biochemical findings.
• What i~ the diagno-.is?

Comment on IHlge 151_

Hypernatraemia

• Hypemalraenu IS ITIOSl.~
(1Je lD water loss (e,g. becauseol
oontnJing nsensiJIe losses 11~

pa!I8nl 'Rt1o IS ooabIe 10 lhlkl.
• Failure 10 retaln water as a result 0/

I'J'lPlllfed AIJP seoeliOTl Of aclKll'l may
cause hypematraerma.

• Hypematraemla may be 1he resuM of
a loss 01 bOth SOdium and water as a
consequence 01 an OSIIIOlic dillfBSlS
ego in diabelic ~eloaadosls

• ExteSSIVEI sodill1l Jlta~e. parbCularty
from the use o/fltravenous solubcJIs.
maycause hypematraen1la Rarefy.
pmwy hypefaldosteronlsm {Com's
syidomtl may be the cause

• Ahlljl plasma osmoIaily may be lUIto'" jl!eSflflCB 01 gb:ose. Ina or
ethanol. rattler IhatI sodiu'n.

Creatinmc
~lIlI/i1

155

F;g 3 Decreased skin turgor. Thb "Ign i..
lretjucn1l~ unreliable In lhe clJcrl~. "00 ha\c
redllCt'tl ,"Lin Cld"""'l~ In the >oong il":1 ....gn
uf 'oC\en: dch)<1rdu.1fI .. Ilh nuid 10"'" from lhe
ECF

Ure,

22.9

K' Cl HCO
--ml/l(lf!1-------

3.6 132 18162

Case history 5
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HYPONATRAEMIA (1)

Fig. 1 Water tank mooels of hypoNtraemla.
(a) Water retention IhrutJ~hl.l\ll ECI' and lCT (b) Sodium los...

HYPONATRAEMIA WITH WATER
RETENTION

Patien... "ith non-ocdemalous hypo~

natraemia ha\(~ a normal total body
..odium and exhibit the features of the
..o-called ..yndromc of inappropriate
antldiure"l' Ithe SIAD). The palients an:
hyponalraemic. normoten:.i\c. ha\e a
normal glomerular filtration rate and a
normal serum urea and creatllline
concemralion. 1llcir urine flo" rate I'

u,uall) Ie.... than 1.5 Udal .
Thi .. syndrome i.. encoolllered in many

condilion..:

NON.()EDEMATOU$ HYPONATRAEMIA

• inf..,,(·tion... e.g. pneumOllia.
..ubphrenic ab'>Cess

• malignanc). e.g. carcinoma of the
bo"cl or the lung

• lr:tuma. e.g. abdominal surgel)
• drug-induced. e.g. Ihi37jde diuretic\.

chlorpropamide.

Pat ient.. sufferi ng from any ofthe abm e
have non-o.'>lIlotic AVP stimulalion and.
if they are expo<.cd to excessive walo:r
loath. in the foml of oral drinl..~ or llltr.J­
\enou .. gluco~e ~olulion'. they .... ill
become h)ponatraemic.

In health. AVP ~ecretion i~ regulated
hychangcs in lheconccntration of ..odium
in the ECF. AVP concentration fluctuate,
by bet ween 0 and 5 pmol/l and Ihe..e
..mall change.. in honnonc concentration
regulale water reab..orption in Ihe kidney
lubuk.. 'lILd. hence. urine flow. Howcver.
non-mmotic "timuli call cau"c huge
increa~es in AVP concentration of up to
500 pmol/1. The..e ,timuli include:

• reduction in circulating blood volume
illldlor hypoten,ion

[N.j jo
Ibl

J-1yponatraemia "ith ":ller rO:lo:ntion i~

considered here: hyponatracmia due
to sodium loss i.. di ..cu ....ed on pagc~

20-21.

The cauM'S ofhyponatrncmia due 10" aler
retenlion are ..ho"n in Figure 2. If nuid
lo.. ~ is nOI apparenl from Ihe palielll'~

clinical hi~tor). the rea ..on for the
hy ponatraemia i.. u~ually "alcr
retention.

1-1) ponalrncmia due 10 "ater 0\ crload
\\ ilhoot adecre~ in total body '>OdIum,'
Ihe commone!>1 biochemical di~turbance

encoontered in clinical pr.JClice. Further
con..ideralion of h) ponatr:lCmia of thi~

type. and it .. trealment. depend.. on
"helher the patient has oedema or not.
Oedema is an accumulation of fluid in the
interstitial wmpartmenl. It i.. rcadilydiag­
nosed by looking for pilling in Ihe lo",cr
e"lremitie.. of ambulanl patien... (Fig. J)
or in the ..acral urca of recumbent p;ttien....

• Rl'Il'IlIIml fI/lIl1l'" \Ion: ".lter than
nonnal j.. retained in I~ hod) compan~

menh nnJ lMute, the C\m,tiluenl' of
lhe c~trncdJular ,pact." cau,,",!; hypo­
natraI."II11a.

• (",n (if W(Ji,Il/I. Sodium i.. the main
c\lraccllular calion Where 10<;'> of
~.hurn iOlh exceed) lo~.. of .... aler.
hypon;JlrJcmia may I\'..ull. Thi., I"

panicularly hl-e1) if -.odium­
comaining txxty fluid .. (e.g. from
\omillng or from fi ..tutlcl arc
replaced .. imply by "alef.

The., ... different condition .. may
he \ i,uali/cu III Figure I. Thh figure
cmpha,"c\ thaI the biochemical
oh..enalion of h)ponalr:lcrnia gi\e<,
no infonmllion ahout the \olume of the
EeF comp::lflrnenl, Ih:lI information
only being ohl:llned frolll the IXltient'.'>
hi~tory :lIId by c1inic;11 examinalion.

'-I}ponalr:lCllll:l i~ a ,ignific3n1 fall in
-.eruln -'ulhum conCCnlr.JtlOll helo\\ the
reference r.mg... of 135-1-15 nU1'IolII. A
p.llu:nt may become hy ponalraemic
becau-.e of:

)

, ,
Fill 3 Pitting oedema.
Aflt'r~lDgOr slin finnl> for a f~w

~.. an mdcntal1of1 or pit is SCC'n.
hyponatraemla due

Hyponatraemla

Fluid retention I SOdIum delic:it I(see PI) 20-21)

1
Oedematoua Non-oedemlliou.

1
I,;,w- lw_

••eretlon axcretion1= 8.g SlAO,....
-~

TWalBf Intaka • Water Intab F-.g 2
8.g, II'IIppftlpriatB 8,g compuIsiYe

The causes 01
IV ..... n"'......., 10 water retention.



I
HYPONATRAEMIA (1) 19

Clinical note

~ Btood volume
due 10 hell" ta~ur8or

hypoatbumlnilelT1li1

Oedema i\ nO! JU\\ a

consequence of
'ol'Cnndal') hypcraldo~teroni~m.

In ,01111.' ,ituation<" the facto,",
\\hlch cau,e the expan~ioll of the
EeF cI'mpanlllent (<,uch as
int1ammatinn or re .. trictcd venou\
return) arc hx:ali/ed.

Hyponatraemia:
water retention

• Hyponatraema because of water
I'eterUln IS the corrvnonesl blod1""'~"~locaI""
cisIurbance encoLIIte1ed 1'1 dncaI
praclICe: In many pallenls the non­
0Sf00lI.' rlII}lAa1JOll ol AVP ovemdes the
osmolIC ~tory mechansm ani thI8
resl.iIs 1'1 watel' retentIOn wl'ldt IS a non­
spec:dic feature of bss

• HyponatraemIC patJentS WIthout oedema.
'flt1o have normal serum urea and
creatllW1El and blood pressure, !lave
wale! overload TIus may be treated by
fluid lestnc\lOl'l

• Hypona\raemlC palJents Wllh oedema are
likely 10 have bottl water and sodium
overioad These pa~ents may be trealed
With dll.lrellCS and Muid restnc\lOl'l,

Treatment
Treatmenl of oedematous h} ponatr3Cmia
i, ha'>ed upon t\\O principle,. The
underl}lOg l'ondition !>hould be treated.
\\ helhcrthat bc:. fore\amplc. hcan failure.
glomcrulonephriti, or alcoholic Cirrho<.l",
E\cc\' ,odIUm and \\ater ,hould be
redUl'cd b) n'k.'all\ of a dIUretic to mducc
a nOltriure,i .. , and b) fluid re\triclion.

Fig 4 The development of hyponatraernil in !he
oeclematous pa~L

Creatinine
/lInnl/f
115

OEOEMATOUS HYPONATRAEMIA

such as confu\lon. t'lln\ ul .. ions and coma.
Onl) in ,ueh circulll.'.lance, <,hoold th...
c:lUliou, u<,c of h}pcnonic ..aline Ix­
cOIl..idcrcd in an allcmpl 10 correct thc
h)pomuraemia.

• Ihal'/ /ai/ure. The effcl'tivt' blood
\'olul11e i, reduced becau,c the pumping
action of the heart i\ unable 10 maintain
a sati!>faClOr) l'in.:ulation of the blood
and ECF.

• H\po(/lbllmilwt'lIlIlJ. The cffcCli\ e
blood \olulllc i.. rt..duccd bcc:lu~e (he
h)poalbuminaemia lo.... el" lhe plasma
oncOIic pre"ure. Thi\ di,rupb the nor­
mal c'lOchange of -.olute, and nuid in thc
capillal') bed rc~uhlOg in un..atisfxtol')
circulation of lhe blood and ECF.
H) pooibumlllacrnia occur. \\ hen ,) n­
the .. i, i.. inadcqu;ltc duc to lh er di<.ea~
(pp. 50--511 or .... hen 10'-.e'> exceed the
li\er' .. "}Ilthctic capacity a.. OCCll" in
Lhe nl'phrotlc ..) ndromc (p. 44).

In rc!>pon..c to the reduced effective
blood volume. aldo"lcrone i\ \ecretcd and
nLU<;CS \odium retention to allow the ECF
voluille to expand. The reduction in the
effective blood volumc i\ one of the non-
o ..moLic ,tiTlluli for AVP "c{'retion and
consequently .....ltl.'r i"ll,'lained. The reten­
tion of relati\ ely more .....ater than ~odiul1l

in the ECF re,ulh in hyponatr.ll.'mia. Th~
scquem:e ofe\en!' in the de\c1opmcm of
h) ponatmcmia in the patient ..... ilh oedema
i!> ..ho.... n in Figure 4

Patien1.5 .... ho h:l\c gcncmlizcd oedema
ha\'c an incr~:l'c in both tOlal bod)
!>odiurn and \\atcr. The principal cause~

of oedema art' h~an failure and hypo~

albuminacmia. and in both thc'>l!eonditioll'
patients havc a rl'duced effective blood
volume.

Ure,

6.2

K'

3.9123

~"""WiOiil."idf"'VlI­
.....1le_crl..AVP~OOAVP'Iln*l-

Treatment
In thc\e p:Hienh the water load is
dl,tributcd i'ill-o~ll1otically between the
intracellular t1uid and 'hc l.'\lrJccllular
fluid. and lhu' lhe c1inic:!1 \ign.. of water
ovcrload may be ab..ent or vcry mild.
U<,ually patiellb arc :! ..yrnplOll1:1tie II' the
,yndrol11c dcvelops over a period of day,
to \\ ed;, and the body ad:lpt\ during thi\
tllne. Treatment i" therefore ,impl) the
rcdU<:tlOIi of nuid inla~e to Ie" than 750
mUda}

VCl') rarely a mpid mcre:l\(.' III body
.... ater re~ulb in neurological ..)mptom~

Case history 6

A 6-l-}car-old .... oman $ admitted .... ith anore'lOia..... eight loo;s and anaemia.
Carcinoma of lhe: colon as dia~n<Ked. She .... as nom)()(ensi\ e and did no! ha\C

oedema. 1llC follo.... mg biochemical rc<,uhs \\ere obIained \hanly ariel' admi~~ion.

Table 1 Actions of AVP, othel' lhan reNllwater
"",""",

The oon-osrtl()(ic ~gulaliOll of AVP
o\eITidc~ tnc osmotic regul:l101) nlCCha­
"1\11I and this rcsulL.. in .... :ller rcll:miol\
.... hieh j, a nonspecific (..alUrc of illnc~,.

Thi.. I' Il1u,lr:uoo b) Ihc filuJing thai .... hill.'
only.f!i orlne healthy population ha\c a
-.crurn ..odium t-Onccnlr.llion k .., 'h:m IJ8
mmoi/i. more than .wq of ho'piul 1Il­

patient' ha\c h)pon:uracmia 10 lhi,
ex lent.

AVP h,,~ otherdTccb Illlhe body a,idc
fwm rcgubling. fen:ll w<llcr handling.
Thc<,c arc outlined in Tabk I ami will Jlot
be cOIl"idcrcd funher here.

• How mllY thi~ patient'" h)'pol\:llr.lcmia be explained?
• What contribution doc, the urine o'nlolalit)' make to the dja£llo~i,'!

C"I/lIII('1II Oil fX,g(' /52.

• nau..ea and \omiling
• h} pogl}l:acmia
• pam

Serum osmolality wa" mca..ured a~ 247 mmollkg; urine o<'rllo1alilY \I a~

178 mlllolllg.



20 ICORE BIOCHEMISTRY)

HYPONATRAEMIA (2)

HYPONATRAEMIA DUE
TO SODIUM LOSS

Although h)[lnnatracIllI;l commonly
rc~ulh from .... :ller retention. it ma) 31 ...0
he a"ocialcd .... ilh ,odIUm depletion.
Th •., OI..'t'UI'\ onl) .... hen lh",re j ... patho­
logical '>OdIum 10.,.•. Such lo...~., may be
from [he ga'lrointc,tinaltrncl or in urine.

Ga"troinlnlmal 11I"e, (Table I)
include Iho'>C from:

• \omit!ng. c'(X.'l.:iJlly if [hi, i., -.e'ere
and procr.tClcJ a.. occUr"> in p) lorie
,tcno"I'.

• diarrhoea
• 1i<;lUla.

L:rinal) 11)'.\ may be due 10;

• aldmll.'ronc deficienty a.. a COll'\C­
qucncc of a failure oflhe :ldrcnal
gland.) (t\ddl'>OIl· .. d",,~a'>Cl

• drugs .... hi'·h lllllagonlle :lldo,tcronc
aClion 'Ul"h 3.. ,pironol:lClonc.

lnillally III all orlh... alxl\ c...odium 10"
i~ ac",o11lp311icd hy v.:llcr 10" :md the
..crUlll ..odium conccrllralion remain<;
normal. A....odium lo\" proceed,. lhe
redul:tion in Eel' :md hlood I"olume
\limul:.J1c, argilHllc \-a,opr.:,\il1 \ccre­
lion. Rcmember th,ll the nOlHNll0tic
control of AVP ~eer.:tion override, the
o,motil: conlrolmedwni\l1l. Til.: incre;l\cd

Table I Aguide to the electrolyte composition
of gastroillleslinal fluids.

Col_lb••
Nr K' ct

IIIIIlOM

""""- " " '"-_... '" " n.
""'- 50 '" 50-- n. "

,,.,
Bii, pIilnlll'ld-- '"

, ,,.,

AVP :.ecretion cau"e" ""Olter retention
and lhu~ patient... bcconlt' h) ponatraenllc.

Patienh become h)ponatraemic
bl'cau,e a deficit of i"otonie ,odlum­
containing nuid i~ replacl.'d only b)
.... ater. either orally or intr.l\ enou,l)

H) ponatraemia due to a deerea,ed
intake of "odium ion\ is an c~trelllel)

rare occurrence. The cau~\ of h)!XI­
natiJemia aswciatoo \\ ith .'>Odium dcficil
are ,ummarized in Figure I.

DIAGNOSIS

The diagno~i\ of 'iodium depletion i,
usually made on lhe ha", of the paticnt',
hislOry, Of lhe clinical ,ign, of ECF
dcplelion (Fig. 2),lhc 1110\t imponant arc
hypOlen,ion and l<lchycardia. Ifthc,e ,ign,
are pre~enl in the recumocnt ,tate \C\erc

Iifc-threatening sodium depiction i\
indlc;lled and Immediate treatmcnI i"
n\.ocded. In the carl) phase" of .'>Odium
depiction po,tuiJI h) patension may be
the onl) ..ign.

TREATMENT

Tn,':llment i, ba.....--d upon t\\oo principles:

• com.-ction of the <;()(hum loss
• treatment of the under!) ing disorder.

Correction 01 the sodium 10" i... a
prioril) and ma) be \('1) '>ati~f:K.'toril)

achic\cd Of':lll) e\ en in scvere ca.~'..... ith
~a~lroilll~tlllallCb.!>C', though intra\ cnou,
infu,ion~ of O.9q, NaCI arc frequent I)
required. Treatment of the underl)ing
dl,order ma) in\'ohe ,teroid therap) for
Addi..on· .. di ... ('ase or medical or surgical
treatnll:nl of gastrointeMinal di~rdef'>.

Indi\ iduak unaccustomed to \cry hal
condition" may lo\C considerable amount,
of ,odium in :. .... eat during lhe fir..t fe ....
day, 1Il a tropical climate.

The,e fluid lo"e, arc usuaJl) replaced
hy urinl..ing ,odium-free fluid". and thi,
rc,uh, in a hyponatrJemia. The procC\\ of
:ll.:climati/ation includc~ a rc-,elling of
,odium c,"l:rction of the ~weat gland,.
leading 10 increa~ed heat tolerance. The
prevell1i\c trcallnenl of thi ... hyponatmc­
l1lia i, with oral ,alt tahlct~,

Hyponatrae~~

I

Fluid retentlon
l
I Sodium deth;lt I

(seepp.18-19)

!J. ECF v~ume I

t Loss -~ ! Intake
(e.g. from gut (extremely rare

lOOney cause of sodium
or skln) -"""I

Increased pulse

!ECF volume

--"'<go<
Fig. 1 The QUses of hyponatraemillritl'lsodfum loss. FlQ 2 The etinic&lleatures 01 ECF comparlrnenl depletion.
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Fig. 4 Pseudohyponllraemla.

• What i, the n){ht arrrt'J"fialc treatment for this patient~

Clinical nole

1be U~ of oraJ glucO'>C
and o;a]t ..olulion 10

l;OrrcCl ~udium deplclion in
infecti\ c diarrhoea i, one of the
major lherapeulic ad\-ancc, of lhe
CClIlury and i, life 'a\ ing.
particularly 111 dc\e1oping countrie,.
S:JChcl~ of oral reh)'dralion glucll,e
lind 'alt 10 be mixed with a ti~ed

\'ulumc of drinking water arc
rl:<Idily availahlc:: from Ilhannaejc~.

ramily praclilioner,. nun.e~ and
c\'cn parent.. arc ahle 10 treat
,odium deplelion u,ing lhe!;C or:J1
,all 'OIUlillll'. \\ ithoUl making
biochemical measurcmCll1s.

Hyponatraemia:
sodium loss

• Hyp:Jnalraerrua may oca.. nlhe pa1IenI
wlltt gaslroI1IeslJna or renallUllosses
wtllch haYe caused sotkm depIeDon_
The low socfun concentIabOn Jl SoefU'll

ocan because water retenbQI'IlS

sbmUated by measedAVP secte!JOn_

• Pabents nil hypcna.1faerlIa because cA
sotkm depIebon show ch:aI 591S cA
tb:lloss Sl.dl as hypoIension. They do..._"""""-

• TrealI'nenI cA hypcna.traema. due 10
socIu'I'I 0epIe00n. shot*! be WIlh
socIu'I'I and waler replaremenI.--

concentralion i, h\..dy to be the mi,­
kading T"C'ult.

Creatinine
!>,wlJl

150

A 10.... sodium concentration 1\ 'omc­
time:. reponcd in palienh \-\ilh 'c\cre
hypcrproteinaemia or hypcrlipoprolcm­
aemia. This is an artefact c:lu'cd by
thc method used to me,hurc ,odium
conccntration by ,ome analytkal
in!>trument:.. The!>C patielll\ haH: in fact a
normal "odium concentration in thcir
pla5ma ....ater. The int'rca'cd ,1l110Ilnt.. of
protein or lipoprotein occupy a I:lrgcr
fmction of the pla'>111a volume than u,u:!!.
and the water a smaller fnlction. The
:maly.'>Cr measures the amount of ,{ldlum
in a ,mall volume and a~'lll1le' that the
waler contelll of thaI 'ample i~ norillai.
The rc'>ull h an appart:lltly reduced
~odiul1l concentration (Fig. 4). Thi, '0­

calkd p~cudohyponatral:ll1ia cun he
dctl:ctcd by mea~urillg lhe ,erum
o,molality which will he normal.

If a 10\-\ ~odjum conccntraliOIl i,
~u\piciou" IllC,l,ure lhe 'erum 0'11101­

alilY. Knowing the gluco,e and urea
concentration. the calc/ll(l/ed o,molality
can al-..o be obtained. If the two rc,ult,
differ (Ihat i" if there i, a 'ignific:!m
o'l11olal gapl. thc meu,ured ,odium

PSEUDOHYPONATRAEMIA

Urea

17.83.0

CJ HCO
----,nr",o//l-------

l<6 19131

SODIUM DEPLETION­
ANOTE OF CAUTION

In thl~ ,cttion wc havc indicated that
hyponatracmia may commonly be
encountered in patient' \-\ho have 10'1
,odium-containing fluid, ,HId who~e

ECF \'olumes nre reduced. On pagc~ 16
and 17 il wa~ noted Ihal 'OIl1C palienls
wilh ,odium In" may become hypcr­
nutracmic. It i~ aho po~~ible Ihnl p<llicnt~

with life-threatening ,odium depklion
may pre,..:nl \-\ ith a normal ,crum
<,odlum eonccntr:.ation (Fig. 3). Thi,
iJlu<,lI".ltc'clcarly thaI the clinician I11U,t
al .... ay <, pay more nllcntion to the patient'.,
hi~lory. ,ign, and ~y mptollls than to the
biochemical rc,ull,.

Case history 7

A 4:!-)car-old man \-\a~ admitted \-\ ilh a t.....o-day hislol") of '<\ ere diarrhoea \-\ ilh
~ornc nauloCu and \Omilinj;. During thi~ period his only inlal.e .....a' ""ater. He ""a~

""cal.o unable to 'land and .... hen ret:"umbem hi~ pulse .....as l{).l/min aoo blood
pres,)urc .....a' IOOiS5 mmHj;_ On admis..\ion. hi~ biochemistry rc)ults \-\ere:

INa 0) NOlTnaI

f'll_ 3 Wiler lank models showing that reduced
fCf volume Ny be I$SOClated with reduced.
Increased or nonnalseNm INa·J.
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POTASSIUM DISORDERS

I!* ,
3600 """"I'e'

c2tHJ
IECF ,,_I

J t=j
- 5mmo1iday

POTASSIUM METABOLISM

The 1000allxxly prn3-~"ium of the :I\cmgc
70 kg m;m i.. approximately .1600 mmol.
AlmO'<lal1 j .. in~ldcccll .. (Fig. I). Pm(lH;IIIII
imuJ.e j .. variable. 30-100 llImol/day
111 .he UK. but much higher in other
countnc... "ownium losse~ arc equally
\anable. TIle kidney cxcrclC, the hulk of
lIlgc,tcd pOla".,ium. Urinary pola"iulIl
excretion ri ..c.. in fe,pon,c [0 illCrCll\cd
ima"c. Pota"iurn extrCI ion hy the kidney
j, primarily dependent upon g[Oll1Cnl!;lr

fil1ratiUll, The InO'l important factor
\\ hich r~·gu[ate.. pota.... iurll excretion III
the urine i:. the pla«ma pol<I', .. ium
conccmr.!IIOIi.

Some p0l3'>sium is [0'1 in the fa(,.'Cc ..
(approximately 5 mrnoUday). [n IXLtho­
logical ,latc... ga:.trointc'linal lo\\c,
can he: greatly incrc3..cd. On I} ,mall
amounl" of pula"ium arc lo...t \ ia the
,,1.10 10 ",... eal.

POtBS$ium intake
Jl)-l00nYnlllidily

FIQ t Polasslum bat.nce.

Body distribution

-R,nallon"
20- 100 mmolldav

SERUM POTASSIUM

encountered in clinical praCll{'e,
lI)perl..alacmia cau\C~ rnu..cle ~cal..nc"

"hieh lila) be pl\."Cedcd b) parae'lh""lae,
Ho\\c\/,.'r, the fi"'l rlI;lnife,l3Iion i~ often
cardiac am.: ..!. The cardiac ..igo~ are
hcraldl.-d by Ihe de\elopment of lall or
peakcd T-\\'Lle.. 011 lhe ECG (Fig. ;\).
AbO\e 7.0 mlllol/llh... rc i\ a ,>criou, ri,1..
of cartliac 'Irre,!. Ho"clcr. thc ECG
changc~ in hypcrkalaeillia lIlil) mimicolhcr
condilion, ,u(,:h a, myocardial infarction.
Thu ... il j, illlptlnam to check lh~ ,enllll
pol;l"iulll concentration in palient' after
cardiac arre~l.

The cau,c.. of hyper1.alaemia Indudc:

• He/l(llf(li/llr~, The kidney, rn;I~' not be
ablc 10 c,,"crele a pola..,ium load \\ hen
the glol1lcnllar filtration rate j" \el)
10\\.1llc acido'-I!o a..\OCialed with renal
failure cOnlribute, to the problem.

• MIJIl:nl/I>(-ortil-aillt/t'ftdl!I/n-. Thi..
i, 1110'1 frcquclIll) ..ecn in Addi\(IIl',
Di'iCa!oC or in palient.. recehing
aldo"tcrone antagoni"ts. In Ihe"",
patient, lhcre i, an lfIcrease in Ihc
lotal bod) pola"iulll.

• AdIIMi\. I-Iypcrl..alacmia result" fmlll
a redi"tnhulion ofpota..... iul1l fTOmthc
1I11rJ.cellular 10 Ihe ...xlracellular fluid
"pa(,:e (Fig. 2),

• /'o/I/I\'iwlI ,.l'!t'(/.'>(, from dO/illigI'd

(·dll-. Bccau"", of lhc vcry high
IXlla"iu111 eoncelllralion in' ide cell,.
cell damage can give ri ..c 10:1 \cry
high ..crum pola"ium a\ occu'" in
rhalxlolll)oly,i, (pl'. 1J6-1J7).
lrauma and malignancy.

H~per1.alael1lia i, lhc comrllonc,1 and
mO'1 "eriou .. c1e(lrol) Ie cmergenc)

HYPERKALAEMIA

e1C\:lroneUlr.llil~ lFig. 2). 1bc oppo"itc
can occur in a m':labohc aH"alO'oi,. l1le-.e
h)drogcn ion change, cau'e mar1.ed
alteralion" in 'erum pota"lum con­
centration.

Serum pula"lUllI concentr.uion.. S;IY
link abOUl the tol:ll body pota,siurn
{'onten\. although in pr.lclicc \\ here acid­
ba..e .. laIU" i.. normal. hypolo.alaelllic
palients are u,uall) ]XIl;I .. ,ium dcpleled.

Dc\pile il~ low (llll(elllraIIOIl ill lhc
ECF, pota;,~iulll d~ICrl11inc~ lhe rC\ling
membrane polcmial of cell" Changes in
rla"lI1a pot;l;"iulll t'on{·cntralion mcan~

lhal'c,,"citable' e~lI" W(h:h nene and
r1ll1 ..c1e, rna) rc'pond dlfferentl) 10
..timuli. In panicular, becau-.e IhI: hcan i..
largel~ rnu"Cle :llId nene, too high or 100
10\\ a pla~ma poIa"iurn concentration
may ha\c Iife-threalenlllg con'>t."quellCc,>.

K' K'
K' K' K'

Normat

The ..mall fraclion (2c,f-) of Ihc lolal hod~
put:I"jUtll \\hich i" in Ihe e\traccllular
companlllcnt i.. di,lribulcd proponion.
31c1y het"ccn thc inleNlli;11 and pla,ma
"Jl'K'e". The concenlration III ,cnlln I'
around 4.5 mmoi/l. Whcrc,l' 'crum
pOla"iulll conccnlnllion doc, not vary
npprcciably in re~pon,c lO Willer 1o" or
rclenlion, facto", which cau,e c\cn a
,mall or ,uddcn ~hifl of intraccllular
pOla"IUlll will cau'>e a big change in thc
EeF pOI:l"ium conu:nl and conn'n­
Iration, Cellular uplake of pota"ium i,
'Iunulaled b) insulin, Of particular
imponaocc i, lhe reciprocal rclaliOlI"hip
bct\\cen pola".. ium and h)drogcn ion .. _
Man~ h~drogen ion~ arc buffered In'lde
cdh. A.. the cOTl(,:enlr.uion of h)drogen
ion.. in<:rea."C\ "ith lhe de\c1opmcnl of
acido'l". pOla.""lUIlI ion.. are di"p];lced
from Ihe cell in order to mainlain

F'll2 Hypetkalaemia is associated with acidosis.

""'",,""
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Flg 3 TypIcal ECG changes associated with hyperkalaemla and hypokalaemill. (a) N"fIllill FCC (lead III, (b) l'all~111 .... nh h>'l'nbbernia nolt' p"a~"d
T· ....a'c and .... idening of Ihe QRS cmnl'k\. (e) Patienl Wilh hyp"k;tla,,'u;a nOI" flaW'ned T- .... a\'''. U- .... ,,\,,\ arc I'rOlllll'lcnl In alilea..k

• Whnt are lite prioritic~ in nHlnaging lhi, pmient?

COIIJIIICIl/ on IXI,lIe 152.

I~

Clinical nole

Potassium disorders

• PotassuTIlS!he Ill3IIIIlIr.IoelAat
canon. but Itte smaI arncK.nt 1'1 the ECF
IS~ 1'1 marttarWlQ ltte
~ pc&erIIIaI d rrw:::Ie iI'ld

"""'-• t::hanges tit sen.m IXllaSSUfl
c:cr'lC*ItralJCl'l may reIIect gallS or
losses 1'1 whole body potasSun

c:ortlelll or shtts 01 potaSSll.l'l\ 1'1 and"".-• HyperkaIaemIa IS potenllaly Ide-
ltttaatBfllllQ, and death may occur with
no dI'IIcaI waming SlgflS. A high 5elUTl
potassium IS assooated wrth a
decreased renal function.

• HypokaIaemla is usualfy caused by
exceSSIve gaslIOintesbnal or renal klss
of potaSSIUm,

1llia/idc diuretic
thcral'} often eau...c,

pota"iul11 deplctiun .... hich Iml}
tum uut m he the rca'oll for :Ut

ulIcl;plaincd mctaholic alknlosi,.

ticall} in all cnteric coating. Se"erc
pota!>~ium depletion often ha~ to be
trealed h) intra\enou, pota',ium a,
patient' rna) h;tH~ a deficit of .... ell mer
500 nUllO!.

Intrd\cnous potassium should nol
be ~i\(>n faster Ihan 20 mmoVh e'n'('I>1
in extreme ca.scs and under F.CG
monitoring.

change" are '>t'Cn (Fig. 3) and there j,

increa:>l.--d '>Cn.'>lll\it} to digol;in. SC\cn:
h)polahlemia may be a~}lIlptomatic ifil
de\elopo; ~lo.... ly.
The cau..e~ of hypolalaemm lIIc1uJc:

• GastrointestiIJal Jone.\. Pota"j,Ium
rna} be lo"t from the IIItc"tine due 10

,·omiting. diarrhoea or a '>ur!!ical
fi."tula.

• Rl'IIa/ losses. Thc'>C ma) be from the
kidne) due 10 renal di-.ca!>C. adminis­
tration of diuTCtic, or increa;.cd
aldostcrone production.

• IJl"IIg·illdllcelJ. Thia/ide diuretic!> and
conicostcroid, arc the 1110,t imponalll.
Carbcnoxolonc ha, mineralocorticoid
activity.

• Alktllusis. An alkalo"h may C:lU'C a
,hift of pota""ium from lhe ECF to the
ICF.

Treatment
Pot:,,~iurn "alh are unple'l,ant 10 take
orally and are u,u:llly giq:n prophylac:-

8.1

K-

1'1

Na'

HYPOKALAEMIA

Case history 8

AB. a 55~)car--old man..... 3" trapped for7 hours in 3 rail .... 3} accident He ~u!>t3inetl

\C\ere multIple inJuri,,' including cru~h injuries 10 both Ihigh'. fraclUre~of the
pchl' and "Calp laceration, On arri.al at Accident & Emergenc) he .... a~ still
ron;,ciou~ and brcathing !>pontancou,ly. Hi~ pulse .... as 1301min :md hi, BP .... a~
60/40 mmllg. A set of U & £~ ,ho.... cd the follo.... ing:

The main clinical cffcch of hypo"al­
acmla arc '\t'\cre wcaknc,~. h)"pordle...:i:l
and cardiac arrhythmia". T)-pical ECG

Treatment
TIle commont',t form of treaunem for
acute hypertalaemia il> the Illfu~i(ln of
insulin and gluco<;t' to nlO\C pota",wrll
ions into cells. An infUSIOn of calcium
glocon:ue lila) also be gl\en to counter­
3Clthc effects of h} perkalaemia. Dialy,i,
i, frt.'<lucntl) necessary to treat ,e\erc
hyperkala.:.mia. When there i, ;L ,101\ ri~e

in the ])1:Nlla pola~siu111 thi, may he
~lOpped or rc\crsed hy onll :uJmini,­
lralion of a calion exchange rc,in ,uch
:l~ RCl,Qnium A.

An ancfactually high pota"ium is
commonly seen if haemoly"i" ha"
occurred in collecting the ,ample. or
there h~ been delay in ">Cparatlng the
!>from from the doned blood ~l11ple.
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INTRAVENOUS FLUID THERAPY

F'Il , The three types of fluid llSually used in fluid thetapy art shown here
with the diff~ coottibutlons they make to the body fluid compartments.

Plasma Jnlersliual...5%Outro..

Examination
The \ arioo,> fluid companrncnl \OIUlllC'> can be 3S~l>ddinical1)
to "ome e"tenl. An indic:lIiun ofpla'>ma \olume can be obtained
from hlood pre",urc (BP). pul...c. Jugular WIlOU,> pre....urc fjVP)
and central \CnOll, pre....ure CeVP). The inicNilial \olumc can
be .......c.. 'tI.'d b) lool..mg. for ocdema. The intracellular nuid
comp.mment i"lhc mO'>tdlfficuh 10a..-.c..,c1inically, but ("\ idcnce
of di<.ordcred ccn:bral funClion ma) be imponant.

Other imponant facto.... leading 10 poteOli:11 nuid and elec­
trol)le imb:llancc indudc the pre\cnce of fc\-cr. na\oga\tric
\uetion, \urgical drain, and fi\lUlac or artificial \entilation,

PLANNING FLUID THERAPY: ASSESSING THE PATIENT

History
A\ 31 .... ,1)'. an) clinical cxcrci-.e begin, b) speaking 10 the
palient. if ro"lblc. Itnponalll pollll.. to nOie arc cardiac or renal
di-.ca\C and a hl"Ulf) of fluid 10.... <,uch ~ \ omiling or diall'hoea.
Nau\c:l. headache (l4'" L"onfu<,ion are aho imponanl as di<,cu,\Cd
belo....

Trcmmg di~ordc" of fluid and clcclrol}tc balance;.,.m e\cr)'­
da) \)l;"currcncc In clinical prJclicc. )Cl it i., often a neglected
:m:a of good palient caI'C. With a little thought. problem" can be
alllicip'll~-d if<.omc general guideline.. are follo\\ 00.

Biochemical results
The mca\ur('mcnl of 'enJllI electrolyle'
(N:!', K', CI and HCO,) may add u,eful
information to Ih:l\ obtained clinically,
but ,hollid ne\cr he regardcd in i\olalion
from Ihe full clinical pil.:tul"l,', The 'cnun
,odium com:enlralion i, orlcn thought of
a, an indicator of ECF w:lter content
r,Jiher Ihan ECF \odium content.
Profound ECF \'OIU111C deplclion m:l)

be OI\\OCialed .... ith hyponatraemia,
hypcrn,llr:u:mia or Illay occur with a
norm:ll wrum ,odium l.:onccntration
hcc;,IU'C body IlUilh 1o,1 h) Imln) routes
arc i\OIonic, thai 1\ ,odium and .... ater arc
lo\t IOgethcr. The ..erurn pota,\ium
concentratlon rnay change clther a!o a
re..ult of change'> in tolal body pola.... ium
or of ,hif" inlo, or out of. the cdl...
Becau,c of lhe 1:lII...r. -.cOlm pOl:b"ium
concentrallon often ren ...... I.. chang..... in
\COIm hydrogen ion concemration, rather
Ihan g:lins or I()',\C, of body pota5,sium,

HOW TO GIVE FLUIDS

Th... ea.. ie\t :md be.,t .... ay 10 crfL"Ct nUld
replacement i, by the normal ph) .. iologi­
cal roule, Ihat i.. Unlit}. In pr:lCtice thi" i...
often impo\\ible or unde,irable, e'pcrial­
I} if palienl'> ha\e an e..tabli,hed declro­
Iy tedelicit. Salt... panicularly pola"..ium
~all\, are \ery unplea..;,anl 10 tal..e orally
and often cau-.c ~a"tminte'llnal up'>CL

WHAT FLUIDS TO GIVE

When inlra\'enou\ nuid therapy ha, been
decided upon. cer1ain general principle\
detCnlline whidl nuid to be u\ed (Fig. I).

• IVmer should be given in the form of
srk dcxtro~c (gluco\e), ,inn: pure wlllcr
if infu,ed will haemoIYIl,~ blood l.:c1I .. ;t ..

it enter.. thc \ cin. The 'lddition of
dextro..e renden. the .....ater i\otonil.:. bUI

Ihe dextro;.c i~ mpidly mewboli/ed, The
water which remain, \I illlx di ..tnbulcd
e\ ...nly through all body ('OlIIp;lrtrncnh
and will contribute 10 both ECI- and
ICE Thi" nuid l\ therefore de,igncd to
replacedcficib 1II10lai body .... mermthcr
than "peeific:llly ECF \olume deficit ...

• ISO/Ollie sodium ("1I/ori,le CO.9c::r NaCI)
.... ill be di ...nbuled throughout Ihe
ECF. Such a .,olulion i\ therefM'"
designed 10 replace deficits in ECF
\olume and it .... ill conlnbute to bolh
plasma \olurne and lOtl.'l"'>tlllal nuid
\olume.

• Plasma, 11lIole 1II0ml. or 1'1111/1//1
expmulen, replace deficih III the
\ olume of the pla~ll1a compartment
only.

The~e lhrce. together .... ith 1.26q.
sodium bicarbonate :lnd pola~~ium ,up­
plcmenLs. are all Ihat 1" nceded lO Ihe
rcpcnoirc of intm\cnou.. nUld.. While

many othcr ..olulion.. are av'lilablc. they
,hould only be u\ed after carcfulthoughl
arid :lppropriate clinical experience.

HOW MUCH TO GIVE

In pre"Tibing Iluid therapy Ihere arc mo
rnain objecli\e,:

• to make up the los..e .. lhat ha\'e already
occurred of both !luid and electrolyte...

• 10 I.eep up ..... ith the anticipat ...d lo"e,
\I hich will occur in lhe next 2--t h.

In trying 10 ,K'hie\ c thi" it i'c"cnti:llto
cOIl,idcr:

• What are the inscn,ib1c lo.. \C .. "?
• Whm arc the mca..,urcd 10<;'>(''>'1

Insensible losses
'tl1e in'>Cn..ible 10-........ are tho-oe .... hich occur
in 311 indi\iduals fromt!le ..I.in. rc~pir.tlion
and nonn31 facces.1llese are nOl nomlally
mea...urt.'d 3nd amount to around 800 mU
day, Of cour.c_ thi .. \olume may incr...aloC
greatl) in abnonn31 state". e.g. in e'\:ce">I\C
,>\\eating or artificial \cmilation,

Measured losses
Mea5.Un.."'d lo..-"C.. include urine. "ur!!ical
dmin.. and fiqulae. \omil and diarrhoea_
The..c \olume.... hould be carefully
rc{'()rdcd on the patient,>' nuid oolanee
chan.. and .... 111 be ll11portant in a..sc\Sing



future requ Iremenl\. Ek'ctrol} te oompo<;i­
tion ofthe\oC nuid\ rna} al\o be lInpon:ml,
e.g. gaslrOlntc~tlnal nUld ma} COT1\ain a lot
of plXas\lum or bicarbonatc.

lntra\cnou.. nuids oonnall} come III

Unll\ of 500 mi. 811lllated IO\-.e~ and
deliclb are onl} rough gUlde\. It is rarel}
possible to l11aLe a c1o\er c'aimatc
than ±500mlof~:uerand±75mmolof

~Ium, P(l(a\\lum deficlt\ cannot bt:
accuratd} mc~ured Hov.c\er_ if :I

patient has:l clinical I} appo!rent pota"­
\ium deficit In the ab-.c~'"C of an ocid­
ba!oe disturhanl"c. then the total bod}
pot3.'>sium 10\., ""III be m cxcc!>s of 500
mmol.

1lle margm of \afcl} 1\ u\uall} v. Ide
because the bod} can lIlanlpulatc aln'lO\l
an} parenler::lII03ll "I'm Idcd !he Lidne},>
and bean fUOC1100 noemall} Hov.c\cr. In
patlenb v. lth knov. n canhac and renal
dl'iCa~. or In the elderly or the \cry
}Olmg. mUl"h more care mU\l be taLen
v.lIh the prco.cnption of 1n11"3\cnous
nUld~.

MONITORING INTRAVENOUS FLUID
THERAPY

The usc of illlm\ enou~ nuid~ Ill:l} f:1I1 to
eom:clthc nuid electrolyte b:ll:lnce. :md
thethcrapy lila} gi\c me 10 funhl.-rproblcm\
If it is not lllOllltored do\cty. Thi\ \hould
Include:

• clinical :1'\C'''I11Cnl
• pul-.e. 8P. JVP and evp If appropriate
• lxx1y M'ight
• good nuid hal:lIlce cham
• o;cnull clcctrolyles.
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Clinical nole

A\'<S.'>mg II pallcnf, nUIlJ and c-lcctrol}1C- 'laIUS ha5 as much. if 110I

mOTC-. 10 do v. uh dlllical \Llllthan biochemical inlcrprc-l3lion. Lool
1I11he: p;uic-nl in Figure 2 aoo IhmL JOOul .... halmfonnallon IS 3\31Iablc-, Your
an\v.cr rna) include COO\lderallOn of the (0110\1 IIlg:

• ca.-.e record Idctalh of pallent hl'lfI'). c,",ammallonJ
• e-:annnalion of pallcntf}\P. CVP. Pul~. BP. ~nce of oedema. chest

M)lJn<h. "Lm lurgor)
• nUld balance. and nu"mg chan~ (81'. pulse. lemp. fluid-input and OUtpul)
• n.asoga~lric and surglcalll.ound dTllmJ!!c- in addilion 10 urinaJ) (:alhe:tcr bag
• rrcse",-'C of inlra\ CfIOU\ nUld thcrap) U} pc. \olumc)
• ambienllcmpc:rature I"'all thennomc:tc:rl.

f

FIQ. 2 This pat~l has undergone
/TIllar IbdomJnal surgery Ind I. rKlW two
days post-op.

Case History 9

PO'>lopcral1\cl}. 3 62-year-old \loman was noled lO be: gelling progres~i\f:ly

Il.eal..er, 1bcre was no C'\ Ide-nee offc\t:r. bleeding or infccllOO Blood pTC'~ure \la.,
I:!0180 rnmUg, BefOfC!hI: opcrauon her "C'rom elee:uol} Ie<> V. ere normal. a!o \I crt her
renal fuoclIOll and cardiO\3SCular ~}\tem. Three da}S after lhe (lper:llion her
c1cctrol}le\ \lere repealed

Random unnc osmol3ht) '" 920 mmolllg
L'nA(' 1:\,1'1 < 10 nlrnol/l

L'nnc 1"'1 '" 15 mmoV1

• What I the pathoph}SIOIog} bc:hmd these findmgs"'
• Whal ocher infonnauoo do)oo reqUlrt in order to pre\Cnbe the appropriale nUld

therap> '.

Ct>mltlt'nI Oft ptJf!.t' /51.

I~

K' CI UCO,
-Itlnlt>vt _

·U 77

Crealmll'lC
",".vi
1-'5

Intravenous fluid
therapy

• InIraYenoos lU:l1htllipy 15~

US«I to CXImld !lIMl and eIllctroIyb!-..
• The"",*~bl.,,,.b:I.........

- Fnl iISS8SS pa\leI1: cn:aIy.ltlen
bo::tlei IICaIy P8)'IIlll par1ICUaf
IllInkln 10 caniac ind renal......

- Use~ SOUJcI'ts.
- ~ plesahllg IUds a:tl!rTIpIlO

make~ delicds and anIIC:Ipale.........
- ...... paIlenI cbseIy' 1II ill

lIfJ'1IIi lLn"iJ b:l~

I
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INVESTIGATION OF RENAL FUNCTION (1)

FUNCTIONS OF THE KIDNEY

Fig 1 DlagrammatJc ~resenlation 01 anephron.

The functional unit in Ihl: lidnc) is the nephron. sho\\' n in
Figure I. The ~idnc}\ regulate ECF \olumc and electrolyte
compo,ilion to cornrcn\31~ for wide dail) \arialion~ in \\ater
:and e1ectrol) Ie Inlalc. The} (onn urine III .... hich the potential I)
toxic .... :I'll' prodUCh of n~laboli,mare e>;,creled. The functIOn"
of the lldnc) .. therefore include:

• regulation or \\ :ltcr. c1cetrol)lC and acid-base balance
• cxcrctionofthc producl.'>ofproleinand nucleic acid mclaboli ..m:

urea. creatinine. crcatillC. uric acid. sulphate and phosphate.

The lidnc)" are alo,o cndocnne organ~. producing a number
of honnonc... and arc \uhjcCI to control b) othen. (Fig. :!).
Argimne \3\oprc\... in fAVP) aCb to Influence .... ater balance.
and aldo,tcronc affect\ ..odium reab,orption in the nephron.
Pai.lthy rOid honnone promo,,·.. tubular reab'>Orpl:ion of calcium.
pho~phate excretIon and the ..ynthe\i\ of 1.25 dih)dro'l[)-chole­
calciferol. \\ hich rc~UI:tIC'i calcium ab'iOrption b) the gUl. Renin.
an en/yme. i~ m'lde b) Ihe jU'I[laglomerularcells alldCalal) l-es Ihe
formation of an~iolenslll I from angiotcn.. inogen. AngiOlen"in
con\ening elllyrne (ACE) con\ens angiOlensin I illlo angi­
oten~in [I whieh ~timulate~ aldo~terone S) IIlhesi!>. Erythropoi­
elin. a peptide hormone. pronKllc~haenKlglobin ...ynthc~i,. The
endocrine funetion~ of Ihe kidney remain clinically intact umil
Ihe end 'Iage~ of renal failure.

It i, comenient to di~cu ..~ renal function in tenm of the
a\'>C"mcnt of glomerular and lubufur function.

The nephron

The glomefulus

------PrOKimallubule
(where maa"l
reabsorpbon occurs)

I------Loop of Henle
(ooncenlrabOn
01 tilUate)

Erythropooeton

Fig 2 Endocrine links lnlhe kidney.

Go>

@lfmEf)
1.25DlhydroKy<:hoIlIcalcitcroi

mea,urc GFR. bUI in pmclice creatinine.
which i, already pre..enl in blood al> a
nonnal prodUCI of muscle mclaboll'm.
come, dO"ie 10 fulfilling the abm e require­
menls.

Creatinine cleu....mce
An e\limate of the GFR can becaleulatcd
from the creatinine content of a 2-1·hour
urine collection. and the pla<;ma
concentration \\ ithin Ihi .. period. The
·dear.u'K.'C· of creatinine from pla.~nkl t~

din."'C'lly related to the GFR prO' idcd Ihal:

• lhe urine \ olume i!> l"OlIected a«:ur.ltcly
• lhe.-"rearenokel~orhea\Yproleinuria

I

POSI·pilu~a!)'

eT"
Pllralhyrok!t

Aldosillrone

Adrenal corteK

VolulIle ofI'lamlll = U X V
P

Thi~ i~ the \olumc of pla,ma "" hich
would ha\e 10 be completcl) 'cleared' of
the <;ub<;lance in the lime 'JlCcified 10

gi\e lhe.-" am(}unt-.ecn In urine. Thi<; i~ the
'c1earance' for Ihal \ub\lancc.

The maximum rate that the pla~lI1:l C:ln
be 'c1eared' of an) 'ub...tance t\ equal to
the GFR. Thi, could be calculated from
lhe clearance of <;ome plasm:l con'Uluent
which i<; freely filtered :llihe glomcrulu<;.
and is neither reabsorbed nor <.ccrcted In

Ihe IUbule.•, Cr·EDTA or inulin (a plant
earboh)drate) can be infu<.cd and u..cd to

TESTS OF GLOMERULAR FUNCTION

The glomel1llur rihr.lle i, an ultrafiltratc of pla..ma. and ha~ the
~all1c com[)!;)'i! ion '1\ phl\tlw without mu~t ofthc protein,. Pla~ma
I' filtered by the glomeruli at a rate of approximately 1401111/
minute. A normal glomerular filtration rale (GFR) will depend on
there being normal renal blood now and pre~"'llre. GFR i, directly
related to txxty ..,i/e. and eOll..,equemly is higher in mcn th:m
women. It i' al,o affected hy age. declining in Ihc e1dcrly.

Iflhe GFR fall~ dut:' to rc'lriction of the renal blood supply. or
,I' a rc'ult of de~tnletionof nephron\ b) renal di!oC:l~c. there i\
retention of the wa~te prodUCl'i of metabolism in the blood. In
chronic di<.cu"C. a new ·.. teady ~t:llc' i... re'lched with:l cOn,l:lnl
elc\ :Ilion III lhe ~cnllll concentr.ltlon of \ubslance-s ,uch <1\ urc<l
<lnd crcallllllle. A~ the renal dl..ea~ progres~s. urea and crealinine
concentl'::ltion, may incrca~ ,lowly mer man) lllOllIh<;.

Clearance
The problem i~ ho\\ 10 ll)e:l~un: the GFR.
11 help\ to con~idcr fir-Ily the eoncepl of
·clearance·. C(lrNdcr any pla..\lTl.1 l'Oll"'it­
ucnl whieh I' al\o pre..cnt in urine. The
amount excreted can be calculated by
mca,uring lhe unnary concentration (V.
.sa~ mnlolc, per litre) and multipl)ing
that b)" the \olume of urine collected in a
gi\en tllne: (V. -.a) lilrC\ In a 2-1h period).
Thu~. the amount excreted III unne i, U x
\'. The \olume of pla.\ma which would
ha' ccontained that amount can be ,,"orled
out by di\iding lhe amounl e'l;crelcd (V x
\') by lhe pla:.ma concentration of Inc
'Ub\t3Ol'C (I').
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prc-.cntto Interfere \\ Ilh Ihc creatlnme
delennlnallon

The GFR I~ ~'akulaled ;I~ f(lllo\\~:

(i/'R=Uxl
/'

= liritl,. ("(minI/rill/lillIif' j'remill;1l1'
I' =11'01111 or P/tUIIIlI COIlt"t'/J/rfItlOl/ 'if
crC'afUlIllI'

'Ole Ihal Ihc'C "hoold ~ In the wmt'
/lllllS. Lnne creatlnmc I'" u",u:llI~ reponed
3' mmoi/l. and "crum ercallnine a~

}lm01/1. '00 1M former"hou Id be muhipi ied
b~ IIXX.I.orlhclallcrdl\ukdb~1000. In
the cakulau(lIl

= un"t' fI(m ill I/Il1mm

A comnJ(1(l ml,>lal..e I' to con'>lder I· ;b

uone \olullk:..... hlch Itl~ mit, II i" the unoc
\olumc cotler.:ted m 14 hour.. alld Ihi~

figure i" dl\lded by 1-1 )( 6(lto gi\e thc
\olumc pmdun'd per Inmute. the \\ a~
GFR l~ u,uall) C\prc'-.cd

Serum creatinine and urea
TIle COlICcntratmn" of crcatlllinc and urca
In o,erum "mple... :Ire u"l,.·d tL'I.'"OnH'mcnt.
IJut in'>Cn.,llIlc. mea...urc, of glomerular
functH\n.

Figure l ,ho\\, ho\\ the GFR mu't fall
10 about h;lIf 11' nonllal ...alue before :l
'1gnificanl mcrc..~ '" <.cnlln crcallmne
btcollle... apparent. Bence. a 'nornwl'
...crurn cre:l111l1l1e (i.e. wilhll1lhc reference
I'lll1gel doe~ not l1ece~~:lrily mean all i,
wd1. The reference imenlll, .... ill \ar),
.... ith agc and hody "'I/e. h)r c"lample,
cOlmder an a") mplOm:lUc pcl"oOn \\ ho
,ho.... , a <.crum r.:rcll!inine t)f DO I.lJlloUl:

• In a young adult female Ihi, might wcll
he ahnonnal alld fCljulre' folio\\' -up to
e'(dude renal di'>C:I-e.

• In a rnuloCular }'OUl1~ nmlc thi, i, the
e'(pi.'l:ted rl',ul1

• In an cldcrl) person thi, i... a rcOel.:!lOn
of the ph)',ioiogiclli Ot.'Clllle of GFR
\\'Ilh agc.

Serum ureaconcentratlon i... Ie" u""ful
a~ a IIIca~ure of glomerular funr.:llon
Diet3f) prtllem mla"c :lffe"t- ..erum urca
COnCenlrduon. Ga.~tro'"tc't,"al bleeding
.... 111 cau'>C -erum urca to be cle\ated_ and
thl" doc... nOi IOchcate that glomerular
filtration I' compromi"'-'ti.

Urea I' rcalhorbcd in lhc tuhole,. Thl'
rc:lb~uon IIIcrea.<.c... al 10.... unnc O(l\\,
rates.

M<KI labor:nOlie....... 111 measure both
'>Crum creatinine and urea Thc rallO of
the 1.... 0 I' of \ alue In the In\ e,ugallon of
renal dl-.ordcr. (pp. 30.... l'l.

Proteinuria
lhe glomcrularln..ement memhr:mc doc,
nOI u!>uJlI) allo\\' P;1~\:lgC of albumlll and
large protein". A 'mall arnoumofalbumm.
u,uall~ Ie" than ~5 mg/24h. " fooM In

unne. \\ hen lafl!cr amount-. In e,r..'c:" of
250 mg/24h. are delcr.:ted. ,ignlficllnt
damagc 10 the glomerul;lf membr:me h;I'
occurred, Quantilati\c urine protem
ll1e~uremcm"...hould al\\' a) ... be made lin
complete ~-I·hour urine colkclion~.

Albumlll e'(crclion 1II Ihe range 25·
300 I11g/14h i, termed lIlir..·roalbum·
Illuria (po 59). Tubular proleinuria I'"
di~cu,'ed un page, 28-19.

URINE COLLECTIONS

It is not widel) llpprecimcd th;llthc biggc,t
error in Ihc detennin;llIon of creatinine
clearance. or mdced III Ihc 11Iea~uremenl

of thc dally e'(crelion of any lIIclanollte,
lie" in flit, col/pc'liml of flit' I;med 11I";111'
'filiI/pit'. l1lc 11J():<,1 <.ophl ...tic:ul,.'d tcchnology
I'" at the merc~ of pallcnt" and 'Iaff,
abilitic.. 10 en,ure Ihat an accuratc unnc
col1ccllon I'ohtainl.'d. Thl' i, ho\\, il 'houlJ
be done.

At a given lime. ~a) 8.00am. the
patient ,hould be a~led 10 empty the
hladder. rllt' /lrillt' ptlsst'd here i\
(Iisnmln!. All urine produced for thc
rcmalllder of that day and O\mllghl h

added to the srecimcn containcr. At
8.00al11 the nc'(! morning. lhe bladder i~

emptied ag.ain. and the urinc is addcd 10

Ihc COnlllll1Cr to ma\oe up ;1 complelc
2-1 h collccllon.

Case History 10

A malcaged 35 pre<;tnllng "" nh kM
pain ha~ a strum crealmmc of 1";0
~llIol/l. A 2-l--hour urine of 2160 ml
I" collected and found 10 ha\e a
creallnlne conctntralion of 7.5
mmoVi.

• Calculale the crtallmneclcarance
and commenl on lhe rt''iulh

An tfTOf in lhe timN colknioo .... a~
'ub<;cquentl) I't'pOI'tCd b~ IhtnuNng
~Iafr. and the colk'Chon lime .... ll'

reponed 10 be 17 hours.

• 110.... docSihis affcct the result and
It' mterpretallon'!

Clinical note

The !!llllllerular filtra·
tion roll'. lilc lhe heart

and rc,plrtltion r.:l1c,. tlllclUllIes
IhT(llighoullhe da). A r.:hange illlhe
GrR of up 10 2CYT hcl\\lXn t\\O
Clln'>('i;UII\e ~-n:alinine clearance'
ma~ nlll m<hcalc an~ r..""hange In

rcn:ll functIon,

I"""Assessing glomerular fUrlCtion

• The capIICIIy of fte kDJIys to ....plasma • the gIclmefl.j C3l be
asessed by I!'lNIInl!l h aunJe~ wIId1 appnu.:maiIS
to the gIomenUf MIratIon fJle

• 5en.m CfUlriIIe c:onc:wII1a\lOn IS 11\ nset1SltMl1"Idex of reoaI
Itn:fIon. as -/MY not appear to be eie'Iatedri the GFR has IIIIn
below 5O'l. of notTT'fIl ()a .. sen.rn aealrnllS bn:l to be

IIbnormII. c:hIngIs In 00.....' t1!IecI changes In GfR
• lMge~rA~ In' umI specrre'I~ nic:aIe--• The bIggeII ettOf II rneasumg any rnetallclMlI II 811f11lld ume

CCII8ClIOrt !lei II ..coI8dIot1 of the ume
'­,..

000

200

o.~
o 20 <lQ 60 80 100120140

GFA (mL'mwI)

f9 3 The rNdonstllp between gIomenIIat fiItr8Ilon rate and senm
cnatnn8~ Glum.,....I. filU':ll">Il '* 1II:!l' r:dll"'(>ll,!lknbl\
hrfcn 'oC'nlm u'nf1AlI'c" ,,~n,rk:antl) 1A,:re;l~' -
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INVESTIGATION OF RENAL FUNCTION (2)

FIQ 1 The classificatlon 01 prol~nuria.

.,
Tamm·Horslai
pro<~

Secreted

eg~orll,----

The acid load test
Th... acid load lesl i.. occasionall} used for
the diagno-.i, of renal tubular addo,i...
condilion, in "hieh melabolic acido"h
arN" from dimini"hed tubular '>CCrelion
ofh}drogen ions. Ammonium chloride is
admini;,tercd orJIl) in gelalin ca~ulc\.

Urine ,ample, arc collected for the
following 8 houn.. With nonnal renal
function. the pll of at lea"t one <,ample
,hoold be lelo' than 5.3. If nece'loaT) in a
difficult diagno'ilo. the excretion ratc, of
litrJlable acid and ammonium ion. and
-.erum bicarbonale concentr3tion. are all
mea'ured. This le..1 should not be
performed on pallent, who arc alread~

acidolic or "ho han'lher di..e3SC.
Renallubular acidosis mal be charne­

teriled a" follows:

Specific proteinuria
Cau'oCs of prot<..'inuria arc i>ummarized in
Figure 1. Mention ha~ :llread)' been made
of protein in urine a.. an indicator of leaky
glomeruli (pp. 26-27). P. microglobutin
and III rnicroglobulin are ,mall protein,
\\hich are filtered at the glomeruli and arc
u'llally reabsorbed by the tubul:lr cell,.

• 7\1'1' I. There i, a dek-ctne h}drogen
ion -.ceretion in the di,lallubule which
may be inheriled or acquired.

• Tvpe II. The capacilY to reabsorb
bicarbonale in the proximal lubule i,
rt.-.Juced.

• Type IV. Bicarbonate rcab!>Orption by
the renallubule is impaired:ls a conse­
quence of aldosleronc deficicncy.
aldo,tcrQnc receptor defec". or drug\
whieh blod aldoMcrone :lction.

There i~ no separate lype 111 renal
tuhular acidosi,.

1

GIofMruI.r TubuJ.r

" "

1
e.g. Benee-.Jone$ e.g aI;lumnlna...-...

Cau&e Uri". P.-
oamollilly osmoillily

---,--
-~..., -500 ~310

1l,g.lMr to gII.coMI--- <200 -2Ol-- <200 -",--- <200 -300

Table 1 Causes 01 polyuria

of greater than 700 mmollJ..g ,hould be
auained and the uriTIC:pla.,ma o,molalit)
ralio 'hould be 2.0 or abo\c. In pol)uria
of diabete<, insipidus. where the hormone
AVP i, lading. the ratio will rem:lIn
belween 0.2 and 0.7 e\en after Ouid
reslriction.ln lhe polyuria alo\OCiated wIIh
<;(}-Called 'compulsi\c waterdrinkel" .Ihe
ratio rna) be normal Without fluid
restriction but increa"e, afler nuid
n:striction. In some ho,pllah thl' form of
concenlration le't in\ohe, fluid
re'-lriclion o\crnighl (8 pm-10 am)
and mea,uring the osrnolalil) of urine
\oided in lhe rnomin£.

In praclice.lhe walerdepri\alion le,t
is extn:mely unplea.sant for the patienl. It
i.. potentiall) dan£erou.. if there i, \e\ere
inabilit~ to relain waler. The le~l mu..1 be
lenninated if \\ eight 10" e>;ccc,h :\ kg or
if more than 3 htres of urine i, pa~-.('d.

AdministrnllOn of AVP :l' Inc \)nthe­
tic analogue DDAVP \\ ill re,ull in
increa~d urinary concentration (Olomo­
lalit)' gre:ltcr than 700 mmollkg) if the
failure to concentrat... i, due 10 di:'lhcte,
in~ipidu,. No re'pon,e "ill be obtained if
the AVP l\.."'('eplOf', cannot re"pnnd to the
hormone. This i~ called ·ncphrog...nie·
diabete~ insipidu,.

Some di"OnJe,... of IUbular function arc
mherited. for cx::unplc...omc p.1tienh are
unable IOrcducc theirurinc pH belo.... 6.5.
bccau..c of a ..pccific failure of h}-dregen
ion ~crCllon. Renal lubular damage is
often "Ccond:u) 10 other conditions such
a~ cxpo~ure 10 hea\} melal, or nephro­
lO>;ic drop. or amyloido,ii>.

The water deprivation test
The cause, of pol} uria are summarized 111
Table I. Occa,ionall) It mal be necessaJ)
10 dcpri\ e a p:lllCnt of water in an effort to
find the cau-.e of c>;ce,,,,\e pol}uria. The
water dcpri\ allon te,t ill\ol\ e, complete
nuid dcpri\ alion during a 2~hour period.
'Wilh measurement of the o,molalil)' ofall
Ihe unnc ,pccimen, pas!iCd during the
'iCCond 12 hoo", oflhe tc<;t. An osmolalii}

TUBULAR DYSFUNCTION

The ~lomcru1i pro\ ide an cfllcicnt filtra­
tion I1lCchani"lll for ridding the body of
y,a."c product, and to'(ic ..ub~lancc~. To
cn,ure that imponam con"tilucnl, <,ur:h
a .. '" :lIcr, '(Kllum. gluco..c and amino
acid.. are nOllo.., from the bod). tubular
rcab<.ofpllon mu,l be equall} efficient.
For eumple. ISO l,tre, of nuid pa.~s into
the glomerular filtrate each da}. and more
than 99'1 of ,hi, j .. recO\cred. Compared
.... ith the GFR a.. an :h"c~ .. mcnl of
glomerular (unction. there arc no easil)
pcrfomlCd le,t" .... hich lI1ca."urc tubular
function in a quantitati\l: manner.

RENAL TUBULAR FUNCTION

INVESTIGATION OF TUBULAR
FUNCTION

Osmolality measurements in plasma
and urine
Of :111 the llIbular fUI1l::lion,. Ihe onc 1ll0~t

frc()lIc11lly affecled by di,ea'-C i, thc ability
to concentrate the urine. If thc tubuk, and
COllecting due" are working efficiently.
and if AVI) i, pre,enl, they will be able to
reab<;ori)" :lIcr. Julol how well can oca."essed
b} me:l~uring urine concentration. This is
corl\enicntly done by detcmlining the
cr-1Il013lity. and then cornp:lring lhi, 10 the
pl:l,ma. In norm:ll mdi\idu:ll, on an
a\-crage Ouid imal..e the urine:pla,ma
o,molality r.uio i, usu:lll} bct"t."Cn 1.0
and :lO. In Olher" oro,. the urine ii> more
conccmrJted lhan the pla,ma. When the
urllle: plasm:1 o,molality mlio is 1.0 Of

Ic..s.thc rcnaltubulc, are nO!: reabsorbing
water.
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eels. casts.
etySlal:s. baclena

FlO 3 The place of biochemicaltestlfl!l in uriNlyiis,

An increa,ed concentr.uion of the\e
proIeins in unne i~ a .!>Cn,ilhe irnJicatorof
rcnallubular cell damage.

Glycosuria
The presence of gluco..e in urine v\hen
blood glueo,e i.. normal usually reneet ..
the inability of the lUbules to reab.,orb
gluco\e bCC:lLl ..e of a ..pccifie tubular
[e,ion. Here. lhe renal lhre~hold (the
capacity for the lUbuk., 10 rC:lb'>Orb the
\ub<;lance in qUC\tion) h:b been reached.
This is called !'Cnal glycmuria and i, a
benign condition. GI}cosuria can al<.o
pre~m in as!>OCialion \\ ilh Olherdio;ordc.....
oftubolarfuoction the Fanconi ..yndromc.

Aminoaciduria
Normally. amino acid, in the glomerular
filtrate are re:lb-.orbed in the pro'limal
tubules. The) may be pre~nl in urine 11\

e'lee~si\e amounl because the phl..ma
concentr.uion e\(~·eed .. the renal lhre..­
hold. or becau..c there i, 'lX'cilic failure
ofnomlaltubularreahwrptive nK."Chani.,nh.
o:uch;b in the inhcriltxlmetabolie di"tOl'lkr.
C).'>Iinuria. Of more commonly becau'-C of
acquired renalluhular damage.

SPECIAC TUBULAR DEFECTS

The Fanconi syndrome
lbe F3J1{"Ont ") ndmme" u~d 10 dc-.cnbc

lJoIumeand-..

the occurrence of generalilcd lllbul:lr
defect!> ,u,'h a.. renal tubular aeido,i ...
aminoaciduria and tubular proleinuria. It
can occur ,I .. a re'ult of heavy metal
poisoning. or from the effect!> or toxin,
and inhcriled I1IClabolic di~ea,e, .,ueh a,
cy~tino..i~.

Renal stones
Rl:nal Slone.. (calculi1produce \C\cre pain
and di<;comfon. and al'l: common C:W'>C':>

ofob'>1nlclion 111 the unn;lI) lract (Fig. 21.
Chemical anal) ~i\ of renal ,lone, i,
Important tn the tn\ e"ligalion of \\ h) Ihe)
have fonned. T) pc, of "lone include:

Biochemislry

of h) pemnc:lemia (,ee pr. 13-4-135).
• Cy.\lille: the'>C are rJre and a fei.llun:

of the inhented mct3bolic di ..ordcr
ey.. tinuri:l ('oee pp. 146-1 ...7),

URINALYSIS

Examination of a patienC .. urine ,hould
nm be rc,lriclt."<1 to biochemical I(,\h.

Figure J ~ummariLcs Ihe \loa)" urine rna}
be exammed to a"i~1 in the as'\C~"menlof
Ihe palient .... ilh ~nal di~a'>C.

N,' K- CI HCO I Urea Creatinine GJueo:-.c
/1111I0/11 /'/10/11 1/111I0/1/

150 3.• 106 25 5.5 '0 5." •
Serum o\molalilY = 310 mmolll.g
Unne o-.molahly = 110 mmolll.g •
Urine volume = 8litresl24h

•

Clinical note

I~Assessing tubular
function

• ChemICal eXoafTWlallOO 01 UMe IS JUS!
one aspect of unnalysis.

• Acompaflson 01 unne and serum
osmolality measurements wll[ lIldlcale
II a pa~enlllas the ability 10 corcenllale

"~
SpecIfIC tests are available to measure
unnary an:entIa1ng al*ily and tile

abIkty 10 exaete an atId 1oacI.
The presence of specific smaI plOlMI
III r.me nicales ILbAar damage
ChemcaI analysis d renal slcnes IS
~ IOIhe nveslJgatJOn d IhIw-

Ortho~I:llic. or IXl'lUI'"JI.

protclllllria i, cornillon 111

teenager... [t i.. a benign condition in
.... ruch proteinuria occurs 0Il1} .... hen the
Mlbjecb arc 'landing upright. and i., :1
re:sult of an illlTl.'"J.'.C in ~ hydro,tatic
pre....ure m the renal \ein...

• Calciul/1 pJw\/,'wle: ma} be a
con'\Cqucnce of primary hypcrpara.
thyroidil,m or renal tubular :lcidthi ...

• MIlgllesilllll, WIII//olliUIIJ (llId pl/(I~flIUlI{':

these arc often ;Is\ociated with urinary
tmcl infection...

• Om/lIIe: may oc a con~equencc

of hyperoxaluria.

• Uric tl£"it/: may be a con<;equcn"e

Case history 11

RS. a .3O-}car-old .... oman. fractured her""ull in an accidcnl. She: had no other major
injuries. no ,ignilieant blood loss, and her eardio\ ascuJar S) ,tem was SlabIe. She .... as
uncon!>Cioul, for IY,O day" after Ihe accident, On the fourth day of her admi ...sion to
hospital "he wa, noted to be producing large volume.. of urine and complaining of
thil'!ll, OiochcmiC:11 finding... were:

• h a .... ater derri\ution tesl n:quired 10 male the diagOO'>i, in thi" patienl?

Comm~11t 011 P(ll:~ 153.
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ACUTE RENAL FAILURE

f'Q. 1 The elassitleltlon oflcute ~nalillure.

Renal failure i\ th~ t'C"allon of kidoc) function, In acule ren:J1
failure IARF). the kldoc}, (:111 o\er a period of hour.. or day!>.
Chronit' renal failure ,CRF) dl'\do~O'er month!> or }ear. and
lead, c\clUuall} 10 ern! ,Iage renal failure (ESRF). ARF rna} be
reH'f'\cd and noml.11 renal function regained. \\ ht'rea-, eRF "
irre\Cf'ilblc.

AETIOLOGY

ARF an~l> from a \anel\ of problem!> affecting the "idnC)l>
iliKI/Of their cin:ulatjoo, It u,uall) prc'>Cnb:l" a l>uddcn dclcrioc­
alion of renal function indicated b} rapidly rising ~rum urea
and crcallninc cooccmrmion.... \, acute renal failure i.. common
m the ..e\cfC'l) ill. "t.'qucnl1al monitoring of \...idney function i"
importam for carl) detection in lhi ... group of patient:..

U,ual1)_ urine output fall ... to Ie" than -400 mlr.!..J h. and the
palicnl is -.aid to be ollgunc. The patient may pa"" no urinl;' at all.
and be anuric. Occa~ionally urinl;' now remain~ high \lo hen
tubular dy"function predomlnatl;'~.

Kidney f~ulure or uraemia can be da,,\ified a~ (Fig. I):

• /'r('·r('lllIl: the kidnc} fall" 10 recti\c a propo:r blood "uppl}.
• Pmt·r('/llIf: the urinary dr.tinage of the I..idne}.!> i... impaired

becau...... of an ob"truction.
• Neill/I: imrin"ic damage to the kidney tl\<.Ue. 11Ii" mal be due

to a \ anety ofdi-.ca...c.., or the renal damage may be acon..equcnee
of prolonged prt:-renal or (Xht-renal problem....

DIAGNOSIS

P,e·renal

I

-­,~Iperfusion

Post·renal

U,etencl
urethral

obstructlOfl

Renal

In ncarly all ea~c~ the clinical hi"lOry and
pre..cntalion \\ ill indicale lhal a palienl
ha... or may dC\'t:lop. ARF. The fir~t .. lep
in a"-;C"'~lfJg lhe palient wilh ARF i... 10

idenlify any pre- orpo"l-rcnal factor" \\ hich
could be readily ('orrected and allow
rccovt.'ry of renal funclion. The hi .. tol)

and examinution of the palient. including
the prcwncc of lllher "c\ere iUne"". drug
hl.)lory and lime COUl"'.e of the Oll-.ct of Ihe
ARE may \locll pro\ itk imponant clue.... II
l~ imponanl to nOle thaI in lhe lil"'.l 24 hl"'.
of ARF (he '<'rum :lnd urine te.,,, may nOl
re"eal an) abnonnalilY. Factol"'. \lohich
precipitate pre-renal uraemia are usually
associated \\lth a reduced effecli\e ECF
\olume and include:

• decreased pla~ma \olumc because
of blood lo~.!>. bum.... prolongt:d
\omlung. or diarrhoea

• diminished cardiac outpul
• local faclon; such a." an occlu\ion

of the renal artel).

Pre-renal faclor... lead to decreased
renal perfu:,>ion and reduction in GFR.
Both AVP and aldo-.tt'f"OOC arc secreted
maximally and a ..mall \olurneofconcen­
trated urine I'" produced.

Biochemical finding~ in pre-renal
uraemia include lhe follo\\iog:

• Serum IIrn/ lll1d{'(eminilll' (lrl' il1('1~'ll.\ed.

Urea i~ increa-.ed pmportion:i1ly more
lhan crealinine bet'au ...~ of it... reah­
~orplioll by the lubular celh. particu­
larly allow urine now rale~. Thi ... lead..
to a relatively higher ~crum urea con­
ccntrJlion Ihan crealinine which i~ nOI
,,0 reabsorbed.

• Mewbv/ic addmiJ: bccllu ...e of Ihe
inabilily of lhe kidney 10 exerelc
hydrogen ions.

• lJyperkll/aemia: bcc:lUsc of Ihe
decreased glomerular fihr:ltion rate
and acido~is.

• A 1I;gh IIr;lI(' oJlll%fm'.

PO~I-ren:tl factor... cau...e decrca~ed

renal function. bccau<;c !he cffl.'ctJ\c filtr'J­
tion pressure at the glomeruli i~ n:-duced
due to the bad prc'i-Sure caused by the
blockage. Cau~... include:

• renal "'ones
• carcinoma of ceni:\. prostate.

or occasionally bladder.

If lhc<.e pre- or po~t-renal facIO.... are
not corrected. patienl:'> will dc\ elop intrin~ic

renal damage (acule tubular 1K"f."ll>'>is).

Acute tubular necrosis
Acute tubular nl."erosis mal de\clop in

lhe ah...ence of pre-c;l;i~ling pre-renal or
post-renal fuilure. The causes include:

• aCUlC blood loss in severe IraUIll:1
• "cplic ..hock
• "'1X."eific n::nal disell~e "uch 1I~

glomcnllonephri lis
• ncphroto:\in~ ~uch as lhe

(ll1linoglyco~ide~.or analge~ic~

P<llient ... in lhe e:lrly ... lages of acule
lubularnccro--i ... muy haveonl) a Illode"'lly
incre;hed ..erum urea and creatinine
\lohich then ri~e rapidly over a period of
day~. in COntrol"t to tnc ~low increase o\er
month" and lean; seen in chronic renal
failure.

It may be difficult to decide the rea~n

for a patienC.. oliguria. 1lle biochemical
feature" v.hich di~lingui~h pre-renal
uraemia from imrin..ic renal damage arc
... hO\lon in Table I.

Table 1 8iochemiealleaturu In the diflerential
d~nosls of the ollguric pa~t_...... -- -...... ....-......... "'..... "".....-- >IOcI 4'

~'.0IrldIlIy >1.5:1 <1.1.1
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RECOVERY

There Illay be three dl,tlflct pha:.c ... in the
re ...olving clinical cour,e of a patient \\ ilh
acute renal failure (Fig. 2). An initial
oliguric pha,c. where glomerular i11t-

impairmcnl of the GFR and the rate
of deterioration or illlprO\emcm.
Serum pol::l.\\iulll ... hould be monitored
c1rn.cly.

• Dialysis. Indication.. fordial)"si:.
include a rapidl) ri,ing ;,erum
pota.."lum concentr.lIion. 'oC\ ere
acidosi". and fluid O\erlnad.

Clinical note

Acule tubular necTlhi"
I'" the commonest cau<.c

of ..c\ere life-threatening h) per­
kalaernia. The rJpidly increa~ing

'Cnlm pOla..... ium is USUOlll) the
indic:ltion to ...Ian the p:llient on
dialy,i~.

CQ..

pairmcnt predominates. This i, follow ...d
by a diuretic phase when urine OUlput i,
high. a... j!lomerular funclion impro\c,
bUI lubular fuoclion remain... impaired.
During a rct.'O\el) pha-.e. complete renal
funclion ma) relUrn. Careful clinical and
biochemical moniloring i, necc"ar)
throughoul the COUT'(" of the paliem'..
IlIne......

It ,hould be nOled that iOitially the
urca and creatinine ma) be normal III

ARF. The ..crum pola:....ium usually ri'e..
\ery quiclly in catabolic patiem,. with or
without 1i ...... ue damage. :md fall ... quickly
once the urine fiow r;lte im:rca ..c,. The
urinc volume cannot be rcl:l1cd tu the
GFR. The ...crum urca and creatinine re­
main high during thc diuretic pha;.,c. bc­
cau,c thc GFR i:. ~till low and Ihe large
urine \olume.. refiectLUbulardamage.ln
the rcco\cry phase the serum urea and
creatinine fall a;, the GFR impro\c... Olnd
the -.crurn pola.... ium coneenlrJ.1l0n return ...
10 noona!. a.. the lubular mechani ...rn ..
reco\er.
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MANAGEMENT

Imponam issues in the managementofthe
patient with ARF include;

• Cllrrn·tloll ofpr~·rell{/Ifill'tofl. ;f
I"~fem. h.1' repfoc~"'1'1I/ of,III.I t"CF
mllllnl' "efiei!. Can: ...hould be talen
that the palient doe... not becomc fluid
o\crloadt.--d.ln cardiac failure.
iootropic agcm... may he indicaled.

• Tremmem of'"I' /IIl(/l.'rl\·;I/,I: dif('Wt'
(e.g. to cumrul infection).

• lJllH..'hemical mO/litoring. Daily fluid
bal:lI1cc chans provide an :I,'e',lllent
of body fluid \'olul11e. SCnlt11

crl:alinine indicate" the degree of

F.g 2 The bioehemicaI CQUf'Se at atypical ~tienl with acute r!l'lallallu~.

• Wh:ll do these biochcmi ...try re~ult~ indica1<;: aboullhc patient's condition'!

Comment 011 (Hlge /53.

Case history 12

A male. aged SO. plTloCntcd with pyrexia. He wa:.clinicall) deh) drntcdand oliguric.

I~Acute renal failure

• ARF IS the laue of renal ftn:bon lMII"

a penod d hoUrs or days ldenlllied by
a nsng sert.fT\ urea and aeallWMl,

• Acute renallabe may be classdiecI
as pre-renal renal or post-«!l'lal

• f'ron'4\IldendicaIIon d pre. or post.
1m tacIoIs may dow COI\1lCfIOII d fie
prot:m beklte damage tllllllffins

"""
• Managemenl d apatJenl WI1h ntmsIC

renal damage wiI R::Iude sequential
measurement of crea1llllle. sotil.rn.
poIaSSMn and bicaIbonale III serum.
and ume soditxn and potaSSIUm

excre1iOll and 0sm0iaiity
• care should be laken to prevent fluid

overload In the treatment of patients
With renal disease.

• Ufe threateotng I1yperkalaemla may
be a CMsequeoce 01 ARF,

Relerence....,.
3000

2000

Na' K' CI BCD U~, Creatinine
//Imollf jknolA

140 5.• 112 I. 22.9 ISS

Senlm osmolality = 305 mmol/kg
Urine osmolality = 629 mrnol/kg.

~n~n
o,:.JI;LJ~~--IoI--lo.I~--l-'-~LlJUJLJ

2 3 4 5 6 7 8 9 10 11 12
Do"
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CHRONIC RENAL FAILURE

Chronic ren:.] fadure (CRF) j" the progressi\c irrc\crsib1c
dcslru..:tion of kidney tl~sue by di~ase y.hich. if not treated by
dialy~is or trnnsplanE. "ill reloult in the dealh of the patient. The
aCliolog} of eRF encompas~~ the spectrum of known kidney
diseases. The end result ofprogrcsSi\c renal damage is the same
no matter \\ hal the cau~ ofthe dlsea~ ma~ ha\c been.11lc major
effect-. of renal failure all occur because of the loss of function­
109 nephron~_ It i~ a fcalUrc ofCRF that palienLS rna) hal.'" fe"
if an) \)IIIPWIIl.'> unlil the glomerular fihration rale falh
beloy. 15 mUmin (i.e. 10 I()q- of normal function). and the
di..ease i.. far ad\anced.

Penoos oIlw1emod1alysls

I I 1/ I I I I I I I I I I
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CONSEOUENCES OF CRF

All of the ani\ ilie.'> of the l.idoc) , are affected in end stage renal
failure ......ilh imponant metabohc <.-on-.equc:JK."e>. The areas involved
and the chmcal biochemical fealUre~ are del>Cribed beIO\\.

Fig 2 How hypocalcaemlalnd secondary hyperparathyroidism develop In
refill disease,

_....-,.
relenbOrl

Ir.creased
biosynthesis

and Stl<:fellon
ofPTH

Oecfeased
Inlesllnal

a~

-­10m'"'''' •
1.25(0012~

Sodium and water metabolism
MOSI CRF patientJ> retain the ability 10 reabsorb ~ium ion~. bUI
the rcnaltubulc~ may lo'>e their abilily to reab~rbwater and so
concentmle urine. Polyuria. allhough present. rn3Y not be excel>l>j \ e
because the GFR i\ l>O 10". Bccause of their impaired abilit} to
regulate" 31er balance. patient~ in renal failure ma} become nuid
overloaded or nuid depicted \Cry easily.

Potassium metabolism
Hypcrkalacmia i~ a feature of advanced CRF and poses a threat
to life (Fig. I ). The ability to excrete pola~~iumdecreases as lhe
GFR fall!>. but hyperkalacmi:t may not bea majorproblelll in CRF
unlillhc GFR fall~ to vcry low levels. Then, a sudden deterioration
of renal function Ill.'!y precipitme a r.lpid rise in serum potasJ>iulll
concenlration. An unexpectedly high serum pOlassium
concenlration in an outpatient ~holJld alway, be jnvc~tigatcdwith
urgency,

Acid-base balance
As CRFdc\ ClOpl>, the abi lity ofthe kidneys to regenerate bicarbonate
and excrele hydrogen ions in the urine becomes impaired. The
retention of hydrogen ions causes a metabolic acidosis.

Calcium and phosphate metabolism
The abilityofthe renal cclb to make 1.25
dihydro'tycholecalciferol falls a" the
renal tubular damage progresses.
Calcium absorption i"rcducedand there b
a tendency to" ards hypocalcaemia.
Parathyroid hormone is stimulated in an
atlcmpt to restore plasm3 calcium to
nOfTllal. and high circul3ting PTH may
ha\e ad\erse effecb on bone if thIS is
allo"ed to contlrtue (Fig, 2), Seconda!')
hy perparathyroidism cause, the changes
in bone .... hich are characteristic of renal
ostcodYl>troph} .

Erythropoietin synthesis
Anaemia i" often associated" IIh chronic
renal disease, The normochromic

normocytic anaemia i~ due primaril} 10

failure of erythropoietin production.
Bio~ynthcJ>iscd human erythropoietin
may be used 10 treat the anaemia of eRF.

CLINICAL FEATURES

1l'IC clinical features ofchromc renal failure
renect the Impairment of the abO\e
:.ystemJ>. The inabilit} to rid the bod} of
Olhertoxic metabolitel> may be respon~ible

for the occurrence of many of the feature~

ofCRF "hich are illustrated in Figure 3.
Earl} in chrome renal failure the normal
reduction in urine formation "hen the
patient is recumbent and asleep i" Io<;t,
Patients "00 do not experience da}tirne
polyuria may nc\enheless ha\e nOCluria

a, their presenting symptom.

MANAGEMENT

In ;"orne cases it may be possible to trcat
the cauJ>e of the CRF and at least delay the
progression of the disease. Con.senati\e
measures may be uxd to aile, iate symptoms
before dialysis hecomes nece~sat). and
these im ol\e much use ofthe biochemical
laboratory. Important considerations
are:

• Water and ~ium intake should be
carcfull} matched to the losses. Dietary
sodium restriction and diuretics may be
required to pre\ ent sodium 0\ erlood.

• Hyperkalacmia may be controlled b}
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c..
• Hypert8l'lSlOn
• Penc:an:llIl$
-Anaermll

GUS
'Impotence
'Noduna

Fig J The elinicill consequeoces of CRF.

~>-,__l~=PNS I
-;:- ,::;:- J.... i .PerIpheral neuropalhy ,

~g~~~~ GIT+I------i. Nausea and vomitmg
'Anore~,a

L.....;,~_...J

Mu~uknkeletal..........
• Stunted growth
• Bono ...

dial)'''i, h the prm i\ion of a ,cmi­
permeable membrane through \\ hich
ion, and '>l1Iall molecule,. prc.!>Cnt in
pla..ma at high concentration. can diffu"C
into the 10\10 l'Olicentralions of a rin"m~

Ouid. In hacmodial},i,. an anlfinal
membrane i... u-.cd. In peritoneal dial},i,_
the dial) ,i, fluid i, placed in the peritoneal
ca\it}. and mok"ClIlc.'> 1I10\C out of the
blood \c....cl, of the peritoneal \loal1.
Conli nuau.. umbu lalOI) p=ri toneal dial)',>i,
(CAPO) i .. an cffcCli\c way of rCIIlO\ ing.
.... :I .. t<: protluct ... The dial)'si .. fluid i,
repl:lccd c\cry .. i.\ houf.'>.

Notc 11l:ll haclllodialy"i~ and peritoneal
dialy~i" may rdic\ C111;lllyoflhc symptoflh
of chronic renal failure and rectify ,Ih­
norma1 fI uid ,lIld electrol yte and acid­
ba..c hillanec. These trealmcnt~ do not.
hu\\c\cr. re\erSe the other metabolic.
endocnne or h>ll.'matologic'll con ..e­
quencc, of chronic renal failure.

Renallransplant
Ahhough transp1:m\ of a kidnc) restore...
allllO'!( all of the renal functions. paticnI...
require long-ternl imnluno'iupprc,;,ion.
C)c1o,porinc i, nephrotoxic at high
concentration, and monitOring of both
crc,IIIllIllC and c)dO'>porine is ncce\,;u)
to balance the fine Ime bet.... een rCJl--<:tlon
and renal damage due to the drug.

Clinical nole

I~Chronic renal failure

Hypenen,ioll is both a
COl!1mon causc :Ind:l

eon"cllllCnl:e of ren:>] diM:as.c.
Good blood prcv.urc control is
an e"'>ential pan oftrealmcnt :llld
dcla)".'> the progri: .... ion of chronic
renal failure.

Dialysis
Haemodialy.'>is and peritoneal dialy.'>is
.... ill .'>lI.'>tain life \\ hen other measures
can no longer maimain nuid. electro­
lyte and acid-ba'>C balancc. The key to

Most patient.'> .... ith CRF will even­
tually require dial),is. in \\hich ca.'>e
the,e con,enativc IIlcu .. un: .. mu .. t be
continucd. In contra .. !, aClcr a "\lC­
cessful kidney tran"planl. normal
renal function i" re-c'>labli"hed.

balance ,hould. ho .... c\er. ~ a\oidcd.oral ion-cxchange Te,in, (RC'oOnlUlli A).
• H)pcrpho.'>phataemia may be con­

trolled by oml aluminium or rnagne­
~IUIl1 ,:tits which act b) ~(IUe'lCring

inge'led pho~phate in the gut.
• The admini.'>tration of hydroxyl:llcd

vitamin D metabolite~ 1lI,ly prevcnllhe
development of secondary hyper­
parathyroidi~l11. There i, a ri,k of
hypercalcaemia \\ ith thi ... treatment.

• Dicta!) fe,triction of protein. to reduce
the formation of nitrogcnou'> .... aste
product..'>. may gi\c ,)mpWI!I,ltic
impro\emcnt. A ncgati\c nitrogen

COIl1I/1I'IlI 011 page /53.

• Whm is Ihe signific:mcc ofthe..c rcsul1s?
• What olher biochemical lc~t\ .. lmuld be pcrfomlcd. :md how might the results

innuencc treatmel1l?

Case history 13

\IH i~ a -JO.-)ear-old female .... Ith chronic renal failure .... OO i,> being treated by
hacmodialysis. Her serum biochemistl) just prior to her la...t dial)"\i .. sOO.... ed:

• CI1rtn: renal laUe IS the progres5M!
~ desIrvcbon of Iudney tISSue
by cIsease ..t1Ic:h. ~ not treated by
dIa/pls or transplanl, wi resuIl n the
tlealh of the pauem.

• Paber1ls WIth CRF may be WJthout
symptoms unu !he GFR ralls 10 VilIY
low values

• Col'lsequences of chrOOlC renalla~ure

Include drsorclered water and sodium
mtllabohsm, hyperkaJaemla, abnormal
calcium and phosphate metabohsm.
and anaemia

Creatinine
}1J11,,/I/
1430

Urea

25.516

IlCO,

130

K- Cl

-----mJIIQlI1--------
5.7 100



34 ICORE BIOCHEMISTRY)
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HYDROGEN ION CONCENTRATION

Fig. 1 The negative logarithmic relationship
belween [WI and pH.

Blood hydrogen Ion cnnccntrJIIOn (H'I j..

mainl;uncd .... Ithin tight Iimih 10 health.
NlInnallc\d, lie ocl\\l.'Cn 35-45 omoill.
Value, greaterlhan 120nmolll Of k ... , lhan
:W 1111101/1 arc u,ually in..:ompatihle "llh
life. In the pa,t.1 H'I in blood .... a-.. oc"",ribed
a, pH. hUi no.... it., IllOJ"C u..ual focfCsulb.
10 tx- rcponcd In molarconccnlrntioll unit'>.
3-' IImolll (Fig. I J.

Rooal Renal
t bul n t bola I

Renal Renal
t bula cells tubula I

Recovery 01 blcarbonate

• IU"
, ,-

Na----:~-
.-~ HCO:!' + W H'

It

""""It
co,. H,O

!io 1II,

• III "
area s " rumen

~

Na'--: I
· HCaa- + w- H' + HC03

It II
~C03 H,co,

It II
H:P+C02- CCh + H:P

-"-
I 1

, I a "'

N,'

HeO,

co,

No'

Heo,

Pentllbula.
capllla

Pentubular
"PRo

'Regenef1Itlon 01 bicIIrbonate - excretion
01 hydrogen ion

ASSESSING ACID-BASE STATUS

HYDROGEN ION EXCRETION
IN THE KIDNEY

Fill 2 The recovery and regeneratlon 01 blearbonate
by excretion 01 H- in the renal tubular eel. Note thai
H' Is aetiveIy secreted inlo the urine while CO,
diffuses .Iong its concentratlon gradient

f\11 the h}dmgen ion .... hieh i .. buffered
must l.',enlually be ,,"ICcfeted from the
llody \ ia the I.itltle} ,. regenerating the
bicarbonate u~ed up in the buffering
procc'" and mainlaining the plasma
bicarbonate conccnlrnlion .... jlhin nomlal
limit.. (Fig. 2). Secretion ofh}drogcn ion
b} the lubular cdh :.cne~ initiall} 10
redallll bICarbonate from the glomerular
fill;'lle ;,0 that thi ... i" nOI Iml from the
hod). When al1lhc bicarbonate ha" been
recO\ credo an} ddit-il duc 10 the buncnog
procc.... i:. ~"T3led. "The mechani~nl!> for
bicarbonate recflH"r)' and for bicarbon.ale
rt'gl'lIl'mtitl/l art" \ cry similar and arc
<,()nWll1l'lC~confu-.cd (Fig. 2).

The excreted h)drogen iOlh mu"t bo.:
buffered in urine or the IWI would n,c to
\ cf) high le\ c1 .... Pho-,phalc aCh a ... olle
...ueh buffer. \\.hilc ammonia j, another
(Fig.]).

A bulTer i~ a Mllution of the '-311 of a "ca"
acid" hich i.. ahle 10 bmd h~drogcn ion..,
Buffering doe.. not renKl\ e h)drogcn ion..
from me bod). Rather. bulTc" tcmpornril)
mop up an} cxccs~ h)drogcn ion~ "hich
arc produced_ in the \amc "ay that a ~Ix)llgc

M>aks up "ater. Buffering i~ onl) a ..hun
Icrm Mllution to the problem of e'l(cc~~

h}drogcn ion. Ultimately. thc bOO) mU~1

get rid of lhe h)drogcn ion~ by rcnJI
excretion.

The bod) contJlIh a numbcrol buffe....
to e\en out ..udden ('hange.. 10 hydrogen
ionproduclion. Proteln~canact a.. buffe.....
and lhe haemoglobm in thc cl)·throc) te ..
ha.. a hig.h capacity for bmding h)drogen
ion. In the ECF. bicarbonale buffer i~ the
mo<>t imponam. In thi~ buffer ~} .. t\."m.
bicarbonatc (HCO.) combinc.. "lIh
hydrogen ion 10 form carbonic acid
(I·I:CO,). Thi~ buffer "y""'m i.. uniqu.... in
lhat the H,CO, can dissociate to water and
carbon dioxide.

Whcrca;, simplc bu ffef'l rnpillly bl:~'Olll""

ineffeclive a .. the a....oci:uion of th\."
hydrogen ion and the :Inion of lhe we:I"
acid re,lchc~ l-'(luilibriunt, lh\." bic;!rbon;lle
sy~lel1l keep.. work illg bl:cau~e lhe carbon ie
acid is r.... ll1o\cd a;, carbon dioxide. The
limiltu the cffcclivenes~ ofthc hic:un(lnalc
..ystcTIl i.. lhe initial concentration of
bit'arbon<.ltc. Only \\ hcn aillhe bic:lrbon:ltc
i.. used up doe.. lhe "y.. lcm have no funher
buffering capacity. The :u:id-b<.l"c .. tatu ..
ofpatient~ is as ..e ..,cd by con.. idcralion of
the bicarbonate ..y.. lCTIl of pl;Nlla,

The a;,.sociation of hydrogen ion \\ Ith
bicarbonale occurs rapidl), but the
breakdown of carbonic acid to carbon
dioxide and water happt:n~ rclali\c1)'
~Iowly. The reaction i\ aecclerJted by an
en£ymc. carbonic anh}dra~e, "hich i..
prc\ent particularl) "here Ihi.. reaction i.s
most needed. in tllCcrylhrocylc.. and in lhe
kidncy's. Buffering by the bicarhon:uc
~)'Mem effecll\c1) remmes hydrogen ion
from the ECF at the expcn'>Cofbicarbonate.
The carbon dio;o;ide "hieh ... formed can
be blo"n off in lhe lung.., and lhe \\aler
mixes wilh lhe large body \\aterpool. The
e:<tracellular nuid contain"a large amount
of bicarbonale. around 2~ mmolll, If
hydrogen ions begin 10 boild up for an)
reason. the bicarbot'tateconccntrJIIOn falls
a.. the buffering syslem conle' into pia).

BUFFERING

re~plratory function i.. impaired do
problem.. oc..:ur.
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Hydrogen iurh are produced in the
lxxJy a.. a n:'ult ofmctahoJi~m.panicularly
rrom Ihco~id:LIIOll ofthe ..ulphur-containing
amino acid.. of protein IlIgc,>lcd 3\ food.
~ 101:31 amounlofhy dro~cn ion produced
each day in Ihi...... ay i.. of the order of 60
I11molc\, ffall o(lhi, \\a~ to be diluted in
the c~lmccilular fluid (-1-1 litre,». (1-1'1
\\ould bc4 mmolll.or IOOOOOtmlC~mon:
acid than rKlnlkll 'l1l1~Ju~t<Joe..not happ.:n.
a\ all thc h)drogen iOlh prodUCt:d an:
efficicntl) cxcreted 10 urine. E\el)one
"00 cab a diet rich In animal protein
pa~-.e~ a urine "hlch is profoundl) acid.

MetahoJi ..m al~o produce~ carbon
dioxidc. In -.olution thi .. ga;, fonn .. a "ea"
acid. Large amounh of CO. are produced
b) ~<cllular :t\.<li\ll) each day "Ith the
polcntialto Up\cl acid-ba.'>C balance. bul
under nonnal cin:um..tanccs all of this
CO, i.. e\crctl.:d \ ia the lung). ha\ing been
trJn~poncd in Ihc blood. Onl) "hen
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Acid-base:
concepts and vocabulary

• The assessment of acid-base slatus
IS carried out by measuring [H"].
[HC01 Jafld PC01• the components
01 the bicarbonate buffer sys1em in
plasma

• Addll1g hydrogen ions, removllIg
bicarbonate or increasing !he PCO,
will all have !he same effect. an
Increase In [H'],

• RerTlOVIng hydrogen ions, adding
bicarbonate or IOwenng PeO, WI. al!
cause the IH'I to faR.

• Primary problems WIItl hydrogen ion
productlOlt Of ewetJon are reflected
1fI the [HCO-l; and ttlese are called
'metabolic' acd-base dIsOfdefs..

• Prvnary problems WIItl CO, exctetlOn
are reflected in Peal: ttlese are
called 'respII'3tory' acid-base
disorders.

• The body has physloIogIcaI
mechanlsms 'A1lict1 try to resIOre [H'!
to normal. These processes are
calIed'~'

• The obseM!d [H'J 1fI any aad-base
Qsorder tellects the balance belween
the prmary listurbance and !he
atnOLlfIl 01~bOn.

Thc actual bloot.lIH-] at any lime in the
course of :111 acid-base di'oorder j, :1
conscquence of the ,e\crity of the
prima'} di'olurbance and the amount of
compcn~ation\\hich h:l-s occurred.

Terminology
Acido\i, and alloalo,is aro: clinical tenm
.... hieh define thl.' primary acid-ba..e
di,tumance. The) l'an be u-..ed o:\cn "hen
the IWI i, "'ithin lhe nonnal range. i.e.
.... hcn lhe di-.order. are fully compensated,
The dclinilion~are:

• \!etll/Jolk llCitlmls_ The prima'}
disorder is a dccn:a<,c in bicarbonale
concentratIOn.

• \1l'whllli(' ldktllos;s. The primal)
di'oOrd...r i.. an irK:rcascd bicarbonate,

• Rel//irmon' aeit/oJiJ_ 1lJc primal)
di,ord..-r i, an innca~cd PCDc•

• Re\flimton' lllklllosis_ Thc primal)
di'oonler i, a dccrca:.ed PCO!_

'Acidaemia' and 'alkalaemia- refer
simpl} 10 \\helllCr the tH" in blood i,
higher or lo\\crthan nonnal. and the temh
;Irl: not frequentl) used_

Compensation
TIle ,i rnplc reI'll ionsh ips oflhe hicarlxm,Hc
buffer \y~tel1l arc complicated by ph) sio­
logic:!l mechanism' which h:l\e c\ohed
10 try to return adi'ordcrcd Ill- J10 noonal.
\\'here lung funClion i, compn.JII1i,cd,lhc
body aHempls to increa'oC lhe e'(crelion of
hydrogen ion \ia lhe renal rOUle. Thi, IS
known as retial cOIII/H'lIsmirJ// for lhe
primary respiratory di~order, Renal
com(X:nsation i, ,10'" to laloc effcct_

Where there are melabolic di'oOrdcro.,
some compensalion i~ plh'olble by lhe
lungs, This i, kno.... n a.. rt"_lpimwn

compellsatiol/ for the prilll:ll) metabolic
disorder. Re;.pirato'} compcn,ation i,
quiclo to lake effect.

If compen<oalion i~ complete. lhe IH-J
returns 10 '" ilh," rcfen::occ Iimil" although
thc PCO, and IHCO .-1 remain gro"l}
aboonnal. 1lle acid-ba-.e di"order i~ said
to be 'full} compcn,atcd' Cornpen'>:lIIOn
is often panial. in "'hich ca\C the Ill" ha;.
not been brought'" ithln the rcfen:rk'C hnllt,.

'~lelabohc'acid-ba'>CJI'>Ordcr.arc tho'oC
'" hich din.:Cll) eau~c a change in the
bicarbonate concentration. E~ample\

include diabete, mcllilU", \\here aheR.'tI
Intenncdiary melaboli;.m in the absence of
in~u1in cau~, a build up of h} drogen ion
from lhe ionization of aectoaeclic :md
p-hydroxybulyric acid,_ or 10" of
bicarbonale from the eXlr..K:cllular tluid.
e.g. from a duooen:!1 fislula.

.Rcspir.J.lory- acid-b:t'oC disordcro.lltl'cCl
dircClly lhe pca~, Impaired tc\piralOry
fUllction cause\ a build up ofCa, in blood,
wherea;..le" commonly. hypcnell1ilalion
can C'llhC it decrea~cd PCO,.

I H' Jh prrJfxmimltll /II "CO,

"'hich sho.... s thai th(,' h}drogen Ion
conccntr.tlion in blood \aries a, the
bicarhonah.. concelllralion and PCO~

change. If e\Cr)thing chI.' r.... mains
con"lant:

ACID-BASE DISORDERS

• Adding hydrogen ion. remo\ lilt:
hicarbonate Of" incr...a;.ing the peo
"'ill all ha\c Inc s.ame effect: th:ll is_
an increa:>e in IH·I.

• Remo\ ing hydrogen ion" aJdlllg
biearbonale or lo........ring peo '" ill all
cau;,e the IH" to fall.

Blood tH-1 is oW nmolll and i' l'OOlmllL-d
by our normal paltcrn of re"plr:uion and
lhe functioning of our loidn....) ,_

Rena!

""'"
Renal

I

Ammon;" buN,.,

Phosphate boNer

-I U IUb<; Of cells IU f IUfTI(!n

l 1, ....
No'

,. HC03-+ H'- H' +HPO/-

It IIH,co,

,.
It H,PO.'

C02 .. H2O

I ~
~-t i

No'

HCO

P,,,,,,,...,, R~I R~I-- tubular cells tubular IufTl(!n

l. J
...' ....

HCO, HCOi. H' H'

11 IH,co,

II H'
00, 00,. H,O •

NH, NH -N

B} the La'" of \!;.is' Aclion:

II/'J+JJlCO }:=:JH_.CO.J

JI/'J=KlH,CO.J
J/JCO -J

An mdiciltion of Ihc acid-b<l.'>C ,lalus of
lhe palient can be obwim:d by measuring
lhe component, oflhe bicilrbomllc buffer
'» 'lem. In chcrnil·altcnn'.lhe bicarbon:lIe
buffer '>} "crn l'an he cOrll>idercd in the
s:une"'"3} as an} ooll.'l'"chcrnll..-allh'l>OCiation.

(Wht'rt' K I! 'he fin/ tllss(~.'iatloll

cmU/tmf II!HJrhofli(- ahd}

But lhe carbonic acid component IS

related 10 the di'>'tOhed carbon dio>.:ide.
1be dlS'tOhl-d CO IS proponionalto the
partial PJ1:',urc ofthe CO,:, Indeed. Henr}' s
Ut\\ ..00"" lhatICD .. Iin 'oOlution=,PCO;.
"'here! is the 'oOluollit} ofthe g;h in \\ater.

IHeOI can therefore be n:placed in
the mass action equal ion b} PeG.:. Atthi"
point. an undcNandini! of the rolc of lhe
bicarbonate buffer '},lem III a,'>C'>.,ing
clinical acid-base disorders c:m be
achie\ed simply h} n:fercnce 10 the
relalionshlp:

F'lJ 3 BlIfftring of hydrogen Ions In urine.
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METABOLIC ACID-BASE DISORDERS

Metabolic: IICldosis

Causes of metabolic acidosis
MCl:lholic add{),i~ with an d,'I'all'd :lIlion
g:lp OCCUI' in:

• Relltlldi.I('W". H}drogcn ion~arcrct:llnt.'d

along .... Ilh anion.. "uch a... "ulphatc and
pho..phatc,

• Duil)('til' {,£tfl(l( 'I(/o"i~Allcrcd nlCl:lbol."m
of fall} acid" as a COll'>Cqucnc... 01 the
lac!.. of in,ulin, cau,e, cndo~enou,

prodUCIionof3l'Clooceticand l3-h} dro<(} .
bUl) ric :lcid~.

• £.auk lIddosi~. This re..ull!> from a
number of C:IU..... '. particul:lrly lI"UC
anoxi;t. III (lnl/t' In·'JOxic \"It/If'.\' ,1/1('11 (IS
resp;mlOn' j{lilllfl' or ('urdi(/{' affl'l'l

lacl ic {U'idll.lh dl'l'elofJ.1 wiIhill millllle,1
WId h lijl'-rhrellll'lIil/g. Lactic :lcido,i~

m:lY aho be c:lu!>ed by li\'er di,c",e.
The prcwnce of a laclic acido"i ..
can be confirmed. if nece"""r}, b}
the lIlca~ur...m...nt of pla,ma laclat..­
concentratIon.

• Cel1t1ill nlW\ o{m'effJoW!?('QrpOi.M",illg.
The mcehani"lll common 10 all
of the..... i!> the produclion of acid
metabolile". for example 111 ,aheylale
o\crdo..c .... here build·up of lactate
OCCUf"l. or mcthanol poi,oning .... hen
form:!tc :lccLJlIlulates. or ethylene
glycol poi'oning where oX:llatc i~

formed.

In pr.lclice, bc,·au..e the pot;.""iulII
coocelltr:ilion i....o ..mall and Will \ al) b}

M) link. it i~ generally excluded when
ca1cul:ning lhe anion gap, TI1l1~:

AI/iol/ g(lp = INII' I ~ (fCI I + II/CO, II

In a IK'allh) pe.....on. the anion gl.p ha!>
a value of bct .... een 6--18 mmolli. When
the bicarbonate Ct"lOCCnlr.:ttion ri'>C~ or fall~.
other ion.. lllU~t la!..c it~ place 10 maintain
electrochemical neulralit). If chloride
~ub"litUle.. for bicarbonate. the anion gap
doe.. IlOll-hange. Ho.... e\er. lhe anion gap
I alue \.\ ill iocre;l'-C in mctabolicl-ondilion\
in \.\hich acid" ,uch :h"ulphuric.l:lcticor
:lCeloacclic, are produced.on\ hen <,;11 iq late
i, present.

In a metabolic acido~i, the prunar)
problem i ... a reduction in the bicarbonate
cOllcentr,llion of the e,~lr'H.:dllllar nuid.
The ll1"in cau,c, of a mclaoolic acido.. i,
are ,hoI,', II in Figure 3. The...c .m.::

• incrca~d production of hydrogen ioo\
• ingc,tion of h) drogcn ion... or of

drug, '" hu;h are mel.abolilt.."d to aCid,
• impail\.x1 c~crclion of hydrogen 10th

by the I..idnc) ..
• 10" of bicarbonate from the I!a,tro­

ime"tmal trolel or in the urine.

METABOLIC ACIOOSIS

The anion gap
The cau,c of :[ mcmbolic addo'l' will
nearly alwaY" be apparent from Ihe dinica!
hi,tory of Ihe paticm. but occ;I,ionnlly
knowledge ofthe anion gap may be hel pfu I.
Thi, can be :h..e....ed by looking :1I the
'>Crum electrolyte rc;,ull\ and calculating
Ihe difl~rcncc bct .... ecn thc ;,um oflhe ' ....0
main cation,_ \CXhum and pot:l;,\ium. and
the ..urn of the t\.\o main anion... chloride
and bicarbuoat.... There i.. 00 real gap, of
cou.-..e. a... pla.. rna pm(ein~ are negati\d}
charged at oorlllaIIH·I. Th...'oC negati\ ely
charged amino acid ~ide cham.. 00 the
protein.. 3eCOUlll for rno.., of lhe apparent
di'>Crcpanq .... henthc rne:lSufL'<.IeketroIYle~

arc compared. r"e (ll/iO/1 gllp i,1 1/1/1.1 II
hiochemiClIl 1001 wlticll iI .Iome/lI/l(',1 of
help illll,I.\(',llill~ucid-bmepm/)/(!/l/I. II i.1

1101 {/ plJy,liologiclIl felllilY.

IH" It oc ?Co.? !
IHCo,"I'

Aesporaulfy compensahon
OOCUr1i quddy

H" decreased

Metabolic
acidosis

IWII ~ pco, •
lHeO,],

--. ...-

H" elevated

Metabolic alkalosis

Metabol ic .al"id-Ixl~ di -order. arc rcnC\:tcd
in ('hange, III the ECFhH:arbonalccol1ccn­
Iration which commonly occur bccau,c of
a build-up or 1o" ofhydrogcrl ion. Dire("[
10\\ or gain of bic.lrbonatc will al ..o call,e
metabolic acid-base di,ordcrs. Primary
metabolic ilcid-ba,e di ..ordcr.. ;lfC

n:cogni/cd b) in'pccling Ihe bic;trbon:llc
conccntr:ltiull (hg. I). Rc...piraIOr}
compcn":I[IOn tal-c, place quid.. I}. '0
palicn" \00 ilh metabolic at-id-b:hC
di,ordcf'i \00 ill u...uaJl) ,00" some change
in blood PeO bccau!>C of h)pcncn­
lilalion or h) pO\cnlil:llion (Fig. ~).

Blood gas reSUlts

Fig 1 Recognizing prImary metabolic acid base
disorders by Inspecting the HCO; concentration.

PCo,

IHCo,"1 I--
(H'U DC PC02 t

IHCo,"11

Decreased ventJlation
Metabol ie ae ido,i ~ with illWfllUlI anion

gap is ~(lmetime, referred 10 :I" a
'hyperchloraemie acidosh' bec"u,c a
reduced HCO, concentralion i<; balaoc(,.-d
b) increased Cl concentration. It i., seen
Ill:

Fig 2 Compensation In primary metabolic dlsordefs.

• Chronic lliafrh()(,ll Of imf'5Iillllljil/tl11l.
Fluid.. conlaining bicarbonalc arc 1o,1
from lhe body,
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FllJ 3 Rf!asons lor metlOolic aeldosIs and alkalosis,

parallel loss of bicarhonate-rich
\ccretion\ from lhe duodenum.

• 11I1:,(';)liOlI o{WI l/Inorh(lhfe (llIm'i mdl
lIS wl/illlllhir(lrbO/llIle. Vel) laf1!cdo;,e,
arcrcquiredtocau..... ametabolicall;alo;,i!>
unle" there i\ renal impainnenl.

• POlaHilllll defici(,l/cy. In '>C\ ..re pota\·
\lurn depletion. often a con...-qucnC"\" of
diuretic ther.lpy. h)drogcn ions are
retamed in,idc celb toreplace the mis\ing
pola"\lUm ions. In the renal tubule more
h}drogcn ions. r.tlher than potassium.
arc e"changed for reabsorbed sodium.
So, Jc.;pllc there being an :ill.alCbi.., the
patil'nl ra.' ....' an acid urine. Thi\ i\
ofll:n rerl"l'll"d 10 3S a 'p;lrado-.;ical' acid
unne.lx"'Cau!oe in{)(!lercalt-e-.ofmct3bol ic
all.:almis urinal) (H'I usuall) falk

LossoIH'
In l/Olllit

A
L
K
A
L
o
S
I

S

A
C
I

D
o
S
I

S

Impaired H'
excretlQfl

IrlCfeased H'-~ ..,."""

los.s 01 HCO:1.

• Rel/al IIIhlllur (I("i(/MiJ, Renal tubular
cell, are unable to c'lcrcte h}drogen
IOO~ efficientl), and bil'arbon:ltc i, lost
In the unne.

Clinical effects of acidosis
The compcn ...,tor) rc"pon\C 10 mctabolic
acido", i, hypencntilation, "ncc the
Hlcrea!>Cd IH'loch:l, a IXl\\ crful 'llmulanl
of the rc,plratory centrc. The deep, rJpid
anJ gasping rC\pirJlOI) p:lItcrn i, "nown
a~ Ku,~maul brcathlrlg..IIYPcf\cntilation
i~ Ihc appropriatc phy,iologic:l1 rc'pon,c
to acido!>i, and it OCClIf\ rapidly.

A rai\cd [W] Icad!> to incrca'cd
I1curol11u\cular irrit:tbi1ity, There i!> a

hazard of arrh}thmias prog.n: .. ,in!! to
cardiac anc,.. and Ihi, is made more
Ii"el) b} the pre~nce of hypcr"alaemia
which "ill accompany the acido\j,
(pp. 22-23), Derrc,~ion (IfconloCiou\nc"
can progress to coma and dcath.

METABOLIC ALKALOSIS

The cau~c!> of a metabolic al":ll1h" :lrc
'ho\.\ n in Figure 3. The condition 111:1) bl'
due 10:

• u/,n of hwlm~t'lr iml ill RUltril" flllif'
duri/l~ \·omiling. Thi, i, c\pccially !>cen
whcllthcrc i, pyloril' ;.tcno,i, pre\'entlng

Clinical effects of alkalosis
1bc elmical effech of al"alo,i, include
h}po\Cnlilation, confusion and e\entually
lXJI1\a ~ lusclccr::u11p't..leta/lyand p;ll":K'\lhe\ia
mal bl' a con'oCquencc of a decr...a-..... m th...
unbound plasma calcium concenlr.tlion
"hich i\ a consequence orthe al"aIO',i,.

Clinical nole

A patient \\ ho hal> had
prolonged na;.oga"tric

\uction following !>urgcry will
lo!>c ga'lric l1uid in large
(IUantitic, and may develop a
I11ctaholic 'll":llo!>i,.

Case history 14

A 28-ycar-oh.l man i, a{hnil1cd 10 hospital with a week-long history of 'oC\'crc
\omiling, Ill' confe"ed 10 self-medication of his chronic dy~pcp,ia, Hc II'a,

clinically M:\crely dc.h}Jr.llcd and had shallow rcspir.llion. Initial biochcmical
rc..ulh "ere:

Anerial blood ga!>C\:

II' PCO~ HCO,- PO,
III/WI/f tPa 11111101/1 <Pa
18 7.2 4l 15

Serum:

Na' K' CI HeO, L'rea Creatinine
---m/rlol/1 J#"oJlf

146 2.8 83 41 31 126

A random urine ....mple":1.'> obtained, and had the follo"ing biochemi~al reo.Ulh
~molahl) 6:\0 mmolfl,;g. 'a' < 20 mmolll, K' 35 mmollL pH 5.

• Whal i~ l.hc acid-ba.-.c di\Oll:lcr and 11o\\> h:1.'> it ariscn'~

• Ho" mighl the urine re\ull'> help in the diagnosis"

CtHllJrlellt /Ill pm:~ 153.

Metabolic acid-base
disorders

• In metabole aadosts, the blood [H']
may be htgh or normal, but the
[HeO,-] is always low In
compensated 00I"llitJ0ns,~ IS

lowered,

• The lXlI1VTlClOOSl causes of metabolic
aadosIs are renal disease, ciabebc
ketoaadosls and lacbc 3Cldosls

• ConSIderatIOn of the 3IlKll'I gap may
sometrne be heIp(uIll't estal*slwlg
the cause of a melaboIic aodosts

• In melaboIic alkalosis. the lH'] is
depl'essed and the [HCO,-J is always
raISed. RespIratory lXlfTllE!f1S3t1On
resUts ,Il'\ an elevated PCO,"

• The lXlI1VTlClOOSl cause of ametatdc
alkalosis IS prolonged 'IOITIItI'IQ.
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RESPIRATORY AND MIXED ACID-BASE DISORDERS

In fe,plr.llury 3cid-ba....: dl~ordc .... lhc prinlal) di,turb:mcc j ... cauo;cd by changes in anerial blood PCO~(Fig.. I). Re,plrnlOl') di,on.!c .....
:1I"C related loch:lIlgc'cithcr in the amOU1l1 of :lir moving in or 11Ill\ in~ out of the lung" h cillilarion). of(lfrhc ability of g:l\c\lo diffu ..c
aero.... the ahcolar mcmbnmc (ga.. exchunge). In both r.::l'C' peD, chung..:.. and the carbonic al:id concentration ri ..c\ or fJlb.

II may appear confu..ing th:tl carbonic acid can cau~c '1lI addu..i .....ince fOfC:ICh hydmgcn IOn produced. a bic:lrhonah~ molecule
i, ..1>.0 generated. Ilowe\cr. the effect of lidding ()lie hydrogen ionlo:l concentration 0140 n:lIlomolcoJ [ I, much g~alcr than adding
one bicarbomllc molecule 10 a cOlwcml1ltion o( 16 millimole"l.

RESPIRATORY ACIOOSIS
Blood gas results

H' elevated

Re~piralory acido..is may be acute or chronic. Anile condilion~ occur .... Ithin
minute.. or 11ol1...... They arc uncompen~a[(,xl. Renal compcn1>ation ha" no time to
develop a\ the mcchani\m, \\ hich :ldju,t hit'arbonale rc:lb~0'lliion luke 48-72 h 10

become fully cffective. The pri mary prohlcm in acute re'piratory acido,i, i":l1 \ colar
hypo\Cnlil:llion. If airnow i~ complclcly or partially reduced. the Pea; in the hl\Kld
\\ ill ri.'>c immediately and the 111-1 .... ill ri,e <]uidly (Fig. 2). A re,ulting 10\\ PO~ and
hlg.h Pea, catl~e, coma. Ifthl\ i, not relie\cd rapidly. death re,ulh

Example\ of acute. and hence ullcompenslited, re~pir:llory Ilcido\i~ arc:

e choking
e hronchopneulllonia
e :lcule cXllcerhation of ll'lhm:l.

Fig 1 Primary respIratory disorders lire
recognized by Inspecting the peol,

RespiralOr'i
acidosis

Resplrlltory
alkalosis

Chronic rc~pirillOryacid\),i, i\ u,u:Jlly:1 long-standlngenndition. and i':Jccompanicd
by m:tximal rellal cOnllx:n,ali(.n. In a chronk: rc'pirntory acido... i.. (he primary problem
again i,> u,>u:Jlly impaired aheolar \entilatlon. but renal compen\atlon contribute"
m:lrkedly to lhe acid-ba."c plclure. Compcn"ation m:IY he ~Irlial or complete. The
"idney int'rc:l'>c" h)'drogcn ion excreliorlllnd ECF hicarho!l<lle level" ri'>C. Blood! II' I
tend, back loward" normal (Fig, 3).

Hypovenlitatlng pllUenl PC02 nses by 2kPa

[WI" 178)( PC021S.3)

[HC03-](25}

IH"] '" K Pee>:!

[HCOa-1

Normal conlrol

Pee>:! kPa [HCOa-I

[H"I nmolll K

,. 38 nmolJl

m""'"
'"

1l1a"e" ,ollle time for the kidney" 10 rc"JXlllU 10 a high Pea
and ahigh IHo t. and thcrefore ('Ompcn~alionv. ill on I) be maximal
"Ollie days after the on,ct of Ihe elmical prohlem, In many
patient' with chronic rc"pir:l\ory condition". (""ten,iye rcn:Ll
compclNllion wifl "eel' the blood tH'1 ncar nonnal. de'plle
g.m",l) unpaired \cntilation, In \l:lhle chronic bronchiti" lhe
tHo] may be v.ilhin the referencc mnge de"pite:J \ery high
PCO~, Thi, i.. achieved only hy IlWilll:lining a pla"ma bkarh·
onate concentration lwice lhal of normal. The I)O~ is u,ually
del)re~"ed. and hcctlme~ more '0 1I.. lung damage incrca,e,
With time (pp. ·W-41). Examplc~ of chronic rc'pir:llory
di~orJcr-. arc:

[WI'" 178)( PCe>:!(73)

[HCOJ-](25)
,. 52 nmotll

e chronic hronchili"
e cmph)....:ma.

Fig. 2 Why an Increased PeO,causes an &Cillosls.

Respiratory acldosllJ

[W]I = PCo, I • [Wit = PCo, I--- ---
IHco,>1 IHCO,-It

Renal
Compoosatloo
occurs slowly

RESPIRATORY ALKALOSIS

Re,pir:ltory :l1":llo,i" i~ much Ie'>'> common than acidO'I' bUI

can occur when re,piration i" \limul:lIed or i" 110 longer
"ubjcl.:1 to fecdbac" control (Fig, 4), U,ually thc..e arc acute
condition". and there i" no renal compcn..alion. The treatmcnt i..
10 inhibit or remme the cau-.c of the hypef\emilation. and lhc
acid-h:l...c babnce ..hould relUm to nomla!. E'llample' arc:

• hy ...cricaloverbl'e:llhing
e mechanicaIO\er-\cntilation
• mi...cd Illlratr:lIli;11 pre,,\urc. or hy JlOxia. both of whil.:h Ill:ly

~lHllul:lle the rc"PIr,1l0ry centre.

Fig. 3 Renal compensation in primary respiratory acldosl.,
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Case history 15

Mi..s AM w:\<; admillcd to hospital
with a cru\hcd chest. On ;Idlllission her
ancn:ll hlolld ga~c .. \\cre:

• What do the.... re ..uIL\ indicate'!

CrJmmelll (Ill (1fH{f' /53.

'=1
~I

-''''''1--
F'Il 5 The 95,. conlidence Intervals lor arterial
blood ga... In primary acid-base disorders.
Ancnal 111·1 i, ploll....t J~am't reo, I"lIh 1m", ur
l-quaIIIICO.l"1 r:lllLJlln~ flllm ongm, 11k- hat.. h<-'"
110\ ..hi"" normal 'aruc,. Gl':lpl" ,uch a' ,he....
ma) he u....d to <:han the pro~re" of a pall"nt
undn 'r<,JlI1101:nl to CUrrl-Cl an oci<l---ba!.c <li...ordcr

Respiratory and mixed acid-base disorders

• In resplf3tory aadoslS the blood [H') IS usually high, bul may be wrthln the reference range
The PCO, IS always raISed In~Ied coodl\lOnS. [HCO, J is also raISed.

• AaJte respltatory aadosIs IS a rnecbcaI emergency and needs 10 be dea~ WIth by telTlOVIrl!l
the source of the respll'll1ory problem

• In contrast to respII'lItory compensalJOn WI metabolic disorders. the renal COfT1)eOS300g
mechartlSlTlS are mLdl slower 10 lake effect

• In ctvmc respiratory lisoniers the (H'J otten semes al a new SIeady stale wrthrt the
reference range at wIIch cornpe"ISallOl't IS maxrnaI

• AesIlrakll'y aItaIosIS IS lnXlfMlOIl and can be a result of mechanical overventJIatm or
hyslencal OYefbteamg

• The llterptetalJOn of maed aad-base disordefs may be coofusrlg iI one of the disordefs
rDIITw::s the expected compensallOn. Knowledge of the dnlcaI pICtUre IS rnportant Ilthe
correct Wlterprela\JOl'llS to be placed on the results,

Clinical note

When illlcrprcling
acid-lla'>C re ..ult... Ihe

patielll· .. clinical hi .. tOl) i\ Ihe
nn.t unponalll faclor in dck'muning
the nature of Ihe di ..ordcr. or
indeed m decidmg if more than
one dhordcr mighl be pre'iCnt.
Biochemical meal>urcment.. ::Ire
!he only nlCan.. of qU::Intify mg Ihe
..e\enty of the di'>l,lnJcrh I :Joo Ihe
degree of compcn":JllotL

It i'iOO( uncommon for patlcnt\ loha\ e morethanoncacid-basedL..ordcr. A patient may
ha\e both a metabolic and re,plrdt0l)' acidosi'i. 'iuch as the chronic bronchitic patient
v.hock\c1opo; renal "npainocnt. In ..uch a p.lticm \\ ilh a raised [H-I. the PeO. \\ III be
increased and the bicarbonate concentration \\ ill be 10\\. bOlh c"(peeled findi nl:!' in
primary rc~piralor) and primal) metabolic acido~is.

Where the ' .... 0 acid-h.l~ condition" arc anlagoni\lic in the \\:IY the)' affcctthc
[H'j. one of the dl ..onlcr. may nlilTIlC the compensatory rc,ponsc. A patient mal
pre~nt",ilh a lIIcl<lbolic 'l(:ido,j .. and aco--<:xi~tcnlrC'ipir:110T} al\..alo\i\. :1\ oceu.....
commonly in ,alicyl:lIc 0\ crdo..c. The rc\pimtor) di\order may appear. 31 Ii",,! .. igill.
to be simply the compcrhalOf) r~~pon<.e.

Other e,ample.. of mix~d acid-ba"e di~orde~ commonly encountered arc:

• a patient \\ith chronic ob..tructin: ;lif\\:,y' di ..ca"c, cau.. ing a re'pir.ltory
acido~i~. with thl:l/idc-induccd pot:l",ium depiction and con..equelll m~t:lb(}lil·

alkalo~i~

• hyperventilation c:lll .. ing a re ..piratory ;llk;Jlo.. i~. with prolonged na~oga'tric

suction which eaLl'C~ a 1l1~t:lbolic alk;llo~i~

• '>;lhcylalc poi..uning in \\hio.:h rc..pir.llory alk:llo"i-:. occur, due 10 ~tirl1ulat ion of lhe
re ..piralOry cenlre. together with 1l1etal~Jlk· acido"i" due to the dfcch of the
pohon on Illclaboli'1I1.

Care 11111"t be taken inlhe interpretalion of tile blood ga~ re~ulh in the..e palio.:lll'.
Knowledge of Ihe clink:ll picture i.. e""entilll. Theoretically. the limit.'> of the
c0111pcn~:ltory rc_pon"C.. in .. imple pril1l11ry Hcid-b:N: di,ordcf" arc known (Fig. ;'i).

When compen":Jtion :lpp:Jrcntly fall, out,ide of the..e e,pected limit ... it i.. likely
th:tl:t <.econd acid ha...c di-.ordcr i.. pre..cnl.

There i~ furthcr dl,cll"ion on the intcrprct:ttion of blood g:J" re ..ult .. on pag.e..
42-41

MIXED ACID-BASE DISORDERS
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OXYGEN TRANSPORT

NORMAL OXYGEN TRANSPORT

Onl~ a ~mall fr:lction I::!Ci) of the 100ai
oxygen in blood j\ in '>Olution. and Ihis
di~~ol\cd o'(}g.cn j .. dircclly proponional
10 the :lncria! PO;. Theancrial PO, i... abo
an irnponalll faclOr affc,'ting the amount
ofO\} gcn ~ hleh i ... hound 10 haemoglobin.
a.. o\)hacmoglobin. The rdaliol1\hip j,

.;ho'o\l1 10 thc o:cygen-hacmoglobl"
di\.'>ociatlOfl cu.... e (Fig. I).

The l()(;l! blood ox}gcn content j .. the
\urn of the dl,~hcd o'()gcn :and that
bound to hacmoglohm. Mea"urement of
blood 0.1"1'1.:1'11 \/II/frm;01/. thl' pt'l"C"cntagc
uf thc total hacrnogJohlll pre....nl .:1\

0\) haemoglobin. tIla) he u;.cd to a<,'\C""
the ability of hl()(M.lto carT) 0") gcn 10 the
li ......uc\, Thi\clcarl) dl.'f>Cllchon the rclati\ c

<h saturabon f')

HJO (.,

amounl~ ofbol:h 0\) g..:n and hacmo~lohin.

3-, .... ell 3-<; their ahilil) to bind together.
DeliH'l) of o:"l:}gen 10 Ihe li<;'ue\ al<;o
depends on blood no......... hieh i\ m tum
innueneed b) Olher faciO,"" (Table I).

When anerial PO. i\ high (abO'e 10
"Pa). me blood haemoglobin i\ allno\1
full) <;a(ur.uOO ....-itho·\:) gen and mt:a.,tm:ffiCnl<.
of o\}gcn -.aluration are nOl nonnatl)
required. Indeed. mc~urcmenl~ ofo\)gen
'>3luralion are nOl .... idd) a\adablcoul\ide
of mtenl>i\c lher.lp) umbo 1I0.... e\er. in
p:ltienll> .... ho ha\e anacmia or \\ho,c
haemoglobin function i\ abnorlll31 or
impaired. meal>uremcnl of po... O\)1;cn
""turation and haemoglobin may all he
necessary. For e\ample. in p31ienl\

Table 1 Factors affecting the delivery of oxygen
to the tissues

c>:po....--d 10 carbon mono'(ide follo .... ing
\lTIol..e inhalation. the po.. lTIa) giH' a
mi\1cading indication of the amoum of
o'()gcn being carried in the blood. po.
rna) be .... ilhin normal limils bUi O'()gen
~lIuration .... iIllx:sc\cn:ly reduced becau\C
carbon nlOtlO'(ide binds to haemoglobin
\\ith grealer affinit) Ihan doe\ o\}gen
(Fig. I). Smol..eT'> rna) ha\e carbo\}­
haemoglobin concentration\ of up 10
10'1 all of the tunc. \\hieh reduces the
,uppl) of O\)gen a\ailabk to lhe ti\\uc\.

\\'hen melabolic neeJs e:'tceed the
\UppJ) ofm:)gen.celb ~\\ Ilch toanacroblc
gl)col),i, 10 pm\ide ATP, and proc.luce
laclic acid, ~Iea~urelllentof ..erurn laclate
concentration can pro\ ide additional
e\ idence of Ihe adequac) of tis,ue
Oll}gcnallon.

In pmclice. tissue perfu\ion i, more
imponam than blood Oll)gen content in
cn\uring that aerobic metabolism can
conlillue.

F'9 2 NorrnII gas Pfessurts Ire maIntained by ventilation and gas
e.ctlange.

RESP'RATORY FA'LURE

Impaired diffusion
Here !he pre;,cnccofnuid. a~ in pulmonaJ') oedema. or thickened
ahcolar .... all\. ~UCh.h OCl.-Un. III pulmonary fibro:.i,. inhibll.~

• unpaired diffusion
• \emilationJpcrfu,ion imbalance.

Fi~ure 2 "ho\\\ ho\\ Ihe partial pre\\urc\
of oxygen and carbon dioxid..: changl' al>
blood nO\\" 10 Ihl' li\\u<,\ and relUOl\ 10
Ihe lung" The mechanical prlX'e\\ of
moving air into and OUi of Ihe rc\piralOr)
lraCI i\ called lentilalion. Carbon dioxide
diffll\c, through alveolar membrane\
much morc efficiently than oxygen. eVt'n
though Ihere b only a ,mati pre<;\lIrc
gradient. The PCO.. or arterial blood i\
Illu\ idcntic31 to Ihe PeO.. \\ ilhin Ihe
al\..:oli. and lhe arterial PeO.. i\ therefore

:1 nle:I\Ure of :lheCllar \enlilalion. If \elllilation i\ impaired.
a[\eo[ar 1'0 falh and alveolar PCO.. ril>e\. Arterial blood
renecl" the\e change,. The main chemical \limlili to
venlilalion:lre ,ho.....n in Table 2.

It i\ pos,ible loc:llcul:lte Ihe all colar-arterial PO~ gmJienl to
dclemlin..: the CXIC1l1 of ddecthe ga", <''(change (Fig. 31. bUI in
practice II i, rarely nce...",a!) 10 do thi,.

A 10\\ anerial po.. i;, Icrm...'<! hypo'(ia and indicate, respirator)
impainnenl. A \alue Ie\, than 8.0 l..Pa in a p::ltienl breathing air
at re\II .. l..nO\\ n a", 're\pirato!) failure'. Clas'ieall). h) po'(ia \\ ith
carbon Jio'(iJe retention i;, called I)PC 2 respirato!) failure.
Hypo'(ia \\ llhout carbon dio\ide retcnlion i\ type I respiralor)
failure. but Ihc\C biochemical definitions are not helpful in
undcNanJing the palhoph) \iolog} of re;,pirator)' disea-\C.

T....o proce\\C\ conlribule to the blood gas paucm in Ihoo;c
patient\ .... ilh h)po>:ia..... here PeO.. i~ not dnaled (t}pe I
re"pirato!) failure). The..e arc:I

Oxygen: a deaused PO, I"iCfUSIlS VllllblallOl'l. buI
IS 01 less rlWll\IlCe ltIless PO, !all beloW 8I<Pa

[H'): anse in hydrogen 1011 COf'ICIII'IIfabOn IlilTUatM
VlIf1tilatJotl: ... respirator)' o:uease IWI BIld Pee, 11M
."...
CarbondiolOda, an rueased pco, 1t!tllll'lDSl.......-

__
eo-....--

Po =11~kPa

P 51kP

Table 2 Chemical stimuli to ventilation

"

Ib'

"•
~(kPa)

T_--....--~c:;kPa
Peo:>61kPa

80

Fig 1 Dissoclatlon curves-the relationship
between POland oxygen binding 10 h&emo­
globin (I) The 110rll1;lllnn;CIl h.jcmu~ll}bln

,,1i'\(lCIJIIIl11 ,'uroe (b) The cfk'\Cl "I 50", ('0.
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Clinical note

Puhc oxilllcllJ i, an acCUr.lte non-in\asi\c
\\ :1) of :I~,c'isingo\ygen ':ltur.ltioll.

Oxygen:l1cd and reduced hacmoglohlll ah,urb light al
differenl \\:lvelcngtlh. If light of lhe,e \\:I\dcngth, i,
pa"ed lhrough a bluod vc\scl. the proponiun of
o:<ygen:ued haemoglobin c:ln be calculaled. Pube
oximetry :lIlo\\' lhe,e mC:I,un:menh in 'plll,ing' blood
only. producing re,ult~ thai approxlInah.' to ancrial
\alue,.

Normalalveolar-artonal Paz gradoenl
13,4 - 115 2kPa

Incfeased values n;lIcate delectrve"".-

"""'.lP""
RO

RO. rtlIJIIf3lOry quolMlnI or !he ratio ofC~ and 0;0
exchange beIwoon alveoli and eapillanes

2 Arl&rial Paz IS measured dtfectly

3 So III a normal subject brealhtng al sea leVel

AlveoIaIPaz.20 g .13.4

,,<, r----,==c- "
)fl'"-POt 'HC-......).........

Fig. 3 How to calcullte the al'teolar-.rterial~ ditlerence.

F'II 4 Blood gases in (a) normal ei~umstanees,
(blllypoventilation and (e) when! there is a
ventilalionlper1uslon Imbalance.

O'l:)!!en dilTu,",on. although carbon dio'lide
pa.~g('i~ more rcadi Iy acrolllpi i~hcd.po.'
i, lOll, bUI PCO~ may be "Ithin reference
limits.

I"'"Oxygen transport

e Oxygen IS eamed mblood Il'IOSIty
bound to haemoglobin. AnenaJ blood
PO, determanes how much oxygen IS
bound 10 haernoglo/:ll'"~ iiIlttolJI1l
abOve a PO, of 10 Wa the
~ IS usualyft.ty
saturated

e Measurements 01 haemoglobrl and
blood oxygen saturallOrt are
necessary to assess oxygen
availability where the pabentlS
artaemtC. or dfactors aflectmg the
ability of the haemoglobin to bllld
oxygen. such as carbon monOXide,
are present

• DeUvery of oxygen to \he tissues also
depends on cardiac output and
penphe18:1 per1USlOrt,

• Respiratory failure IS defined as an
artenaI P01 01 less than 8 kPa Il'l a
patJe1l brealtwlg 3ll'

• HypoxIa WIth CO, relentat IS seen
where there IS ntpall'ed ventilalJOrt,

• HypoxIa wrthouI CO, relertlJOrt IS
seen COfTITlOf'Jy when there IS
ventiIa\lol\perfuSlOrt imbalance

In all rc'piralory di,e:I ...... '. oxygen ther:lpy
j, a \'it:ll a'l1Ct'l of paticnl m:lllagcltlcnl hUI
there is one cilution. Some paticnh \\ ith
ehronil: bronchili ... oc'COI11C inscll,ili\c 10

re ..pir.:tlof) ~Illnulation b) carbon dio'!.ide.
Thi, in<;(.'n"'"\ it~ 1ll:1) Uc\elopmcr man)
)ear\. and onl) Ihe ex:i,ling h)poxia
J...eep~ rc'plr.lIion ~oing, Treatlrtg \ul:h
palien" "llh hIgh concentration~ of
o'!.~gen onl) .....ne' l(l reduce re"pmltion
funher. PeO, ri\C,. {lcido,i ... \\ONn' ,md
Ihe patient ma) !J,:COlllC I:omato'>,(.'.

OXYGEN THERAPY

\emiJation and impain..'d ga.\ e'!.chang....
and ma~ be \...CI1 in pmielm \\ ith hronchial
pneumonia orchronil: hronchiti ...

H' PCO~ lieD PO~

nmoV! I.Pu f/l"'oJIf kPtl
~ 9 ..l .w 4.0

Case history 16

A 58'yc:lr-oIJ male \\as aJmmed
\\ itha hi~tOf) ofchronlcOOsln.IC\l\ C

ail"\\a~\ di-.ea!>C' for many)' eaT". On
examination he \\a\ c)'ano~ed.

br<.'athle" lind there .... a' mllrJ..cd
~y'temic ()l:dema. A bluod ,amrle
glWC the Following re_ulb:

Arterial bltJod ga''''':

• o..~ribc lhe aciJ-base di"Oflk.'T_
e Whall)pe(lf~plraIOf)problelll

is prcscnt 1

COf/lIllt<1II lIIll'I/~(" 15.?

re~lOn,. The im:rca~~ PCO: ~llmlll:lle ...
\enlilalion and cn~urc.. that the fuoction­
ing ahcoli ,Ire \\orJ..ed harder 10 re'itorc
PCO~ to nomlal. TIle blood ga~ result .. will
\holV nonmll orc\cn [0" PCO~ :l':l re"ull
of thi" hypcncl1lilation (Fig. 4). But
incr~'a"ed \cl1lil;lti'Hl cannOI drama­
tically rai~e ah..colar PO, as long a, the
pallent i'i brcathing alr. 111e anerial hlood
"III al\\a)" h3\", a 10" PO hecau..c Ihe
Ill!\ ioclude... bluod \\ ilh an even lo\\er
PO from thc non.fuoclioning region of
lhe lung.

Blood pa..\mg from Ihe right 'Ide of
the hean diTCt.1.I~ to the ancrial I:ircu·
lalion \\ ilhout being e'l:posed 10 Ihe
in,pired ga, in the \entil:lled al\eoli i.. an
extreme e"lmple of \entilation/pcrfu'iion
Ullb.1Iance. rhi, right to left ',huntmg'
OCCUI"o iIll,:pnot ic COl1g...nit;,[ heiln d i..ca '>C.

Again. the,... p,llient' ha\e ~OI11C nOTllwl
alveolar fun.:tion and hypenentilatc.
\\hich may rre\cnt lhe PCO, from ri,ing.

Hypoxia \\-ith T;u ..ed PCO: (type 2
rc"pir.llolJ failure) indicate... dimim,hcd

A.,

A Pco>l
p~­

B Pco,l
Po, '

A.B Poo-­
P

Q
,

Arlena!--
Pco,-S 3I\Pa
Po,_t3_3kPa

+Undonn+vent,labOn

I='

+VenlllallOO pef'l1lSion.--

'"

.,

Ventilation/perfusion imbalance
Vcnlilation/pcrfu,ion imbalance can be a
caullC of hypo'l:ia in paticnt, with ccnain
t)PC' of discallC. [n palielll' \\ilh a 'ol)(lr
~umonia. "OIIIC of Ihe blood perfu'Hlg
the lungs doe\ nOl: come into conlacl \\ IIh
fUlli:tlooal a[\coli :Ind relain, its I:arbon
dloxlfk. aool' nul ox)genated. In hlood
reaching other pan, of the Iung\. ga,
(''(change tale" place efficient I) . AneriaJ
Mood i~ a mi'l:lurc of Ihm c'!.iling bolh
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ACID-BASE DISORDERS: Diagnosis and Management

SPECIMENS FOR BLOOD
GAS ANALYSIS

[HOi and PeO arc mca~ured directly III
an (Jr!rr;a/ blood ..ample. Thi~ i~ u\u311)
t:lken from lhe hrolChial or radial anerie..
into a 'ynngc y,hi,'h comain.. 3 ..mall
\olun~ of hepann a" an antICQ;lgul:mt. It
j .. Important tu c\c1udc air from the
,)ringe before and afler the hloo<.l I'

collccll.-d An) air hubble.. III the ,yringe
"hen [he ,ample h;l\ been talen ,hould
he c\pc."llcd bcforc the ') ringc ."capped
for imrncdi:uc Irnn,pon to the lahoralol)
Ideal!}. lhe ') ringe and ih conlen" ~hould
be placed ,n icc during lr..ilhll.

Acid---OO\.C problem.. rna) be di\Cu,"Cd
by rdemog to the Ihn.'C 'componcm,' of
the bicarbonate buffer ,) \lern.ln practice,
blood ga.. anal)/".... lI1ca,urc Ihe [II'] of
Ihe ,,:unplc and Ih PeO. ThefC i\ no need
to IllCa\UTC the third parameter. the
bic"rOOnalc. By the la .... of Illa,' ;lelion: F'9 I Blood gas analyzer.

/ /1'/ peG.
0< IIICO, I

11 ,Ill) t.... o of lhe \ariable, are I..no\l n.
the third e,m alway' be calculaled. [ndecd.
bllxxl ga, nnaly/er. (Fig. I j are prog­
T,lIll1m::d 10 provide thi, infoTm:ltion
which i, printed OUI on Ihe report form
,tIld u,ually include, the IIlca'lIrl'd PO,;.t,
\lcll. There arc a multitude of other
c,lkulated \alue, on ,omc hlood g<l'
analy/cr prim ou". 'Udl a, ha,,~ exec"
and ~landard bicarbonate. The'c may be
mo,tly di,rcgardcd in lhc routinc a"e~,·

111ent of a p:lticrlt', :lcid ba.-e balance.
Bicarhonate concentrallon i, al,o

dl'tenllimxl direl.:t[y a, pan ofthc c1ct:trol) te
pmlilc of IC'" on the laboratory', lIl:lin
3naly/l.:T. u,ually on a ,enUll ,pccimen
obt:uncd from ,. \cnou, bloocl ,ample.
The'>C TC'uh, ,Ill: not identical 10 the prim­
out from the blood g:l' 'lIwl) Icr nor
:.hould thl ... be e:olpcelcd 'mel.' thc)
Include di"ohcd carbon dioxide.
carbonic acid and other carbamlOo
(XllIlpolllKl,. lIo....c\cr. for pmctical pur­
1X''oC' the rc'ult" .Ire ... illlilar and ... hould
llot dirrer b) morc than :\ nunolli. They
may. thcn:fon::. be interpreted III thl: ,ame
.... ay. A Itl .... biearbon:lle III an ekell'o",
Iy Ie profile .... III ","ally lOdie:lle the
pre'oCnce of a metabolic addo\i,.

INTERPRETING RESULTS

10c predicted eompcn\3t01) re~pon...c~ in
!HCO 10rPCO..... hentWlt·hangc'a:.a
rc ...uh ofpnmary a('id-ba~di'>Ord.:r. are
,ho"n mTablc I.

A practical approach to thc intcrprctat ion
of blood ga, Tt"Ulh i, ,110\\ n in Figure 2.
The ~tep' in c1a"ifying the acid-ha ...e
di,order arc:

• Lool.. fiN at the (H'I. Decide if :In
acido,i~ or an :lll..alo,i, i, pre,elll.

• If the IH'I i, elcv:l.1ed. decide \\ h;11 i... lhe
primary cau ...e of the :Ieido,i,. LtH}}.. :11
the rca:,. rfthi ... i, e1e\ aledo Ihcllthere
i, a re ... piralory aeido,i,. LtHll.. at lhe
hicarbonate. 1fthi i... deerca ...eJ.thcre i,
a metabolic al.:ido i,.

• If the IH'I i, decre:N:d. decide whilt I'
the primary eau ...e of the :l1}..alu" .... Lool..
at the PeO,. II [ow. then therc i, a
respirator} :11}..:llo"",,. Lool.. ,II lhe
bicarbonate.lflhi ... i, high. then tbere i...
a metaoolic all..,llo",.

• H:I\ ing d.:cidcd on the primal) acid
ba~ di,onIer. 100" to "I.."e if theTt' i,

Table I Primary acid-base disordefl and
compensatoty responses

...-...... --'PCO, 'HlXl
(~.u-I

.""" •0«:0,--,

.HlXl, .PCO_.....,
""", 'PCO,

lMl!UtJl*:'-"'-l

cOlllp<.'n":.Ition. There will be a change
in lhe other component (the one which
wa ... nOl u...cd to determine the primary
di,order). in the direction which
'compelNLtc,' for the primary di,ort!cr.
If there i, nol. lhe lIcid-ba,c di ...ordcr
may be unl.:(Jmpen ...alctl. Iflhe change i,
in Ihe 0fJPo.lile direction then :J ,econ(l
acid-h,N: di",m!crmay be pre ...ent. Even
ilthere i... compcn ...ation con~idcr the
!>o"lhility lhat theTC i, a ...econd acid­
ba,e problem which mimic, the
com pen,atory rc,pon ...e.

• If there i, compen,ation. decide if the
dl"order i, fully compcn,aled or
partially compen,ated. If fully
compcn,ated. the re,ulting tH'1 \\ill
be .... ithin the reference limiK

CLINICAL CASES

"lllc abO\e practical ad\ ice isoc'>t illu"lratcd
hy four ea....c e'(amplc,.

• A palient .... ithehroniebroot:hiti". Blood
gil'" re"ult, arc: IH'I = -W omolll: PeO·
= 9.5 }..Pa: tHCO. I = 39 mmolll. A

aml/u'''WIf'l/ rt'f/,imtory lldl/O\i\ i ...
pre......nt .

• A patient .... ho ha~ had an acute
a,thmatlc allad. Blood ga... Tt',ult\ are:
[H' I :: 2~ nmolll: rco, :: 2.5 "Pa:
IHCO I:: 10 mrnolll. An acute. and
hence Il/IUIIII/JI'IUlltt'l/. rt'5pirlllon'

llJl.lllmiI i, prc.....nt.
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From nislOfY and clinical eXllmlnatJon
consider likely Oiagnosl$

• A}oungman \\llhahi:.tOf) ofd},pc""ia
and e\(ce~\I\C alcohol intakc \\ ho gl\ e,
a 2-1-hour hl'tory of \ om.tmg. Blood
ga!> result, ;Ire; IU'J =:::!8 mnoV!: PCO~
=7.2 kP;I; ,tKO, 1=-18 rn01oll1. Thi, i,
a partiClIl\' l"f""f,elli·ated mewIJo!ic
lIl~("(Jii.l.

• A 5O-}car-old man \\ith a t\\o-\\eek
his-tof) of \omlling and diarrhoea. On
exammatlOn he i, dch)'dr.uoo :md hi,
breathmg i.. deep and noi,)'. Blood ga..
re ..uh"arc: 11~'1 =M nmolll: Pe0l=2.8
kPa: IUCO, I= 8 O1molll, Thc<.c re,ult ..
show a fmr/iol'-" ('omf,ellslIU'd IIIt'wholic
(wido.\il".

MANAGEMENT OF ACID-8ASE
DISORDERS

Many 3t.·id-ba:-e dl'oOrde..... are -.ccondal)
to ,ornc olher di~rder. In mO,1 ca-.cs the
approprime management of the acid-ba-.c
disorder j, to trcat the underlying Illness.
Thi:. ma)' in\olvc:

• nuid thcrapy and insulin in diabelll.:
kCloacidosi ..

• aniliciall)' \cntil:lting by intcmllllent
positi\c prc",ure \entilation (IPPV)

• imprO\ 109 GFR by re... toring blood
\olume.

Ie c:ornpenaellOn pteSent?
ExanwIe <XlilipOilllnl {~Dr (HCOsb

I'l(l( used to OII..-.e prmaty dik/rdIf

In Case'\ \\hL'll: lhere is a lifc-lhreateOlng
acidosis, the infu"ioo of.;odium biC3J'bonate
Illa} be con.. idcred. The circumstance,
\\ hen thi:. nllghl he appropriate IIlciude
se\cre dlabcllc keloacido... i,. SodIUm
bicarbonatc musl al\\a}s be u'iCd \\ith
caution. Carcfulillonitoring of the pmicllt
hy repealcdly lllcasuring the blood golse_
lllay be I1CCC"'lry,

~
Clinical note

0\ ercompcn\ation of
an acid-ba..o;e disordcr

doe:. not occur ph} :.iologlCally but
rna) be mdoced b} the inappropnale
u;,e of anlfi~'ial \ entilation or
inlf;l\CnOU' bicarbonate "olulion"

C"'nRlnrt 011 pal;~ 151.

• \\'hall~ tht'C\ idcncc thalth., patient has a mi'ted acid-ba\Cdlsorder? ldentif~ lhe
component~.

• EJ.:plain the :lCliolog) of the pre\Cnt blood gas and clectrol~te reYlhs.
• Ho.... ~hould the paticnt be treated"

Case history 17

A 56-year-old woman \\'a~ admillcd .,eriously ill and confu<,cd. The pmienl had
systemic ocdcmaand was being treated with frusemide. On ;ldl1li...~ionlhc following
biochemical rc'uhs .... ere ohtained:

I"""Acid-base disorders:
diagnosis and
management

• Cafe should be taken to elCbie a..
from ltle anenal blood~ taken
lor blood gas analysis. and spe«ty
IJansporIata1IO the IaboolkXy
should be arranged

• Blood gas analyzecs measure lH'J
and PCO, directly and calculate
!HeOd ThtS calculated blcaJbonate
IS similaf but not klentlCal to the
bicarbonate concentration obtamed
from the electrolyte profile In a serum
sample.

• Aad-base disorders cal1 be
cIa.sSlf18d as acidosis Of alkalosis,
compensated or uncompensated,
IuIy or partlaly compensated.

• The dncaI Slarus of the patJent and
the blood gas resUts should aJways

mol'" ""
• Management 01 aad-base dIsordefs

should be cirected \OWafds the
correcbOI't ollhe tn:Iertying iftSS.

PO,

I.P"
12

H' I"eo,:
/lI1lt/1ff /..{>(I

33 9.3

K' CI HCO, Urea
mll/olff

2.6 59 53 6.813'
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PROTEINS AND ENZYMES

PLASMA PROTEINS
Pla~nla comam.. a \ariel} of prOicin.. "ith different function ...
Then: are many charactcriLOO protein.. "ho<.e function remain..
lobe oclcnlllncd. The blocherni"ll) laboratOf) routinely lIlCoL,ure<,
'10(31 prolem' and 'albumin' coocenlrallon... u!>uall} in a'iCrurn
..pccimcn. and rcpon., the "J;lobulin' fraction a.. the difference
bel\\, l'Cn the liN !YoOn.~lb. Other prolem~Ic .g. immuflOl!lobulin.. )
arc mca.<,un..'d •• , c1a,,'oC". and immunochemical method.. an:
3\ailabk for mea.,uring ..~cific prolein." and homlOllc".
Enl} Ill<:' are mca..ured both h} detennining their acti\ il) and by
ulllllunochcmical melho<!<- 10 3",>/;,.." their mas...

Simple elt:clrophore",-. of a "Crum sample <.cparatc.. Ih
prOicin, inlolhe txlrllh. and l",,~"p.."'Ciall} useful in dcmon."trJtmg
(hi: pre..ence of;l p;lr:lplUlei n(pp. ~6-47).deri \cd from ncoplaMIe

cell'.

TOTAL PROTEIN

Change.. in tOI:.1 pmtein concelUration are common. An elel aled
tOlal prolem concentmtlon may mean lhe presence of;1 pa....aprotci n.
A dccrca,cd tOlal protein u..uall) mcan~ lhat the :Jlburnin
concent ....ation i,,\o\',.

Fig 1 Pathogenesis ol oedema In hypoalbumioaemia.

Table 1 Speei11c proteins which Ire measured In serum

~I'IMton·s ....

h:rNsed1'l~""--GMls III rdcaln at tm, lICIl\ SlOoIS

~1\~anilII:n

",""*,,,*,"' at fl)'rood .....
.............ol~~Dl..

........-.......-

Ahhough ..erum albumin mcawrc­
men!'> ha\e been used to mUllltor a
patient' .. re"poll"'" 10 long-term nUlri­
tional"upporl. they arc unreliable and
ill'Cn .. ilile.

SPECIFIC PROTEINS

Mca .. url'melll of a number of ..pccirir.:
prolein.. give.. u..eful infonnation in the
diagno..i, and management of di ..ca..e
!Table I). Charaeteri"llc changc.. in the
('{Jncelllmtioll of certain ph.,ma prOlein..
arc ~een following l>urgcry or trauma. or
durini! infL"Ctioll or tumour gro\\lh. The
prolein.. ill\ohcd:lre c,.lled acute pha"l'
rcact:ml-. Cpl'. 102-103).Thc..... acute pha","
protein.. maybe u ..ed to monilOr progre....
()f the condition or it~ treatment.

""-

,......--AIIb.nl at ..K..A ....
an"*~

"""""...,.,.
ftIol:WedI\_~

BnlillCll\l\ ....

BnliI_fIl9bi,--.....BIIdI......-:w.. ..,e.ndal

.­-Tht II)(l.biDi 'Ii gIolUrI (lllGI
$eo: /Ion'IlI:Ilt Ilrdn; IIIIlb*1

1$KlG1

r_

--

• lJecrNlw(/ wllIl/f!li,I. rhi .. 11I:1} he due
to malnulrition or 1lI:i1nh..orption.
[)ccrea~ed~Ynlhe..i~ i.. :11-.0 a fealurc of
advnnced chronic [ivcr di ..e,"c.

• A/)I!orllla! (/iSlrilnl/irlll Of dilulioll,
Hypoalbuminacmia C:1I1 he induced by
O\'CfhydrJtiOIi or if there i.. increa..cd
capillary pcrlllcabilit} a.. occur.. in
~cl'ticaemi:l.

• Ahnormale.n·retimror,fl-gradmio/l. The
cau..e~ includc the nephrollc "yndrmllc.
prolein-lo.. ing cntcrop:lIhic ... burn ...
hacmorrh:lgc :lIld C:ltal>olie ..tale.. ,

oncmic pre..~urc. If thc 'llbumin conecn·
tration fall.. \cl') lo\\.ocdema i.. ,he re,ult
(Fig. I). There ,Ire lhrec main rca ..on'
for the occurrence of a 101\ ph... ma
albumin cOIK'cntr.llion:

Clinical note
The only non-,pecific
index of the pr... ..cnce
of di ..ca'e. compa....Jble

10 C-rC;lCll\e prolcin (CRP). i.. thc
cl') Ihroe)'tc ..cdrnlClll:uion ....Jte
(ESR). Thl ... in pan. renee" tlk'
intcn.. il) of the acute pha~
rc..pon-.e. The ate of ch.mgc of
ESR i.. mueh le lhJn that ofCRP
and II reneet, the dinical slatu~ of
the patient tc.... \\0.'11. It i.. al"O
affccted h} the number and
morphology of lhe red (XII... CRP
,,'an no\\ he mea..ured \\ith relati\('
ea.-.c and il" dc:lemlinJtion ...
prcfl-!'TCd o\er ESR in rna,t
pathological condition". ESR a.~ a
non- ..pecific rndicalor of di-.c:l-.c
rna} be helpful. for c"(ampk_ in lhe
inl e..tll:!atIOfl of pa....aprotein­
acmi:J" \\ hi('h do not nece..<.aril}
pr"O\ ol.c an acute pha-.c re..pon......

ALBUMIN

Albumlfll" lhe major pl:J~m:J protein ,md
i.. ,,)nthe.. i/cd and "ecrelcd by Ihe li\er. [t
:Iccount .. forahoul 50'l of the total hepatic
protein production. Albumin !la .. :J

biologlc:.!l half-life in pl:i"llI;l of ahout :20
day.. and:l .. ignilil'am decrea..e in albumin
conceillralion in pla..ma i low to occur if
Ihere i.. reduced ..ynthc.. i Alhumin makes
the biggC.. l conlribulion 10 the pla..ma
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ENZYMES

SERUM ENZYMES IN DISEASE

Fig 2 P1astnll IrmI 01 intfKeIIular~.

function. Differenl i\ocnzymc., may ari ..e from differclllli\,ue\
and lhcir specific delct:tion Ill'l) gl\ celue, lothe "ilC ofpalhology.
Alkalinc pho~phala~ei,oenlyme, may di~tinguishbet .....een hone
and liver di ..ea,e, e~pecially in p;rtiCI1I' in whom I11cta\I....c\ of
bone or li\cr arc ,u'pected. A ~pceilic i~oclllyme of crealine
kina~ (CK MB) i" u..cful in the carly dctection of m}ocardial
infarclion. IIcan mu'>Cle contain~ pruponionally more of lhl'
i-.oen/~lllc Ihan ..ke!etal mu'>Cle. and rai'>Cd 1c\c1s of CK \18
indicate that a OI}ocanhal infarction ha., occum:d.

In\.aceUular
~,,­

appear ...
""'"" u.
~
.~

Enz}IT'IC' ma} be c1:I ....,fied in 1\\0 group" Some. "lK'h ,., Ihe
en/yme~ of Ille magulalion ca..cadc. ha\c a defined funclion in
blood. Othcr\ .... .:rc originally cell cun'lllu.:nt,. or .....ere made
within celh 10 be ~c('reled iruo Ih~ ga'trOinle'lillaltracl, Th~y
appear in lhe hl()()lJ incidentally ,Illd their I1lca~urel1lel1l i, of
value in diagml\i', Dam;)ge to lhe li,\ues of origin. or
prolifer.alion of the ('ell, from .... hieh Ih~\C cnzymc~ ari,c..... 111
lead 10 an inerea\C in the acti\ il) of the'\.C cn/ymc~ in pla,ma
(Fig. ::!). II ,tKmld be noted Ihat increa,c.. in '>Crum cnl'} me
xti\ll} areonl} I\II.lghl} proponionallolhcc\ICnlorti~uedamagc.

Enz} mc\ Ihat ha\c been ~ho.... n 10 ha\ e a diagnlhtic \ Jluc arc:

• Acid r'IOSI,lwW5f': a lUmour marl..cr 10 pm..latic carcinoma.
• Altll/inf' tlm"lOmllu!f'rtlSe (ALTJ: an llId,calor of hcpaul­

cellular dalllilge.
• Alkt,lillf' pholl'h,,!tJlf': ill("n·a~.. in chok'iatic lher di...ca~

and i\ a marker of o.. leobla\t m;li\-IIY III hone di\ea\C.
• Amy/oS/': 'lIllndicator of cell damagc III acute paner~'atitj",

• IIjf!flrwll:' amillOlralll!f.'I'(/\(, (1151"): an indie:l1or of
hepalO(:cllular dall1ag~', or a\ a' a Ilwrker of mu..c1c damage,
~ueh a, a myocardial infarction (MI),

• C,elJ/;,re !i.iI1(1If': a marker of mu..(;le damage and acule MI.
• 'fg1w,mn'1 t'w, IJll'plillllSt': a <,cn .. ith c nl<lrker of Ii \cr cc II

damage.
• UJ('WIf' Jdl\',/m.!:l"IItI5t:': a marl..er of lIlu\Ck danMge.

A further Cn/}IIlC of praclieal intcrc,1 i~ chohllC\lera-.c.
OJO!ine!.lera.\C.l1ormall} il1\ol~ed in the~ofneurl)Inu~ular

CondU<."tlon, In<:identall} h}drol) <,c, "uc('in} 1choline. a mu'>Cle­
relaxing lIrug u\Cd in anae\lhe,ia. I)allellls .... ith ahnonnal
chQlineslera<,c rna) fail 10 hydrolyze the drog normall} and a, a
~ull suffer prolonged paraly,is after :m:le,thc,ia. Thi\ i.. c:llled
~ofine apnoea. Choline..lcrd"C mea,uremenh :m: <11'0 U~Cflll in
lhediagno,i,ofpoi'oOning with IJC'ticide, II hieh <lrecholinc'ter:t'oC
inhibilo"'.

ISOENZYME DETERMINATION

Someenl} me' arc prc\Cnt in lhl;' pla..ma ill lwoor more mok'Cular
forms. Thc'>C \arian... are I..no\\n a~ i'>OClll}Il""". and although
the} ha\1;' different ,lructure, thc} perform the same ealal}lic

• An IrtCfease In lotal proleln concenlrallOl1ln a serum specunen
IS usually due to an increase In the gk>bulln Iraetloo and may
Indicate the presence 01 a paraprotein.

• Adecreased 10lal protein concenlfallOO IS usually due 10
hypoalbul'Tllnaemia

• A1bunun is the main deterrTW"lant 01 plasma oncolK: pressure
Avery low alburrW1leads Ie oedema.

• Increased enzyme aclMlies r'I sen.m I"ldicale eel damage or
rncreased eel proIiferalJOn.

• lsoenzymes are lorms 01 an enzyme 'Nhdt are SIlUCtUraIy
lifferenl buI have SlI'Tliar catatybc prope1IleS. Measuremenl 01
the IS08fIl)'rTI8S 01 alkaline phosphatase and creatne kNse are
01 ctncal value

Case history 18

Eighl II1Omh, afler an allack of acute glomcroloncphriti\, a
38-~'car-()ld hou,c .... ife ",a~ ho\pilal iled for in \ ...'tigation of
progres,i\c bll:llcrallcg oedema. On examination. \he wa\
nonnolcn"i\'c mul exhibiled pilling oedema of bolh ankle\
and dullnc ..~ uver her lung ba.;cs. lIer fat'e ",01\ pale and
puffy and ,he admiucd 10 frequenl minor inlercurrcnl
infet:lion,.

• Whal i.. }our Icnlati\e diagllO\l\ I

• What biochemical analysc\ .... QUld }ou reque.,l. and in
.... hal (tfde(,'

• \\'hat rc\Ulh \\oold be cOl1\i\lenl \\ ilh }our diagl\()\l .. ·'

COl/lme/llmrJldg~ 154.

Proteins and enzymes I~
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IMMUNOGLOBULINS

Immuno£lobulin~. or amibodies. are proteins produced b) the
pla,m3 cell ... of the bon..: m3ITOy. 3-\ part ofthe immune n:~ponsc.

The pl;,\m3 cdb:are B I}mphoc) Ie,:> lransfonlll."'d afterc~pmurc
to a foreign (Of occa,ionally an cndogenou,:» antIgen.

STRUCTURE

All mmlUnoglobulin\ h;l\c the :.aJne ba,:>ic stnK:lUre and con,:>i\,
of \"0 identical "light' and 1\\,O identic:l1 "heavy' pol)peptide
chain... held t~cth..::r b) d"ulphide bridge':> (Fig. I). The "Iigh(
chain, may be cuherofl"o I)pe...: kappa or 13mbda. The hea,y
chain, may be orli\ CI) pes: alpha. gamma. delta. ep... ilon and mu.
The immunoglobulin:. arc named aner their hea\)' chaIn I) pc.
:l!> IgA. IgG. IgO. IgE and IgM.

1bc molecule!> arc characterized b} ' 0 fuoctional area!>:

• The fob. or rar;aMe rml i... the area hich recognize.. and
bmd:. [0 the antigen.

• The f"£' el/~/. il> rc:'pOlblbk for inlerJClion wilh OIhercomponenb
of Ihe immUlie '>} Mem. c.g. complement and T helper ccll~.

1llc \ ;lnou:> d:!!>sc.. ofirnmunoglobu lills have differenlle"i:!l)'
\lructUrc and funcllOn, (Table I). The major amibodie, in Ihe
plal>ma arc IgG. IgA :!nd IgM.

ELECTROPHORESIS OF SERUM PROTEINS

Elcclrophorc"i, may be carried oUlto ~lUdy a number of prolein
abnormalilie,>. The nonnal paltem is shown in Figurc 2(a).
Immunoglobulin~arc deleCled primarily in the gamma globulin
arca on electrophllrc~i\. Serum ,hould be UM'd for electro­
phorc,i\, a' the fibrinogen of pla~ma gives a di!>crcte b:Hld
which can ea.,i Iy he mi'laken for a paraprotein. Eleclrophorc"i"
cml ,>how gro.... derio.:iency or ext'e~~ of immunoglobulin!> and
whethcr di,cl'ete band, (paraproleins) are present. (Figs 2b ;\Ild
c). A quantilative measure of each protein cia .... may be
Obtaincd by ,>canning Ihe electrophoresis slrip (Fig. 3).

=...
'''''

'0

F'9 I StlUCtun= of an Immunoglobulin,

Table 1 Classes 01 Immunoglobulin

Immunoglobulin s...,~ L~_ ."..
"" -- 'CF Neutral:es toxn; aewalel

~~... ""'" ECF~ --... ,-- Mainly Iltravascular FlI'SIlQ be macle 1'I11mJne

"""""
"" -- ECF>c811 membfane Gel surlace anugen

"""'.,,,.' ........ 'CF Antlallergent::, anliparasmc

" w.
(.)

""".
~018ln

(bl

0....,

~em

I

FIQ 2 Electrophoresis of serum proteins. (al Normal panem; (tI) and
(e)!el1 WIlh paraptOIKl bands

Ftg. 3 Scan of In Mctrophore$ls strip.
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Table 2 CaUiel of hypt9m~linlemil

chain.. an.- fwnd. Thc..e light chatn~ arc
,mall ...nough 10 ,pill into the urine "here
thc) arc lno"n a, Bence-Jon..., protcin.
Serum cICCll\lphoI"C,i ... Illa) nOI ,ho" Ihe
prc~cnec of light chain". :Iml urinc
ekclrophorc'I' after t'oncentr:uion lila)
be !"L'(luircd Hldemon,t r:tlc thc par:lpmtei n.

Mycloll1:1 i, characlcrizcd hy hony
mela<,la,C'. and hone pain i, oftcn lhe
pre'enting ')Illptolll. In lhe face of
lIl1.1\:'il,ing ') nlh,:"i, of abnorll1al immun.)­
glohulm,. olher hone marro" funl·tion I'
reduced. :tnd there I .. a dedine in red and
\\ hi Ie cell and plalelet fonllallon and
d"'l'rca~dproduction of nomlal IInmuno­
~lobulin, Anacmia and ~u~epltbilit~ 10

infection arc 1m- con queoc...". Treatmcnt
of m)cloma in\oh the u,e of bone
nlalTO\l 'upl"'...."i\ ... drug~. P1a,maphere,i,
(replacement of the patient', pl:l,ma \\ ith
nonllal pla,m:l. \\ Ilh retention of hi, or her
own cellular componcnt~1ha, hel'n u,cd
in the tre<ltlllent of Illyclom;l anti Illilcro­
glllbulinaeillia.

Occa,ionally paraprolein, are found in
p<.ltienh \\ here there i" no ~",(}ciated

pathology. Thi, i, callL-d bemgn para­
protemaell11a. bUl 'uch a diagnlht' ,hould

be made onl) after Ihe po"ibilit) of
Ill) e10ma ha... bct"n excluded by the failure
of the di'>("<,-"-C to progre ...,,_ a, gauged by no
increa...e in the concentration of the
paraprotein 1II '>Crum ",ith time. Regular
and careful fullo\\ -up of ,uch pall<.:nh i,
required.

Ocficiencie .. or ub, ...ne of IlIHIlUnO-
globulin~ can occur a.., a f\. ult of infcction.
genelie :Ibnormalitte, or lhe effccl ... of
themp) !Table :!I. When: tm- ,ilUalion "
irre\ ...Nblc. reprat-ement therap) ha... been
u,ed. eithcr b~ addition of immuno-.­
globulin-rich pl:l"nla Ol'" b) the traIl'Planll ng
of bone llIaITO" comailllng compctelll
pla<.ma ccll".

Case history 19

A 45-year-old man prc;,cnted with
;,c\el'C back pain and malal'>C. lie
had 10"1 J kg "eighl in 3 mnnlh\_
HI' blood film ~ho\\ed many
primtll\c RBC~ and WUC" Hi,
bone marro" biops~ ~ho\\ct1 an
exec,,, 01 pla"ma cells. He dId not
ha\c a par:lflrolcin b:tnd on -.crulll
clcctr(lphore\i~. Analy.. j, of l'on­
ccnlratcd urine re\ca1cd anc..ce~~
of free lIlonocionallight ch:lin,>

• Whll1 i_ the diagno~i""

CfJl/I/I/('1I/ /!II page /5-1,

DEFICIENCIES OR ABSENCE
OF IMMUNOGLOBULINS

--l..eI'* gf IlIA nllgM atlIlow. 11m

..­--""""frl!ec!lDns•• g. HI\'. rneu*
~drugs,.g...-.-

r".
Paraproteins
PmprotclIh arc found in 1Il)c1oma. III

Waldcn"lrtim', macroglobulinacmi;1 and
11\ hea\ ych:un dl....:a'l..... TIle"" arc l1l,tllgn;tnt
condition.. , Thc paraprotein, may ari,,:
from any (IfIll..: immunoglohulin c1'I"c~.

Monoclonal light chain_ arc produced in
e"ce~~ orhea\y ,hain" in 50'J- of eOl'C' 01
m).::1oma. and in l:'iq of ca-.e~ onl) light

Immunoglobulin" ma) be incrca-.cd non­
"pecifieall) 1lI a" ide \ Mil't) of infL'Clinn"
and al..o in autoumUUlle di"ea'>C. Thl'>
inmObCd '» nlhe'>l,> come.. from:t numhcr
ofl-ell hrK..... c;lCh produ<.:ing it"o.....n ,PL·~,.. ifi<.:
mmulfloglobultn. The n:'pon-.c i, there­
fore "aid to be 'polyclonal' and re ..ulh
in a diffu'>e Increa,e in protem ma""
throughout lhe galllilla globulin region
on ck>t:trophurc.. i". In C011lra'l. cell" from
a ,ingle clone .111 male identkal ami­
bodie~. A' the cclh multipl) the
immunoglobulin production bccome~

large enough 10 be ob-.cf\cd 011 ekoclrll-.­
phore"is 3-' a ,mgle di""fCte hand. Thi,
rna) be an inlact immunO!!lohulin or a
fr.lgmcm and i, ealled a paraprotein.

INCREASED IMMUNOGLOBULINS

immuooglobulm" rna) be mea"urcd in a
number of ";1)". the T!<.'Ce""il) for thc
reque"t oftcn belllg triggered h) an
ohs<..--ned increa....•in lhe 'glohulin' froll"lion
(p. -W). If an abnormality i" d<.:teeted. thcn
the panitulur type of immunoglobulin. or
indecd of light or heavy eh,lin" where
the,>c arc produced alonc. lIlay be
confirmed b) illllllunofi'l:ation ur lju:Jllti­
t;l1i\c!y by other mean,>.

MEASUREMENT

~
Clinical note

• The dia{!Ilo,i"
ofm)dQma

require .. thaI t"O of the
foilo"mg ,Ire pre,ent:

• a par.tprol ...1Il in \emm
or urine

• pla,m:1 cell infiltration
in bone marmw

• radiological evidence
of bone 1c,ion~

IFig.41.

Fig .. Sku. X-rIY showing m~eIolM,

Immunoglobulins

• EIectrophoct!SlS ol serum may
confum the presence of a paraprotewl
Il'I a speamen !rom a pallent With a
raIsed globulin lractlOrt.

• Some myelomas produce
immunologfCallight chains O!'lty
This is beSl demonstrated by unlla
ele<.:lrophofesls.

• Immunoglobulin measuremef11S can
iJVil rtloonallOrt on:
- rnmune defiaency
- response to lIIecl101l.

• Sellar study ollT'fTUlOQlobulllevels
can be 01 help Il'IIoIowI'lg the
progre$SIOI'1 ol cbease Of 1"1

!TlOl'IIIOn'I!l oltreatmenl
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MYOCARDIAL INFARCTION

F'9 1 Development 01 athefom.ln coronary .rtenes, willi lIistopatllologlcal section (bonom right).

The acth it) ofthe,c Cll/)'Il1C\ In ,erum
follo\\ing an ~1I i\ ,ho\\" in hgure 3.
Creatine kina~ Ic:\cf, ri\C mpidl). pc<lking
at 24 h. \\ith \Io\\cr ri'>C\ being ,ho\\n hy
AST and LOH. 111<.' lIlore r:Lpid fOlIl in CK
aha allo\\" for il" U'-C in the diagno~j\ of

rc-illf:lTl:tioll. \'vhich sometimc\ occur, in
palienh while .. till in ho~pital. NOle th'll in
lhe fiN four haul"'. after the infarction lhe
en/yme, lIlay nm bc rai'cd.

While there i, a rdatioll,hip bcl\\ccn
the \ilC oflhc infarclion and the amount
~lf cll/yml: relea..cd into the pJ:I..ma. lhe
1l,C of cn/Ylllc Ic\e1, to prcdiclthc ~e\ cr·
il)' of the illfan:tion ha~ not proved \cry
lI'cful in pr:lcticc. '111is i, lI\ually gauged
b) a,~~~ing cardiac function after lhe
p:lticl1\ tHh \tabiliLed. The de\l:lop.
ment of cllrdiac arrhylhmia~. \\ hich i\
inlluenced by tbe .. ite ;1, \\c11 a\ the \iLe

,

CholesterolFoam cell

Biochemical le,h complement lhe
ECG finding,. Threc <.'n/yme' arc
eOllllllonly ll\ed in the diagnll\i, :lIld
fallow-up of the MI. The,e arc:

• rreJtinc kina,e (CK)
• ,hpart;lte arninotran,fera,c (AST)
• 1;lctille dchydrogen:l~c (LOI-I).

/l.l)(ll:ardial infarction (MI). aho lno\.\l1
a~ t'oronary thmmbo..l'•. i.. one of the
common...", cau,..... of mortahty and
morbidity In adul". MI i .. u~uall)

diagno-.cd b} ::J hi,l0l) of cnJ,>hing che~l

pain. charnclcri"lic ECG changc~ and
cardi:k." mu'>Ck en/} l1lC relca..c.

Diagno,i .. I .. oneil \.\el1 indicall~d b} the
hi..l01). although there arc other ,>ource<;
of :Jpparem c:mhac pam. ECG change..
charnclcri<;lic of an MI arc normall~

ob\cncd. I~o\\e\ cr. the characteristic
ECG pattern may not be pre\cnl for up
to 24 h after the infarction.The change~

from a nonnal ECG In an uncomplicated
inf:lrl:tion pal1crn vary ~()mcwhat \\ ilh
lhe \itc llnd degrl:e oflhe arca of damage.
A lypical chunge i\ ~ho\\'n III Figure 2. A
new infarction In ;l prc\'ioll~ly damaged
heart will give ,m ECG pallern which i,
1Il0rc diffieulllO i11lcrprct.

Early diagno~i, i, important. ~ince the
earlier Ihe treatment i\ begun. Ihe hetter
the pH)gno~h. TreatlTlcl1\ \\ Ilh ~trepto­

kina\c or other :lgclIh \\ hich reducc
intra\a~ular thrombo.,i., \hould not be
~tartcd unlc"" a definite diagno,i .. has
been made.

DIAGNOSIS

PATHOLOGY

/1.1 [ ocell" .... hen the '>uppl) ofblood IOlhc
corona!) rnu...:k I'> n:JUt'\.'d beIO\·~ a lTitical
.. aloe. u..uall) a~ a re..ull of alheromau)U.,>
plaque rupture and o.. er!} 11Ig thromlxhi ...
Thl'IlI:L} be prc\agcd h) Ie.... cata...trophic
epl'>Odc.. 01 dlC'>' pain (angina PCCIOri ..)
dut' 10 rcdUl"tion of coronar') perfu,>iOl1
cau"Cd b} the naITO.... iog of the aneric.. b}
atherornalou,> pl;Jquc (Fig. 1).

('J (b) (0'

L!.I

I

" fr\
'-"I "

Fig 2 ECG ehenges following an MI. (.) 'ormal lTG, (b) 2 Iv afl~ 00><.1 tI( "ho."-.t p:nn "ICC t!c\ ..ltN ST ,<gnrnL (e) 2-1 hr IJ.LL'T the pahcm ha.J a fUI1t....r
CI'I'>Odc 01 chnl p:un_
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""- "'".....-- ....."' 3 Enzymes In IWI'\lm following an uncomplicated MI.

of the infarction. i' .1 Il1:lJor dClcrmin:lnt of death m the.....
jlJtlcnh,

Creatine kinase

CK h 31'0 rclca'cd from dam;l!!cd ~kclclal mu","le. Although
lhe pn.··<!ominam i'>OCn/)"lllc in e;lTdiac mu~c1e cell<; i<; Ihe ~1Ille;1\

that in ~l..ektJI mu-.cle (CK-1>.'I1>.l), hean cells contain :lllotht;'rCK
iwcn/) mc, CK-M B. Thi' i,{X'n/) lIle l~ a more 'I'Ccific indi,'alor
ofcardiac ntu,c1e damage, and " lIlcrca~ingl) u,t.>d (rather than
100ai CK) in lhe In\e'ligalion of MI.

Lactate dehydrogenase
Lil..e the olh,'r,'n/)"l11e, u,ed in Ihediagno'i'ofMI, LDH i,not
,pc..:lfi,· l\J c:mJi;lc lllu-.ck. being found in lher and rt.>d celh,
Although there i, a IIK'a,ur.lhlc differencc bcl"ccn the LDH
i,oenl) me in hean and the LDII, i,ocnz) 1IIe in Iher,lhe red cell,
can aho rdca'e LDII , Blnod for LDH measurement mU<;1
Iherefore nOI be :llIo"l.:d to remalll un'>Cparalcd before anal) ,i"
or In \ ltro haclllol) ,i.," illln\;llid;lh: Ihe LDH mea<;uremenK

Other biochemical indicators
T", u Olht.>r lc'h '" hlCh .m: pnn llIg u.....ful 10 \ \I ;lTe:

• \frol!/obill. D.:tl,.'l:tabk 1-3 h" alter mfamion. It Illa) be lhe
I:athe<.t indicator of weh an c\ cm and. as such. i, u;,.eful for
tria!!e of ehe,1 pain patlcnt, "ho are .....t.>n in thl: emergen,')
dep;lnmcm .

• TroPOflill I flml T Canhac lmponin, I and T an: highl)
-.en'ltl\e and 'IX-cifit: marlt.>'" fur at:ult: "11. Like CK-~lB
lhe) an- n-Ic;l~d from damaged cardia..: mu~1e '-c:lb, "ithin
3-1::!: h" 01 the mfan:tion, hut lhe) rem;lin clc\ aled for
much long.:r.
TTOJXlnin T rna} lake::!: "1.'':1.., 10 return to nomlallc,c1~.

"hilc lllere;1~':' in lwponin I TC'OI\c \\ ithin 5-10 da)~.

Thl.' troJXlOin, h;l\': been u,ed ,>uece"full) in tilt: diagno'i'
of \11 and in Ihe ri'k 'tratifit:ation of pati.:nh "ith un,tablc
:lllgma.

The...... molet:ular 1Il.lrkc'" Ilf l11)ocardi;IIIllX"TO"Ii" are being
in,'rea~lllgly u..cd III c1illleal pmellt:e, but there i, 'lill debate
;lbout \~ hi~'h i, the prefcrred marler,

SUPPORT FOLLOWING MI

The prugrc"ion 01 ..:oronaTy heart di,ea~e can be :.ignifil:lUltly
dda).:d :Ull! re\er,ed in patient- wilh e'tabli"hcd di,...a~ ..., In
addition 10 trcallllg ([II) arrhythmia,. heart failure or re,idulil
angina. p:lliem' may h:lve modifiable ri,J,. factor' ,uch a'
hyperlipid;lcmi:l. diahetc' mcllilu,. hypcrtcrhion ;md
'l1\ol..lng. II hidl \1 nh appropriate treatment and coun~elJingmay
be minimi/cd.

I~Myocardial infarction

• To make a diagnosis of myocardial
W1farctlOTl, two oIlt1e followtng must
be present

severe dlest pam
- EGG changes 1I1dIC:alM! 01

myocardlallOfarctlOn
- cartiac enzyme release

• The caltiac enzymes are cteallne
Ionase. aspartate amIloUansferase
and lactate de/'rylitlgenas

• A speak: CK lSOl!l'IZ)'ITIe (CK-MB) IS
a more specdic rOcalOl' ol carciac
rTlIJSde damage than Iotal CK. and
can be detected II sen.rn soon after
an MI has ocx:uned.

• Cal'tiac II'qXlTWlS are used as spedlic
matters II MI and lXISIabIe angm.

• Eally tiagtoslS ol MJ IS lI'Jll'CITlaIll so
lhatlherapy can be started p-omptIy,

Clinical note

The dtl,.. ical f.:aturc of
a myoc;lrdial inf:m.'tion

j" cTu,hlOg d)C'1 pain r.tdiating
down the lefl ann. Not all patH,'n"
"ith an MI c\pcrieoce Ihi,. In
addilion 10 thl: man) \ari:nlb of
angina-like pain. it i' re"~niled

that a "izeable proponion of """
arc '"ilcm', and ate ,ub'l..'quentl)
onl} detected b) ECG,

In one Eumpcan hcan ,tud)',
::!:q of middle-aged men ,ho",I,.'<I
definite ECG ...\ ideocc of;1
prc\iou..l) unrcc~niLCd

myocardial infarction.

Case history 20

A 52-)car-old lIIan prc"Cnlcd 31
Ihe Accident and I:.mct~cncy

department "ilh 'C\cre che'l pain
\\ hich had been pre....:nl for lhe p;6t
hoor. lie had prc' iou,J) Jll~nded

lhe ehe"l p;lIn dinic and had a :!­

)t'ar hl"'Of)' of angina of efron.

• What 'pccili..: IC"b \\ould )01.1

reqlle'>l fn)m the: bl(){:hemi,tf)
labor:tlOf)· ...

el,,/lIIIl'''' fm f'l',':l' 154.

Aspartate and alanine aminolransferases
AST rclc:!"!: i, not ,pceitit: to M I. bUl i, al,o fOlllld in many ;lCUle
p:nhologic<; uffccting the Ii \cr ;lnd ~lclet;ll mu:.c1e. The enzyme
alanine :I111lllotriuhfcta,c (A LT) i, ,o1llctirne, me;l'urcd a, part
of the 'cllrdillc cn/Ylllc' profile Ill' le,l, (Fig. 3\. ALT j, found in
high cuncenlralion in Ii veT rlllhcl'lh;ln l1Iu'cle. and a nOTimd AL"!'
mlhe flll:C of II rai'ed AST ..:unfinlh thaI li\ cr pJlhology i, nut
COl1l1ihutlng h) thc rai'cd en/yl1le le\'cl~. Appro"imatel) ::!:SCf of
palielll, \\ilh pulmonary cI11OOlu,. which feature" in the differ­
ential diagll{l,i, uf M [ :md \~ hidt mayor
1113) not C:lU,'" dtc,t pain, 'htm il r.li"Cd
ASTconcel1ll':llion. Jud 1110'1 al'o 'ho\\ an
cbaled LDII.
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LIVER FUNCTION TESTS
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Fig. 1 liver IUllctlon.

bound l(J alhumin. II I' tJI.cn up hy li\cr
cell ... and conjugated l{l form mono- lind
di-glul'uronidc ... \\hich arc l1Iuch mnl'\'
solublc in w:ltcr Ihan Ulll;OIlJug:tlCll
biliruhin. The conjugated bIlirubin 1\

excrell..d mill thc bi Ie, 1'\onnJI bile conl.,lin,
biliruhin monoglucuf\lmdc :1\ 2SQ :md
(he diglul"uronidc a~ 75ft uf lhe tOl.11.
accompilrtlcd by 1r:ICC'" of uncoIlJug:lll.'d
bilirubrn The malll lunctional COil'

"'Hlucn'" of the bile arc the bile ...all,
\\ hich :lfe III \ 01\ cd III fal dt~c~tion:lnd
a~ionfromthc ...nullmle'IInc.Scrum
bile acid el)llCcntnlll(ln ... lire more "'en\l'
ti\ e indlcc' nfhep'lIic cran"'IXlrt functIon
Ihan af~" lOcal bilirubin mea ... urcnlCnt ...

In the tcmunal ileum and l"Olon the
biliruhin 1;0nJugate... arc attacl.ed b)
baelcria to fOfTll a gn'lUp of compound...
\\hich arc I.no.... n cotlecli\d) .1'"
-Itt'rnlhi/i/wgcIJ, mo...1 of .... hich arc
e'{t"retoo III facec-.. Some an: abwfb..-J.,lnJ
c\eTIcuall) re-e'llcrctt:d fRlm the !x'd) h)
.... a) of bllc. Small amoun... of th........
tcn~p) rrole arc founJ III unnc III .... hlCh
the) arc 1.00 n a... Ilrohifi1rol:('1/"

\\ hOlt are u\u;Jll) called h\C:r functIOn

le'l' (IFT\I do not a......." 4U31l111Jli,d)

thl' "apaUI) of Ih,ll tl"ue 10 carr) tlllt
;J1l)' (If the funcllon, \I hlch arc de,cri~d

;JNI\\'. 'LFr,' :II'\' l1l\,,,,ur<:lll<:ru,ofblood
\'olllptlllenl' \\ hll:h 'Impl) prm ide a lead
10 11ll' <:\i ... lencc. lhe c\tcnt and the I) pc
of h\er lbmag<:. t",u;lll). a rcqUC\1 for
LF1\ \\ III pfm ide I'e ull\ for hillrubrn,
lhe al1linolralhfen e ... and :r11.alinc
1)lw... ph:lta ...e in a crurn ,p\,cillH::n
Kno\\ Icd~\' of Ih\' 'Crull1 albumin eun·
ccntr.lllOll Illily a"o he 1l1-.()lIIC \aluc III

Ihe Ul\C'II£"liun of It\cr dl...ca,c. The,c
bluchl.'lI1l1:al irl\ C"'llgalilln... can a"l ...l 111

diHen'::IllI'lllng the follo\\ing.:

• Ob...lrul·tion 10 the hlha'1 tr.tet
• acule hepillOCdlulilr dilmag...
• chrUllll'II\Crdl\c'h"'.

LIVER FUNCTION TESTS

Bilirubin
Bilirubm .... dem ...d fmlll ha...m, an iron­
cool"unlllg. procopurph)rin mainl) found
In hacnll,~klhm(Fig.21. An adult nomulI)
pn'ducc... .,lhout -'50 !Jlnlll of bilirubin
dall) It j, m-.oluble III .... ater and i,
tr.,ln"'ported in pla ...ma almo,t tOlall)

~ 11\ ~r rIJ~" J IllJ)\,," rule in pfillClII.

I.:Jrhuh)unuc Jnd hpuj homco'ta,.,
(i-i~ II. The mCIOlhulic pJlh.... OI)' of
gl)~·tll) .. l ... th ... Krdh C) de. Jl1l1no a..:id
,)nthc" .. and lkgrauallon. .:In\! thc
pn...'c.....:.. 01 O\lllall\C pho<.phor)lallO"
an: all CJrrled nul In the hcpaIOl.'} Ie.. " hll'h
arc "ell cnJo"c"tl .... Ith 1l11ln..:honJria
The II \ cr (onlai n.. an C\IClhi\c relKulo­
endothelial ') .. lcm for the ')lllhc", olnJ
breal.lk,"" of hluoJ 1:0:11,. Li\er \.'... 11 ..
fll<l>lhnh/c. Uew\ll) .and C'(o:rclc b.,l(h
cnJllgcl\(\lh Jnd C\\~Cllt"lh \.·ompound,.
(:\crt:llOli (If \\ilta-·.uluhk end pmduct,
fRlm Ihl.' Illl.'laboh ..m of bUlh nutncm..
and 10\10 and 01 dlgC\li\c aid.. \uch
a" tuk a...d lll,:<;Ur. 10111 the bilial') I~,

INTRODUCTION

Serum t{l(al biliruhrncon..:entrJlillllilnd
'Crum allahnc pho-.phata-.c ;\l-ll\lt) are
imhce... of coole...I"\I'. a blod,a~e of bIle
flo.... The ...crum amlnotran ... fcra ...c
al'ti\ ule ... Jre a mea,ure of the intcgril)
of li\cr cclk The ...erum alhunun
conccntrJllOn .... J crude me3!>urc of Ihc
lI\Cr· ... ,)nthctlc capaclt). although II h
aHC1:lcd h) nun) ocher fa.,;I<"Il"i.



UVER FUNCTION TESTS 51

Case history 21

I~liver function tests

• Arequest for LFTs wlll usually
generate results for bilirubln. the
amll'lOtranslerases and ailalft!--• Ra:secI acIMtleS ollhe
arTlII'IOtranSferases (AST and Al1)
Indicate hepa10Cellular damage

• Increased bIIlnJbrl concentratlOrt and
n::reased akalr1e phosphatase
aetMty nicate !he presence of
choIestaSIs. a bIoekage 1'1 bile flow

• SenaII.lSe ol LFTs IS 01 most value 1'1

JoIowrlg the progress or resokrtJon 01
tverdisease

• Measulement 01 ., gIuIamyI
transpeptdase can gve an rdicatJorl
of hepalocet,jar enzyme I1clJclrJn
due to drugs Of alcohol.

The prothromblO time..... hich i~ ;.!
me;.!\ure of Ihe acti\ lIie,> of ccrtain
coagul'llion facl~ madc b) Ihe liler. i..
\(1llk'IIme\ u\Cd a, an indicator of hepatic
\}nthellC function. Prothrombin ha.. 'l
Icr) \hon half-lifc. and ;m increa\Cd
rmthrombin lime lila} be lhe earlie\1
lIldicalOr of hepa10cellular damage.

The tOlal \erum globulin concentra­
lIon i\ \olllctink'\ u\Cd:l.\" crude mcawre
of Ihe \C\cril} of lil ... r di\ea~_

Alpha-fctoprotein (AFr) i\ ,}nthc­
\l/ed b) Ihc fctal Iher. In normal adult\ II
i\ prc,>cnllll plasllla at 10" concentration\
(<20 Ilgll). Mea\lIrcmcllt of AFr i, of
I alue In the im e\tig:ltion ofhcp:llocellular
carcinoma in which ,cnllll conccntration~
arc increu,cd in SD-90'il- of C;I"C". AFP i\
:.11\0 u'>cu a\ 11 marL.cr for gam cell
!UIllOllf\ (pp. 130-(31).

Olher protcin, \u('h a, Cll-antltryp,in
and cacnllopla\l11ln are I11ca,urcd in the
di:lgno,j\ of ,pecific di\easc\ OJffecling
thc liver (p. 55).

ALT

33

ASTBilirubin
1Jnof!f
7

C(m,menl (11/ pmf,e Jj.J

can be ,>cparJh:d b} clcelrophor<:\I'>.
Ho"e\cr. an dt:laled )'CiT ('-Ce belo.... j

"ould ,>uggt:\llhallhi: hlt:r i.. 11lc <.<IUn:C

of lhe incrcOJ~d alL.aline phO\phal.hc.

A 6O-}ear-old female "ilh a hl\lOry of brea~1 c"Kinoma lreatcd by ma~tectom}

three }ea~ PI'l:\ iou\ly i, no" compl:lIning of gcner.ll malaise and bone pain.
Biocheml"tl) ~h()\I,ed th;.!1 fluid and eIL'Clrol} te\. tOlal protein. albumin and calcium
I allies .... erc allnonnaJ. L1-T, .... Cl'l: 3\ folio",,:

Plasma proteins
Albumin i<; Ihe major p1'Otein product of
Ihe liver. It has along biological half·life
in pla"ma (15-19 day\). :md thcrefore
\jgllifical1l fall, in albumin concentration
arc ,low 10 occur if \} nthc\i\ i\ \uddcnly
reduced. Hypoalbul1linaemia i\ a
fcalllre of ad lanccdl'hronic li\ t:rdl-.l';l\c.
It can aho occur inl('I'cr(' aCUle IiICf
d:llll;I£C.

Gamma glutamyl transpeptidase ()GT)
)GT is a l11icrO\Orllal en/}nk' "hil·h i\
"idel) di\lributed In li",uc.. IIlciuding
liler and renal tubule... The at:tilit} of
'(GT in pla\ma i\ rai\ed "hencler thcrc
i\ chole<;ta"i~. and il i\ a \cr) \en\ili\e
inde'l. ofliler pathology. 111\ ;lho;lffected
by inge"lionofalcohol. C\ en in tht:;lh-.t:nce
ofrccogllizablc liH'rdi\Ca"e. Drug\ \lIch
:l\ phcnytoin induce CllIymc aCli\ Ity In
acul~ hepatic d;lIl1agc. changt:\ in )'CiT
aCli\il} parallel tho\e of the amino­
t~n,fera~c~.

Clinical note

Whenlhcblliary tract tx.'Come~blod.L"<l.
bilirubin i\ not c!';creled and \erurn
concentration, ri ...... Thc P:lllcnt bet'ome\
jaundit·cd. Th..: jaundiced patient t\
de~ritx."<l funheron page\ 52-53.

Imaging 1f..'Chlll(IUC\ pia}
an illlponant rok in the

1Il\ c<;tlgaliofl of iiI cr di-.ea«. The
arro.... highlight'> an area of defeclil e
i!>Ol.opc uptaL.e mdlcating tnc
pre<'coce of a II\er mela"a;.i\ in a
patient "ilh di\\cnlm.ucd malignant
di-.c3..\C.'.

~ 3 Sdntiscln of liver.

The aminolranslerases (AST and AlT)
The xtil uiel> of t o aminotmn,fcrJscl>.
ASTaod f\LT. are Idel} u.....d in dinical
pracu.:e 3..\:l -.cn\ilile. albeil non-\pecifit­
inde~. of acute damage 10 hcpatOC} le\
trre~~ti\e of 11\ aetiolol!}. Cau"'C'> of
IlIcrdamage include heralili ... no mailer
Ihe eau alilC agenl. and to\ic inJul')
.... hil'h rna} 3I:company an} one of a large
number of lO,>ull\ to the liler. including
drug olerdQ<.c. Acul..: lilcrdarnage due 10

\hock. "Clerc h}JMl\ia and ,lcutc cardiac
f,tllurc aTe al\O \C.ocn hee pr. 54-55).

Alkaline phosphatase (ALP)
locre~\ in alL.alinc pho..ph;lta~ actil it}
in hler di'>Ca..... arc the rc..ull of incrca<,cd
\}ntne\l\ oflhc cn/} mc h} t·el" Iimng the
bile canaliculi. u\uall} in rc\pon\C 10

chobla\l'..... hlCh may he ..:ilhcr inlra- or
c\:tra-hcp;llic. Cholc"'a\i,. <:Icn of ..hon
duration. l'C\ull\ in an incrca.....d ellqnle
aclil II) to at Ica~t I.... ice Illl' upper end of
the r... fcrenc..: intcf\al. High alL.aline
pho'phata'>C aclility may al\o occur in
infihr:lIil edl\Ca..... \o(thc IiI cr." hen \pace
occupying Ic\ion\ (c.g. lumour.. , arc
prc<>ent. It aho OCCUf\ in drrho..i\.

Lilcr i, nOt the \ole \ourcc of alL.aline
pho,phat:hc at'ci\ lty. Sub~tantial amoul1l~
3rC pre\Cnl in hone. \l1liLll inte\tinc.
platenl:l and kidney. In norn);ll blood, the
alL.alillC pho~phata\e activity i\ dt'rivcd
mainly from bonc :lIld liler. wilh \nUlIl
alll(lunt, from incc\tine. Placel11al alL.:llinc
pho~phala~eappear\ in thc maternal blood
in the third tflme\ter of pregnant·y.
Oeca~ionally.Ihe call\C ofa rai'Cd alL.aline
phO!.phma!>e "ill nOI be inlilledialel)
app.lrcnl. The li\cr ,md hone i\OCnl} me~
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JAUNDICE

Jaundice 1" a }cIlO\\ lh'Color.ltlOn uf the ..lin or -.c1cr.t (Fig. II.
Thi.. I" due hHh.: prc-.cI1CC Ilfbilirubin in tbe pla~rna and i.. nOI
u"lIall) delect.,hk unlil the Ctln.:enlrJ.lion i'l!reatcr than about
4{) '.lIllOl/l. 'omlally the hillruhin concentr.llion in pl:l'm;t j ..

rc" th.m ~:! J.1molll.
Biliruhm ,'> dcri\cd from the ICIrJ.pyrrole pro<>lhCli,' group

found 10 h:ll:rnogloliin and the C}tochrome... It i .. noonal1}
cOIIJug:ucd .... ith gJucurolllc acid 10 make it more soluble. and
C\crclcu in the bile (Fig. 11. There an: three main rea"on~ \\hy
bilirubin le\.:I .. in lhe blood rna) ri-.c Wig. 3):

• Iloemol\'l;l. The incTl:u'\(.'<! haemoglobin brcakdo.... n produce..
bihrubln \\ hleh 0\ crlooth the cOliJugallllg mechani..m.

• Fe,il.lre o(fill! ("IIllJ"f{(lf;/It[IIIl'(-hlllljJ,1/I \I;,lii" ,11(' hef'<llotUe.
• Ohllnldim. ;/1 the hiJiw'\ .lO\SIt'III.

Bolh conJuf:!al~d hlhruhlll and unconjug:lled bilirubin mOl}

be prc...cm in pla~ma. COIljugaled bilirubin i, \\all:r -.olublc.
LnCOlljuf:!'II~d hillrubin I'> nOI \\aler ;,olub1c and bind, 10
albumin from \\hich it lila) be Iran,fl:rred 10 Dlhcr protcin;,
,ueh ;" Iho..... In cell Jll~mhrJ.ne~. II i, neurolo\ic. and if Ie\cl-.
ri,c 100 hIgh III nC011:1Ie,. pennanent brain damage can o~:cur.

BIOCHEMICAL TESTS

Bilirubin mcwboillc' arc rc,>pon~iblc for the bro.... n coloration
of faeCt". If bil iruhin dOl." nm re;lch lhl' gut. ,>tool-. bel'orne p.11c
in c~)ll)ur. Bilirubin in Ihe gut i, mctabolized b) bacleria 10

producc 'tcrcobilinogcll. Thi, i, p;ml) reab,>orbed and rc~

e,,"crelcd in the urinc ;1' urobilinog~n.and Ill:ly be deleclcd by
,implc bioch~mical tC~h. When high Ie\cl, of conjugated
bdlrubltl :lr~ bl:ing l:xcrl:t~d. urinl: may be a deep orange
colour. parlicularly if allo.... ed 10 'land.

Fig. I Jlul'IIlice in ltIe sdera of In eye.

BiOl:h~micall~'h tLFf,) mclude I1lca,>urem~nl of '>Crum
AST and ALTa' llI;}rl..~",of h~lXltocdlulardamagc, a;, \\ ell a;,
blhruhm and al"ahn~ pho,ph3ta....c .... hieh are indil:alo~ of
dt(lIc'IJ'I'.

DIFFERENTIAL DIAGNOSIS

j"lUndicc rna) he a COIl,equencc of haclllol) si" cholc~tash or
hl'p:ll(x:ellular damage. The cau~,> and fC:llurcs of Ihc'oC arc
,urnmari/ed in Figure] and Table I. In :lddition there arc
inherited di,order, of biliruhllllllClaboJi;,rn. Gilbert', di,ea,c
i, the mn,l common :lnd C;llhC, ;t mild ullcunjugaled
hypcrbillruhinal'mia b~cau~c of defecli\e conjug;llion of
bilimblll,

Table 1 Laboratory dlflerentJal diagnosis 01 jaundice

Rellculoendothellal
cell'

r;::-~
lbrea~dow~

~
Unc:on~ledbilirubin

iabumlll boufld)

Futures

Haemolytic Cholestalic

• !llkr\br'l may bI iii
° Billnbrl in \WOe
° Ale Pl'ioI. U&tIatt' >3Jl

upper limIl 01 relenn:e....
oAST,ALT.lOH--'

Hepatocellular

• AST • ALT tT
• !lIIlIulWI i ~teI
• !lIIlIulWI in urine
• All Pl'ioI, i IlI1I1

...,go
inlestine

UlobdI'lOgeIl

F'!l 2 Bilirubin melabollsm.

Haemolysis
Inl'fca'-Cd bilirublll protluction C;IU'>C(.! b) haen'lOI},>i,> give, a
predmninantl) uncolljug;ucd h~ pcrbilirubinacmia. Thi, i,
cOll1monl) encoUlllcrcd in babie,. A rapidl) ri~ing hiliruhin in
a neonale ..hould be carefull) lllonilon.--d. If Ihe concCIllr.Jlion
approache, 200 J..lIllOIIJ. pholOlhcrapy ",hould be u!oCd 10 breal..
do.... n Ihe molecule :lnd reduce lhe Ic\ cl. If Ihc concentration
ri'>C, :Ibm e 300l-lrnolll.C\ch.mge lr.Jn~fu,ion rna) be IlCCC'>'>3f).

Extrahepatic biliary obstruction
Galhlonc' l:an p;lnially or full~ blocl.. the bile ducl. Such a
blockage i, Lno\\ n a, e\lrahcp:llic ob'lruction. If the blocl.agc
i, complete. both bilirubin and all..aline pho,ph:lta<,e;tre rai'>Cd,
There i., lillie or no urobilinog~n in unne. Stool.. .... ill be p;llc in
colour. When the ob~truction I' rcmmed. the ,1001.. regam
lhcireolour and urinc again b.."'COIl'lC' po."iti\ e for urobilinogen.
If the blodage i,onl) panial. all.alinc phosphalase lllay be high
although -.crurn bilirubin mOlY \\ ell be \\ ithin thc rcf... rencc
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Choleslasls

., • OCQlllfe<! autOImmune haemolytIC; anaernoa
• drug·lnduced. 8.g. melhY'dOPa
• cOI1g11'llItaJ spherocytosIS

_Hb

/\
Globin Haem

j

Inl8C\lOnS

RBC

Clinical note

Fig 4 CT scan 01 liver
and gall bladder.

CT -.canning i.. ,Ill in\ ,.luable 1001 in Ihe in\':'lig:llion of lhe
jaundit'cd palient. Thl' dilated bill' duel, are dearly \ i~ible

in a CT 'can of a patienl Y. ith ex,rahl'palic ub'lrucli\e J,lIIndice du.: 10

carcinoma of ,h... h...ad of the pancl"l,.'a, (!"Ig. "I,

r3nge. Thi\ plClure I' cla"lc of an i<;o!aled
\Ccondar) ncopla"ll III Ihc Ii\cr. panl)
dl\lurbtng lhe biliar) tn...... Th... normal
funcliofllng p.ln (If th... 11\l.'r i\ ,ufliclcnl 10

proce~, and Cl:CI\'IC the ollirubin. The lncl,
of allahnc pho,phala~ n:lca~d mlo ~Crulll

Y. III mirror the dCl:\rce of oO'lruclion.
Intrahepalic biliary ob,truction i, much
more dlfliculllO di:lgno"C lhan el:tr:lhepalic
ob\trucliOIl, Till' bile eanalit'uJi hl'corn ...
bloclcd dul' In cirrho'i" Ii\er t'ancc:r or
infection. Thl~ lcud, to an incrc:a'cd
conccrl1ratlOn of conJugaled hiliruhin in
..cnun,

Hepatocellular damage
Ob,lmctiun ma) he 'eICulld,try to damage 10

lhc hcp:ltocyle, hy infeetiOIl or loxin" ratht'r
lhan d:uuagc 10 the hiliary Imcl. The 1Il0,t
COlllillon cau".:" of :.ICUIC j:.lulldicc ,een in
adulh arc \iral hepalili, and paracetall10l
poi'OlIlllg. [n the..... ca,c". not only ar.: the
biliruhm and ;llkalinc Ilhmphala'>C 1.:\.:1"
rai\cd. hUI AST and ALl' arc ele\atcd
indic31ing h('pal{~..ellul:tr damage.

CtomRl~1It011 fH'~~ J54

• W1\.:lI 1\ lhe differenlial diagOO\il.?
• Wh:lI I>lh...'f in\Cl.lIgatioo\ y.ould be helpful in mal.mg a diagno-.i,'!

Case history 22

A 65-)car-old m'ln cam.: to hi~ GP'.. ~urgcry with \i~iblc jaumhce y.hi~'h he had
nOli......."'\! to Ill." deepening III colour, H... had 110 pain but had noticed "Omc y.eight 10\,
anJ th.al hll. 'tool, y.ere pale_ He Y. al. a moderate drinker, and Y. a~ I10t on any drug
thernp)'. 11i\ U:-r, y.ere:

-----UA------

I~Jaundice

• Jaundlce nicales !hat there IS an
elevated concenlrallOn 01 bllirubln rt

serum
• In neonates d IS mportaIlt to

c1etemw1e the coocentrallon 01
l.I'ICOI'fJgaled b*ltwI., order to
deode what treaunent IS reqLllred.

• In adults. the mosl convnon cause
01 poodiailS obsUuctlon. and thIS IS
c:onlinned by the elevalJOO 01 boIh
l:Urubrt and al.lafn:! phosphatase

850

Allaline pho<.phata..e-\LT

.,
AST

87

Biliruhlll
~r1t1f/1

250
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LIVER DISEASE

a

ACUTE LIVER DISEASE
t\cutc Ii\ cr damage IX-CUI' for one of three rea:.on~:

• (lO''-<)lung
• inlection
• inildcquillc ~rt'u .. i(ln

INVESTIGAnON

Binch.:rnical lI1arl.cr.. of li,cr (Ii ............ ,uch 'h AST and ALT
\'0 ill mUll:ate hCpaIOC)h.' dam;)g.... Elc\at..-d -.erum bilinlbin and
all.alinc pho'phata..c IcH~I.. "00\\ the pre.....nce of chole..!.... i ...
Di-.ca..... progre.... ion or rt:,,:mcl) can be (ollo\\ed h) '-I.'oal
mca,urcmcnt .. of LFT..,

Poisoning
The 11K'" \\cll-do,:umenlcd (Xli-.on ...... hich affect toc li\cr arc
parJccl:ll11ol and camlln IClr.u:hloridc. 111l.~..e are metaholi/cd h)
the mlact Ii\Cf In ..nlOll1 amount... hut \\hen prc<.t.'nt at high

conccmr.ltion.. thl::) gi\t~ ri-.c 10 toxic metabolite... leading 10
dc..truction of hepatOCyte.. \\ 1111 1ll:""1\ c rclc;,'C ofCnl) me... The
(ilpileil) olthe II\Cr [0 y.,lhqand an in..ult i.. fI.-dul·cd iflhcrc I'
underl) in~ ]i\l,'r dam:lgc dUl,' to alcohol. malnulritlOn or olher
chronic di,ca'c.

Some plant lUld fungaltoxm, can al..o cau"C caw'lrophi<.: lmd
fatalliwr damage \\ Ithin -1M h (Fig. I).

A third group (If lOX in, are th(N' which gi\\.· ri"C to llcule
hcpaton'llul:lr failure only in ccrtllin indi\idulll" I\ho lIre
<,u,ccpllhle. Imponanl example, includc sodium ,alrmate. an
al11lCnnllll"ant drug which givc, ri'e 10 toxicity in ,01l1e
children. and haloltwilc. an an:1c,lhelic agent.

Liver infection
8o1h bacteria and I il'u,c, can givc ri"c 10 infecti\c herutili,
"hich cau"... , many dcath" "tlrldwidc. t [cpalili, A. hepalili, 8
und hcpalili, C :trI.:: lhe mo"t COllllllon.

OUTCOME

AClitc II\c1' damage can prog1'c" in Ihree way,:

• II may rc'ohc..... indecd it doc~ in the majority of ca~,.
• II IIIOl) prog1'e" to acule hCPlllic failure.
• II Ill:l) Icad 10 chmmc hcpalic damage.

'S.

,..
,.

o

Fill 1 Pattern ollFTs IGlowing Amanita pllaJJoides(a highly poisonous
species ol mushroom) IOxieity.

'S.

".
,.

Reference

'"'''',
t

lower
limit

F'll 2 Blochemlcallindlngs In hepatic failure.

Case history 23

A -19-) car-old ",oman allended her GP\00 nh an R-d:l} hi~lol') ofanore\ia. n:tu<iea and
flu-like "ymptom:.. She hJd nOlleed that her urine had been dark in colour o\er the

past::! da)". P'h}"ical e:>:alllination re\ ...aled len<lerne" in the right upper quadrant
of the alxlomcn. LIT, "ere as follo\Oo":

Hepatic lailure
,\cute hepatic f;lilurc i' a major medical
cnlCrgellCY. '1I1<:C Ihc failun: of the complex
metabolic funcllon .. of thc iiI er cannot be
compcn.....tt:d fol'" by an) OIhcr organ. In
-.clerc ca-.c,. much \If the biochemil-al
picture i, dl,rupll'\i. Ekctl\)l) tc imhahmce
Ol'{:U..... -.odIum and calclUlll concentr:ll ion~
111:1) both fall. There rna) be ,e\l~re

metabolic acid-ha..c di,turh.lnce, and
hYJlOgl)C3Cl1lia

HepatIC f:lllure may gi\e ri-.c 10 renal
failure due toexpt:Nlreoflhe glol1l1:ruli 10
loxm, u'uall) metaholil.cd by lhe Ii\~r.

Thcre TIluy be an IrK:rca."C in blood ammonia
a, a re'u1t of lhe failure to detoxify thi" 10

Bilirubm AST AIT At"'atll1('
~1J...~

,.,.<111 ,n

" '" :mXl ".
• Comment on tne"C re,ulh
• What i\ the differential dla~llthl\"

Comnlt'nl (HI ptl,t:t' /54.
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LIVER DISEASE SS

Clinical note

Liver disease
• Acute liver damage IS caused by

shock, 10llf'lS or infectIOn.
• BlOChemIcallTO'lltoong 01 liver

disease IS by sequential
measurements of the allW'lQ­
llansferases. bikrubln and alkaline_...

• In acute iller damage there is usually
ruahepallC obslructIOn as wei as

....--• Severe cases ol aetJte liver damage
may progress 10 hepatooelular
I....

• 0nh0sIs IS the end pcwtt 01 boIh
acute and dmJc iYer damage, as
wei as belng caused by a nurriler 01
metabOlIC and autorTllTme tiseases.

• 8Iochel'nI:aI tests may be of lime
Y3kJe III maloog a specdic~
A iver blopsy IS~more-.

Thc Ii\l:r i, a common \lIe of '>CCondal)
nlCla'la~' fmm a \\ ide \ ariet) of primal')
lumour"'. and jaundice ma) be lhe fiN
lIlJicatlOfl of the prc\ClICe of ('anccr in
..ome p;.illenh

Primal') hepatoma i\ a"ocialetl \\ ilh a
number of lo:onJition\ such:l.'> cirrho-.i, or
hcP.llll1... although a number of cau,ali\c
l·;In::lIlogClh. \uch::l-\ anatoxins gencr:ucd
b) "pcl,'ific fungi infecting fooJ'lUff,.
h;t\c ht'cn identillcJ. Alpha-felopmlcin i...
a u,eful marker of prirnar) hepalic
lumour"'lpp.l3o-lJl).

LI\er hiop"'y i.. Ihc
1Il0't importanl \\;1)

of mal-illg it ... pccific diagno... i\.
Bdore auel1lpting it nceJle biop,y
il i, c\,enliallhallhe palient",
blood coagulalion \I,llU~ i\
confinncd In be \ali ...faclory.

OTHER LIVER PROBLEMS

olher li"ue' which C'ln Icad to h\cr
f:ulurc. The diagnosi\ i.. b) me:l"urement
of 'crum iron. Ir.m..ferrin and ferritin
Ip. 1071. Wil-.on·' di\ca"'C i... an inherited
di"order of l,'oppcr Illctaboli,m .... 11Il,'h
lead.. III failure in copper excrelion. 10....

l,'om:cntmliOlh of caerulopla,min. and
dCro"llion of copper in lhe li\ er and other
li,\ue' (po lOS).

•

UNUSUAL CAUSES OF CIRRHOSIS

•

Cirrhosi ... can de\e1op in l,'hildren a\
a result of a-:lnlilr)p\lll defil,'icnc) or
WiI ...on·, di,ca"e. and 11\ adult\ due
10 haemochromalo,i\. a,-antilr)p.. in
deficicllC) can be och.."Cled in ne\\. hom
infants in \\ hom lho:rc Illa) be a prul()ngt.-J
period of jaundice for 'tC\eral \\ecl" In
.'>Orne L<be\ thi ... pmgrc..'-<C\ lu Ju\cnilc
cirmChi'. HaemochmmalO'.i\ i\ adNlrtkr
of iron ab..orplion. a .....ociatcd \\ ilh
deposilion of imn in the hepatOC)IC' and

meal,. P:llicnh wilh cirrh(hl' havc :1
reJuced ('apacity III Illel:lholi/e drug\.
Some patienh wilh cirrho... i\ \uffcr
badly from llCh. duc to Ihe di,ntplion nf
the bili'll) architeclure and \ub,e(IUel1l
failure 10 exerele bile aciJ\ ..... hich
accumulate in the \lin. The immuno­
logiC'll re'pon'c of palicnt\ 1-\ illl
eirrho,i ... ilia) .... ell he rt.-duct.-d.leading
to incrc::l-"i-"'-d ..u"'Ceplibilil) 10 infl"Clion.

101
FI9 3 Appearance 01 normal and diseased liver.
(a) N<lnnulli'cr hi,wl,,!;) (b) hilt; [i'cr
(c)CirrhOllc Il\cr.

• chroniC exc..." :lIcnhul ingc'lion
• ,;mll hepallli\ Ipanicularly hcpalill' B)
• :lUIOlI11I11UIK' (\i,ea,e,.

Cirrhn,i, i, nUl re\cr~ihlc, allhough
in alcoholic\ the pr...ccdillg '1'lgC. lhal of
chronic fally Il\cr. doc' n.. ,pond 10

ab\lclllioll from :lJcohol For re:hons
lhal arc nOl ck:lr. oilly a!>l)UI JO'J of
alcoholic\ pmgrc\' to cirrho,i\.

CUNICAl FEATURES

Three form\ of chronic h\er damage arc:

• alcoholic fan) Ii\t:r
• chronic 3C1l\C hcpalili\
• primal') bihaf) cirrho~l'.

.\11 ('>flhc\CC(lndllion~ lila) progrc\\ 10
cirrhosi\. a di\ea~e characlcril.ed by
\hrinling ofthe Ii\er\\ ith di-.org:llll/:ltion
of ih archilcl,'lurc and Ihc dc\doprnCnl of
fibro'ii\ In Iho: r...maining hcp;ltocdlular
li\'iuC (hg. Jj,

CHRONIC LIVER DISEASE

AETIOLOGY

Ho.... c\cr. lhe cirrhotIC Ii\cr ha\ ;)
re'>C~e of function de"pllc Ih rnaem­
and miero\Copic appcaranl,'c. Thc lIIaJor
complaint.. mcirrhml' rna) he diffil.'ullie\
in coping \\ Ilh food. e,peciall) fau)

There are no good hiochcmic;tl,nJi('ato"
of eil'Tho-.i\ in the C'lrly and ,table period
IIhich rna) 1::1<.1 for m:ll1) )ca",. In Ihc
lenmnal ..lage, lhe featun:, include:

• de\elopingJ:lundicc
• cncephaIOp'llh) ..... hich ilia) he related

10 lo~in' \\hu:h arc nUl R'1Il(l\cd fmm
the pla~m::l

• a.,,;;;it.....duclorcduccd albumIn \) nthe..i..
• bleeding lenocnClc\
• ll'fTllmalll\Cr failur\'.

CirrhO\I" I' lhc tcrmlllal \Iagc of chronic
liH'rdanl:Jge and onl) IIcc:l\ion:llly foll(J\\ \
an acUle coup>c. The 111()'1 common calJ\e~

ofcirrhosi .. arc:

urea. The p:lllern of :lbnormal ilic~ found
in hepalic failure I" ~ho .... n in Figure:!.

In acule hepatocellular damage.
albumin \)nlhe~i~ i\ reduced or cea~es.

leading 10 h)poalbuminaemia and the
de\elopmcnl of (lCdclll:l andlllr a"'Cile~.

1be failure of~) lllhc\l~ ofdOlling factor"'
al'oO lead~ 10 an incrca~cd lendenC) 10
haemorrhage or. in ~e\erc ca~c~. 10
mtra\ aM:ular coagulation.

Rcco\cf) from acute hepatocellular
damage lila) lalc ..omc .... {:cl\. during
\\hlch mOl1lloring of LFr" i~ hdpful in
delecting n:lap....... and a"i~lmgprognO'oI\.
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GLUCOSE METABOLISM AND DIABETES MELLITUS

DictaI') ("arh(lh~L1r:Jlc " dlge'ted in the
ga'lrointc'otillal lrad 10 ,"nplt" mono-
'acchawJc hirh a~ then ab..orbcd.
Starch pru\ld , ~Iuco,e directly. "hill.'
frm:IO\C (from dictaI') ,ucrme) and
galacto,c Hrom dictaI') l:lew,cl arc
atNlfb..'d and aho l"l,lfl\l'rk'd into gloco-.e in
the li\cr. Glucow I' the ("ommon
carboh)dralc CUrro:lll:) of the hody.
"lgure I ..ho.... , lh... diffcrcm melaholic
pmcc..'c' .... hich affect the blood gllk.'O"oC
n)I'lI."l..'Tllr.llion. Th,"\c\cl i" a.. al""3)'. the
re"u II ofa balance oc," cell input andoutput.
')nlhc-. ... and cataboll,m,

INSULIN

In..ulin" th... principallwnnonc affecting
blood gllll:o'>C Ie\ e1... and;1n undcl"'olanding
of it .. action.. ,... an llnponanl prerequi .. ilc
10 the 'ludy of di,lhcIC" mellilu... Insulin i..
a ..mall pmh:in ..) lIthe'Med in the heta
n~lh of the i.. lct .. of L:mg.erhan, of the
piltll:n:a,. It act' throug.h memhrane
recepto..... :ulli ih main targ.et li"ue, ;lrc
li'cr, 111u'-Cle and ad,po,e \I',ue.

The: !l\cral1 effcct of in,ulin i, to
promot!.' t'dlular uptake and 'torag.e of
metaoulic fueh ;lI1d the'e action, arc
,ho\\ 11 in Figure: 2. It ,Imuld he noted that
glllCO"C C;l[lt\ot enter the ccll, of mo,t
ood~ ti-...uc, III the ab"cllce of In,ulin.

The erfecl" of IINdin :m.:: orro"cd by
(Jth!.'r hormone'. glucagon. adrenaline.
glucocorttt'oid, and gW\\ th hormone.
The blood gllJcu~c cUllcenlra!ion i~ the
re'llil of a halance het\\cen the"e
differ<.'nt <.'mlocrin!.' fOft·e'.

DIABETES MELLITUS

D,alx.'I\'" mellilU~ '" the: (,.'OllllllOnt.....t endo­
crine: di'Ofd<.'f encountered in clinical
prnclice. It Illa) be ddin<.'d a" a ,}ndromc
t'haraclenl:cd oy h~pcrgl~cacmia due to
an ah"olutc or n:lali\!:' tick of m<:ulin
and/or in,ulin fe"'tancc.

Prim;'f) dl;lbclc" mcllitu" i' g.ener.lll~

,uhcl:l-...ificd Illto in"u!it\ dependent
diabclc ... llk'lIltU' {ID!)\I) or non-in ... ulin
dependenl diahctc' Illellitu" 1l'\IDDM1.
lbc...... chni\-al emltl;;., diffl'f' in epilkmi­
olog~, clinit'al fcature .. and patho-
ph)""olog) The C(lnlr. ting. fe:llun: ... of
IDD\I.md /'.IDD\I arc ho\\n in Table I.

Second;)r) diahete.. mellilu" Ill;)}
rc"ult fWIIl pancrcatll' di ......a'>C. endocrine
di.,ca..e ,uch a .. Cu ..hing.·' ..)ndromc.
drug Ihcf:lP). and. rarcl~. in"ulin
rcccplOr abnonnalitie...

O:utll)hydll'll1es

Syllemlc
clrcutation

au"",

FIg 1 Glucose homeostasis.

Glucogenes,s ISTOP~

Glycogenolys,S tSTOP~

Fig. 2 The ae1ioos at insulin.

Insulin dependent diabetes mellitus
(100M)
1DD~1 accounl.. for approo;imatcl~ IY7,
ofalidiabctk... ltt·anoccurat:lll) a~cbUi

i.. nlO'l common in the youn~. \\ ith:l peak
Incidence hem cen 9 and 1-1 ) ea..... (If age,
The alNJlutc lack of lII,ulin i.. a con·

Peripheral
tissIIes

.. Glucose upta~e ,n
,., muscle and adipose tissue

• Glycolysis

alyoogoo
synthesis

'tI.'qocnce of the: autoimmune dC'lroction
ofin..ulin-producing hetacclh. There rna~

he an cn\ lronmental precipilating facll,)(
..uch a .. a \ir..l infection. l1te pfe.....nce of
i,lct cell antibodies in <,erum predict'
future de\ elopmen! of diabi:te...
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Clinical note

\ l,'~~e" and abnonnal glucose
metabolism in nerve cells.

• A/ocT{l(lI1giopmlry (or occeleraled
mllerosc/eros;s) leads to premature
coronal) hean disease. The e:\;act
Illl,·chani..-nl!> for increased :,u:.cepIibilit)
10 alhcro<,clcro~is in diabetic.. are
unl..llO\\ 11: ho\\e\er. hyperlipidaemia
and increa~"d protein glycation
ma) pIa) a role. 11lc most common
foml of h) pcrhpidaemia OOsened in
diabclic.. is h)pcnriglyceridaemia
\\Jlh incrca!>Cd plasma
VLDL-<,hole\lerol and decreased
I1DL-<,hole~lcrol.

Appro:-oimatel) 60... of dtabetic
palienh die of \a!ooCular di'>C:lSC and 35q­
of coronar) hean di~ca<;c. B1indne~.. i..
25timc.. and chronic renal failure 17
ttmc~ more common in the diabetic.
There is increasing c\ idence that tighl
gl)cacmic control delays thc onset of
thc..e ~equclae.

The clinical symptoms
of hypcrglycacmia

include polyuria. jXllydip\ia.
la~<,itude. wdghlloss. pruritus
vulvae and balanitis. These
~ymptoills arc cOlllmon 10 both
NIDDM and 100M bUI :Ire more
pronounced in IODM. [I is
i111ponant to remember Ihat
p'lticnr.. \\-ith NIOOM may be
completely a~Yl11plOmatic.

Glucose metabolism
and diabetes mellitus

• Glucose IS the carbohydrate currency of the body, aD other
cartlohydrales being converted 10 glucose after dIgestJon am,-

• Ins*! controls bklod glucose by promoting the storage of--• DIabetes mellitus IS d\aJactenzed by hypefgycaemaa. absokne
or relative II1SUIIn lack and late c:ompiIc:atJons

• Insurn dependent ciabetes meIIilus (100M) is cal.lSed by a
COf'rllIe18 lack of IRSlJfI and 15 mosl ccmnon n !he yooog

• NorH'lsI.*I depefldent ciabe1es meIitus (NIDDM) aa:omts lor
85". of aI <iabebcs and can occur at any age.

• late~ of ciabe1es ITdtus are a re5lJI: of rl'lICl'O­
and rnacroiIrI!POPCltJes.

feature of \\ hich i" Ihid.cnlll~ of the
ba~mcm membr.lflC.

• /(etillolKUhy rna) lead to blindne"
becau...: of \ llreou" hac=morrnage fmm
prolifer.lting rctll1al \c,,~I ... and
m3Culopathy as a re"ult of eillud:lle"
from \c~c1" orocdcma affecting the
macula (Fig. 3).

• Nephropmhy Icad~ ultimate I) to renal
failure. In the e:lrly \tage there i..
I..idnc) hypcrfunction. a~~ociated "" ith
an incrca~ed GFR. increa"ed glome.
rular size and l11icroalbuminuria. In
the latc ..tagI,'. there is increa~ing

proteinuria :lIld a rnarl..ed dt:cline in
renal function. re"uiting in Ural,'mi;l.

• Neul"fJl'mhl' may become evident a~

diarrhoea. postural hYlXllcn"ion.
irnjXllcncc. neurogenic bladder and
ncuropathic fOOl ulcer.. due to
111icroangiopathy of nerve blood

­................---......

''''''''DOll

,..,." ."-

..........

CIIKIII a.idliiltb...
='0--­0lA_....-
-­ElWOi...illlfIl:t:q

Table 1 Insulin dependent diabetes mellitus (100M) vef5US non-insulln dependent diabetes mellitus
(llIDDM).

Non-insulin dependent diabetes
mellitus (NIDDM)
'IIDDM accounts for appro\;imatel) 85q­
of all diahetic .. and can occur at any age.
It is ITIO'it common hct\\een "0 and 80
)car>. In Ihi, conditiollthere i.. re"i'lancc
of periphernl Il""uc~ 10 the action.. of
insulin. so thaI the itNlhn le\e1 ma) be
norrnal or even high. Obc"tty i~ the most
commonly as,ociated clinical fC:llurc.

LATE COMPLICATIONS
OF DIABETES MELLITUS

Diabeles melll1U" i" not only ch;lracter­
ized by the presence of hypcrglycacmia
but also by the occurrence or I,ttc
cOll1plicalion~:

• MicrowlRiopMhr i.. defined a~

abnormnlities in Ihe ""all .. of \mall
blood \e\~eh.lhc 1110..1 prominent

7



58 CORE BIOCHEMISTRY)

DIAGNOSIS AND MONITORING OF DIABETES MELLITUS

The dia~no~i~ of diabelc,", mellitu... mu~t
be made"" lIh care "iocc it ha~ rar-reaching
medical and ,ocial con"equence~, A
number of biochemical tC:'h are u-.ed In

:I,,-.ocialion \\lIh clinical a~-.e,,,ment both
for the mitial diagno,i, of th., condition
and the long-term monitonng of paucn~.

URINE TESTING

r ... I~_..

4Z Ilill --, • , ,--- ,... ---" ~ •• -
Fig. 1 Blood gtuc:ose test contaiMf showing colour lesl results IOf compartson.

Glucose in urine
GI)c&.uria allo.... , for a good fil".>t-line
\Creelllng le,t for diahctc.. mellitu\: ITlO'.I
occupational hcallh dx'CL., and hO'pital
adl11i,'loo, \.\>ill include a urin:ll) gluco~
le..t. Normall) gluco d~, nO( appear in
the urine untillhc the pl:l\ma gluco<;c ri'ieS
allow 10 mrnol/1 Ol"lhereabouls. HO\h"\ cr.
III "ollle health) iodi\ iduah. gluco'ie mal
'pill O'er into lhe urim: al much Jov.er
pla,ma COIlCcnH"mioll\. Thc'Oe iodi\ iduals
;Ire ,aid 10 ha\c a 10\\ rcnalthrcshold for
gluco..c and ha\e glyco<;uria \\ ithoul
ha\ ing diabcle\ mcl1iIU\. COll\cr.cly. Ihe
renal gluco<;c Ihre..hold incrca;,cs \\ ilh age
:lnd a.. a rc\uh many diabelic.'> \\.ill nOI
h3\'C l,dyco\uria. h i.. im!xmalll \\ hen
inlerpreling urinary glueo\e mea.'>urc­
rnClll\ 10 remember Ihallhe urine gluco\C
1e\e1 i\ a n:Oeclion of imegralcd glyeae­
mill o\cr Ihe lime of lhc formal ion of lhe
urine and doc\ nOI reOeclll1cexact level of
blood gluco..c al Ihe lime of lC\ling.

A numbcr of .. implc <,ideroolll or homc
Ic\l kil\ arc a\ailable for urine gluco\e
mea..uremenl.

Ketones in urine/plasma
Kelone bodies (acclOtic. acelO.1cclale and
B-hydroxyhulyrale) may aeeumulale in
lhe pla..ma of a diabetic pallenl. Their
pn:-.cnce i<, hy no mcan<; diagnoslic of
"elOacido.'>i\. a ..eriou.. condition. Ketone..
may be pre\ent m a normal \uhJcct a\ a
re\ult of \imp1c prolonged fa\ting. Of}
reagent \trip\ \\ hieh detect acetoacel:lIe
bot not 6-hydro'l:ybulymlc might there­
forc pro\ ide an undere .. limatc of
ketonaemia I "Clonuria.

BLOOO GLUCOSE

Glucme i.. routlncly mea ... ured in the
labomtory on hlood specimens \\-hich
have been collected into tube.. con­
taming fluoride. an inhihllorof glycolysis.
&-cau-.e of lhe llt.'Cd \OnlCllme<; 10 oblain
rapid blood glucose resulb and the
\\. ide..pread <.clf-monl\oring of diabetic
patients. blood lllueo\c i.. aho a....e ....ed
out .. idc Ihe labor.uOl) u.. ing te<,1 \lrip...

The modern te<;1\ cmploy .. pceific
enzymatic reaction.. and provide a fairly
aeeurale mea\uremcnt over thc hroad
range of blood gluco'>C concentralion...
The concenlr.ltion of glocO'C can be read
\i<;ua]]y (Fig. I) or \\.Jlh the aid of
ponable n:flcetancc ITlCICr.. It i\ important
10 follow Ihe nll.~a.. uring proecdure
exactly. Improper stOrage of reagenl
<;trips can affect lhe results. Any gfO\.. ly
aboormal or ulle:o;rlt~cted re<;ull<, ..hould be
conlinned in lhe labomIOf}'.

The World Heahh Organiz:l\ion ha\
pub!i~hed guideline.. for lhe diagno\1' of
diabeles mellilus on lhe ba~i, of blood
glucose resulls and lhe n: ..pon..c to an 01'31

glucose load. The\c arc ..ho\\ n in Table I
and arc further di~cu\..ed below.

Random blood glucose (RBG)
RBO is lhe on ly le,l required in an emer·
gency. An RBO of Ic~\ lhan 8 ml1101l1
~hould bccxpecled in non-diabetic\. RBO
higher Ih,lfl 1I mrnol/l u,ually indicHle..
diabele<, mellilll" (Tahle 1).

Fasting blood glucose (FBG)
FBG is mC;I.'>ured after an o\ernighl fa<,1
(alle3...110 hou!'). An FBG is beller lhan
RBG for diagnO"lic purpose<;. In non­
diabetics il is usually lo\\.er lhan 6 mmoVi.
Fasting \alues of 6-8 mmol/l \hould be
interpreted as borderlinc. FBG equal 10

or abo\c 8 mmol/l on IwO occa.. ion.. h
diagnoSlic for diabcle.. mclhlU~. [I i\
imponam in each ca\C to rct."ogniJe th..:
differences bel\\e..:n measurClllenh
performed on \\. hole blood. plasm,. or
capillary "ample.. (Table I).

Oral glucose tolerance test (oon)
Classically. the diaguO"i, of diabete ... i<,
made on the ba~l!> of a patien.. ~ ~pon\C
to an oral gluco'-e load. A baseline blood
sample i!> liN ta"en afler an 0\ emlght
fa..1. The patient i.. Ihen gl\cn 75 g {If
gluco<.c orally. in about .'00 1111 of waler.

Table 1 WHO criteria lor the diagnosis 01
cHabetes meltitus and impaired glucose
lolmnee (lGT).

RlIndorI gkItoM ums* (1IlIIIlIM1

.- ...- .-
"'" ....... .-

V_-.o ~11.l S.klll <55v__
~100 44-<100 ,u

<:o*v-.o ~122 S.kl22 <55

<:o*v- ~1U • _11.1 ,u

SUndardiled OGTI{~ ..- .r

v_..... F..... 2:7.8 <7.B

'" ~lU 7.8-<11 \v__
F..... "'.T <5'

'" ~10.0 6.7-<100_0..... "... ~7,8 <7.8

'" ~I2_2 8.9-<122

""'O- F..... ",.r <67

'" <:1" 7.8-<11,1

10 he drun" \\. ithin 5 minule... Pl;l'rna
gillco...e leveh arc mC:l ..ured every 30
minule\ for 2 hour... Urine may al<;Q be
lc<,tcd for gluwS(' al time 0 and after 2
hour\. The patient should be ~ilting

comfortably throughout the le.. l. ~hould

not )mo"e or e~erci.'>C and should have
bt.-cn on a nonnal diet for at leaSI 3 days
prior to thc le..1. Nomlal and diabetic
re"pon<,es lOan oral glucose load :lre"ho\\. n
in Figure 2.

Indications
~lany OG1Ts arc pcrformc<l unnt."'Cc.,­
...mly. There:lre rl'lali\dy fe\\ indication..
for lhe le..1. Thc\C include:

• borderline fa!>ling or po<;l-prandial
blood glucoi>C

• pcr-.i)tent lllycrn.uria
• glyco..uria in pregnant \\omen
• pregnanl \\.omen \\ith a family hislory

of diabetc~ mellitu<; and Iho!>e \\.ho
pl:\"iwoJy h.-d~ oobic:HJI'lft'.1(plained
felalloss.



Clinical note

shorter half-life Ihan haemoglobin.
fructo":lllline measurements arc
complementar) 10 Hb A" prmiding an
inde~ of glucose control merthe 3 "ed.:.
prior to lIs nlCa$Urement.

Micfoalbuminuria
Microalbuminuria rna) be defined a.s an
albumin excretion rate intermediate
bel"een nonnality (2.5-25 mglda)') and
macroalbuminuria (>250 mglda)'). The
.. mall increa..e in urinary albumin
e,erelion 1\ notdctected b)' simp1calbumin
'lid. le<;l<; and rt.-qUlI'e'S confinnalion b)
careful quanlilalion III a 24h urine
s.pccimen. The imponance of micro­
albuminuria In lhe diabellc patient is that
II i\ a ltIf!nal of carly. rc\crsible renal
damage.

Diagnosis and
monitoring of
diabetes mellitus

• The daagnoslS of dtabetes mellitus is
made on the baSIS of blood glucose
coocenltalloos either alone Of 1fI

response 10 an oral gtucose load.
• In asyr!1llomallC pabenlS !he results

01 an oral glucose loIeranoe lest
Should be in\ef'pfeted as dlagoosllC 01
dlabeles mellitUS aNy wherllhere IS
an naeased 2 h gU::ose
concentrabon. and !he blood glucose
IS alSo equal 10 Of greater than 11
rTII'I'lOM at some other pam dunng !he

"".
• t-tl A" and lructosanwle are

measures 01 prtteIfi gI)ocaoon and
serve as ndices 01 long-term glucose

"""""• MlcroabJrrnJna IS a measure ol
early. reversbIe, liabellC
-thy

Thc glucose re.'>ult log
book kept b) in~uhn·

dependenl diabetics who perfonn
horne monitoring rna) :u first
.. ighl appear 10 ,ho.... good and
con,istent gluco.'>e conlrol. Thi\
Ill:l)' not alway\ repre~nl lhe
truth. The clink-ian should
delermine the true le~el of control
by close queslioning and objecli~e

a\\c~sment\ such a.'> Hb AI,'
or fructo~arninc.

Fructosamine
Many other prolein .. in addition 10

haemoglobin are gl)c;lled \\ hen e1(po..ed
to gluco~e in the blood. An indicalion of
lhe extent of ,hi .. glycalion can be
oblained b)' IlK·a.,unng fruC\(NlilIine. Ihe
"cloamine product of non-ell/ynlalic
glycalion. A.. albumin i~ the 1m)',! ;lhundalll
pla,mll protcin. glyc::tled albumin i.. lhe
major conlribulor 10 ,erum fruclO ..;lmine
mca'uremenh. A~ thi .. prolein ha .. a

A high concentration of gluco-.c in the
ECF leads 10 its non·enl.) l11.11ic :mach­
ment 10 the I)sine residue\ of a \ariel)
of proteins. Thi!> is called gl)c:uion. The
t:Xh~nl of Ihis process depend.. on the
ambienl gluco..e Ic\el. II i' \irtually
iITe\ e""ible at physiological h) drogen
ion concentration and Iherefore the
gluco'>e molecule will remain attached
until Ihe prolein molecule is degraded.
The concentration of gl)cated protein i,
lherefore a reflt:ction of a mean blood
glUCO!>e le\el pre\ailing in the e'ut".M:ellu­
lar fluid during lhe life oflhat pR)(ein.

Haemoglob.in Ale or glycated
haemoglobin
Glycaled haemoglobm rent.'Ch lhe mean
glycaemia o\er ::1 month.. prior 10 it,
mca~urelJlent. Ihe half-life of haemo­
globin. Thi, tCSI i~ accepied a." a good
inde~ of diabelic control and I" u,ed
routinely in mo.. t diabetic clinic, to
('omplcmcnI the informatIon from
... ngle blood glucose Ie\eh. or indeed
a palient', log of hi.. or her o"n blood
glucose measurement ...

LONG·TERM INDICES
OF OIABETIC CONTROL

Normal
CUNa

Ca~ Clinical detail .. on MinUles post gluernot' load
number rcque.. t form " 30 60 90 120

- \"t'IlOlU plO:Wlll glm:ost' '",ltoM-

(il \laic. 65 y..... obese 8.8 13.8 17.5 16.8 16.7
"\:IDI)\I

{iii female. 62 y1";. pre\Cntoo 6." 11.7 15.2 16.4 17.0
10 dental ho\pllal ~ ith
·t>ummg moIJth'

11iil \1ale. 41 ) ..... gly"o,una 7.' 9.5 10.8 10.1 95
at "00.\ medical

Ii\} Female. 75 )'1'\. high RBG 5." 8.6 10.7 11.0 10.2
re..ult

ComRle'lIIeI lItl {'<'.':l' /54,

•
•

Case history 24
Illlerprct Ihe..... re,ulh from the four oral glucose IOlerancc IC\b belo".

7!1 g glucose "3" gi\en altime O.

It i' import:llItlo note thaI the OGTI
i\ of lillie \alue in hospilalized palienl'
or in pallent' immcdi:llCI)' after a
sewn: i1lne"

"

Interprl'lalion or:m OG'IT
The Interprelmion of an OGTI is sum­
marized In Table I. In a'ymptomatic
pJlicnts, OGn' 'hould be illlerprcled a~

dia~lJc ordlaocte, mellitu,only \\ hen
lhere is an increased 2 h glut·o-.e Ie\ cL
:rnd the blood gluco<.c i, al\O t'quallo or
grealer lhan II mmol/l at "Orne olocr
point during the le\1. If the palient ha.. ;1

normal fa~ting plasma glucO\C and onl;.
thc: 2 h \ atue in lhe dIabetic range. the le\1
should be: repealed :Ifter ;lppro\imatel)
6 ~eeh. Impaired gluco\e loleranee
(IGTI should not be regarded;l' a di-.e:!-\e.
II signal... that Ihe patient i.. al an
Inlermediate .. tage ocl\\-ecn normalil)
and diahete.. mellilU" and is al an
illCTl"a..ed ri .. l of de\eloplOg diabeles.
Such paticn'" 'hould be follo\\ed up
yearl). and diel;ll) trc:llmenl ilia) be u'oCd.

DIAGNOSIS AND MONITORING OF DIABETES MELLITUS 59

"

ee 60 120
Minutes alter IngeSIMln

01 75g glucose

F\J.2 Plasma glucose levels lollowlng an Ofal
glucose load In normal aOO diabetic subjects.
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DIABETIC KETOACIDOSIS

~IQ. I The development of di.belic: k.tOlCIdoIlI.

LABORATORV INVESTIGATIONS

lmtially. urine (if a\ailable) ..hould be tc<,ted for glucO'>C ,Illd
I..ctone... and blood checked for gluco..e u.. ing a te.. t ~Irip. Vcnou..
blood ..hould be ..ent to the labor:.J.tory for plasma gluco'>C ,nul
..erU11l ,odium. pota<,~ium. chloride. bicarbonate. urea and
creatinine. An anerial blood sample ..hould aho he ..cnt for
mea,urem..:nl of blood gase....

11 i.. tl11lXlnanllO highlight aclinically imponant c()n~equenec
of lahcmuory mcthodology hcre. The prc ...ence of ketone hodic..

\

• Ketones"""

-FFAfill'"
/

T
Insulin deficiency'

resiltllnee

TREATMENT

HOW DIABETIC KETOACIDOSIS
DEVELOPS

The moM common precipitating faclOl"';
in the dc\clopmcnl of diabetic keto­
3cido""" (DKAI are infection. lll)ocaniial
infarction. trauma or omi~~ion of
in~ulin All metabolic di~lurbances

\ccn in DKA 3rt: the indirect Of direct
con;,cqucncc\ of the kid. of in'>ulin (Fig.
I). DcCrC3\l:d gluto'c tran,pon inlo
ti ..... uc<, lead.. to h)J'Il=rgl)caernia .... hich
gi\c\ ri-.c 10 j;1)co...uria. Jocrea-.ed Iipol)si,>
cau-.c ... mer-production of fally acid\.
..ollle of .... hich arc con\cftl'd into
ketone gi\ 109 "clonacmia. 1l'lC13bolic
:ie-ida.. i and I.elanuria. Gl)co..uria
cau<,c, an o<,motic diurc .. i .... which leads
I(l the 1o.. , of "":lter and ck"Clcol)tc.. ­
\()(jlurn. pota....lum. calcium. magnesium.
pho'phJIC and chloride. IXh)dration. if
'>C\crc. produce, pre-renal uraemia and
may lead 10 h) po\ olacrnic "hod.. Thc sc\erc metabolic acidO"I"
i" panially compcn<,:llcd by an increa..ed \'cmilalion fate
(Ku<,<,maul bre~l\hing). Frequent vomiting i!> also uwally
pre<,ent and accentuate.. the 10<'<' of .....ater and clectrolytc".
Thu .. the dc\elopment of DKA i<, a <'crie.. of interlocking
\ iciou<' circle .. all of which Illu<,l be broken to aid the
fe .. loratlO11 of normal carbohydrate and lipid Illetaboli ..m.

The managcmcnt of DKA fC<lulfe!> the administration of three
agent .. :

DIagnosis 01 OKA

• F/II;dl. Patient .. with DKA arc u..ually ..evefely nuid
depicted and it i.. c<, ..cn,ial to cxpand their ECF with ..aline
to rc"tore their circulation.

• lilli/fill. Intr:l\cnou.. in..ulin i<, mw,1 commonl) u<>cd.
Intr:.ullu<,culaf in'>ulin i!> an altcrnati\c .....hen an infu.. ion
pump i.. nOI a\:lilablc or .....hcrc \CnOU5 access i.. difficult.
e.g. in <,mall children.

• POICHf/WII. IX"Pltc apparently nonnal <.erum potassium
Ic\ ch. all p;ltielll'..... ith DKA ha\ c ..... hole bod)' pota..... ium
depiction .... hich may be '>t'\cre.

In mmt ca;,c... rehyurJtion and in...ulin therapy ",ill correct
the metabolic :lcido..". and no funhcr therapy i... indicated.
110\\ c\ cr. III the mO'ot ..e\cre ca~.. \\hen the hydrogcn ion
conccntration 1\ greater than 100 nmoili. i.\. "odium
bicarbonate may be Illdicaled.

The dctailed management of diabetic ketoacido<,i .. i<, <'ho",n
in Figurc 2. Thc imponancc of good nuid charh. a ... III any
..eriou .. nuid and electrolytc disorder. cannot be o\cr­
I."mpha.. i/cd, The initial high input of phy ..iologi~'al 1O.9'l-)
..aline i .. cut back a.<, the patienCs nuid and electrolyte deficit
impm\e... IntraH'nou" insulin is gi\en by continuou.. infu<,ion
u.. ing an automated pump. and pota'l.'l.ium ..upplcment.. are
added to the nuid regimcn. The hallmark of good management
of a patient .... Ith DKA i.. c1o<,e clinical and biochemical
momtonng.

t51 0~ sallnehlf
lot 2 hours
05109'\0 Seline/hf
tor 4 hours
0.251 09"'0Se~

[H') > 100 rvnoIII
Consder I,V Na HCO,
(as 1.26"Yo Na HC03I

Fig 2 The management of dl.belic ketoacidosis.

II <3 mmolI1
grve 40 tnmoL'hr
.., i.v. Saline

, >-0 """'"
gIVe 20 InITIOM'II'
II> 5 nvnolII... ~,.,.
-~
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FlQ 3 Etfe<:tlvt treatment 018 severe case 01 diabetic ketoacidosis.

in serum mlcrfere~ II ilh creatinine Il1C;I~UrCI1lCm:therefore serum
creatinine can be fal ..c1) c1cnlled in thc acute slage. Reliable
creatmmc \alue~ are obw.incd only aftcr ketonaemia subsides.

Am) la~ 3Cti\ Il) in ,erum j .. also increa'>Cd in diabelic
letoocido<..... Pancre:lllll\ .. lu)lJld be con~idcred:lSa precipitating
factor only if there is pef\i~lenl abdominal pain.

Blood Illuco<;c ~hould be monitored houri) at the bedside umil
Ie,~ than 15 mmoill. Thereafter check.. mal continue 2-hourl).
~pl3'>ma~lucO'>C..hould be confinncd in lhc laboratory e\ery
2-4 houn. The frcquenq of monitorinil of blood g3!>e~ depend,>
on the 5e\erit) of DKA, In w\ cre ca!>C.. it ..hould be performed
~·hourl) at lea'>t for the fir<it-l houf". The o;.erum potassium Ic\d
!>hould be l;hcd.ed c\el) .2 hours for the fiN 6 hours. "hile urca
and electrolytc!> !>hould be Il'lea..ured at -I·hourl) imenals (Fig. J).

TlIoo other foom of .'>e\en:: rnctabolic decompensation mal
occur In diabetic\, Thc\C an:: h) pcfO'>molar non~ketotic (HONK)
coma 3nd lactic acidO\I", T,lblc [ \ho" .. the principal fe:llure .. of
~condition,in compari-.on "Ith DKA.

Treatment
Tn:.auncm 1\ \Imilar to lhal of DKA, "ith the folio.... ing
modilic3\10n .. , Rehydration ..hould be .. Io"cr to 3\oid
ncuml~ical damage. Dilule (0.-15'1) saline ha... been u!>ed
.... hen:: the '>Crum ioOdlUrn Ic\c1 is abo\ e 160 Ilunolll. HO"C\ef.
feL'Cm dala indicate that III Il'l()<,l ca.-.es the use of physiological
(O.9c~) :.aline ... \ufficicnl. The insulin dose requirement:-. an:
u'>uall) lo"cr than III DKA.

Treatment
Largc amoun" of intra\enous ..odium bicarbonatc may be
required tocorreetlhe :Ieido.. i... Allcrn:lti\'ely the patient may be
dialy..\xl again .. t u bicarhonulc-col1\aining ..olulion.

LACTIC ACIDOSIS

Diagnosis
Type I lactic :lcido.. i" occur. in hy po\ic subjccts 3nd is due to an
e~ce ..~i\ c production of laclale by pcriphcr..altissucs. Hypoxia
i~ not a featurcofl) pc II lacllc acido'>is \\ hich is probabJ) caused
b) the impaired metaboli ..rn of 1,ll;tale in the liH:r. Both arc
charJct .... ri/ed b) an c'l(trcrnc metabok acido~is UH'I abo\e
100 nmoV\). There i.. a high anion g:lp with 10" or ab~ent

kctone.. , and high blood lactale conccntrations.

HYPEROSMOLAR NON·KETOTIC (HONK) COMA

Diagnosis
IIONK com:lOCCUn. mo.. lly in elderly. non-Irl\ulin dependent
di:lbctic~, and dc\ clop.. rel3l;\ el) 510110 Iy 0\ er d:l)S or" eek...
The Ic\el ofin~ulln i....ufficient to pre\cnt kelosi .. but doc.. not
prc\ent hypcrglycacl11l;1 and osmotic diuresis. Pre<:"ipit:lting
factof", include '>C\crc illnc~,. dehydration. glucoconicoid"
diuretic... parenteral nutrition, di(1) .. i,> and ..urgel)". Extremel)
high blood gluco'>e le\ ch (abo\ c 35 mmollL and usually abo\i~

50 I11molll) accompany \C\ ere dchydrJtion n:sulting in impaired
cons.cioo!>ne.....
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Table t Prlnclpalleatures 01 three lorms of metabolic decompensation In
dla!leles

Fu,_ ~kelo- Hyptrosmolar non- Laclk KlOosls
KklosIs (DKA) ketotic: come (HONK}-..... "'" v.,..., ,,-...... ...... ... v.--- ........... ... .....- - - v.-- ...... ... ......

Clinical note

Alwa>~ ..ercen for infeclions in lhe diabetic
p3tienl prc\cnting wilh DKA. as this is a

common prccipitating factor. Blood. urine. ~pulum and
any" ound nuid....hould be ~ent for culture at lhe
earlic\t opponunit) and cenainly before :mtibiotic.. arc
introduced.

I~Case history 25

A 22·ye3r-old di3betic come~ to the Accidenl and
Emergency dep:tnmcnl, She gi\cs :I 2-day history of
\Omiling 3nd 3bdominal pain. She i~ dro\\sy and her
breathing i' deep and r.lpul. 1lterc i~ a dislincti'e smell
from her bre'llh

• \\1Iat i) lhe rtlOl.l IIkel) diagnosis?
• WhKh bed.. ide Ie"!'> CQUld you do to help)ou to

.:onfimlthi di3g~I)'t

• Whi,'h laboratory tCl>b "wld)OI.I ~ue..t'·

C",,,,,,mt tin pl1g~ 154

Diabetic ketoacidosis

• 0labe1lC ketoaDdosls anses kom anumber 01 metabolic
problems caused by nsl*t lack..

• Treatment IS by rllravenous IUds, I'l$lIr1 and potassium,

• Oriy Il'l the most seYefll cases 01 DKA shcUd sodil.n1
bicarbonate be used,

• Close cincaI and bioc:hemtal fTlOfIIlomg all! re<pred to tailor
!he managemenl prolOC(lIlO !he Il'llivIduaI patJenI.

• Olhet. nu:tlless lXlI'I'If'IlOl'. seYefll metaboic listufbarces 01
carbohydrate metabolism are hypemsmotar norH:elOtic coma
and lac:bc aadosIs.
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HYPOGLYCAEMIA

<10 ITIITd'I

--,
j

- --------

0\ er 99Cl- of all episode\ of hy po­
glycaemia occur in in,ulin-dependcnt
diahellc patients. It is e"ential that
\u,pecled hypoglycaemia be promptl}
trealed III diabeti(' palienb. Confinnalion
b} measuring bkxxJ glLK:O'C L\ not u~l1}
neec\\af}. Reason, for hypogl)cacmia
in lhe diabetic include:

• insufficient carbohydrate illlal..c
• exces\ of insulin or ~ulphonylurea

• \lrcnUOUs cxerci\e
• ei':.ces\i\c alcohol imal..e.

Fasting hypoglycaemia
Cau,e, of fa;,ting hypoglycaemia include:

• Inl"lllinOl/lll. l}-cel1 i,let lumou~of the
pancreas llIay produce insulin roth
inappropriately and in excess. Thc-.e
tumours arc usually single and benign
and may be pan of thc wider mulliple
endocrine ncoplal>ia syndrome (MEN
lype l. St."'C p. 133) where there arc
a,soeiatcd tumoun. in 1\\ 0 or more
endocrine organs. Insulinomas
produce h)poglycacmia c1~sical1y in
lhe fa:>ling state and their diagnO\i,
depends upon the demofhtration of
h) poglycaemia in the presence of
mappropriately high :.erum insulin
le\Cl~. 1lle management of ~uch
IUmOUl"S i~ by \urgical e'l[ci,ion.

• Cut/cer. Hy~lycaemia is a.,S(X"iated
\\ uh ad\ anced malignallcy.

• 1If'IKltic llist'llSt'. Allhough the Ii\er

SPECIFIC CAUSES
OF HYPOGLYCAEMIA

Olher (';IU~e, of hypoglycllell1ia ll1;1y
be con\'cnicllIly di,eu..,ed in lWO group~:

Iho,e which produce hypoglyeaemia in
lhcjill/il/R patient. and those in which lhe
low glucoseeoncclllralion i':l re"pon\e 10
a ~limulll~ (,.e(l("lil'l' hypoglycaemia). The
recognition and investigation of hypo­
glycaemia in the neonatc is :l1<;Q impon:mt.

.........

C-PepbOe....--

25

FlQ 2 Inw~nand~.

TREATMENT

and lhu, measurement 01 C-pepude
le\ el' together w,th m,ulln can
differentiale between hypoglycacmia
due to insulinoma (high C-peptldc)
and that due to c'logcnous msulm
(low C-peptidc).

Pre'p'QIO$\lhn

Su~pceled h}'poglyc:lemic paticnt\
require immediale treatmenl im,pecthe
of Ihe underlying cau<.c. Blood gluco"C
should be mea~ured wilh a le"l ~trip and
another blood \ample ,enl 10 the
laboratory. The clinici;Jn. hOl\c\'cr.
~hould :leI on thc b;t,i\ uf Ihe le,l ,trip
results. The :11111 in COlllalmc or nmfu\cd
patient~should be 10 correct the hypogly­
caemia r:lpidly with eilha jnlr;J\lCl1ou\
dextrosc or inlr;llnuscul;lr gIUC:lgOII.
Possible lre:Hmcnl' for hypoglyc,u.'mia
are ~ulllmari/ed in Figure 3.

Effecls

H}po~l}l'acmiai,:a lalxmllory "diagno,is'
"hien i ... u"ually t:lken to mean a blood
glucose Ic\-c1 below 2.5 0101011I. Hypo­
glycaemia may be due 10 a number of
underlying conditions IOciuding endo­
cnncdl~rde",.li\erdi~a..-.e.inborn error..
of mel:lbolism and gastrointe,tin:al
surge!). The cause is an imbalance
bCI\.. een gluco'>c inla~c. cndogcnou1>
gluc~ produclion 3nd glueo..e uliliza­
lion. A low blood glucose bel nonnally
leads 10 the ,>limul:lIion of c3lechola­
mine )ccrclion and correction of
hypogl)cacmia through suppression of
insulin )ecretion and \Iimulalion of
glucagon. coni'iOl and gro"th hormone.
The catecholamme <;urge account:. for
Ihe .. ign, and '>,m(>Coms most commonl}
secn in h}poglycacmia. l.e. 'mealing.
shal.olOg. tachycardia. nau<.ea and weal..­
ne~l>. H}poglycaemia decrea~e~ the
gluco!>C fuel ,upply to the bmin and lIlay
lead to br3in dlllllage particularl} in
infants.

The biochcrnbtry I:lboralory can conlirrn
hypoglycacm in and m,ly aho provide some
ul>cful clue.. to lhe underlying e:lll~e.

• 8100(lglllmse. The detection of
hypoglycaemia il> by blood glucose
lesting. Unne lesling cannot detect
h} pogl}cacrnia.

• P{(IS"UI ins/llil/. In,ullllllleasuremelUs
can lead to the diagnosb or exclusion
of insuhnorna. The} pia} no pan in
the diagnol>b of diabeles mellitus.

• IllSUliJvglllcosr mIlO. In order to
mal..e beller diagnOl>lic usc of in~ulin

measurements. the ratio of insulin and
gluco"C concenlralion.\. measured on
lhe S3me sample. is reponed.

• Plasma C-fWJ'lille. Insulin <;eerelion in
lllsuhn-treatcd diabetics cannot be
:uscs~ by the measurement of
plasma insulin since the insulin giwn
thempcullcall} will also be me:uured
in lhe as!>:!}'. Howe\er. insulin and its
as~ociated connecling-peptide (or
C-peptide) are secreled b} the islet
cell~ in equirnolar amoums (Fig. 2)

CLINICAL EFFECTS

The c1inic31 effect' of hypoglycaemia
depend upon lhe coneelllralion of blood
glucol>e and lhe ,peed \\ jth which Ihe
Ic\cl hll" fallen. Thc\c dfceh are
..ummari/cd in Figure I.

LABORATORY INVESTIGATION



ha~ large functional re~erve'. severe
dalll:lge llIay result In hypoglycaemia.

• AddiwlIl'sdilnm'. Coni-.ol action 1'.

to maint:Jin blood j;luco~c

c(lf1ccntmtion: glucoconicoid
deficiency i' a ran,~ t;:m,c of
hypoglycacrnia.

• Sepsis. Severe infections may rc,uh
in hypoglycaemia although the
mcch:mism of this has nOl bLocn full)
explained.

Reactive hypoglycaemia
In reaelive hypoglycacmia. patient' may
become hypoglycaemic in re..pon~ to:

J ,::; •• •
~

'''''' , t,.,.• •,
<!

Fill J Trfalment 01 hypoglycaemia.

Clinical note

The usc of 50%
dc.>;lItR~:vI intr.I\CJIouS

oolus ha.s remarkable e!Teets in
fC\crsinf!; the ,ign, and
symptoms of hypoglycaemi:l.
Thi~ solution is like syrup and
may cause thrombophlebitis.
Care must al~ be taken not to
cause cxtr.lvasatioll.

• Drug" Factitiou.'> hypoglycacrni:1 due
to surreptilious insulin adl1lini~lTlltion

may he a~ common a cause a,
in'ulinoma. It i~ c~'enti;lr that bolh
m,ulin and C-peptidc are mea"urcd III

all ,u'l>ccted ca~(".

• Food: IHJ.\t-prlUItJiaII1J1JO.I;I\'('(lelllii/.
A number of pati';-l1h compl:lin of
hYIX1l:\lyc;Jcmic.like ,ymplOl1ls after
eatmg. In order to differentiatc tho.'>e
individuals in whom a low blood
gluco'>C is cau,ati\e it is be,t 10 obtain
a blood gluco"C l11Ca,urClllClll when
Ihe patient h:t~ symptoms. Acccler..lled
gil:.tric emptying after gastric !>lIrgcry

0",1 glucose In conlCiou. patient
Upallent can swallow, gIVe sweet
drinks. sweets or glucose tablets

Orel glucose in comalose pIItlenl
II pat!entlS unable to swallOW, as II
firs/aid measure only. jam, or
oonvnerclalty available piuOO:Se gels.
may be smeared on Inside of
ch8(JJ(s ThiS carries a risk of
aspjration btlt may be uselul
espeCIally II'l chlklre<l

l.m. Glucagon
May be given to comatose pallent
Many diabetics Will have this
available

l.v.Glucose
Tfeatrnent of choice In comatose patient,
btlt only available in palillnl care seltlng,
wtlIle aboVe treatments may be
administered at horne or at worll

Case history 26

A 25-year-old woman wilh IODM
C1lrnplained of repeated episode~ of
~1L'Cpdi.'>turbanc;:~.nighb\.\e:lls and
vivid. unplca~:lI1t tlreal1l~.

• What i!> the ffiO$t li~c1y cause of
this .... oman·s ~ymp!ol1l!> and how
might thediagrnxis bU'OfIfinned'!

Comment (}II (X/Sf' /5./.

J
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('dumping syndrome') muy give ri'>C
to thiS condItion. which may also be il
feature of carly diabcto: .. mellitus. In
~ome p:lticnt~ mild hypoglycaemia
follo\\ 109 a large menl or cvcn an
oral gluco~e tolerance tc.'>t is thouj;ht
10 be due to an e'laggeratet! in!>ulin
re~ponse (idiopathic P(}~t-pr:1lldial

hypoglycaemia).
• Alcohol. Patients \\ho ingesllarge

amounts of ak-ohol after fa'ting or if
they are malnoorhhcd rna) become
hypogl}caemic. Hypoglycacmia
,hotlld always be excluded in ak-oholic..
\\ ho ;n'c admillcd in a dlU\\ ') 'laIc.

Neonatal hypoglycaemia
The diagnosis and treatment of hypo­
glycaemia in the neonate is parlicul;lrly
important bccau..e of the hi1Jh ri.'>~ of
hypoglycnemic brain damage (p. 1~9).

There are a number of irnpon:llIt cau~c~:

• Babies ofdiflhf!lic mOlliers. A felll'>
that j, expo~ed 10 maternal hyper­
glycaemin WIll havc pancreatic islet
cell hypcrpillsia and crevat~d insulin
level" After deli\ ery the nconale i'
ul1;Jblc 10 suppress it' inappropriately
high insulin levels and will de\'clop
hypoglycael11ia.

• (11Im-llferin/! /(1"0\\'111 re/{/r{/miol1.
Small-for-date' b.abie~ may have
inadequate liver glycogcn !.lares. Thi,
~i!uation is funher cornpromiled by
prematurity bec:tuse glycogl:n i' laid
down mainly in the IllS! four weck, of
pregnancy.

• litho", ('''flrs of //lett/1m/ism. There
arc a large number of potential cause,
of hypogl}Cllel11ia in thi~ c;ltegory.
Galactosaemia and glycogen ~torage

di<;ea:.c are c'lal11plt, (pp. 1.J6-1~7).

Hypoglycaemia

• HypogIycaetnla IS not a tflagnostS
bullS a bltX:helmcal SIgn assooated
WIth a diverse group of diseases.

• Mal\ilgemenl is by gkIcose therapy
irrespectIVe 01 the unclertylllll cause.

• Excess Insulin, excess alcoilol or low
calorie Intake In a diabebC pati8ll1 ale
the most common causes of
hypogiycaeml8

• Insulinoma is Characterized by
hypoglycaell'ua In the face 01
tnappropriately high plasma insulin.

• Hypoglycaell1la in the neonale may
leStlIl in braIn damage.

I
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CALCIUM REGULATION AND HYPOCALCAEMIA

25_

I

Fig I Normal ClIlelum balance. C"killlll I'
c~<'halll!cdca.:h lll}. in ,he :tmoum, 'ho" n.
bcl"ccnlhc cnrJo:cllular fhlld and lhoc ~u,. bUlle
~nd \"H.hlC}

5mmol

~ r.ECF ca'\ ~ mmolll'30000_ ,20 mmol)- mmot
'0 mmot 8 mmol

20 mmol

CALCIUM HOMEOSTASIS

The amount of calcium pre"cnl in lh... c>;lr.lcdlular fluid i~ \cl) ,mall in comparison
10 lhal "tored in bone. ben 10 chi: adult. calcium in bone i' not ,tal it"; ,orne bone i~

r..-,orbed each da} and the cakiulll n:lumed 10 toc EeF. To maintain calcium
halance. an equal amount ofboncfonnation mu<,llakc place. Figure I "ho", how much
calcium i, exchanged between one compartment and anolhcrdail). Calcium i-.both
ab,orbed from and "ccfeted into the gut. bUI nt'l ab-.orplion IIlU'\ l'qual urinary 1o"
c\ ery day if balance i, 10 be maintained.

Calcium homeO'13,j, i, modulated by hormones (Fig. 2). Parathyroid hormone
(PTII) j, lhe I11OS! importanl calciulIl regulator. It i, a hornll)llcofS4 amino acid.. , and
j, ,ccfl'lcd from Ihe parathyroid gland .... in rc~pon~e to a low unbound pla~ma calcium.
P1"11 C:IU\c;, bone re\orption :lIId pr{lI1l(lle~ calcium reab ....nrplion in the r...:nal Illbulc~.

pre\l~nting los~ in the urine. 1.2S.dihydroxycholecalciferol (1.25 DttCCj maintain~

il1le~tinal calcium ab~orption. Thi ........ terol hormone i.... formed from \ itamin D
(cholecalciferol). following hydro,ylation in the li\er (:u carbon·2S1 and bdne) (at
carbon-I). Ho....C\er. hydro>:) Iation in the kidney i~ PTH dc~nd...:nt. and ....oe\cn the
ab'-Orp(ion of calcium from the g.ut relic;, (albeit indlrecII) 1on 17TH.

""

10 mmolll

Paflllhymld­• •PTH(::: •• ::::) PTH : •••.•••••:••

j "J ~rlr low ~ ~;_., ~~

-::-:~)::=. 1j

t'" $2 ~)l: .

PTH promotes
t Bone resorplioo
2 Renal tubular reabsorption
3 1,25 DHCC synlheSls and hence

calcium absorption from gut (4)

FIg, 2 The etfects 01 PTH In restoring a low
plasma cak:ium to normal.

low albumin

Hypocalcaemia .....c.
ca ~ c.

Pa,alhyrOld .. 10 mmolll
glands are c.,;
unable 10 +
maintalfl Ca~ ~.
If\ normal limits 'c."
Symproms of hypcJcalcaemlli

Illmol/l for cvcry

Adjll.\·/f'd c(llciulII (mll/olll):;: 1'0101 IIIC'UlI/IWI calcil/Ill +
0.02(47-(dIJllmill J

SERUM CALCIUM

A healthy person ha;, a lotal '>Crunl calcium ofaround 2.4 mmolll. Aboul half i.... bound to
prorein. moslly to albumin. Binding. i... pH dependent and I.... dccrea......'t! III acido~i .....
because the amino acid \ide chain... on albumin Ixconle more po\lli\ely charg.ed.
Con\cr.;cl). binding. i~ incn:a:.ed if an alkalosis is pre"Cnt. Hencc. the percentage
unbound calcium incrca\c .... in acido\i:. and decrcas.e\ iflherc i;, an alkalosis.

Unbound calcium is Ihe biolog.icall) acli\e fmetion of the IOlal calcium in plasma
and maintenance ofilS con(.·entration .... ilhin tight limih i.... n..-quircd for nCT'\'e funclion.
membrane pcmleability. mu\C1e contraction and glandular \Ccrcllon. It i\ Ihe unbound
calcium concemr.uion \\ hieh i.... rccogniled by the parath) mid gland..... :md PTH aCI~ 10
keep Ihi~ coneenlration cOn\l:ml.

Although il i.... po\~ib1c 10 mc:,surc thc unbound calcium fraclion (often crroncou .... ly
('alled 'ioniled' calcium). ~pccial equipmcnt and collcdion lechnique .... are requircd.
So. laboratorie~ roulinely rne:I ....\ITe /(Jud C:i1ciUlll wneenlr:l1ion (Ih,ll i.... both the bound
und unbound fraction,) in a \crum sample. Unfonunatdy. Ihi\ gi\ e.... ri\c 10:L problcm
in lhc interpretation of re\ull\. Change .... in ....erulll :Llbumin con..:elllration in patient.'>
cau,..: changes in 101'11 calcium concentration. If :llbul1\in concenlr:llion fall\. tOlal
~rum calcium is low bcC:IU'C lhc bound fmction i' dccreascd. Unbound calcium i!>
normal- mainlained b) PTII (Fig. 3). Remember thaI the
homc&.>latic mechanism:'> for regulating plasma calciulIl TC\pond
10 Ihe unbound fraclion. nOt 10 Ihc 100ai calciulll. Patienl........ ith a
10.... aibulllm (and !.hat mcludc;, mall) in an) hospital) ha\e total
\Crum calcium 10\10 er than the reference \ alucs. )et ha\ e nonnal
unbound c3lcium. TI,est.' /ltuit.'IIfs x/IOIIM "01 lw 11101I!!11/ of (I.)

/np(Kclfcaemic.
In orderlocircum\cnt thl .... problem and locn;,ure !.hat pallenl\

\\ilh 3 10\\ 31bumin are not mislakenly labelled a.... hypocal­
caemic. clinical biochcmi.<.ts U'>C lhe cOn\ention of the 'adJu~ted

calcium'. }.Iore imponantl} Ihl;, 3lsocnsure;, Ihal p..1lienb \\ ilh an
apP3rently normal 10lal calCIum 3nd 3 10\\ albumin arc nOi
O\crlooked .... hen they aTe. in faci. hyper-calcacmi(·. MO....1
laboratories measure bolh 101111 C:llcium 3nd albumin. and. if the
albumm i~ abnormal. calculale .... haL the total calcium \\ould
havc been if Ihe albumin had becn normal. One \ueh calcul:l1iol1

The rnc:I;,urcd calcium h ·adju.... tcd· by 0.1
S gIl thaI the albumin is Ic\~ Ihan ~7.

Fig. 3 The binding 01 caleium 10 albumin.
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HYPOCALCAEMIA
Aetiology
1be cau\C, of h} pocalcacmia include:

• HrflO/Hlrlllll\,roitl;I/1/: idiop:nhic. after neck surger). or
occ:hiollally du..: to magoc,ium delkicllcy.

• \'jlllwlII D l/eji6e/ln'. Thi' rna} be due to malab~rp(ion. or
an inadequ:uc diet with IInle e~po~urc to <,unlighl. It may
lead to the bone di'>Ofdcr.. ostcomalacia m adult .. and
rieleh In children (..cc pp. 70-71).

• Relllll dis('(l!il'. The di'>Ca~d Lidne)' .. fail to '» nlhe.,il.c 1.25
DHCC 1'oCC pp. ::!6-27l. Irll"rc~ PTH -.ecretion in re~pon'>C

10 the h} pocalcacmia may lead to bone di-.ea~ if untreated.
• Pseu,!oh.I'IH1IKlrtlfllrmidism. PTII i~ '>CCI'Cted but there j,

failure of target li ..,uc rc..'CCpIOr. to respond 10 the honnone.
• Raft'r ClJlHf'.f "uch a,.. malignarn:}. acute rhabdom) ol} ,i...

acUIC pancreallli... or bone marrow trJ.n'plamatiOil.

Clinical features
'The clinical fl."ature, ofh)pocakacmia mclude:

• lICurol~i,· fcature ucha~tmA;ling.tctany. and menIal change!>
• ...roio\a~ular .. ign uch a~ an abnonnal ECG
• catarach,

Measure serum Ca
andatbumm

Does pa\Jeflt have
retlal disease?

Is PTli appJopnate
10 serum Ca?

I",c't>2.1

A ~Ir:ltcgy for the m\c..tigation and differential diagno~i~of
hypocalcaemia i....ho.... n m Figure~.

Treatment
Thc rnanJgcment c;lll .. for lhe trc;ltment of the caul>C of the
h~pocalc:li.'rnia. if thl" i.. po"ihle. Or.ll r.:aleium <,upplemellt<, are
commonly pre..cribcd in mild dl-.ordcr... 1.25 DHCC. or the
~ynthctic vitamin D metaholite Ia-hydrmycholecatciferol. can
be I!hell,

PTH hogh

Why is calcium
not normalized
by high PTH?

Fig, 4 The InvestlgatiOfl 01 hypocalcaemia.

• What funher lIl\c\tigatioo\ v.oold be approprialc'~

CQft/m~/11 on pt'.~~ J54.

Case history 27

A 7Q-ycar-ohJ .... oman lltlcnded her GP complaining of generalized bone pain.
Biochemi\tl') routt .. on II 'OCfllm specimen taken at the surgeI') ..hov.cd the
follo.... ing:

I~Calcium regUlation
and hypocalcaemia

• AdJUsted calcium' shook! be used to
aVOId the problems 01 Hllefpfettng the
10tal calaum concentra1lon in palJents
who have abnormal serum albuminCO",,,,,,,,,,,,,,.

• "a hypocalcaemlc patlE!l'll has low Ol"
undelectable PTH 11 senKtI. helshe IS
hypoparalttyrOld.

• "PTH concentratIOnS are
appropnalely elevated to the low
cak:un. then the reason for the
hypocalcaemia IS mosllikely 10 be
YIIamr'I 0 deficiency.

• PatlenlS Wl1h etnnc renallailJre
ohen have hypocalcaenva due to the
tnabllly of renal eels 10 make 1,25---­hyperparathyrodsm am bone
lisease may resuIL

r /
(

Ca ladj)
ItIllloill
1.96

Fig. ~ Trousseau's sign.

IISO I I

Calcium PhlKph:uc Albumin
--~ml/loill-__ gR

39

~
Clinical nole

'v Trou .. 'eau', ,iA;n i, the
rno,t reliable indication of

Imcllttel<lny. A <'phygrnom:lIllJllleler
cuff i, mllatcd to aho\e ,y,tulie
prcs\urc for:ll lea'i 2 llllllutl.'\ while
oo<,cn ing lhe h:llld. A p(hi!iw
rc~pon~c will be lhe appcamllce of a
I}pieal earpal ..pa,m..... hich relaxc,
\.Orne 5 !>Ccond, or \0 after the cuff I~

relea.-cd.
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HYPERCALCAEMIA

The l:OlllmonC~1 cau'tC' of hy~n:akaemiaare primal) h} pl"r­
par.Jlh) roidj,m and h} pcrcakacmia of malign:UlC},

Patient, IlJJay are unlike!} to prc-.elll .... ilh gro,' bont' di'>Cll...c
or 'tC\en: renal c.lkuh a, a con<.cquence of untreated primal)
h) pcrparalh) roidi .. rn. Gcnt'ral practitioner; \\ho are ;} .... are of
the telltale 'ign .. ~ll1d ,)mptollls of h)percakaemia can
identIfy Ihl\ di",..rocr heror... gro<>s bone abllOrma1ilie, or renal
problem.. h;l\c had tllne to dc\dop. 1be .... idespcad U'>C of
muhich;mncl analpc,", in ~rccning mode in dinical blO­
ChcIll1'.tr) laror-.noric, can dCIt.'C1 un,u,peclcd h)pcrcakacnua
e\en hefore ') rnplOm, become apparent. A high ..erum calcium
conccntrJ.tion "Ill) be an UIlC\pl."Cled finding in a patient in ;III)

chnic or ho'pital '" ani. :h the ,) mplom.. of hypcrcakacmia arc
oon,pccifk .\11 ..uch lindin};, ..oould be fol1o"t.-d up.

CLINICAL FEATURES

ute threatening:
immed~eKlion

,.qulred!

• neurological and p'ychiatric f<=alure~ ,uch ~ lethargy.
I,:oofu,ion. irritability :md d<=pr...."ion

• ga'troinll::'tinal problenh wch a, anorexia. abdominal pain.
nau~a and vomiting. and I,'on'llp:llion

• rcnall'cature, ,uch a~ lhi ....t and polyuria. and renal calculi
• cardi:1C ttrrhylhmia,.

DIAGNOSIS

A diagno'lic deci,iotl charI i, ,hown in Figure 1. Pr;mary
II.\~,erl)(lfll/ll\l"()idi\//I i~ 1ll0,t OftCII due 10 a singlc parathyroid
:.Jdcnoma \.\.hlch ,cercle' PTH illdcpcndcmly of feedback
conlrol by pla'I1l:l cakiulll. NrfJl'fCalcl/{'//I;lI {/Jsocill/{'d 11';,11
mllli~III/1U'\' i~ the commoneSl cau~e of a high calcium in a
ho,pital popul:llion, Some tumour~ ~eerctc a protein c:dlcd
PTllrP (paralhyroid hormonc-relaled prolein) which h:l'
PTII-li~c propcr1ic~.

R:lrer COlU'C' of hypcrcalc:.Jcmia include:

• !lwPProIJf;{/ft! llo\llgl' of1';/(///1;11 () or //INa/xI/ill'\" e.g. in the
trealmenl of hypoparalhyro;di~mor renal di<;e:lsc.

• Grmwlo/l/lJ/mu lli"l'lISl'S (~uch a, ,arcoidO"i, or tuberculos;")
or ccr1ain tumou..... huch a, lymphomas) ,ynthesil..e 1.25
di hydroxy cholccalc iferol.

• Tlnmlo\icusi,> \cry occ:bionally lead~ to increased bone
tumo\ er ::lnd hy pcrcakaemia.

• Dillrt>lic /hemp\': the hypercalcaemia i.. usually mild.
• IIII/l/ohlli:.tl/llm: e~lX---cial1y in young people and paticnt'> .... ilh

Paget', dl'>Ca~.
• Ref/al llis('(lJe. Lon~-~tandillg 'iCCondary hyperpar..lth)'oidi,m

may lcad 10 PTH \(.'Crclion IJt:coming independcnt of calcium
fl·cdbac~.Thi!> b lenlled teniaT) hy perparnthyroidi!>m.

• Calcium Illul/tn·. Patient!> an: routindy gi\en calcium­
containin~ -.oIUlions during cardiac surgery. and may haH'
Irnn'll'nt h)percalc3Cmia aflc(\l,ard~.

• /);Ilretic 1,luu(' ojacwe ref/al faif"r(' or ill ,he rel'on'n-jmm
'>l'l·t're rnll/Jt/mll\olysls.

• \W"- lI/J;lIli swulrumr: the combination of an increased
cakium im3J..e together "ilh bicarbonate, as in a pallClIl self
medicaling wilh proprietary antacid, may cause :.e\crc
h} pcrcalcaemia. bot lhe condition i!> \cry rare.

Marognancy
or rarer causes 01
hypelC8lcaomia

Fig t Investlgstlon 01 hypercalcaemia.

TREATMENT

Trc::llmcnl i~ "rgem if lhe adjusted serum calcium is gre:ller
than 3.5 nllnolll: the priorily is 10 reduce il lO a safe Ic\c!.
Intra\cnou, ,aline is administered first 10 restore lhc
glomerular l"iltr.tllon rate and promote a diurc!>i... Although
~tl'roid,_ mithralll),cin. calcitonin and imravcnou.. pho~phale

ha\e been u,cd, "ompoulld!> kno\.\.n a.. lhe bi~ph~phonatei>

h:l\c OC"CII found 10 h:l\C th... be'l calcium-Io.....ering effecl,.
Ammoh}droxypropylidcne diphmphonate (APD) has become
lhe trcatll'lelll of choice in patienh \\ ith hypercalcaemia of
malignancy (Fig. 2). It aCb by inhibiting bone re!>Orplion.

Thc cau\C of the hy percakacmia should be treated if po<is,
ible. Surgical rc:mO\ al of a par4thyroid adenoma usually pf"()+
\ ides a complele cure for a patient .... ilh primal') h}pcr­
par4lhyoidhm. Immediately after sueccssful surgeI'). Irnllsicm
hypocalc:lCmia may ha\e 10 be treated .... ilh \itamin 0 meta­
bolite<.. unt il the remainin~ parathyroids begin10OJ'Crnlc non-nally .

FAMILIAL HVPOCALCIURIC HYPERCALCAEMIA

Although a dcfiniti\c differcntial diagnosis of hypercalcaemia
can often be made. there ii> one rare condition .....here a wrong
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Sonm~_

''"'''''I.,

35

Case history 28

A 48·)car-old v.OIll;ln came [0 her GP ""jilt a J::!·month hl,>lory of increasing
lircdllCS~ and mu'>Cle fatigue. In recent "cel" ,>he had been increasingl) thirst) and
had pol)uria. Her OP [..... led:l urine 1><I111plc for gluc<Xe. \Which he found to be
negati,c. :md then arrangl'd that her U~:l and electrolytes be mca~ured. He d("("ided
to reque,t a calcium profile on the -.crum ,ample a~ .... ell.

Blochemi~tl) TC5ult~ in a ..crum lpt.'Cimen .... en::

Creatinine
~,,(}f/1

I(,()

Ca (adjl
IIUI/nJ!1

J.~

N'a· K· CI IICO Urea

"'molA
14. 3.S 109 '" 7.5

Calcium Pho<>phatc AJbumm
rnnrolA ",fll(,1A ,n
3.30 0.51 35

• What are !he 1llC)',( likely tl,agflO'.C~ m thl~ pauenr!
• What «her in\ e~ligauon, ....ould be approrriate'~

COlnlllrnt <m pm:r 155.

•

•2J 6
00,.'I'

~

•
I~~/------,.

20

"

30

F,. 2 TrNtmenlol hypercalcaemii
c1l1l111lgNncy with APD.
Tbe~ \h<,,,,, 1110.' re'pllfl ..... tIt .....rum~·akillm
III I~ p;allcnh 1l'l,>;Ul.'d .... lIh a _mg!.: til..... "r [he
bi,pllo.phllf1~lC ·PJ.m"J....lflal.:· (\PDf•.1(1 nil;

In ';«(1 ml Oo/it '-Jlllle infl,l~'d O\~-r 6 h"uo,
~llcr IRlllal reh)drJ.lI"n

di3gno~,~ can lead to unnccc"ary
~urgery. In familial hypocalciuric
hypercalcaemia (FiliI), a high p131,II1a

calcium i.. <'Cl"CU b) the p,lralhyroid~

as normal: the patient Iw .. norm:L1.
dClccwblc.lcvcb of PTII. dC"piIC having
hypercak;lcmia. There ;lfe u\(IUII) no
~ymplOm" 01 hypercalcaemia. but lhe

patient may be 13bellcd a, primary
h) pcrpar..l.lb) mid lx.'Cau~ of the OCIl.'CI­
abk PTH in thO;' fa,,:e of a high 'crum
l·alcium. On neck e,plorJtion. no parJ­
th) mid atlcnoma i\ found and it m:l) be
dl'co~crcd ~ubscqucnll) th:lI f:unily
members also ba\c a~)mplOm:llic

hypercakacmia. Patient, \\ ith the
condition require no trc:llrnent: indeed.
1l13ny would be bClier off remaining
undi'lgno,ed. ,uch j, the likelihood of
unneccs,ary'urgel).

The hypercalcaemia in FHH 1ll:1} Ix:
mild and without ,ymplol1\" It I_

,ometimc\ J)(h~ible to di~lin!:,ui,>h this
condition from primary hyperpara­
thyTOidi'lIl on the ba~i,> of a urinary
cakium c"(cretion. which i.. inappro­
pri:ltc1y 1o.... for the 'crum calcium
concentration mlhe pattent .... ith FilII
I-lo\\c\er. in practice. the urinary
c;dciulll c.\cretion reference nllue .. in
both condilion~ o\crlap. The pos,ibilily
1)1' FH II IllU" always be cOll:.iJered
when invc'ligating the eau~e of a~) mp­
IOm:uic h}perca1c:lcmia in a relali\cly
young patient.

I~Clinical note

If hypercalcaemia
i, not deleclcd early.

the high circulating lyrH t'au,e,
:l ch:lr:lcteri",ie pallcm ot hone
resorption. ]...nO\o'":I' U,lelll'
fibrlNl c}~tica ,ho\o' n in Figure
J. A, a.... arellC', of hy pcr­
ealcacmia hi" gre .... n
alMJ detI..'Ction method, ha\ c
imprmoo. ,och ,eH:re bone
abnonnahtle, are ~n much
b\ fn.o.quentl).

Fig. 3 Clmlc SlJbperiostul ruorptIon
ill~ with SotWfe primIry-_.
(I) R.odl<~ -JIu...... rc-orpltlf\ m

W JilaLm,e'
(bJ Same linlt-T ~ mUllin. afler
rnIIll,al of par.uh)n>l<1 ;oU,,"'~_

Hypercalcaemia

• Considerallon of bott1 serum calcium
and albulTlln concentrabons, as an
'adJllSled' calcit.m, wi give a correct
assessmenl 01 the severity 01 the
hypercalcaemia.

• HypercaIcaerTll3. wi most likely be
due to the presence 01 a parathyroid
adenoma. or wi be assooated WJlh a
malignancy. In the Iooner. serum
PTH wi be Iigh or iflappropoate/y
detectable, ..mereas IJ\_of_""
hql cabtnI SlWesses parathyroid
h.R:tJon and serum PTH IS
lXIdetedabie.

• serum caIaool .. excess 013.5
~ 1$ ilHIveateoog.

• 8lsphosptlonates sudl as APO have
!he abiIy 10 reduce sen.rn calcium

"""'by"""'""""-'

n
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PHOSPHATE AND MAGNESIUM

Body distribution

-~
CJ

""""'", P...-

PHOSPHATE

PhO'.phalC " :Im-ndallt III the bod) and i, an imponanl intra­
cellular Jnd cxti.ll:ellular anion. Much of the rho..phalC in.. id<.­
cell .. i., cO\aknll) attached to lipid" and protein!>. Pho,>pool)­
hllion and dcpho,>phor} lalion of elll)!ne.. an: ImportJnl
mCt:hani'>Ill' in thc regulation of metabolic acti' it). MO~I of
thc bod)', pho-.phatc I'> in bo~ (Fig. 11. PhQ<;phalc change..
;ll.:..:ompall} calcium dcpo.,uion or resorption of bone. Control
of ECF pho-.phJIC COTlCcntration is achic\ed b) the kidnc).
"heR' lubular reab-.orplion i.. reduced b) PTH. The phrn.phalc
.... hieh i, nO! rcab..orbc:d in Ihe renal lubule aei'> a.. an
important urinal) tluffcr.

Plasma inorganic phosphate
AI ph},iologlcal h)drogcn ion conccntr.lIion... phO.,ph:llC c\i,t,
in Ihc ECF hOlh 3., monoh}drogen pho.\.phalc and as
dih)drogcn pho,phat~. Both fornh are togl:ther lerJll~d

·pho-.phJle·. and th~ tOl.tI i, nonnall) mainlained "ilhin Ihe
limi.... of 0.80-1"'0 1111110111. Sometime, th~ leon 'inorgamc
pho,phalc· i' u'-Cd to Jl'tlOgui,h lhe"C foon... from organicall)
bound pho,ph:lle ,uch a.. lO ATP. Appro,<im:u;:!) 20l} (If
pl:hm:l pho... phale i.. atl:lched to protein. although 111 contrast
to Ihe blllding of calcium. Ihi ... i.. of little significance.

In pla ...ma. e:llciul11 and pho,phale often ha\'c a reciprocal
rc!'llion ...hip. In panicular. if pho...ph:llC ri!>Cs. c:l1cium fall~.

HYPERPHOSPHATAEMIA

Pcr~i'leni hYI)CrpI1O'phataemia may re,ult in calcium
pho~phate depo~ition in ~l1fl ti"uc .... Cau...c~ of a high ~crum

pho"'ph~l10 concenlralion im:lude:

• Ht',wljailllt"I'. Pho... phalC c.'<nc!ion i... impaired. Thi ... i... lhe
C0f11m()ne~1 cau...e of hyperpho~phatacmia.

• I-Il'fmf/(If(llh.l'roit!i.m,. The effect of a low circulating PTH
decrea ...e... pho~ph:ne e'<crction by Ihe kidneys. and this
contribUle... 1O a high ...crum conccl1lration.

• 1-111/,1110'-1'1;1·. Thi may occur intf:l.\'a'-Cularly in thc patienl.
ur may be a Clln ellucnc~ of :In improper sampling
procedure.

• P,lel/{/oll\pOIH,,(l/lnmitli~m. There i... tl ...~ue resi~tance to
PTI-1.

HYPOPHOSPHATAEMIA

Sc\l:n: h)pophO'ph.1taemia (<0.3 mmolll) i... rJ.fe and cause~

mu..clc y, e:lJ"nc..... " hich may lead tore..piralOl1 impainnent. The
...) mptomatic dl'tOrdcr requires i1Ilm...-c:liate intra\' e nousinfu~ ion
of pho,>phatc. Mode.., hypophosphataemia is much more
common.

Cau...e,> of a loy, !>crum pho!>phatc include:

• 1I111f.'rptmll1lrroitJiflll. The effect ofa high PTH i.. to
increasc pho<;phate e~crelion b) lhe J"idne) sand lhi ...
contnbutc) to a 10" <;erum concentration.

• Com:e"iwl (Jefel'ls ofI"hll/ar I'IlOJplwie reahsorptio/l_
In the!>l.' condition.. pho...phatc i.. lost from the bod).

• JI1~t'sli(H1 oflIol/-"hwrhclhJe WI/acids. 5/1cll (IS a!wllilliml/
II.wJroxidt'. Thc'C prc\l'nt phosphate absorplion.

• Treaflllt'tll II! tliahelic keW(jddOJis. TIle effect of in..ulin in

FIQ 1 Normal phosphate balance.

~·au ... ing thc ...hift of ~luco'oC into cell.. may C:lUSC ~imilar

...hif, ... of pho..phatc "hich Ill:') n:~ult in
h) popho... ph:ltaemia.

• 51'I'e(/' (ltt'lfln tltjkiem'\'. Hypopho...phataemla i ... freque11lJ)
encountered "hen ...tar\ed patient .. are fiN fed,

• O/l('01:('II;C h\'poplwlphm(/ellliti. Thi .. is a mre cau"'e of
...e\erc h) ['Jopho..phataemia. and the causative factor
produced by the lumour remains to be ide11lified.

MAGNESIUM
Although the biological and biochemical importance of
l11agnc ... iulll ion ... (Mg") are well unden-tood. the rolc of thl"
calion in clinic;jll1lcuicinc i.....ol1lelimesoverlookcd. Magnc... iul1l
iOlh arc thc ...ccond nJt\... t ;jbUlldalll intracellular cation~. after
pota ... !>ium. Somc 300 cnly11le ~y~tems arc lllagnc ... iu11I
:lcti\3ted. and 1110,1 a..~c" of intracellular biochemi.. try arc
magnc,ium dependent. including gl)col)~i.... oxidativc
lTletaboli ..m and trnn ...membr:tne lran..pon of pota~"'lulll and
calcium.

As "'ell al. these intracellular fullction .... the electrical
propcnics of cell membmnes are affected by any reduction en
the ('xtrt/f'efJu{(/r magnesium concentration. Any detailed
con~iderJtion of magnesium biochemi!>tf)' h:b to taJ"e into
a..:countthe 1Il1erJctionl. bct"ccn Mg:-. K' and Cae- ions.

Magne'>lum influence'> the ~ecretion of PTH by the
parJth)roid glands. and SCH're hypomagne!>:lemia may C:lU!>l.'
hYJXIparath) roidism.

Magnesium homeostasis
Since magnesIUm i.. an intcgrJI part of chlorophyll. green
\' egelable~ arc an illlJXIrtant dietary wurce. :u. arc cerea1J. and
animal meats. An a\'ernge dietar)' intake is around 15 mmol per
day "hich genernlly m~b the recommended dicta!) intaJ"e.
Children and pregnant or lactating women ha'e highc:r
R-quircrnenl\. About 30'1- of the dietary ma!;nc!>ium i~ ab<;orbed
from the ~mall inte"inc and widel) di~tributed to all
melabolically xli'e lls~ue (Fig. :!).
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Fig 2 NomIII rugnnium balance.
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and direct dctcrminatilln of Mg:' in peripheral blood" hi Ie
cclh. or in lIluloClc hlOp,y \amplc,.

MAGNESIUM DEFICIENCY

Since Ill3gnc~iUIII I,> prc'Cni 10 most common foodstuffs, 10"
dietal) int3l..oofmagnc..iulll arc ib.\OCiatoo" ith gencml nutritional
m\ufficienc) $} rnplOlllatll' magnc\ium deficiency can be
e~pected ib a re'ul! of:

• dietaI) insufficiency accompanied by imc"inal
malab<.orption, ;,c\ cre \omiting. diarrhoea or other eaU',e,
of inte\llnallO\,

• O'imotic diure\i, ,uch a, oc('u'" III diabctc\ mellitus
• prolonged u..c of diuretic thcr.lp) e\pteiall) "hen dictaJ)

llllilJ..e ha.' been margmal
• proIQnged na-.oga."ric ..u('tlon
• c)tOlo:l:ic drug therap) ..uch <J:. ci,platlllum "hich impair'S

ren31tubular rcab~rpIion of magnc"iul11
• Ire:ltmcnt "ith the irnmUllO'lUppre"am drug. qclo'porin.

Serum magnesium
Hypcnnagnc~acmi<J i' uncommon but i' occa.~ionally ~een in
renal failurc. Hypom:lgne'"lcmi:1 i, u'>uall) associated" ith
magne,ium deficiency. The 'y mptom' of hypomagncsacmia
are \cry \imitar 10 tho\e of hypocalcaemia: impaired
neuromu-.cular function ,uch a' tCt,IO). hyperirritability,
tremor. com uhion~ and lllU'C1e "eaJ..nc\\.

laboolory diagnosis
1lle repeated delllOn,tr:l1ion of a magnc,iul11 concentration of
les,> than 0.7 l11nlolll in a ..crum "pccimo;n i' c\idence of
marked intracellular depiction and of a elinical condition .....hich
may benefit from magne'tlllllthcrapy. Ho"c\cr. intracellular
magne~ium depletton may ('xi" .....here the ,erum magnc..ium
concentration I' '" tthtn thc rdcrelll'e range. Re<>earch pnxedure"
are required to detect the'e marginal ,tatc,. The,e include the
u~ of NMR 'pcctro,copy to detect 'free' Mg" inside ccll"

Management
The pro\ i.. ion of magne.,tum '>upplcment'i in oral diets is
complicated b) the fact that the) often cau'\C diarrhoea. A
variety of oral. intr.Ullu'lCular and inl.r.l\cnou~ regimen~ han:
been propo,ed, Admini,tr:ttion of magnc,ium ~illt~, b)
"hale\er route, i, contrlundil.:itled "hen there i' a ,ignificillil
degree of renal Impairmellt. In the'e circum,tanccs all)
,uPlllcmcmation mu,t be monitored carefully to avoid toxic
effect' ll\\ociated with hypermagnc,aemiil,

Case history 29

Magnc\iutll ,upplcment' arc incrcu"ingly being givcn aft.;:r
cardiac 'urgery and myocardial infarction to pre\'ent cardiac
arrhythmi:h. Phosphate

and magnesium

• HyperptlosptlataetTUa IS commonly
a consequence of lenal tmpamnenl.

• Hypophosphataemla may be due to
the effects of a htgh arculabng
paralhyroed hom1one concentration.
or to congentlal dtSOfders 01 renal
~te reabsolpbon.

• Magn8Slum defiCIency results lrom
a lXllTDnatlon aI poor dietary rllake
and tnereased umary Of tntestrlal.....

•~ defiaency may occur as
acompiICallOl1 aI ntestlnaIlisease or
surgery, renal damage by
oeptlroWms. dIurebcs or 1'1 <iabetes.

• The demonslratlorl aI a low sen.m

""""""""""""""'"defiaency, whereas margrtal
tTIoJl1I&SUTI deliaency states may
be present even wtlen magnesun
IS WI1twI refet'erlCe Iimls.

Mag.nc"ium
IIIl110M

0.1.5

All phos
un
110

Calcium (adjl
lII//loM
, ...6
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Clinical note

UO 1.1

Calcium f'ho<.rhatc
--II/11lllfA-

A4().)car'(lld "oman. i..no" n to ha\ e radiation enterilis" ith chronic diarrhoea tllld
av,ociateJ mal:lb'>Orption ~yndromc. pre,ented to the outpatient departmenl
cOlllplammg of \C\cre tingling of reccntlln'iCt in hcrhands and fect. The patient had
a pa~l ht~lOl) ofh)poealcacmll"tctan) 18 months previously. but 'iCnlmcalcium had
.ince remained normal on thempy "ith 1a-hydrox)(:holccalciferol. 0.7.5 ~ datly,
plu~ oml caktum ,upplcmcntJ..

11le patient dtd llOI re\pond to treatment" ith increased calcium \Upplcmcnl" and
continucd Ia-h)dwx)cholccalcifcrol.

• What \looulJ}ou predIct the patient', PTH ..tatus 10 be'!
• Whal U'l:atmcnt i\ appropriate and "h) '!

C(lmmelll on fltlll,e 155.

L
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BONE DISEASE

Osteoporosis
o,tL-oporosis i.. the COllllllOlIC,>t of borle di'>Ofder. and I" dl '>Cu.. 'Cd
-.cpamtcl) on page n.

OSleobla5ts-
lay 00wn osteood:
calclllCallon
occurs outward
trom old bonel
ostllOld Interface

OsteoclaSIS ----\
(reso'p~on)

"".."""'-
;;;Y

-+ +- I¥
+ "r.;-::~~

COMMON BONE OISORDERS

Fig. 1 Bone remodelling.

Osteomalacia and rickets
O..leomalacia i.. (he nan~ 1!i\en to defective bone rniner..al­
inlion in aduh.. (Fi);. 2). Rideh i.. ch:lrJCterized b) ddeel'> of
bone :lIId canila);c mineralil:ltion in children. Vitamin I)

deficiency \Ooa~ once the mo.. t common n:a<;on for riclet .. :.nul
o~tl.'Oll1a1acia. but the addition of vit:lJnin D to fQO(hlllff.. ha ..
"lmo..1 eliminah.:d the condition cxcept in the clderly or hllU>,C­
bound. thc in..tiluliun'llil.cd, and in cl"nain ethnic gfOlIp~. Elderly
A.. i:'lI1 women with a predominantly vegetarian diet :lfe
particularly at ri .. \.... Vitamin 0 ~t;l\U" can be a....c~ ..ed by
mea~lIrcment of thc m:lItl Circulating I1lctabulitl". 25­
hydroxy\'holecalcifeml. III a "cnnll ~pccimen. Thc I1lct:lholl'tll
of vitamin D i~ ..hown in r;jgurc 3.

In ..c\'en: osteomalacia due to vitaml11 D deficienc). '>Crum
calcium wilt fall. and then: will be nn appropriate incn:a~ in
PTtl '>Cerelion. Serum all..alinc pho..phatase aeliv il) \00 ill al~o

be dc\atcd.
The bon) feature'> of o"lcomalacia and ride~ arc: a1-.o

..harc:d by l)(hcf bone dN:a....., ('Iol.... later).

BONE METABOLISM

• O\lcoporo"is
• o\lcomalacia and riclch
• Pagct"s di"casc.

The finding thai a p3"cnt ha~ hypcrcakaemia or hypocalcaemia
doc, nOi imply thai there .... ill be marled bonl' change,
Com cr<;cly . ..e\erc bone di...ca~can occur .... hi hI "",rum l-a1cium
Ic\cl, appear quill' nonnal. The nmln bone di~a!>(" arc:

BOlle is c(m,lantly being hroken do\\ 11 and rcfonncd in the
procc,' of bone remodelling (Fig. I). The clinkiall looking afler
palient' with bone di,ca,c will cenainly need [0 kI10\\ to what
extent bone i~ being broken down. lmd. indeed. if llC .... hOlle is
hcing made. Biochemical m:lrI..CI" of bon.:: resorption and bone
formation can Ix u\cful in lIS<'<:"lIlg l!ll:oilenl ofdisease. as "cll
as mOnitoring treatment.

Hydroxyproline. from the brl'al..do"" of collagen. can be
u'>Cd to monilOrbone re ..orption.llo" e\ er, urinal) h) droll:) pr0­

line i.. marledly influeocl,.,<! h) dielary gelatin. Belter marLer-. of
rcwrplion are required. One candidate "oold «em 10 be anOlhcr
collag.en degradation produel: the fmgmenl'> of the molecuk
containing the p) ridiniurn cro~ .. hnl... IA"'OI() p}ridioohnc i~ one
\ueh elm..linl "hich i.. ~p!..'Cilic for bone, and nOl melaboli,ed or
influenced b) diet.

The aeti\ ity of the en/) me atLaline phmphata~e ha~

traditionall) been u~ed a.. an mdicator of bone tummer. The
o,leobla,,,, "hieh lay dO\Oon the collagen fmllle\OoorL and Ihe
mineral matrix of bone ha\e high acti\ it) of thi~ cn/)'me.
lnerea~ed o<,tcobla..tic aeti\ il} i.. -.cen a~ an clev:lled all..aline
ph\l~plwta\e aeti\ il)' in il ..en1m <,pceil1len. Indeed. children \\ ho
1m\<,' activc bone gru\Ooth compared "ilh adll1t~ h;l\e higher
'nonmll' all..aline pho..phala~ activil)' in ..crulll. Ilowe\'cr illl..:llim:
pho..phata~ is al~o produced by the cell-. lining lhe bi1ccanalicliJi
lind i~ a marl..er forcholc~la .. i~. The hone i..oclll.yme ofall..aline
pho~phatasc may be mea"lured. hut there is need for ,1 more
..(X.'Cilic and more sen .. ill've marl..er.

O..leocalcin 1l'k."'Cb '>Omeofthc~ requirement... It i\ made by
O\leobla.. ts and i.. an imponant noncotlagenous con"llluent of
hone. Not all of the O'>leocalcin \00 hich all osteobla..t nl;lLe,> I"
mcorpormcd into the bone matri 1(. Some i.. relea...ed into pla"01:l,
and pro\ ide!> a sen.. iti\ e indicator of(l"II.:oblaq acti\ il). The 1I....t
"a\ailable III ..pcCi;lllzed laboratorie,>.

F'9 2 Bone biopsy showing nonnal (left) .nd osteomalacic (right) bone,
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I

Diagno'" of the..c and other rare
lTOJition, In:l} rt'qUIrt' hclpfrom spcciah7cd
labornlorie,-.

BIOCHEMISTRY TESTING IN CALCIUM
DISORDERS OR BONE OISEASE

• Olll'opelrosif. ·n-ti" condition i,
charnclcri/cd by dcfL"Cli\"e bonc
rc..orplion.

• Ol/e(lN(,IIt',li~ ''''perfecw. Brillle bone
\}ndrome. h an inherited di'Ordcr
.... hieh occur, around once in e\ery
:!OOOO binh,.

The role of the routine biochemi'lr)
laboratol) in diagnosi,- and lreatmenl of
palierlh with calcium disorde,-.., and bone
di\Ca\C i, 10 [lfU\ ide measuremenb of
calciUIll. albumin. phO"iphate and allaline
pho,-ph<lI:l'>C in a serum "pecimen a~ fir<;t
line Ie'>". Folloll.-up te<;ls which may be
reque"h:d includc:

• PTII
• magncslUm
• urine calcium cxcretion
• 25-hydro\)cholccalciferol
• unne hydro'l)proline e'lcretion
• o,-tcocalclll.

Ch<lraCICrl\tic biochemi!>lry profile.. in
~omc common hone di\ea~\are \hown in
Tahle I .

CIIcu!l may be fl9l.low 0< l1OfTI'Illl
F'hosp'late may be ~.low 0< normal
P"1li II LIWlII)' low
Alkafne p/lospIIjIast may be eIeY.lId Of II(lllI-.J

CllcUn 'ItIlI tend 10 bit low. DI may be claart,r clIcreaaed
P"1li wi be elevaled
~~erol wi be cleaMMcl , ltle dI5tue IS <iJe 10 Y!lI/PWl 0...-"""".-AI<Woa phospha!aslllS woaIv __led_.-
"""".........
P"1li ia ""y t9"""".-I'toajilaIe II loW DI normII
P"1li IIlIlCI8I58d, Of c:tIIlIv clliIllc&Itlla &'ld .......lIJIP.......' 10 lha tJvpeitak:aMnia

-....-<.-_­
(prInary~p;II~1

Prolill

OTHER BONE OISEASES

\e\cre. Serum alkaline pho,phal:l<'c i<;
high. and urinary hydrox)proline excre·
lion i.. clc\alcd. Thc\C pro\ ide a .... ay of
moniloring lhe prugrc~!> of the di\Ca!>C.
Although:1 \ ir.ll cau"C for Pagl;'1'\ di<.ea~
h:b been propo..ed. lhe aeliology remain\
ob-.cure.

Bone disease

• Abine phosj:tlalaSe IS a maJ1<ef lor bone JormatJOn. Umary hydroxyproline IS a
rnaJt(er lor bone resorpIIOn, Belief maJ1Ie1s lor bone IuIT'lOVer are betng evalualed.

• 0sie0maIaaa we 10 Yltall'll'l 0 de/iclency can be confinned by fwOlg a low
25-hydr0~eroI concenttallOn. In severe Osease, allan phosj:tlatase wiI be
1I'ICfe3Sed. Cak:ium may wei fal and there wi be an appropnate nse 1'1 PTH

• The charac:tensl(: tIol::tMmcaI marker 01 Pagel's lisease IS agossty n:reased~
phosj:tlatase aetMty. as ac:onsequence oIlI'lCreasecl bone lUmoYer

Examples include:

• Vittl",i" D defW"dt>1II rid.rH. Tl"pe.f J
(II/{/ 2. The!>e are r.u-c bone di<;('a~\

rt"\uhing from gerlCtic diMJrdc,...,
leading 10 lhe in3bilit) 10 male the
xli\e \ ilamin D melabohlc. or from
receptor defC("I!<o .... hieh do Il{)( :1110....
the homlOne to :let.

• T,UIIOroI ClddliOfis. Thh i, char.lCler1/ed
b) C("topic calcification around the
joints.

• H'lHJP}IOSplww.sia. Thi\ i, a form of
rickets or O"iteomalacl:l .... hieh re,ull\
from a deficiency of :lllaline phl)',­
phata'>C.

• H\'11OpllOsphll/{/t>mic ri(·t.elJ. Thl' i\
belincd to be:l consequence of a
rcnallubul:lrdefL"Ct in pho..ph:l.lc
handling.

r
uv ... CH, ........,

HO ---... l lnl'.....

Y' OH

....
metabohte.-cH,

HO

25-hydrollycholecak;derol

PTH I 1In kidney.

Case history 30

A 66-)ear-old Illale prt'''Cntcd to lhe
bone chnic .... I\h <,e\en: pain<; in hi~

right leg and petm. Radiological
cuminll1ion re\ealed Pagelic
le_iOth in hi, leg~. pc:1\ i, and al-ro
hiHlull. Biochemical re,ult, in a
~rum ~ample Il.cre unrernarlable
e\cepl for allaline phmphala-.e
Il.hieh .... 3..\ g1'O'>!lly ele\ ;l\OO at 2700
utI, It Il.a<;dccidcd 10 treal him .... ith
a bi pho<.phonatc drug.

• Holl. Il.ould)ou monitor Ihi,
pallent'\ re<;pon'C"

Commellt 1m f't'lr.' J.55.

.:r:J
Ii

&CH2
HO 0"

1.2s-Qlhydroxycholecalc"erOl

Pagel's Disease
P3gc1's disease is common and ch3raclcr­
i1;ed by incrca;,cd o'lcocl:I'lic aClh ily
Il.hich h:3d~ to increa~ed bone re~orp­

lion. Increa~ed o\leobla'lic 3eth ity
repai~resorbcdbone. but the new bone i~

laid down in a di\Organiled .... a). 11K'
clinical pre~ntation " almo,. al .... a)<;
bone pain Il.hich can be parlicularly

F'1.3 The main steps In lhe metabolism
of Yltamln O.
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OSTEOPOROSIS

I~Osteoporosis

• OsteoporOSIS is a map cause of
morbicily and mortaIiIy In the ek:Ierly

• It IS chaooerized by a reOJcbon In
bone mass per IJI'lIl. volume

• A!ttlolJgI boItI sexes show a gradual
bone loss througlOtJIlde. women
lose bone rapdy in the posl'
menopausal years. ThIs 'pm1ary
osteopOrosls' IS 01 unknown-• Bone loss caUSl'lQ secondary
OS!eopotOSIS may be acceIefated by
a ruriler of faclocs such as the use
of cortIcoslerods, smoking and
...-no""".

Q.,teopormi!> lI1a~ be presclll along­
... ide O'.teomalacia (page!> 70-71) in .... hich
ca'>C biochemical monitoring j, helpful.

Treatment
Pre\ention. rather than cure. i... the
current goal. Thi:. ~hould starl in child­
hood .... ith a good diet <lnd cxercil>C. Thc
mo"t po.... erful predictorofIhteoporo'>i" i~

tilt' ... I-d..:tal ma.", at 16 )car'> of a!;..:.
Once ~1-l'1elal malurity ha ... been

attained. it i!> the magnitud: of the ...ub<.e­
quent bone lo~s .... hich may lead to
o,tcopof"O<'is. The use of eonico,>tcroid
drug.. should be minimized. Stopping
...mol-ing il> imponanl. At the menopau...e,
hormone replacement therapy j, of
b..:ncfit. nO! only for the relief of
I11cllopau,>al :>ymplol11s bUl aho 10
pre\'ent rapid bone loss. Indeed. cardio­
vascular prolection also follows a'> an
incidental benefi1 of :>uch thcr;lpy.

Whcn o~leoporosi~ i~ c ... tabli ... hcd the
trealment option.. ar..: a... yet un"':l1i"fac·
IO!) .Oral c:llr:iulIl ,upplelllcnh. o..: ... trog..:n ..
and nuoride ha\-e all been advoc;lted.
Bi,pho\phon:llc:> may be bcndici;ll.

Fig. 3 Elderly woman with so called 'Oowagtr's
hump' from coDapsed vertebrM due to
osteoporosis.

The role of the clinical biochemistry
laboratory
Biochcmical tc,t'> C<lnnOl be u,ed 10
diagno'oC primary o~1coporo,i, or monitor
accclel"Jtcd bonc 10" b<.;c;[u~c 1he re,uh_
of 1he common biex:hcl11ical <Inaly'>C\ O\t'r­
lap in heahhy ~ubjec1' and pa1ient'> with
the di~order. Biochcmic:t1 le~l\ arc of
v::.lue in the diagno,b or hyperthyroid­
ism. gonadal f:!ilure or Cu,hing"
syndrome which t'au,e ...ceondary O... ICO­
poro,IS.

,..
~­

FJg 1 Bone showing (a)1'IOl'Tn&1 trabeculae and (b) bone lou in osteoporosis.
Rc-protJucaJ b} l.,nd pem1""1OIl or Dr '" ,,"umlhollmlh'r>

frequt'nll) on p~'>Cntallon thc dlagno,,,,
can be made from a ,mgle mca'urcnlt'nl.
It ma} tal.e lllonth, or ycar. to quantitate
the roue ofbont': 10" .... ilh confidcncc.

For man) patient' the fiN indication
ofthedii>e:l.'oC' i...... tk.'T1the) ,>um..'!" a \cnt.'bral
compre"ion fmctun,:. a f(".lCtuTe of the
di<;tal mdiu<; or a fractured ncd, of femur,
Cru"h fracture, of \crtcbmc may occur
~lo.... l) and relati\c1y painle.... I) o\er a
period of time (Fig,. ::! and 3).

• ccnain drug'. t"IJoCt'iall) IOIlj;-ICn11
u\c of{;(mit·o"crnil.h or heparin

• n11lnohililillion
• ,moking
• alcohol
• Cu,hing', ,)tldrollle
• gOIl:ld:ll f:lilure
• hypenhyroidi,m
• g:blroiI11c,tin:1I di~e",e.

Diagnosis
Sed:ll rnca,ur..:l11elll~ of bone den~ity arc
required to delllon,tnlle bone loss but

O'tcoporo,i, i ... a large public health
problem. One in four "omen and one in
t"em) n'k:l1 o\cr the age of 60 in Britain
will ha\ c an o,troporo...i, related fracture.
It i, a major ~·au ..c of morbidil} and
mortalit} In the elderly. AlffiO'>l one third
of orthopaedic bed.. are occupied b)
paticm.. \>, llh ,hi .. di\Case .... hich .... as once
dl,mi ..-.cd a... a nonnal part of ag.eing.

Ow:oporo,j, I' characterized b) a
reductlon in bone 111:1-" per unit \olumc.
TheC'Ofllpo'>llionoflhc matrix j .. L.....ocmiall}
nonna!. hut then: j .. JU"1 Ie",. of il. 10c
conical arca... of hone.. arc thinner than
noonal and the Ir:lbeculae are ..mailer and
Ie.., c.xtcn,i\l~ (Fig.. 1). Both -.ex;:....00"'" a
gradu31 hone 10<" Ihrouf!hoUI life but
"omen 10\c bone r.lpidly in the po~l­

mcnopau-.al }car-._ Thi.. i.. called primar)
O\lcoporo\j .. and i" of unl..no\o' n actiolog),

Accclcr:lled bone 10." teadin!! to
<.ccondary o'1eoporo'h ma) becau,ed by:

OSTEOPOROSIS

FIQ 2 Crush trKtures 01 Yeflebnl bodies from
pWenI wiltI osleoporoIIs. RqJrOduccd b} ~ind

pc:ml1'''OO or Dr '" Kumlhomlh,p.
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ENDOCRINE CONTROL

BIOCHEMICAL REGULATORS

oo

At I'" "lmple~t. endocrine di :l!>C may
be de'-Cribed as o\er- or uooer- "'Cretion
of hormone. In facl. there arc other
con~ideration.. (Table :!). For example.
a patient may become hypocalcaemiC
beeau!>e lhe parath) roid glands arc

ENDOCRINE DISEASE

• SlimulalOf) and inhibitor) agenl".
..uch a" h} pothalamie pcpl:idc\ or
neurOiran..miueN. mal innuencc
!lomlOnc synthesis or rclca'\e.

• Man) honllones. such a.. GnRH. are
released in a pulsatile fashion.

• Some hormones e\:hibit a circadian
rhylhm. ACTH. and con\ecluently
conisol. i.. a wcll know n t'xamplc. bUI
prolaclin. TSI-I. GH and e\en par.lth)Toid
hormone have peak secretion at
different time.. during the day or night.

• Stres" can increase hormone ..ynthc!>b
and rclca~e. Example.. arc ACTH. GI-I
and prolactin.

• Hormone.. ~ynthe~i7ed by target organ
cell .. may feed back to Ihe endocrine
gland.. (Fig. 2).

• Changc~ in metabolic producI\ as a
re~ult of hormone action may lil-cwist'
excn feedback control.

• Other honnones or drug!> may
modulate nOrllml endocrine re,>pon~e...

A.. a re\ult of Ihe above. pla'>ma
hormone concentration,> arc nomlally
variable (Fig. 3). ThU~:1 SIll!;Jc mea..ure·
ment of a hornlOne in peripheral pla,>ma
may ..ugge~l. incorrectly. thai there i..
abnomlal endocrine function. Dynamic
te~t.. ha\e ocen de\clopcd 10 £1"1,' dearer
mfonnation about endocrin..: 3Cti\it) in
the patient. especiall) tho~ \\, ilh ~u"pect­

cd pilUitar)' or adrenoconical disorder...

o

ACTl<

'VP
CAH

FSl<

""'H
GH(~HGH)

GHI><

U<

Pn<
TSH
TRH

T,

T,

Fig. 1 BIochemIeaI regulation of ee11 function.

"'~...".. -.I ...."

"""""'",-"'"

i.. under a \ariet) of

FACTORS CONTROWNG HORMONE
SECRETION

HonnorlC !leCretton
1Il0uence,,:

HORMONE BINDING IN PLASMA

Steroid and thyroid honnonc.. bind to
specific hormone binding gl)ooprott=in~ III

plasma. It i.. the unbound or 'free' fractiOilof
the hormone in plasma y,hieh isbiologieall)
aeti\c: 1>0 measurement of free hocmoIlC
status or binding protein lewl.. ma) be
important in the diagOO'>i!> of palk:nlS "ith
thyroid or gonadal disordc",.

sen .. itive and morc ~pccific Illcthcxb for
mca~uring hormone ... Scn .. itivily i..
paramoonl. HomlOne concentrations in
blooda.rc sometimes ,"cry low. II b importanl
for the laboralory 10 be able to mca~ure

subnormal cooccntr.lliOll~ ofhonnorlC\ and
to be able to di ..tingui..h lhe"!: from lhe
lower limit of the reference range.

Table 1 Acronyms for some honnones

--Cui............. ....-.g Ilormont

~-­--­.....-
GIQW!h horTnane~ tamorI8--PBl3lhyroid hoImone

§.......-
~~hoImone

Thyro'M

T~r(lllll8

Alone lLOk' il "a~ the biological re~ponse
10 Ihe hormone "hich formed the basis
of bioa"ay~ for mca~uring hormone
aCli'>lt). The de\e1opment of radio­
il1lmunoa~'>3)~ re\ olulloni7oo the slUdy
of endocrinolog). althoogh measurement
of '>truclUmll) rdaled homlOlleS continues
to he a problem for the chni>:al biodlCmi~lr)
laboralOl') .The UM: ofmonnclonal antibodib
h:l~ allo"ed the de\elopment of more

MEASUREMENT OF HORMONES

• 1~('plitJ('\ or (,mldl/s. Mml honnones
fallllllO Ihi .. cIa..... Thc'>C may he
'onwll (the hypothalamic ractor.
thyrotrophin rclca,ing hormone. has
Ju't three amino acids) or large (the
pilUll:try gOIl:ldOlrophins arc
glycoprotein.. with ~ubunils).

• Amino fI('id tll'rim/in:,s. A few
h()rl1l(Hu~, fall inln [hi .. class. e.g.
adrcnallllc and the thyroid hormone...

• Siewid hormone,I", These arc all
dcri\ali\'cs of cholesterol.

Many hormone.. are member.. of
families of rel:lICd ,tructure and reflect
the procc...!'> of molecular c..olulion. The
',acid and thyroid hormone'>, .... hich h:l'>c
dhcr-.c hiological cff"cl,>. are known
no" to acl .. imilarly. Ihrough one large
~upcrfamily of reccptor.. .....hich ~hare

~truclural and functional feature~.

~1any hormone~are commonIy l..nown
JU~I h) lheir Imtia'~ (Table I).

TYPES OF HORMONE

1I0nllonc~ fall 11110 one of Ihrcc broad
d;I~'C" on the ha~;" of their ~truclUrc:

Endocrmolog) i\ the ..tudy of honnones. chemical agents\\, hich
arc '>C..:rclcd fmm spccialiZt.'<I glands into the blood to mfluo:nce
lhe acti\ lIy ofcells at di\lant sites in the body. HomlOnes areju~t
one t) pe of biochemical regulator. Endocrinology h~ been
recentl) c\:panded by the discO\ er)' ofy, hole famil ies ofparacrinc
facto,...,. "hich are not \e'Cretoo into the circulation but act on
adjacent cell\. Some of these paracrine facto,...,. which act to
~tirnulatcgro" th or to regulate the immune system. are identical
to da,>,ical hormones and to neurotransmitlers. In adduion.
-.ome of these regulatOr<; of cellular activity appear to ael in an
aulocrine fa~hion: the) stimulate the 'cry cell responsible for
their \)nthe\I!oo (Fig. I).

All the'>C regulators act' ia receptor proteins. "hich may be
on Ihe cell ..urfacc or "llhin the target cells. The inlJ'3Cellular
mechanl"l1l~ \\, hereby Ihe hormone-
receptor comple\: trigger-. a '>(.""quence of
e\ en!\ cuIfllmati ng in a biological re~ponse
arc the \UbJI.."Cl of much current research.
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jl~,

"'­coneentrabOtl of_.......
FIQ. 3 Reasons why I single blood hormone measurfmeflt IM'f have littJe clinical value.

I~

_c
~_. '

T.rget cell.==:
..... rnponcIto~

Fill. 2 fftdbIct Interactions in I hypothalamic­
piluitary~ndoa in! gland 'Y'l~.

unable to m3le \ufficicnl hormone
lh)"poparalllyroidi,m). or if there j a
malfunctioning n:cclHor mCl'hani m
in the [urgel cell, (p<,cudohYPop3ra­
lhyroidi"rn). In practice. many cndocrlllc
di~ea ..c~ arc managed \.\-i,hout direct
lno\\'ledgc of the honnonc corK'Ct1lr;lliun
ihclf. Oi;lgno,i" and IIwnituring of
diabclc" mellllU_,the CUrllmonc"t endocrine
di~ordcr. i, carried Olll hy Illca...uring
plasma gluw,c rather thun in~ufin.

COMMONLY USED DYNAMIC TESTS IN
THE INVESTIGATION OF ENDOCRINE
DISEASE

Oral glucose tolerance test
lheoral gltll'O'oC lok'T'J1K'C [C.", ('>Cc p. 58) 1\

oonunonl} u<.cd in thcdiagno,i,ofdiaoctc<,
mellnu ... but i, :11,0 u,cd to imc\tigalc
gro~lhhOffil<me rc,pon,e III 'Inomcgaly.

Tatllt2 Eumples of Endocrine Disease
ON.._,

o...ol\*-t"'*'•pIUlIfy iIdIlr'Iln MCI'eleS
OCTH

""-r~" "'"*'g!Ind IS
.... tllI1IIaI ","*,hl:lmlonI__
-..cl....-w. by TSH

f.....al~NIpOl ,._

F'INlI1'1P'4*".,__" ~*""'"
~"clIW*""""~PTH
w , *"" 0lgIIlS lIdc IlurJcIDrwIg- -

TRH test
TRH i<; ~i\en :I:. an intra\enou" bolu,.
and in nonnal 'ubJttt,. l'Iicil" a hrt'l..
relca<;e of bolh 1'SII and prolactin.
Subnomlal TSH rC\Jx:ln<;e<; arc ~n in
IhyrOlmicosi<; (e~ce\, ft."Cdbad.) and in
("a~c' of dama~e to the pituilary
thyrolroph cell\. The lad of prolactin
re'pon-.c 10 TRH <;timulation mal be of
\ alue in the diagno~i, of a prolaclinoma.

GnRH test
In nonnal adults. GnRH elicih a m:lrl..cd
release of LH and a ,mailer rclea,c of
FSH. 1'hi, le~l i, frequenlly u,cd to
in\e<;tigate po<;,ihle dmmlge 10 pilUllal')
gonadotrophin ,ccreling cell"

Synacthen test
Admini,tration of ;1 "ynlhctic ACTH
prepar;lIion (Synaclhen) ,limulate, lhe
adren;d cOrtex. An impaired corti1<.ol
re'J'Un\C lOS) nacthen i, \Cl'n in Addi ,on' ~
di~l'a'e (primary adrenal failure).

Insulin-induced hypoglycaemia test
(ITT}
In,ulin i, admini\lered \Il1ralenoll'.ly
10 male the p;ltielll hypogl)eacmic. The

Clinical note

1lle overriding IOnUClw.:e
of~ on !he en(b:tine

s)<;!cm malt" the diagnos.i;, of
endocrine di~.,.... in the t.'ritK."aJl)
ill patient \Cf) difJicuh.11I palJenh
may have h)pergl)cacmia, high
!>CnJm eoni<;Q1 or abnonnal
Ih)roid homKlrle resulh. Thc'>C
could be misinterpreled a~

(habele' mellitu,. Cu,hlng',
') ndromc or th)rold dl\Ca..c.

re,pon,e to Ihi" deliberatel) induced
'tre" confinn~or e'tcludel> the dia~nosi!>

of Cu,hing·" <;)ndromc. The leSI i, al..o
u\cd in Ihe in\e"tigation of grm'dh
honnonc deficiency. and h)popilUilar­
i,m, With the increa<;ed a\ailabilil) of
the hypolhaiamic hormone CRU. il i,
Illely Ihat Ihe CRH Ie" \1 ill bl.'come
more accepted as a mean, of in\e'l­
ij,!aling the hypothalamic-pilUilar)­
adrcnOl:onie,ll a.'ti~.

Dexamethasone suppression tests
Dexalllelha~onc I' a ') nlhelic corti,ol
an:tloguc which i, u,ed 10 suppre"
pilUil<lry production of ACTII and. hence.
corti,ol in the diagno~i~ and differcllli:ll
diagno~i, of CLl,hing'~ ,yndrome.

Combined anterior pituitary function
test (CAPFT)
The invcqigation of any pituitary
di<.ordcr u'llally includc~ a CAPFT
"hich e01l1pri~e~ the ,imult:l1lcouS
adlllinhtr.llion of in~L1lin (<.limulatc<.
ACTI!. GI-I and prolactin). 1'RH ("li11l1l~

latc, 1'511 lmd prolaclin) and GnRI-I
("imulale<. FSII and LI-I). nli~ eompk.x
tcxt i, di'cu'-.cd III delail on page<; 76-77,

Endocrine control

• EndocmoIogy IS !he study of
hormones, a class of biochemical
regulalOrS wI'Idl are secreted IltO

blood to act at dstant SIteS In the
body

• Hoooone concentranons II plasma
are very vanable.

• For !he dear demonsIralJOn of
abnormalitIeS of homlooe secrelJOn
or r~tnI. etynanic tests are often

""""".

.Js... ~



rig 1 ttypotNJamic faclon which regulate anterior pituitary function.

GoAH) (GHRH) ,_)Hypothat.mu. TRH } CRH I
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Anterior pitult.ry TSH } ACTHj~$ GH I ( """""")
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PITUITARY FUNCTION

THE PITUITARY GLAND

The pltultal) gland i~ a complex ,lrocture
of~rclOf)cc1h. blood \ c~!>Chand ocn Oll!:.
u'!>uc I) IOl,! in a bon~ C~l\ ity at the ba.-.e of
the ..~ull_ Con",dcring jh importance in
regulaung '>Q man) b<xhl) functions. the
pilUilar) gland j, reall} a \Cf) small
organ. "cighmg onl) about 0.5 g. ~losl

(75q.) of the gland COlllpri~<; the anlcriOl"
pituita!) oradcnOO) poph) <;i\: the remain­
der j, the 1'O'1erior pltuit:uj. the IlCUro­
h) poptly\!'. Pllultal) function i~ regulated
hy the 11) pothalamu\. 10 \\ hich it i\
conntXlcd \ Ia the pituitai') 'lal~ "h,,:h
compri'>C't ponal hlood capillarie, and
nene fibre'_ The 3nlcrior pituita!) j,

innucnccd b) ;1\ aricl) of SIIIllUl3101) and
inhibitory hormone, through the .. !:
capillaric\. The (Xblcrior pitUitary i, a
collection of \pccialilcd ne.... e ending\
that deri\.: from thc hYfXJlhalamu".

Anterior pituitary hormones
The anterior pilUital) hormone.. are:

• TSII (lJl\mitl lIimu/atillg hormolle)
which aCh 'l)Ccifically on lhc lhyroid
gland tl) chcit ,ecrellon of thyroid
hormone'. Di'order, of the hypo­
thalamic-pituilary-thyroid axi, arc
de,crihcd in dct:lil on p,lge" gO-SS.

• ACTH((/(/n"J(!("O/·tic(I/mf,hic !tormolll')
act, 'I>cdfically on lhe ,tdren;ll conex ll)

elicit 'CCrctillll of corti,ul. Di..ordcr~ of
the hypothalamic-pi tuitary-:ldrcnal axi ..
arc dc,cnbcd In detail on pagc.. 86--91.

• UI (IUIl'illi~il,g J/OrmOlu') lIIul rSH
(follidt' f1imlll(l/ill~ hormolle). known
jointly a .. the gonadutrophin'. act
eoopcratl\<dy on the marie.. in women
and thc IC'le.. rn men 10 ,timul3le ,e){
hormone ,ecretion and reproducti\e
proce~'>C~{pp. 92-941.

• GH (grotl/II JlOrIl/OIil'} act'> directly on

many li..sue1> 10 modulate meta!:Joli,m
l\lclabolic fuel'> le.g. glucQ<.C. free fall)
acids} in tum modify GH ...ceretion,
Gro.... th hormone (I\er- and unlkr­
secretion i.. de"Cribed in more del:lil on
p3ge.. 78-79.

• Pro/tIt;/;" act,dircclly on the mammary
gland~ to control laclatlon. Gonadal
function i.. impaired b) cle\ ated
circulating prolactin concentration,.

1bc hypothalamic factor; .... hich control
anterior pituil3l) hormone ..ceretion are
'"'hown in Figure 1. TumOl.ll"'> ......-cretlOg
t"ach of the anterior pituita!) honnollC'
ha\e been identified. TSB :uld gonado­
trophin '>CCreting tunlOUl"'> are mre. Gil
and ACTH "'Ccreting. lunlOUI'\ are more
common. Prolactin <;ccreting :ldcnoll\a~

(prol3Clinorna.... ) are the nlO<,1 common.

Hn>erprol:lclinacmia
Hypcrprolactinaell1ta i, COllllllon and can
cau"C infenilit) in both <.I,'il:C'. An early
indication in women I' amenorrhoea and
galactorrhoea. \\ herea' in men there may
be no early ,ign, and the fiN indication of
the prc~l:nce of a prolactinoma Illay be
....hen a largr:- growing tumour ~gin, tn
interfere \\ ith the optic ncrvc,. Cau~c, of
hyperprolactin:lemia include:

• ~tress (\ cnepuncture i, ,ufficienl!O rai,e
plasma prolactin in 'OIllC paticm,)

• drug, (e.g. oc'trogcn,. phcnolhi'lIinc,.
mCloclopramide. lX-melhyl dopa)

• primary hypothyroidi,m (prol;lctin i,
,timulated by the rai ..ed TRH)

• other pituita!) di,ea~.

[f the,e cau'e, arc excluded. the
differential diagnmi" i, bct\\ecn:

• a prolactinoma (a prolaclln-,ccreting
pituitary tumour, comillonly a
microodenorn:ll

• idiopathic hypersecfCtion .... hieh may
be due to impaifl.."<1 -.cefCtion of
dopamine, the hy-polhalamic fllctor
....hich inhibits prolactin relca~,

Differentiating beNeen the"C. after
e\c1u'lon of ,tre<;". drugs and other
di,e3-<.c. i, by detailed pituit3l) radiology
IOgether .... lIh dynami(.· tc,t~ of prolactin
..ccretion. A rise in ,",erum prolactin
follo .... mg administration of TRII or
metoclopramide. i~ obscned in idio­
p3thic hypcrprolactinacmia but IlOI in the

pn.-..cocc of a pillltt3!) lumour.

Posterior pituitary hormones
H) pothalamic neurone" <;) nthc,ize
arginine \a"opre,sin (AVPj and 0"\:)­

tocin .... hich p;l~'3Iong axonal ne.... e fibre,
in the pIllUlar) 1>lall.. to the pmterior
pituitary \\ here they are stored in
grnnu1e, III the terminal bulb' of ne.... e'
in clo"C pro'limity to ~y'temic vein',

Secretion of AVP. also known a"
antidiuretic hormonc (ADH). i.. stlnWlalOO
by:

• increa,ed pl:l,ma osmolal it) \Ia
hypolhalamic osmoreceptor.;

• '>C\ere blood \olul11e depletion via
cardiac baroreceptors

• ~lre'" and nau'ea.

The role of AVP in nuid and "Ieelro­
lyle regulalioll j, di,cusM.~d on page, 14­
15. A pituitary tumour arising in thc
antt"rior gland may eau'e impaired
,ecretion of this posterior pitUitary
hormone. with eon,equent diabctc,
In'ipidu,.

OKytocin 1\ relcas.cd in re ..pon..c [(J

,udling of the brca.. t and utcrine
contraction at the onset of labour.

PITUITARY TUMOUR

Diagnosis
Pituita') turnouT'> may be eltha func­
tional (thaI i" they <.ccrcte homlOllc,j Of

non-functional. The incidence of
differenl tumour type' i, ,ho.... n in
Figurt" 2. l..oc:ll effeeL, "uch as head·
ache,. papilloedema and \i ..ual field
ddeeh (,·au..ed by large tumouf'ii e\tend­
ing up\\ard~ 10 interfere .... lIh the OptiC
nene.. may be e\ident on clinical
examination. There may be specific
,ign, of hor1nonc e.\cess particularly III
;lcromegaly. Cu<;hing's s)ndromc and
prolactinoma. There rna) be ,ign" of
h}popituitari .. m in .. kin. hair and
mu ..culature.
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Clinical note

Imaging lechniques arc
\cry il11ponalll in lhe

diagllo,i .. of pituilary tumours in
conjunction wilh Ill..: biochemi(;:ll
findings.

Pituitary function

• Adenomas secretmg ead1 of the
amerior pIlurtary hormones !;ave
beeflldenllfiecl.

• Around 2(1"(, of prtlJllary lumours
appear noIlO secrete hom1one,

• It IS~mlO establish ~ a
prlulIary tumour, whether hom1one
secretng or not. haS lr'lleflered WJ1h
the other hypolhalamlc-pdUJIaIY

"""""""• HyperproIaetJnaertU IS cmvnon.
Once stIeSS, 00Jgs or other disease
t1ave been elirtwIated as possible
causes. dynan.c lesIs and delalled
radiology are used to dd1erenllate
between proIaclJnOma and Idiopattw:-""".• Hypoprtudansm is UllconmOIl; !he
dIr'IICaI p1esenlabon depeOOs 00 the
age 01 the pa!lellt.

• lumour
• infarclion
• trauma
• congenilalmalformation
• inflx'tion
• hypothalamic di:>onkr.

1'11c c1mical prescntal:ioo of hypopilUI­
tari",m depend~ on the age ofthe patiem.ln
infancy. :.hart 'talUreorimpain.--dde\ clop­
ment nhly point to the l'Ondition. In the
rcprodu\.'ti\e yea..... women may pre~nl

.... ith amenorrhoea or infertilit). f\1en may
prc\Cnt .... ith decrea~ libido or a lack. of
lIlale \,C(.'Ondat) )C:( l·h:lfaCteri....tic... Elderly
palienb mal l'Omplain of~ympiom,>relating
10 ACTH or TSH deficienCY' :.uth a..
hy flOgly caemia or hy polhermia.

lbcrc are many cause" ofhy popiluitarhm.
a rclali\ ely uncommon condition in .... hich
lhere i, failure of on~ or more pituilaf)
functions. The:.c cau"",",,> include:

HVPOPITUITARISM

.... ilh dopamine agoni~l drugs before
~urgery. Othcropiions fortreatnlClll induck
external iWJdialionornldioocti\eimplant...

"0

Bual prolec\lll,
basal ""._.00

lt1yrood horTnone
QOrICel1lraoonl-­..~~

o

TSH mUll

,:T~

o

Treatment
The Irealment of functional pilultary
lurnour.> \ ane:.. Mlcroadcnon13) ..ec:rcllllg
prolactin arc lhe n)(ht common and may
be managed medicall) or,u~ically.Large
~upT:beliar prolactinoma., may be ..hrunk.

Because of ils a~,ocialcd danger".
insulin-induced hypogl}cacnua i, being
replaced hy adll1ini~lralion ofGHRl1 and
CRH 10 in\c)tigale GH and corli,ol
<,ecrclion. Thus. to il1\e'tigate pituilal')
function, a combined TRH/GnRHI
GHRHlCRH ICSI may be carri.:d OUI.

Fig. 3 Normal responses in acombined anterior
pituitary functiOl1 test.

Non funellonal
20".

Prolaelln....
TSH
<,~

FSH/U1."
ACTH

10%

--OH
15%

/

/

,
" 320 " n.. «>7 <" <10 " "3l 09 '" " '''''' " 17 17

OJ U "" " ".. " 17 .,
OJ 27 ""

,.
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Case history 31

A 36-year-old man complained of impaired \ision .... hi1e dri\ing. particularly al
llIghl. Afler clinical and inilial biochcmical a'>ses~mem. a combined anterior
pituitary \limulution t~l .... a~ performed Ii.... in~ulinO.1 Ulkg. TRH 200~g. GnRU

IOO~I.

r". GIuc:oM CorIdOl GH PIt. FSH LH TSH T. T_
,II1I'I) nmoH rmlI( ---i'PIUt-- -I.K-- mUt I'm:JI,I

• A lo.... erthan normal do'>C of insulin .... as usN. Why'!
• What h the I1lO\lIi\.ely diagnO'>i;;?
• Whal pnx:autioo~ ,hould be talen before ~urgery~

C(Omm~m",1 pal!.~ 155.

Radiological 1Il\.:~tigallolh -.cd. ed­
denceof an enlarged plluil:lry fo..,:.. Plain
~kull X-ray. CT "C:Ill' and magn~lic

re"Onanc.: imaging li\lRI) maY' be u~d.

The clinical biochcmi'lry labor.JIOf)
I~ commonly cal1c.."<1 upon 10 c..labli~h if
lhere i.\ cxcc),i\c hormone )ecrelion.
Simple \>Cn.-cning. le,l, 10 elimlllale other
dlagl'llhC" are folio.... cd by more com­
pIiC311:d dynamic tC~I'. If a pilUitaf)
lumour i~ ,u\,pectcd. it i, importam 10

e)lab[i~h Ih.: .:\ICnl of damage 10 other
pituitary function,. Th.: combined
anterior piluilary function le..1 <Fig. Jl
h u~d here. TRH. GnRII and in)ulin
are gi\l:n from 'oCparatc ..yringc'. \11
honoone, lire mea)urcd at O. 30 and 60
mill. and coniwl :Ind GH additionally al
45.90 and 120 min. II i, u,ualto al>:.t''iS
basal thyroid functlon lthyro:(lllc) and
b:!)a[ gonadal fUIll:lion {tC\!O)lcrOne or
(It)lradioll:l.t Ihe l><1lnC lime.

A c1imcian mU~1 be on h:uKi Ihrough­
outlhc leM. gluc<hC and hydroconiwne
!lhould be a\ailable for illlra\CnOUS
admini)lr.uion if needed. and a carbo­
hydrate mcal ..hould be gl\ell althc cnd
of Ihe IC~1. The le..t i, conlrallKiicalcd III

epilepsy or he'art di;,ca~.

F~. 2 Incidence 01 different types 01 pituitary
ItImours.
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GROWTH DISORDERS AND ACROMEGALY

NORMAL GROWTH

Gro.... th In chlldri:n can be dl\ldcd 1010
three "Iagc~ lfig. I). RapId gro\\ lh occur,
during the fir.! .2 )car. of life: thle" ratei:.
innucoccd b) COndJlIOfls in utero. a" .... e11
a\ the Jl.!c4uaq of nutrition in the
po\tnalal period The next ,>tage is
relatl\cl) ,lcad) growth for around 9
)car\ and j, (,;l)nlrollcd mainl) by
gro.... 'h hormone fGH). If the pituitary
doc'> not produce \ufficient grO\\o th
honnonc. the )early gro\\lh 1":111,' during
thi ... period lOa) be hat\cd and the child
\\ ill be of ,hort \talure. The gro\\ Ih :.purt
:11 pubert) j, cau\l'd b) the effect of the
M:\ homlonc'" 10 addition 10 continuing
GH \ccrclion. The regulation of GH
<;cerelian ... outhned in Figure 2.

GH i~ only one of many hormone~

in\"ohcd '" gro.... th. Olhers are thyro\ine.
coniwl. the '>Cit !>ICfOld". insulin. and a
number of paracrine ·l,lro.... lh factors·.
panicul,HI)' lhe ..omalOmedin .. or
In .. ulin-Iike gro .... lh faclOr.. IIGFs)
which mediale the gro.... lh promoling
effech of gro.... lh homlOnc.

GROWTH HORMONE INSUFFICIENCY

Growlh hormone in..ufficiency i.. a rare
cau ..c of Imp:lired phy .. ical growlh. It
is ill1pOrl:ll11 to differentiate between
children who..e .. low growlh or growth
failure i.. due to illne..s or di ..e:he and
tho..e who..e ..hon sWUlre i.. a normal

...ariant of the populllllon. It i.. u..uaJ 10

c1a~ .. if)' children .... ilh ..hon ..... turc mlo
I.... 0 grou~: tho~ .... ilh nonnal feature ..
andt~ .... ho ha\e an abnormal appear­
ance. Cau!>Cs of "hon Malure arc:

• ha\ ing parcms .... no arc both ..hon
• inheritl'd di-.ea~s :>uch a .. achondro­

plasia. the comlnone..t cau-.c of '>C\erc
d .... arfism

• poor nutntlon
• ..):>temic chronil- illnc:'1>. ~uch a... renal

di:.ea<.e. ga:.trointe~tinal di'>Ordcr. or
respiratory di<.ea~

• ps)chological factors such as
emOlionai depri\ alion

• honnonal disorders.

Gro\\th homlone deficiency I" only
one po"ible endocrine cau'>C. Olhcl"'>
include hypoth)roidi ..m and Cu ..hlllg' ..
s) ndrome.

Slandard graph.. relating age and
heigh I are a\ ailahle for the normal
population. Accurale mC3suremenh of
heighl should be made to e"labli"h
\\ helher a child i.. small for chrono­
logical age. Thel>c measurcmCnl .. arc
repealcd after 6 and 12 monlh~ to as ..es,
Ihegrowlh rate. Theheighl of the parenl\
.. hould llho be a....c....ed. The bone age i..
imponant forlhe progno~i~ofachildwith
shorl 'olature: Ihis is dClermined by
radiological cxamination of hand and
wri ..1. [n m01>1 growlh di ..ordcr.. bone :lgt:
i.. delayed and by itself i.. of lillIe

diagnol>tic \ alue. bUI laken together
w IIh heighl and chronological age. a pre­
diction of final hdghtlll:l) be obtained.

Any child .... hose heighl for age fall~

below the 3rd cemilcon a stalldard chan.
or who c'l:hibits a slo..... gro .... lh rmc.
require:. furlher in\ c .. tigation. If GH
deficiency ... diagno-.ed. and treatment ...
n..quirt."'<!, Ihen the earlier il i:. gi\cn the
beller Ihe chance that the child will
e\emuall) reach nonnal ~ile.

Tests of growth hormone insufficiency
Gro.... th hormone deficienc) lIIay be
prescnt from binh or due to 1:Iler pilUilaJ')
failure. A \ ariel) of.'>timulation te~l.. ha\ e
lx."Cn used 10 e\aluale GH deliciellC).
Serum GH concentrations rise. in respon<.e
10 e:<crcise. and Ihis lIlay be u<.ed a.~ a
prcliminal) .'>Crccning test. They al"O ri"C
during .'>lecp. and high concentrations in a
nocturnal ~ample rna) exclude GH
deficiency. The lack of GH re,polhe to
clonidine. a potent ..timulant of GI-l
\ecn~tion. i.. diagno.. tic. Some centre.. have
now abandoned Ihe u~e of in\ulin­
induced hypoglycaemia as a diagno"lic
te"l in children because of its ha/.ard...

The GH response 10 ;.,timulalion Ill:'!y
he blunted before pubeny. and priming
with the appropriate <;ex steroid is ncce..•
sary before investigating GH reserve.

Increasingly. urinary growth hormonc
meaSUfCments are being used 10 aSl>es ..
pOl>-l>iblc GH lack in children. Random

3 5 1 9 11 13 15 11 19
Age (rears)

Growlh honnooe

Hypothalamus

lnsulin-like
ll.owlh lk!or 1

Anterior
pituitary

o

Growtll rate (cm.r\rr)

23
22

"20

"""""..
""""9,,,
S

•
3
2,
o

"
Fig 1 Median IleigIrl velocity CUM lOt boys and girls
showing the three growth stages.

Fig 2 The norme1l'e9ulation 01 GH secretion..
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Clinical note

I~Growth disorders
and acromegaly

• GH deliQency IS ara/e cause 01 short
stature I't children, and IS
lrtVeSltgaled only atter other causes
of shOl1 stature have been
eIinlRated.

• 0Iag11OSlS oj GH defiaency IS made
on the laitire 01 serum GH to nse It

response 10 cIorudine.
• G.gantJsm I't chikhn IS caused by

ncreased GH secrelJon, usuaRy from
a pr1lItary tumour. AaomegaIy IS the
consequence of n::reased GH
secrellOfl WI aD.JIts

• Lack oj~ oj sen.m GH
teveIs WI response 10 a glucose
IOIeIance tesllS !he liagnosbc lesl""-• Sen.m IGF 1Ct.II'lC8ItralJons are oj

value It !he dag'lOSIS oj acromegaty
and the fllOl.IOl'lg of treatment.

Case history 32

James is 5 )eaTli old and is much
.!>maJlcrthan his classmales at M:"hool.
II is growth rale has been monnored
and has clearly dropped off marledl)
in the past )'ear. He is an acthe
child and on ell:amination has normal
bod) proponions. His mother and
father are of average height. His
bone age is that of a 3-}ear-old
child.

• What biochemil'a!le",1S would be
appropriale in the in\estigalion of
thi ... bo)?

COII/ment on page /55.

In the investigation
of nomlallooking

children with ... horl stature.
cocli"c disease mU~1 alw3Y~ he
con~idercd. The diagno~i, is
frequentl), overlooked.

difficult to be sure of Ihe succe, ... of
treatment. Biochemical evidence of
recurrcncecan be monitored by meal>uring
IGF I concentrlllions and by a~,e.)~ing

GH respon ...c 10 the oral gluco,e
tolerance te~t at imel"\ ah.

75g oral gtuoose

30 J

Diagnosis
Basal serum GH conecntraliom are
elevated but ,inee growth hormone
...ccrction is both epl'>Odic and rc:.ponsi\e
to sues:.. a ~ingle "ample ma)' gi\c unreli·
able results. The oral gluco~ lolerance
test. commonly used in the investigation
of diabetes melJiIUS, i" u'>Cd in the diag­
nosi~ of acromegaly. A normal person
"ill suppres.!> GH in pla."ma in respon..e
to a g10c0se Iood. this b;.>ing the e'(pocttX!
nrtabolic TC5.ponse of 3 homlOne "hich
primarily regulates catabolic path­
"a} s of metabolism. 11le acromegalic
patient's GU 1c\c1s do not "uppre<iS in
response 10 the e1e\ aled gluco'C con·
centralions (Fig. 4). there being at beSt
only a slighl fall in GU concentratIon,
and in some patients a paradoxical ri,e
in GH rna) e\cn be obscl"\cd.

Ele\aled concentrations of IGF I in
serum confirm the dia}!llosb of acro­
megaly. Single IGF I mea.)un:ments may
in future n:placc the l'lCl."'d for multiple Gil
delenninations during ,uppre~~ion le,l,.

When in\estigaling any piluitary
tumour il is imponant 10 :ll>!>C'" iftherc i"
di"ruption of OIher pItuItary homlOnc
'\.Ccretion by lllCansofacombined 3mcrior
pilUitary function test (p. 77),

20

Serum GH (mUll)..

Treatment
GH secreling tUlllOUn. may be lre,lled in
thrt"C W3yS:

• by surgery
• wilh radiotherapy
• with drug, ~uch as QCtreOlide

(a ~omatOSlalinmmlogue) ;llld
bromocriptine.

Occasionally patient, will require all
Ihree modes of trealment. ClinicOllly it i~

o 30 60 90 120 ISO
Tme (1TWlUIeS)---_ ..-----....,...

Ftg 4 The response of GH in I glucose toMrance
test in I normat and acromegalic patient

serum IOF I detcnllinalion~ may be of
\alue. Lneh within reference limits
e~dudeGH deficienc)'.

Increased GH ...ecrelion later in life.
after fu\ion of bony epiphysc cauo;cs
3lTUfllCgal)' (Fig. 3). The mo l likely
cau.!>e i, a pilUit;ITy adenoma. Clinical
(e:nuTe... include:

• Cnngt'l.iwl (l(lr~"nl InperpftlSitl.
• H'fH'nll\'roidism. An increased

gro"th mte. With ad\anccd bone age.
I' a feature of h) penh)luidism in
chIldren. or h) poth)'roid children
o\er-rcpbct:d "lIh th)'fOXIOC.

• InJ'l'ri/etl tli:wrtlen 'lICh as Klinefelters
S)"ndroflll: (a -17 XXV kar)'olype).

GTOY.lh homlOne c,ce~s in children is
char.ICterizcd b)' e1ttremel) rapid linear
gro"th fgiganli~m).The condition i!. mre
and i~ mo,t often due to a pituilary
tumour. Other cau'>C~ of tall stature in
children IOciude:

Treatment
Genctically cngineered GH IS a\ailable
and i.!> u'>Cd III lhe treatment of that small
group of children "ilh proven GH
deficicnC).

EXCESSIVE GROWTH

ACROMEGALY

• coaf'iie facial fealure~

• soft ti',ue lhid.elling, c.g the lip!>
• charactcri\tic · ... padc·likc· hands
• prolrmJingjaw (prognalhiMll)
• ,wealing
• illlpnircd gluco'>C tolerance or

diabetes lllellitu~.

n
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THYROID PATHOPHYSIOLOGY

INTRODUCTION

ReverseT,lrT3.l

The Cllem1al5tructutn of To. T. ,00 rT..

HO

I
Thyroxine (T.)

/

~ CH COOH

NH,

NH,

o

oHO

o ~ CH COOH

I NH1
Tri-lodothyronine (T,)

F.,

HO

Th~ro1(inc IT.) and tri-iodoth}ronine IT ,I are together \..no\\ II

a.. the 'thyroid hamlon...';, The} are ,>Ylllhe..i.l1Xl in the thyroid
gland by iodmatlon and coupling of 1"0 t)ro~ine moleculc~

.... hil<-I alta~hcd to a complc\( protein cal It'd thyroglobulin. T.
ha.. foor iodine atom...... hilc T has three (Fig. I).

The Ih) mid gland <,cercle:. IllO,>tly T, \\hose conccnlr:uion in
plasma i.. :If()Und 100 omol/l. The peripheral tiJisuc~. csp.."'Ciall)
the Ii\cr and kidney. tklodmale T. 10 produce apprmim:lle1y
''''O-Ihlrd.. of the cin:ul:uing T . prc~nt at a 10.... er concentration
of around::! IIm01l1. ~l()',t celb arc capable of laking up T, and
dciodin::ning iliD the more biologil"all) acli\c T,. It is T "hich
bl lid.. to rcrctNOI' ::md lriggel"> the end-organ dreels ofthe Uly mid
hOmlOnC\. Altemati\cl}. T. can be metaboli,ed to rcwr..c:: T.
.... hx:h i~ btologicall) maeti\e. B) modulating the relati\t~ prodl,l(110n
ofT. :md rT. tI!>~ue!> can 'fine tune' their local th)roid ~tatu.~.

E1t;letly ho.... thl!> I~ .:lccompli..hcd is not }et fuJI) undltn.tood.

THYROID HORMONE ACTION

Anterior pituitary

Thyroid honnone~ arc ~~ntial for the
nOnlmlmaturation and metaboli!>ffi of all
Ihe li ....ue~ in the bod). 11ll:ir efrccl;, on
li ....ue mawr,l1ion are rnO!>1 dr.unatieally
\cen in congenit.:ll hypothyroidi ..m. a
condition .... hich. unle.. ~ treated ..... ithin
J month .. of birth. re .. ult~ in pcrrllanent
brain d.:lm:t£c. Hypothyroid children
h;l\ e delayed ..kdet:ll maturJlion...hort
/>t:lture and dchl)ed puberty.

Thyroid hormone dfech on meta­
boli ..m arc di\'er..c. The r;l1e .. of protein
and carhohydrate ..ynthe .. i.. and c:.ata­
boli!>lll are inllucnced. An example of the
effect of thyroid hormone.. on lipid
melaboli..m i.. the ob!>Cl"\ation of a high
~11111l chole..terol in ~ome hypothyroid
patients. Thi .. h a con~equenee of a
reduction in chole.. terol metabolism
due to down reguhltion oflo.... -density
lipoprolein (LOLl receptor/> on li\er
cell membrane\...... ith a ~ub ..equelll
failure of <,terol excretion \ ia the gut.

Binding in plasma
In plasma. mer 99.9SCf of T~ i.. trans­
ported bound to protein ... Th) roxine
binding globulin (TBG) carrie!> 7<n of
T•. albumin appro1timately 251l- and
transth)retln (former!) called pre­
album,") around Sq. O\er 99.SIl- ofT,
is transported b) the />3me protein/>. It
i.. the unbound. or ·free·. T~ and T
concentratiom .... hich an: imporlant for
the biological effcct.. of the hormone ...
including the feedbacl.. to the pituita!}
:lnd hypothalamu!>. Changes in binding
protein concentration complicate the
interpretation of thyroid hormone re..ull;,.
e.g. III pregnaoc).

Regulation of thyroid hormone
secretion
The componems of the h) poth;l1amic­
pilUit:lry-th) roid Hi.. arc outlined in
Figure::!. TRH. a tripeptide. i.. "e('feted b)
the hypothalamu, and in IUrn {'au..c' the
~ynthesi~ of a large glycoprotein hor·
mone. TSH. from the anterior pituitary.
Thi .. dri\es lhe synthe,i~ of thyroid
hormones by the thyroid. ProductIOn of
TSH is regulatcd by feedback from
circulming unbound thyroid hormone,.
A knowleJge of the'c ba"ic.. i, e"ential
for the correct interpretation of rc'lIlts in
the in\'e~tigation of thyroid di'('a,e.
Remember:

• If a patient' /> thyroid i.. producing too
much th)roiJ hormone. then the
circulating TSH \\ III be ..uppre....ed.

• If the thyroid i.. not 'iCcreting enough
thyroid horolone. the TSH !c\cl.. will
be \ery high in;m attcmpt to stimulate
the gland to .....crcte more.

THYROID FUNCTION TESTS

Biochemical mcasurcmen~ in the diag­
llO'o.i'l of thyroid di~asc h:l\e traJItionall)
been I..no.... n a<, 'thyroid funcllon te.. t..·.
T5H and some e,tlmate of T...tatu\
(either total T~ or free T.I are the fir\!
line tC5b.

:'o.1t'asurement of TSH i\ a good
example of 110\\ bclh:r technology has
helped in the diagno,i\ and monitoring
ofdiscase. Earl) a!><,:I)s for TSII .... ere
unable to mea..sure 10.... concentration..
of the hormone~ lhe delection limib of
Ihe radioimmunoa"':ly' o\>erlapped

<,ignificantly \~ith concentrations :It the
1o\\. end of the reference mnge in he:l1thy
!>UbJl"Cb. No\\. \ ef) ..en... iti\ e 1'51-1 as...ay~
can deleel much lo....er concentration'
and it i.. po.....iblc 10 lel1 with :I greatcr
degree of cenainty \\hethcr TSH -.cere·
tion i.. really lo\\.cr th:m norm:il.

Knowledge of thyroid hOlTllOnC binding
in pl:l ..ma. either by measuring the 'free'
hormone concentration or hy determining
TBG le\(:I<,. may ..ometime.. be necd('d in
the a"c"ment of a patient'/> thyroid
,laW",

Hypothalamus

TRH

TSH

Fig 2 Outline of the hypothalamic­
pituitlry-thyroid Dis.
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,.) '0)

Exall90r.ued
fesp0ns8 ... pnmary
tlypclIhyrndism

I 'f• •c.
""""'" "-TRH
'....... """"'"'.......

•
............ Absenl 'esp0r.8 IfI-- seoon<Sary IpltUl\aly)-- --

0 2Il so 0 2Il so
Tome (rrwlUles) Tme IlTWIUtes)

FIJ. 3 PituitMy responws 10 TRH. (I' Used IIlIhe II'lYeStlQabOn of I1ypefttlyrodsm (b) Used" fie
PIeSllIJalUl of 1ryp:;JlIr;roOs.

Fig .. Apllient with I goltre.

Ct>mmt'III on /ltlgt' 155.

Case history 33

I~Thyroid
pathophysiology

• The thyroid g!and synthesizes.
stores. and se<:retes the lhyl"Old
hormones T, and TJ which are
~nl for norma! development
and melabohsm.

• The secretion of thyroid Ilormooes IS

controlled pnma~ by iSH from !he
antenor pltUltaf)'_

• Most T, ancl T. arcuIates in plasma
bound 10 protem, c:;wy a smaD
proportJon is nol bound. yet It IS thls
'free' lfacbcrl which IS bIoIoglCaIy--• KnowIedgs of TSH.lhyrold hormone
and ba"Ming protem ancentratJOnS II

serum may aI be needed 11 the
assessment 01 a patlellt's lhyroid

"'''''• A patJenl may have severe thyrnld
dsease, SI.d1 as a Iatge gortre or
thyroid cancer. yet have 00fTTlaI
cmcentrabOnS cflhyroid horrna1es

- bk>od.

GOITRE

A goitre i\ an enlarged lh}roid gland
(Fig. 4). Thi, rna) be a-\\OCialed "ilh
h)pofunction. hyperfunction or. indeed.
normal concentration\ of thyroid
h(lrmonc~ in blood. With ~uch a
clinical prc\entation. the biochemistry
laoomwr} can confirm if a paticm i\
h)polhyroid. h)pcnhyroid or euthyroid.

Clinical note

Autoimmunc Ih) mid
disorders are rel:ui\c1y

commoll. Thcir prt'M'nt'C ~hould

alen thc clinician to the po<,\ibiht)
that OIher autoimmune di;,ordef'"
\Omc of" hich are uncommon.
may ha\c been O\o,"·rlool..ed.
Examples arc:

high circulating th) roid honnone k\ d~
an: supn:..sing ltr pituitary. TIle a\all;,·
bilit) of ~en~itin'TSH a~~a) ~ h:h m:ldl!
the TRH te~t almmt redundant in the
diagnosis of h) pcrth) roidi~m in all
but the most difficult of ca~e\.

Thc litre of autoalllibodie~ to thyroid
tissue amigcn~ can be: helpful in the
diagnosis and monitoring of autolinmUllC
Ih}roid disea\c. Ami-thyroid pcroxida~c

(Anti-TPO) may hc u~cful in
hypoth}roidism and ,timulating allti-TSH
re:ccptur antibodies in th}rotoxiw~j~.

• insulin-dcpcndent diahete~
mellitu\

• autoimmune
h) poparath) midi,m

• prim3l) gonadal failure
• autoimmunc dc,truction of

the adrenal COrtCl( cau~ing

Addi\On' <, di~a~
• perniciou<, anaemia
• \itiligo.

TSH
(mUll)
0..10

T,
(nmol!l/

172

A ~9-)car.old woman receiving
honnone replacement lhcrupy .... :1\

found to h;ne lith) roid nodule. No
lymphadenopathy .... :1'> delectable
and "he appeared dinicall) to be
euthyroid. A technetium ~t'an

rnealed a 'cold' nodule and an
uhra<,Qund '>Can indicme<.l 11 '" as
c)5tic.

Biochemi~try re~ull\ in a serum
specln'len'

• EJtplain "'h) the T, i~ e1c\ated.
• What ()(her m\c<,tigation\ ~hould

be performed III thi\ palienf'

• htrl'.lIir,:at;fJ!t of/Jill/ill/II diWI'(/t'T!> I\Cc
pp, 76-77). There will be a ,>ubnonn;t1
TSH rc'I>onM~ if the pilUiwry can nut
make TSI-I.

• 11I1-l'slixmiOl/I1"1n'jJel"/hvrt/id;\/II. There
"ill be an imp,lircd T51-1 rc~ponsc if

Kno.... ledge of the T concentrall(lI\ I'
htlpful in ,>orne ca-.e, ofh) penh) roidi"m.
'0\ here T 1\ elc\ :lIed but T~ j .. nonnal.

The TRH Ie'" i'Hohc,> intra\cl1ou!>
injection ofTR11 and the mca'ourcmcnt of
pituitary TSH "Ccrtted in rc'pon..c 10 the
'limut:lliun. The Ie" i, u..cd in ' .... 0 \\a)\
(fig. 3/:
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HYPOTHYROIDISM

CLINICAL FEATURES

Th~ clinic;)l fcalUrc~ of h}polh)roidi~m

mdudc:

• It:lhargy and lircdnc~,

• cold inlOlcrJ.ncc
• "eight gam
• dl')nc"', :md c03r.ening of ..Lin

and hair
• hoar;cne, ...
• \10 .... rel3x31ion of 1111l-.cle~ and tendon

rene,.:."
• many Other a~'-OCiated ~ign ... induding

anaemia. dc=menlia. cOlbti(Xllion.
bmdycardia. rnu-.cle ,[iffnc".... carpal
tunnel ") ndromc. \uhfcnihl) and
galactorrhoea.

CAUSES

O\er 90" of caM'" of hypothyroidhm
occur 3\ a cOIl-.cqucnt·c of:

• autOImmune de<;lnlClion or tile thyroid
gl:md (I-la..hirnolo· .. di,ca;,e)

• r:ldioiodinc or \urgicallrcalmclll of
hypcrthyroldi'l1l.

~
.......~

I FT.fT•.TSH

• •TSH elevaled TSH IIighlfy elevaled TSH_
FTJT.IoW, FT.IT. 'Mttwl ""~""'"a _ """"'" 181\lf1lflO1!11mrts FTJT. tow

• • •
~ ?..;;:::::;;;0:; ? Non-thymid......

I I I
_T. I :::-3~~ T,".-,

• •" TSH .. SIll eleY8led.
rnea5Ure Ihyrold

autoantibody tllre,

FIQ 1 Strategy lor the biocnemlcallnvestigation of suspected hypothyroidism.

Fig. 2 A patient before and .lter IUCcnstul treatment of primary hypothyroidism.

• trml,icnl hypothyroidi,m due to
treatment Wilh drug....uch :.I" lithiulIl
carb01WIC

• 1'511 dcfkkncy which may be a
component of panhypopilUitari~m

• congcniwi defect ....uch as block.. in
the bio'ynlhe,i, of T~ and T ,. or end­
organ rc,i~tancc 10 Iheir aClion

• ,e\crc iodinc deficiency"

DIAGNOSIS

Hyptllhyroidi,m i, cau)cd by:1 deficiency
of thyroid hormone'. Prinwry hypo­
thyroidi..m" failure of the thyroid gland
it"Clf and i~ one of the mo<,t commonly
encountered endocrine problems. The
dcmonlotration of an elc\:lIed TSH
concentration i, u,ually diagnostic.
Secondary hypoth} roidi"m. failure of the
pitUitary 10 ,ecrele TSH. I" much Ie"
common. Isolatt"d PltUilary dcficiency of
TSH i.. rare. bUI impairment of the
h} pothalamic-puuital') -thyroid axis may
happen alo a TCl>UIt of an} pituilary disease
or damage.

Clinical fcature, other than those of
h}pothyroidi..m lIlay indicatc the need
for in\c,>tigation of pituitaI') function
(,ec pp. 76-771. and the TRH h~)t .... ill
be included in ~uch a protocol.

A "trategy for the biochcmicOlI
inH,:,tigation of clinically ,u,pectcd
hypoth)roidi,m i" ..ho""n in Figure I.

TREATMENT

ReplOicement therapy .... ith T. h the
treatment of choice :.incc the hom~

i:. readily a\"ailablc in a pure sublc fonn.
and is incil:pensi\e. Monitoring TSH
conccntrationSC;lII be helpful in assclosing
the adcquacyofIrcatmcnt. Once the dosage
i:,cl>tablishcd. the patient will be required
to continue treatment for life (Fig. 2).

Figure 3 loho.... , the need for careful
monitoring of treatment. This graph
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TSH
mUll
5.1

I~

T
/lmolll
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Hypothyroidism

• HypothyrOIdism IS common and IS
most often due to the deslllJCllon of
the lIlyrotd gland by aulOIIllI1lune
disease. surgery or radlOIOCine
therapy.

• Pnmary hypothyroldism is confirmed
by an elevated TSH in a serum

"""""• A TRH testIS used to I1vesbgaIe
secondary hypottlyrodsm due to
pttUdaty or tlypolhaIamIc causes.

• HypolhyroKism IS managed by
IhyroUle replacement. and Iherapy
IS morJIored by measumg !he seMTl

TSH concentraIlon.

• PallenlS W!Ih severe non4hyroIdaI
Iness may show apparent
abnormaibes I'lIt1yl'OO hormone
rl!SlAIs, known as !he 'tow Tl

syndrome' or I'IO&thyroIdaIlness
pattern of 1eSlAts.

albumin and lransth) retin .(pre-albumin)
arc c1a\'ic fe,lIures of the metabolic
re'vonse to Hlne..,. and increa"ed free
fatt) acid concentrations compete with
T. and T\ for theIr binding ~ite...

1l1e'>C change.. re..ult in .. ick palienb
having low 'ierum T,. T and T5H. and If
thyroid funclion tests are reque.-.ted the
results Illa) 'Aell be misimerpreted. A
t) pical non-th) raidal illness pattern
might be:

Thc'oC n.:..ull, y,ere obtained in a man
'A ith acute pancreatiti,. In developing
h)poth)roidi~m the T. 'Aould be main­
tained 'A ithin the reference range. In
decn.'a\ed TBG state~ the T. and T
'Aould fall 10 parallel. A lOlA T i\ almo,t
in\ariabl) due to the presence of non­
thyroidal illnes.s.

This condition is also known as the
·lowT.~yndromc·.lbcrnessagei~simple:

thyroid funclion tesls should not be
performed in patients during an acute
illnc~~ unle,~ there arc good clinical
ground" for su~pccting that underlying
hypothyroidi~mi,a major feature oflheir
illne..... Thyroid fun<:lion testing ~hould

be lJ\htponcd until after the acute pha,c
ha' pa\\ed. Pmienh with non-thyroidal
illne~.. rc'ull" ..hould not be given T.
Since Ihere i.. no e\ idence that lhi .. woultl
henelilthell1.

SCREENING FOR NEONATAL
HYPOTHYROIOISM

In health Ihe major factor which
regulales Ihe serum concentration of
TSH i~ the feedback of thyroid honnone
aCli\ity on the pituitary. and 10 a le\'oCr
extent on the hypothalamu'. Other facto,""
also playa role. There is a dium:ll rh) thm
'A ilh the serum TSH pealing around
midda) 'Ahen the concentration i'
approximately 30Cf higher Ihan at
midnight. \\.-hen it i~at it:. nadir. In \Y"lemic
illness the normal regulation ofTSH. T.
and T\ secretion. and the ..ub,cquent
mclaboli~rn of the thyroid h00l10ne\. 1"

dislUrbcd. Increased amount:. of T. an::
convened 10 the biologically inactive
reverse T 1• rather than to T ,. The rc~ull:lIlt

reduction in thyroid hormonc activity
docs nOl rc~ult in an incrc:J..cd serum T511
concenlration. TSI-! secretion h also
suppressed. and the 'ccrclion ofT, and
T, by the thyroid gland i, therefore
decrca\ed.

The concentralion.. of the lran..port
proteins also decr':::J~e. A lo'A .,crulIl

Congenilal hypoth) mid di'>Orde,"" occur
'Aith a frcqucnc) of one in c\cry 4000
li\'c binhs (pp. 14+-'-145). If diagno'>Cd at
an carly age. replacement th) roid
hormone can be gi\ en and normal
dc\elopment can occur. Delay!> in
treatment result in cretinism ('>CC p. 144).
Elevated TSH. measured in blood ~pot". is
diagnostic of di~rders of the thyroid
itself. i.e. primar~ neonatal hypo­
th) roidi~m.The TSH ..creening h~!>1 doe..
not pick up pilUitat) d}~function in the
ne'Aborn.

~
Clinical nole

Palicms Yo ilh "C\ ere

hypothyroidism ,hnuld
be initial!) treated Yo ith \ cry 'mall
dmes ofth)roAine - 25 micro­
grams (i.e. 0.025 mgt daily. At
higher doso. patlem.. are at an
incre:hCd n"k of ck\-eloping
angina or suffering a m)'ocardial
infan:lion. The dose should be
sloYo I) increased o\er a number
of monlhs unlil the patienl is
rendered eUlhyroid.

NON·THYROIDAL ILLNESS

.........

.........

.........
,
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1

..-"'~ .
2 3
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o,~-
"

Thym-
1311lhetapy treatrnenl ComplIance?

"-1--+---+...,

200

o·
o

§ 30·

~ :'L....:/_\./1
"'------...,

~ho'A~ Ih~ changc\ in lh)mid honnonc
re,ulh a~ a hypcnhyroid wom:1ll paticnI
became hypolh)roid after radioiodine
lrealm.:nt. ~lfld il ,ub,t.-qu.::ml) pm\cd
difficult 10 'Iabili/c her on a replacemcnI
00« of th) roJtine.

Case history 34

In\c\,igation of a 63-)car-old
Yol1man wilh cffon angina re\ealcd
a 'oCrum TSU of 96 mUll and a
'>CfU1Il T. of 23 nmoll1. An ECG
'hov.l"d <;()lIlC c\ideTK:c of I~hacmia
bul 'A~ nO!: diag!1O!>tic of01) ocardial
infarction Further biochemical
in\cstigation re\calcd;

,.
t.
'" 2

• How \hould Ihese results be
interpreted'!

Commellt Otl PO'f" 155.

9.3

F'Il 3 Biochemical monitoring ola patient during
treatment lor thyroid disease. This 55-year--old
woman was lirst diagnosed es hyperlhyrOid. and
receIVed radiOiOdine lherapy. She became profoundly
hypol!1yrOid. and was treated With lhyrO~lne. Her
It'ryrtIid hormone resuks at first Indicated good
replacement, but recently they lOdlCQle that she IS
lKJtler leplaced. It IS pOSSible lila! she IS not !along
he! !hyroxlI1e tablets regularly,
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....",.,Tll)rotO\\CO'oI.. lX·CU........ hen ""ue, arc
C\po<'Cu to high lc\l~h (If the lh)roid
hormone,_ U..cd correl:tl). the term
'h)pcrth~roidj,m' rder. 10 the mer­
a<:ti\ll) of the Ih}roid gland. but lh)ro­
(o\ico,i .. \:an al't() oco.:ur from lIl,gc,>tion of
too much T. or. raro:I). from lnl.'"rca,ed
pilUiljf) ,tirnulauon of the lh) roid.

••
FreeT.

•
•

• •

CLINICAL FEATURES

The clinical feature.. of h) penh) roidi~1l1

ma) be dramatic .md include:

• ci}!hl 10.... dc,>pilc oon1lal appetite
• !> calln~ and heal imolcrJllcc
• fatigue
• palpitJtion .. inu.. t;H:hycardia or

atrial fibrillallon
• agitation arnJlfCmor
• gcncrali/cd nllN:k .... cJJ..nc....;

pro>;im.ll Ill}opalh)
• •.mgina ,md hean failure

• tharrhoca
• oligomcnolTh~;1 ;lI1U ..ubfcnilil}
• goill'l:
• C)c1id rclrm:tiol1 :tnd lid I;tg.

tnerNsed TeG

•• •

FreeT.

DeerNsed TaG

•••
Free T • 6oundT.

CAUSES
Fig 1 The interpretation or thyroid tlormone results when TBG concentration changes.

of ,U"pCCICU hypenhymidi:.m will pro\C
more difficult. The total T.concelltr:ltion
in a <;,emlll ':llllplc doc, nOI :LJw;lY~ rencct
metaholic' 'talU". bccauo;e of ch:mgc" in
blnding protcin concentration. In
prcgnancy, high circulating oc,trogcn,
C:lu,e ,timulation of TBG ,ynthe~i, in
the liH:r. Total TJ conccntration' \\ill be
abo\ c thc refcrence range. although
unbound T. will be normal (Fig. [).
Congenital TBG deficiency can cau-.e
confu'ion aho if a ..pccimcn is screened
for thyroId honnone~, c\cn if thyroid
dl"C:l.<,c i, nol ,u~J)l.·ett.-d (Fig. I). 1'BG
deficicnc) i.. encountered much le..~
frequentl} than inerea..ed TBG.

It ha' been ~ugge.. tcd that a~':lY~

1TII::l.~uring. 'free' T. could be u..ed a~

" " "" T8G f,..T4 """'""- - ... ... -(5)-144J (Q.t.U} • .35-6.01 (12-30} ("'24}.., ,Q ,. 2S " ""'-
'" " " 3S .. -......". 50 <0" 3S '" ~ preo;J'IId

DIAGNOSIS

recogni/ed hy the cirnllming aUloami­
hodies. The inflammalory procc" in the
eye lila) lead to "cver..: exophthalmo<,.
Thi~ Illay cven occur in the eUlh)roid
paticnt.

Table 1Thyroid hormone and binding prot"'.""~_'_"'_'""~""..;:_M.""..,:.~__~_~_~ _-
2

3

The demomtration of a ,uppre\\cd
T51-1 concentration and r:li,ed th)roid
hormonc eonccntr:ltion \\ ill con finn thc
diagno"i~ of primal) hypcnh) roidi,m.
In panieular. the findmg that TSIi i~

undetectable in one of the modern
'ensiti\e :1"3)' for thi~ hormone
qrongly ..ugge,h th:.! the ,ymptOIl1:ltlC
palient has primal} h)pcnh)roidi,m.

Occa.<;iooally .biochcnllcal conl"inn;ltl(1O

HYI~r1h}r(lidi"l11 C:l111\~"1IIt from:

• Gr;I\'e,' di,ea,e. diffu'c toxic goitrc
• toxic multinodular goitre
• ,olilar) toxic a(knom:l
• thyroiditi,
• cxogcnou,ly ;Ldlllini'lcred iodinc

:lI1d indinc-conl:linmg drllg" e.g.
amilM.larone

• exce"i\c T. :md T, inge'tion.

Gr.nc,· di~c3,e i, the Illl)'>t common
C3U'C of hypcnh) roidl'l1I. ;lIld i, an 3uto­
immune di,c;L,e in \\hLch :ll1tibodic' to
the 1'511 receptor on the ,urfaee of
thyroid cell, uppc:lr to mimk the :lclion
of the pituitar} hormone. Thc non"3l
regulJtor) control.. on 1'. ') nthe," and
\Ccretion :Ire lad.ing. Pituitar) 'eo:rction
of 1'SII i, completel) inhibited b) the
high conccntr'"Jtion, of thyroid homlOnc..
in the blood.

Although the e)clid retrnclion com~

monl) <,cell In the p.1tient \l.ith Gr.l\c~'

di~ea<,c <Fig. 3) i, due to the effcct'> of
high Ih)roid homlOne cOllcentr'"Jtion. not
all of the e}c 'ign, arc cauo,cd thi, \\a).
Rather, the th)roid and orbital rnu'>Cle
rna) ha\e a common antigen \\hieh i,
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Fig 2 Strllegy lor the blochemlcallnvesligation of suspected hyperthyroidism. FIQ 3 lid retraction and e.optIlhalmos
in patient with Graves' disease.

Co"unt'",oll f'I-'':' /55.

• What ha\ happened"
• \Vllat ffihcr bIOChcmi\lf) 'night

be u;,eful here"

Case history 35

A :!&-ycar-old .... "man "ilh Ihyffi-­
loxicmi\ ha~ haJ 1....0 cour<.e~ of
earbim:lIole Rc~ull~ from her
recent \ ,"llulhe Ihy roiddinil; f1(M

""'.

I~Hyperthyroidism

• AuIOlMlune disease IS !he
commonest cause of

hypo""""""'"
• D1a!lflOSlS IS conIiImed by

suppressed TSH and elevaled T,Ill
aserum specrnen. aIthougl T,
ooncenlIalJ::ln. free hormone levels
and bIl1dIllg protoo slalUs may al be
needed III ciffialIt srtuabons.

• The management oIl'typerthyrl:1l
IS by anl!ttryrold O:'ugs. radioiodine
IheraI1f or parballhyroldeclomy. TSH
and T. are used to morIlor Ihefapy
after at cI these \Jeatments.

deice! dc\c1oping hypothyroidi\m.
• SI'l1:en'. J\lan} pmienl' .... 00 h;l\e ,ub­

lotal lhyrnidl'Clomy l11a) later require
lhyroxine replacement. Occa\ionally
lhe p'lr.llhyroid,> may be damaged and
the patient lIlay become hy JXlCa!c;lclllic
po'l-opeMi\Cly due to lad.. of VI-H.

Thyroid function te~t~ are important
in lhe moniloring of all three treal­
ment\, In the:-.c circlllllsianee~ il 11111\' be
remembered lhat i, lake.. a number of
\\ccJ.,.~ before Ihe ti~~ue cffcel\ of
thyroid horl11OlH'\ accuratl'ly refkt'l
the concentration ll1lhc \Cnll11_

Clinical slop

Elderl) IhYfOloxic
patients frequenlly

do nOl c>;hibil many oflhc clinical
fealurc\ of hyper1hyroidi\IIl,
Thi, i.. called "ap.lthctie hyper­
th~roidi,m'_ 1\OIated idiopalhie
atrial fibrillalion may be Inc only
manife..latlOn in \Omc pali!.'nl\.
Other-. may pre...cnt "ith "cighl
10"\ .... hich lila} lead to an'(icly
and a futile .....arch for malignant
di<;e3-<,e.

A \mllegy forthe biochl'mical in\c\lI­
galion of clinically \u~pccled hyper­
Ihyroidi~m i~ ,ho\\" in Figure 2_

• Amilhl'middl"ll);' (,uch :1' carhi l1IalOlc
and propylthiouracil). The,e arc of
mo\( u'e in lhc younger palk'nl.

• R(ldioilidilll'_ Tller;lPY .... illl '(KliullI I "I
i~ commonly u~ed in older p:ltiClll\.
MO't .... ill c\cntually require replacc­
rllellllhyroxine. Thu, -lhyroid funclinn
te~g' ~hould he thed..cd regularly 10

Thcrc arc lhree methcKh for lhc lreat­
mcnt of Gr.n l'\' di\ea~c:

TREATMENT

T,
""'011I

210

TSil
IIIt.:/f

<0.05

fifl,I']IlIC [C\l\ of thyroid dy,funclion.
Ho.... c\cr. \crurn TSli mca,urcllIcnl
provide, a hcncr le,t hccau\c pilUilary
TSH ,certli"n j, \cry ~cn,ili\c to
change, in freeT, concentration. Free
T, anal) \c\ arc ill\aluahk in di<lg­
no~\ \l, hen:: binding pn)h::ill\ arc altered.
c.g. III prcgrwilcy. in women till lhe oml
COlllr:ICCpll\'C pill and in paticllh Wilh the
nephrotic ,yndrornc (Table I).

In a few POllicflh with c1inic:i1 feature,
of hypcrthyroidi\ll1. 101:11 T. cOllcclllra·
lion i, found to he within the reference
range. SUh\Cquclll irl\C'-ljgalion~

re\eal an elevated T, concentration.
Tlii, i\ rderred 10 :1\ 'T, 1(l~ico\i\·.

lSH i\ UndCIC('!:lblc In Ihe~c pallenh.
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The horl1lonc~ of the m.lrcnal glamh lire c,"cntial for \univaJ.
The :ldrenal cortex i\ the :.ourcc of Ihe two imponanl ..tcroid
hormones, aldoslcroneand coni...ol (Fig. I). The :ldrcni.ll medulla
is embryologically and hi'lologically di~linci from the cortex
and j, pan orlhe ~ymp:Uhclicncrvou, ..y,tcm. Medullary cells
,ynlhc,i..:c, 1>lOrc and ..cercle adrenaline, along with norndrcn31inc
and dopamine. The adrcnalmcdullary hormone, arc discus...ed
funlwron pages 126-127.

ADRENALANOROGENS

the "ub~tr;lte\ necc...,:lry fllr gJuconco­
gcne~i~ .... hkh it promote.. in the livcr.

Natural or "ynthclic "Ieroid" .... lth
conisol~like effecls arc called gluco­
conicoid~. Such compound" (;all act a~

ant i-innal11rl1atol) or i11lmI1110"Upprc~~i\ c
agent". Synthetic glucocorticoid\ ha\'c
found therapeutic application\ in:l .... idc
r.mge of clinical \itu:tlion\, e.g. ""Ihm"
and connecti\ e li"'''lIc di<.ordcr\.

The fa:oeicular and reticular II)rIe\ of the
:ldrenal conex 011,,0 produce ulldro,gen.,­
:l1ldro!>lcnedione. DHA (dchydrocpi­
:lndro"tef()nc) and DHA "ulph:lIc. The"c
l'ompound" probably owe their andro·

~=~=tO!lal
___ Zona lasclculata Adrenat

• cortIsol conex

• adrenat androgenSJ
r Zona fellcularis

/ • cortIsol
• adrenat androgens

MedUltll
• adrenaline

Fig 1 The histology 01 an adrenal gland.

The eonvcr"ion of cholc:"t('wl to
pregnenolone i" the r:ue.limiting "lep in
the biO\ynthc"i" of corlr'olll: thi<; COII\cr­
",ion i" "tlmulatl."<! by ACTII. Corli\ol
bios)lllhe\" from pregnenolone in\'ohe\
thc action of a ~pccific reducta~cl

i~omcr:r\c and three "ep:lratc hydroxyla\c
eluYll1e~. Inheritcd defcet\ of :111 of thc~
en£}l1Ic", ha\t~ lx'en charncterilcd.

Conl"Ol ,~an imponant honnone .... ith
cffeCI., on man) ti!>.,uc.. III the body. It
play\ <l major role in lIletaboli<;1ll by
promoting protein breal.down in mu'>Clc
and eotltleethc ti,,~uc ,lIld the relea!oC of
gl}ccrol and free fall} acid., from
adipo\l' li.,.,uc. Thu... corti ..ol prO\ ide..

e

., SleepIwake

Hypothalamus

Stress

CORTISOL
Corti,ol is produced in the zona ra~iculalaand lona rcticulari,
of the .adrenal conc:<, lhe end prodU~'1 of a cascade (If hormones
"Im'h make up lhe hYPolhalalTlic-pllullal')'~adrcn()ct)nical axis
(Fig. 2). Conicolrophin rclc:l"ing hmm\.lllc (CRH) j, secreted by
the hypotlmlamu\ under the innuence of cerebral factors.
Adrenocorl iCOIrophic hormone (corlicotroph in. or\i mpJy ACHI)
i\ \ccn:tcd by the anterior piluilary under the control ofCRl-llo
Illairllllin Ihe fascicuillrand relicular lonc\
of ,he adrenal corlex and 10 ,>Iirnul:lh! 'he
~eerelion of cortbol. HypOlhal:l111ic
"ecrction uf CRH :md pilllitary \ccrctitln
of A("T11 arc modulated by cOrll"ol in
ncgat" e fet..--dback loop".

Adren:ll cortcx cell" h:I\C many hw.­
den\rlY lipoprOlein receptop, on their
"urfacc. Thi" cn:lblc" Ihem to ta!..c up
cholc"terol rapidly. from which the
lIdrenal ,,'eroid hormone" arc "yl1tllc­
"i/cd (Fig. 3). The <ldrenal gland" are
al\o C:lpable of ") IlIhe\iling corti\ol
from acetate. though thr\ appc:lr\ 10 he
of minor importance.

CAF

e
Anterior pituitary

ACTH

•
Adrenal conex • j"""

_~"o

~:r

",T
•

ALOOSTERONE

F19 2 The hypothalamle-pltultary-adrenoconlcal
nis.

F'9 3 Pathways of steroid metllboUsm.
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A .uJ-)car-old lIIan .... <1.-, lI1\c...llgated for se\Cre skeletal muliClc f)Uin~. 11Ic
fol1o~ing b.och.:mical R'\ult!o in a 'Crum ~ample .... cre une~pl'Cted:

• SUJ;!C\1 a lIkel} dlagnll'>l\.
• What other biochcmi~lry te,t, might be helpful in the in.. ~tiJ;ation of Ihi,

palienl"

OH'IIFU'/I/ {lI! fJ(lltt' /56,

I~
Adrenocortical
pathophysiology

• The adrenal glands compnse thlee
separate hormor.e systems

\he zona glomerulosa which
secretes aldosterone
the zona !asciculata and retJ(:ulans
whICh secrete conlsd and the
adrenal androgens
the adrenal medulla whICh
secretes adrenahne

• SterOIds With cortisol-like activity are
known as glucocortiCoKls: they are
poIefl1 melabollC regulators and
immunosuppressants.

• SterOIds WIth aldoslerone4ike aetJvrty
are called rruneralocorbcotds: they
promoIe renal sodium retention.

• Adrenal slerOld concentraltons III
serum lIuctuate WJdeIy. StngIe
measurements are therefore of
Imted value 10 dinlCaJ nvestJgallDnS,
and dynamic tests are WldeIy used 10_.

• CongervtaI adrenal hypefplasla IS an
lI'Ihen1ed enzyme c\eled 11
COrbCOSlerOld bIOSynthesls Yk:t1 can
prove fatal td!ss liagnosed eaJty.

• 21-hydroxy\ase deliaency IS the mosI
c:orrvnt'dy entXllI01efed Iotm of CAH
The &Il1rIg of a raISed plasma
17·hydroxyprogesrerone conIinns.._.

;lIId hir..utislll in young women. Thi ..
ir., pre,>um:lbly the result of a partial
enz) me dcfect.

For a lI1ulticcllutarorgani..m to ~un i.. c il
i.. c....cntial that the c'(traccllular nUld
balhingthe ti,sUC'> i~COIltinual1) circulating
\() that nutricn", Illa) be ,upplicd to the
ccll.. and ~a'te prodUCh remO\cd from
lileir c"' ironmcni. The adrenal medulla
allt! lhe 1\\ 0 ....rarale hormone ..~ "elm of
the adrenal cone,. aCI in harlllon~ to
cn,ure that thi" occurs. Adrcnaline and
noradrenaline through their inotropic
cffC\."Th on the hcan and their ":bOCOn..tri~lor
act ion.. on the ancriolc, maintain the blood
p~ ....urc and facilitate ti~suc perfu..ion.
Cnrti~ol facilitate, the \~nthe.. i.. of
ad renal Inc and potent iat~ i...... a"opre'"or
cffcc.... Coni'Ol i" al ..o T"L"'<luired for lhe
cflicient c'(~'rctionof .... :ltcr in the kidnc}.
Aldo'4cronc.through it\attion in promoting
~odlum rcab,orption. maintain.. Ihe
c'(tmcellul;lr \olulllc.

THE RELATIONSHIP OF ADRENAL
CORTEX AND ADRENAL MEDULLA

Crr:llinll1e
~"olA

''''

Clinical note

L:rea

1.6

CONGENITAL ADRENAL
HYPERPLASIA ICAH)

SIn::.... i.. the lllOl>t
importanl \tlmulu,

for ACTH ,ccrCliOll and it. along
with Ihe "leep/wake-induced
ACTH rhythm. will override Ihc
negativc feedback control
IlIcchani,m.... As a rc,ult, whcn
investigating di~lUrhancc" in
ACTHlconi..ol secrelion. II 1\

c""entiallO eliminate ..tre", (c.g.
due to illne.... or tr:lU1lla) and II)
ensure lhul a norlll:lJ ..kepi.... ake
cycle ha:. Ix.-cn e..lablished.

CAU is the result of an inheritcd cn/)Ille
defect in conicosleroid bio~ynthe~i,.The
adrenal .. cannot secrele corli"ol and
c1cclrolytedistllrb:mce~m.l) in ...ol\c \C .. erc
hyponatr:lcmia and hypcrlatacmia if
aldosh:ronc bio~ynthe:.i~ i.. al;"o aff<:clcd.
If the condition is nol diagno:.ed quid..l)
the afnicled infant ma} die.

Becauscofthe lad.. ofconi-.ol. ocGati .. e
feedbad. 10 the pituilary i~ ab;,cnt and
A(TU <;eCrelionconlinuc~todri\e ~teroid

bios}nthesi~(Fig. 3). Coni<;()l precUNll"'O
are ..a:reled in large amounts. their nature
depending on whieh enZ)lllC i.. lad.ing.
The 21-h}'drox) law i~ the defi"ient
enzyme in 95'l of ca;,c~ of CAR lIere.
large amounts of I7~h} dro'(yprogc"teronc
an: 'oCCrclcd. Ek...atcd pl.a'>lllUl'OOCCnlral ion..
are diagnO'itic ascarly a~ 2da) .. after binh.
Im:reased ,timuhuionof:ldrcnaJ androgen
production can cau-.c: .. irilizallon in b:lb}
girl'-. and precociou.. puben) in 00)'.

One variant of the condition. thc latc
on:.ct fonn.prc:.cnL'>~mcn...lnml im:gularit)'

11
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ALDOSTERONE

Aldo,teronc i.. produ"ed c",clu.. i.. cly by
the lonil glorncrulo,a and i.. primariJ)
controlled by the renin-angiolen,in
sy..tem (p. 15). TIle melabolic palh.... ay for
the s)l1the.. i.. of :lldo\terone hn, man)
of the 'ame en/ymc... 111\'ol\'ed in
corti ..ol blo,,) l1thc .. i". Thc glomerular
LOne lad... the 17-hyuro"'yla..c cll/ymc
and has Ihe addltiol1al IlS-hydroxyla"c
and 18-hydroxy"leroid dchydrogcnu"e
enzymel> nccessary for :lldul>ICrOne
synlhc"i".

Olher fm;\Or". including ACTII. are
also inmhed in the regulalion of aldo­
,tcrone ') mhe,i,. Aldo..tcronc i.. re ..pon ..­
Ible for promOllllg ,,(x1iul11 reah"orplion
and pClta.. ,iul1l cxcretion in lhe kidney.

A nalur:ll or ") 1lI11l:lic <,(eroid with
aldo~leronc-like acti .. it} is called a
mineralocorticoid. All ofthc 21-h)drox)­
lated .. teroid" ha .. e mineralocorticoid
effcch to varying. degfL-c".

Case history 36

Corti ...ol ...ecretion nucluate" .... idel)
throuGhout the da). and ... inglc '>Crurn
rrosurement.. are of littlc "'aloe in clinical
practice. There is a marked diurnal
rh~ thm. D) namic tc!>ts of cortisol
production in\ohing l>timulation of
Ihe adrenal cone", b) "ynthetic ACTH.
or of ~ulllulation or ..uppre.... ion of the
.... hole HPA a'(i .... fonn an important pan
of in .. c'ligallon .. of adrenocortical
h~per. or h) pofunction and are di'Cul>!>Cd
011 the follo..qng pagc...

ASSESSING THE FUNCTION OF
THE HYPOTHALAMIC-PITUITARY­
ADRENOCORTICAL AXIS

genic activity to peripheral conversion
10 testosterone. In female, the adrenal
concx i~ an important ,ourcc of :lIld,-o..­
gen... but III aduh Illilk... thi, "'ourec i...
insignific:lIlt comp:lred with tClotO'itcronc
made b) the te~te,.

7
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ADRENAL INSUFFICIENCY

Acute adrenal in,ufficicnq i.. a rare
condition \\ hich If unrecognl/cd "
p<IICnliall} f;lta1. Bccau<,c of j" 10\\
incidence II j .. oftcn mcrlool-cd 3~ a
ro"ible di:l£no,>I'. It j, rclati\d} \Imrie
10 treat once- tnc diagno<,., ha.. been made;',
and raticm<,can lead a normal life. The
c1inKa! feature, of adrenal in ...ufficicnC)
arc ,hO\.. n In Figure I.

Fonncrl). adrenal glarnl dc!>truclion
.... 3' often due (0.> tubc:rculo,j,; 3UIO­
immune di\.C:I'-C i" no.... the main t'au-.c of
primal') adrenal failure. Both C(1l'ti~ and
aldcKtcmnc production Illa) be affected.
SlX'"ondar) f",lute to produce roni;"ol j,

more common. I'rcqucntly. thl' 1'> due to
IOllg-'lilOding ,uppre,,,on and ,ub,c­
que"! Impairment of the hypo­
thalamic-pltUII:lry-adrenocorl ical a,i,
from therapeutic i,dmllll'lralion of
cortico,t<:roilh. Th... Ctlu<.e'> of ;ll.!.rl,'nal
in'urricicnC) arc 'ulllmarit<:d in Figure::!.

........,
• -...• ---""""'~
/

:::t.::.::"'" -"'II
A<......... """'" erial•-- "'~....

W__

""""""'"

Biochemicalleatures
In addition 10 lhe c1inil'al ob,enation\. a
number of hiochcmical rl:'ul" may point
1O\\ard~ :JdrcrHlnmie:J1 in'ufficicncy.
Thc'c arc hypon:J!r:tcmia. h}pcrl..:Jlacmia
and c1c\,tled , ...nllll ure:l. and may be 'ccn
illlllallY pUlien" \\lith Addi,on· .. Di"c'he.

In primary adrenal in .. ufficiency.
p:llielll .. beeome hyponalr;temic for I\\lO
rea,on~. The lal:I.. of aldo"'cronc lead, 10

p.tlhnlogic:lI ..odium 10" hy lhe I..idncy
v. hich re'ult .. in a conlr;lclion of the e><lril­
"dllliar tluid volume. cau,ing hYPOh::lhioll
and pre-renal ur;ternia. Patient, may
deH'lop lif.... thrcatening \OdIum depiction
and pot:J"iurn re!ention du\' toaldo,terone
ddiekncy. The hypO\ol:J ... rnia and
h} poten .. ion ,timula!e AVP ,ecretion.
thu,e:lu,inj,! v. atcrreh.:ntion. In the ab<-cnce
ofconi,ol.thc \..idllt.'},' :Ihilil} toC\en::le a

Fig 1 Features 01 adrenocor1ieal insufficiency.

\\:ner load i\ impain:d. lhu, lI'ading 10

hyponatr:lcmia. O\crall. however. Ihe
101;11 bod} \\il1cr i, reduced and Ihi, i,
retlecled hy the incrc:hc in Ihe ,cntlll urc:l.

Lacl.. of neg,tli\e f.......db;lC\.. of coni,ol
on the anterior pituitary rc .. ul" III an
cxce,~i\e :-.I'cTCtion of ACrH, Th..: ,1nlClurC
ofthi, hormone conlain' pan ofth.... amino
acid ~equcnce of mclanoc} t..:-~timuIHling

honnonc. Wherec~cc"i\..:ACTlI .....-cTCtlon
()Ceuf',. pHtient' nwy ,how t1'lrl..enmg of
the ,kin and rnucou .. IlIcmbr:Jne,.

Diagnosis
If :1 patient i~ ~u'pcl·tcd 10 he 'uffering
from adrenal ill',uffieielll·y. n i~ ,"",ential
to en~urc that they ha\c :111 adequate
,odium intake \\hilq il1\C'ligalion'

proceed. Serum aldosterone meawrc­
mcnt, have no role to pIa) in the initial
diagnu..i, of adrenal ilhuffieien('y. nor do
r:Jndoll1 ...ing1c ~erum coni,ol mea,uTC­
IllCllh. which arc frequently mi~lcading.

The ,horl Syna('lhcn lest indicalc,
lhe ahil ity of the adrenal corlex 10 rc~p(1nd

toACTH (Fig. J). Synaclhen. a 'ynlhetie
1-::!4 analoj,!ue of ACTH. i~

adl\lini~tered intT:l\enou .. l) al a do,c of
n.::!5 mg. The increa,c in pla,ma corti~ol

i, mca!>urcd after JO minute,.
Normall}. the TC,ting value i, v.ithin

the reference mngc f::!8o-nO rullol/l at
OKOO-IO.OO am). An aeeepl:lblc b:l':ll
concCnlr;uion i\ >225 nrnoi/i. Th... re
,hould be an increment of mor..-: 'han
2oonl1101/1 :tfler S} nacth"n and the final

Autoanllbodtes
Bolh COl1eJ( ACTH """""TB .....-.. dellCleflCY due 10 -""""'" \ ........ hypothalamoc (W....._,
{allecledl ._~C- """""""""" -\ .""

PIasrr\a ACTli ••

Sefectlve deslruction
01 coriell

Total adren~
destruction

5econct.ry adrenal
lnsutllclency

Fig. 2 Cluses 01' Idrl!flOCOftlcll insutflCieocy.
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\alue ,hookl be greater limn 5(x) nmoi/i.
All crileria IllU"t be met. Fllilurc 10 meel
(/III" of the criteria indiC'lle, adrcnoconieal
inad..."quacy. A nonnal re'pl:lI1'>C 10 Ihe
Synaclhen lC,1 c,c1udc' primal) hypo­
funclion. An clc\alcd ACTII con·
cenlr:llion \lo ill confinn Ihe diagno'l' of
primal) adrenal failure in a palienl \lo ilh lin
impairt'd re"ponr,c 10 lhe Synaelhen le!>t.

Palienl' \lollh cqui\(JlCal re'pon ...." to
lhc "hon Synaelhen le'l mllY oc rele,led
after\limulmion oflhe adrenal et'\fle\: \lo Ilh
tkpt"Srnacthen. Thi<; It)flgcracting malerial
II mgl i, gi\en 1Il1ramu'>Cularl) dail) for
Ihree da) ,. On the founh da) a ~hon

Synacthen le't i<; cllrricd OUI a, before. If
the nOnl1a1 criteria for Ihe ..hon Synaclhen
le,1 arc fulfilled on the '>CCond le,ting.lhe
adrenal in,ufficienq i, nOI of primal)'
origin. SUl:h a re,uh I>oin" 10\loard<;
,eeondaf) adrenoconical ilhufficiency.

The h) polhalmic-piluilary-adrcno­
conical axi" ma) be in\c,ligaled b)
performing an in,ulin tolerance te<;t
flIT). 11lc delail" and hJlard, oflhi, le!>1
ha\e been prc\ iou,l) dc..cribcd (p. 77).

Management
Once adrenal in'ufficieoc) I' diagno-.ed.
patienh <;hould commence life-long

~tcroid replacemenl ther.lPY. A standard
regimen for :lduhs would consisl of
.'0 tilt; of hydrocorlisone daily in
di\ided do,e,. lAilh the mincraloconi­
coid a-nudrocortl'-One being added as
J"('lluircd.

ISOLATED ALDOSTERONE
DEFICIENCY

Analdosteronism is rare and may be due
10 an adrenal lesion. "uch as an 18­
h)dro\:yla'-C defeel. or to primal)' renm
deficiency. a!> in Ihe anephric palient.

.. ~(025mg,vl

.. !
Mm .... ~,..
Man basal

oL;;----,;;------;;;;---c!o 10 20 30
T\rne (mln)

Three Cflterla should be met lOf normal
',"""",

I Basal $/Imp!e should be .. 225 nmoli1

2 FPII8I sample ..5OO nmoli1

3 Increment In COflISOlIlhouId be
II ~asl 200 nmoli1

Fil3 Synaethen lesl responses. Synacthen IS
!JlV8'I Lv, after basal blood samples have boon laken.

Clinical note

Primary adrenal
in<;ufficicnC) ha.. an

insidiou~onset. Pallor i!\ a eharo.K1cri .. tic
feature. as" dl) naly "lin \l,.ilh
pigmentation e<;flCl:ially in palmar
crea;,es and pre..!\urc point;, (Hg. 4).
Palk.'l1b ntl) pn.~nt ;b) Ttlplomatically
with apparently i<,ol;ll...-d hyper­
kalaemia or hyponatmcmlll.
Addi,on'" di\Ca,e mu,1 allAll)"" he
cOll"idered as II po",ible diagno,i" in
palienl' wilh rai,cd ,crum POl:h<;iu1T1.
e:.pccially if they do nm h:m:: renal
failure.

FIg.4 Pigmented skin creases In pallent
wIth primary adrenallnsuHleiency.

A 31-)e:lr-old \l,.oman wa, admillcd 10 a ,urgkal ward lAilh a Iwo,da) hi"lOl)' of
nbdominal pain and \Omiling. lIer blood pres~ure \.\a.) 110165 mmllg and her
pul..e llS be'll' per l111nule and regular. A pro\i:.ional diagnosi .. of irlle"inal
ob.)trut-lion .... a' made. On :ldmi"sion.le\ts ,ho\.\ed:

She \loa, gl\Cn 1.5 lilR'\ ofO,9'l \.:lline intr:l\·eoolhly. o\cmig.ht. and Ihe follll\lo ing
morning her <,) mplom, had re"ohcd. lIer serum sodium had incrca...cd 10 1.'\4
mmolll and her I.Crum pola\,ium had fallen 10 ~.8 mmoUI, On re\ic .... mg her
hi,lO!) ,he had been un .... ell for a number of months \lofth \loeighl 10'.) and
anore~ia. She .... a., I'IOlOO 10 be pigmcnlt'd.

A ,han S)nacthcn te\! .... a" performed and the '-Crum coni'\Ol .... ;L' Ie.... Ihan 60
nmolll both before and aflcr an inlr:l\CnOlb injection of 0.25 mg of S) n;ll.'then.

• Sugge!>llhe diagl1O'>i\
• Ho\lo could the change, in her ,odium and pot3!>sium be e,plairlClr!

Comment 1m ptI~1' 156.

Case history 37

I~Hypofunction of
the adrenal cortex

• Adren0c0rticai insufficleocy IS rare.
btJt Ide-threalernng.

• FillIure of the adrenal cortex to
produce COftlSol and aklosterone may
be due to autommune Of rtfillralMl...."".

• The Synac1heo lest IS used rt
Ba!,1'lOSlS of pnmary ac:IienocortJCal"....

• The ma*l toIeranc:e lest IS used III

..,...,.."'-""""""""wtIdl may lead to secondary failure
of the ao-enaJ cortex.

• The martSlay of therapy IS
maJI'l\enante of sodium Illlake and
appropnate hormone replacement

Creatinine
111J1olll
180

Ure'IICOCl
I/ImulR---------.,

K'

6.1118
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Corti-.ol conccntr.ttion, measured at
08:00 and 22:00 normally show 3
circadIan rhythm wilh the evening
,ample ha\ing a !o",er \alue than that in
the morning, Thi"difference is usually not
:lpparent III the patient "'ith Cushing'!>
<;)ndromc, It is e,sential that the patient!>
arc not stressed'" hen such mea..urement!>
arc made.

Failure of I mg of dexamethasone
talen at 23:00 to suppre.... the ..... rum
corti..ol le\el al 08:00 the follo"'ing
illUming, or failure to ~uppress urinary
coni<;Q1 .....cretion O\emight (as measur­
ed b) an earl) morning urine conisol:
creatinine ratio} is another pointer
to"'ard~ the pre..ence of Cushing',
..)nJromc,

Failure of the serum oonisol to ri..c
:lfter in..ulin-induced h)poglycacmia i..
al<.o a chamcteristic feature of Cushing'~
'yndrome. Since patients "'Ith conisel
merproduction will be insulin-rcsbt3n1,
ade<luate hypoglycacmia Ill'l)' not be
:Ichie\ed "'ith 0.15 units of in,ulinlkg
body ",eight. A higher dose may have 10

be u~cd. In nomlal individuals a fall of
blood glucose concentration to les:, than
2.2 rumol/l i, accomp<lnied by a rise in
..erum cortisol of more than 200 nmoi/i.
A patient who shows such a response in
thc IlT is unlikely to have a pathologiC'll
exccs<; of {'oni<;ol production.

Determining the cause
The pos<;ihle cau~cs of Cushing',
,yndrome arc illustrated in Figure 2.
Thc;,e include:

• pltuitar) lldenoma
• ectopic ACTH
• adrenal adenoma
• adrenal carcinoma.

C1as..ieally, ACTH is not delectable
in the pla'llla of p<ltients with adrenal
tumours. In patients '" ith pituitary­
dependent Cushing'!> syndrome (known
,>ome'" hat confusingly as Cushing '.1
lli.Ji'lIS') thc plasm<l ACTH IIlay be
'" ithin the reference range or mode~t1y

elevated. The plasma ACTH Ic\el i~ often
\cry high in patient .. "'ithectopic ACfH
production,

In (Xltienls "'ith pituitary-dependent
Cu..hlllg's disease the serum or urinal)
conl'Ol '" ill be panially suppre:.sed after
tv.-o Jays of dexamethasone, 2.0 mg
q.i.d, (Fig. 3). Failure to suppre....
sugge<;ts either ectopic ACTI~ prod-

Increased
abdoounat tal

- Abdornnat sInH

--- Moon face
Ple1tloric cheeks

Confirming the diagnosis
Iatrogenic Cushing's syndrome should
be diagnosed from the patient hi,>tory
and clinical examination. The .. tcroid may
ha\e been taken orally. mhaled orapplicd
topically.latrogcnicCu..hmg':. syndrome
will nOi be considered funhcr here,

Conisol. secreted in e'(cC\~ b) the
adrenal conex, will rapidl) exceed the
a\ailab1c capacIlY of the pla:.rua bmding
protein. corti'ol binding globulin.
Unbound coni~ol is filtered readily into
the urine. 'Urinal) free eortiwl' In a 24 h
collection, or a~ ..e<;<;ed as a corti\ol:
creatinine ralio in an early mornmg urine
<;ample, is the initial 'iCrcening te<;l in a
patient suspccted of lldrenoeortical
hypcrfunctioll. The laller mell~urement

can be made 011 a ;,mall <I!i<luot of urine.
Repeatedly high early morning urine
conisol:creatinine r<ltio:. arc evidence
enough to proceed with fun her inve"l­
igation;, ofthe p'llienl. If the le;,l is ncgativc
on thrce occa..ion", Cu,hing';, ,yndrome
may be excluded from the differcntial
diagnosis.

• Once the diagnosis of Cushing'~

syndrome is e..tabli~hed, then a :.ce­
ond question may be a:.ked: 'Whal i~

the cause of the e1(t'e,~ coni-.ol ~'Cre­

tionT Test<. u~ed 10 the differential
diagno,is arc different from tho~e

used to confirm the pre~eneeof cor­
tisol o\erproduction.

•

Baldness and laclClI --------(J
h,!'SUium ~ females

Butlalo hump

H_~-----cl

A prolonged cxcessi\c eXpl})ure of bod}
tissuc~ to <:ooi5>01 or an) Other gluco­
corticoid resull!> in Cu!>hing's syndrome.
It IS ooe of the most difficult endocrine
diagno~es to make. The condition is
relati\e1y rare. and a family praclitiolleT
may not c'l:perience :I case 10 his or her
entire .... aTking hfe. The main clinical
(calUres of Cushing's syndrome arc
o;hown 10 Figure I.

In any in\c~tigalion of Cushing's
syndrome the clmician should ask 1110'0
questIOns:

H)pcrfunclion of the adrenal cortex can
be con\cnicmly di~cussed m terms of
the mcrproduction of the three main
products:

• 'Doc~ the patient actually have
CUi-hillg', \yndrolTlcT The possi­
bility lhat a palicnl1113y ha\c CUi>h­
ing's syndrome frequently ari'>Cs bc­
cau~c they arc obc~e or hypcnen,ive,
condition~ frequently encountered in
the I>opulation at hlrge. Initial investi­
gations will in 1Il0,t ca'e.' exclude the
diagnosi, of Cushing', syndrome.

CORTISOL EXCESS

Euy ......------t

• cortisol
• adrcnalandPO~cns

• aldmtcronc.

FIlJ I Some clinlclilealures of Cushing's syndrome.
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will be c1ev:lled. Documented. careful
collection of specimens for as,ay of
aldo,tcrono.::. renin or 'plasma renin
acti\ it) " may be made on two COI1<oec1J­

Ii, e da}, after 8 h n:cumbcllC}, and again
"ith the palienl :mlbulalOl'). to confiml
lhe diagno,i,.

The diagnO'JI' of hyperaldosteroni,m
may be made in the hypokalaemic patient
iflhc scrum aldo--terone Ic\d c'Icccds the
upper Iimil of normal or if lhe bel is
PCI'I~lcntly inappropriale 10 the serum
pota~~lum. Inprimary h) peraldcr.,teronism,
"here Ihe e'lccss aldO"lcrone ari-.e!> from
an adrenal adenoma. the le\els of pra~ma
renin" ill be 10.....

Sccondar) hyperaldo,teroni,m i"
common and i<,associalcd with renal. hean
or Ii\ er di"Ca.'rC.

EdOpIcACTH

ANDROGEN EXCESS

I~

Clinical note

Hyperfunclion of
the adrenal cortex

• Cushlng's syndrome IS a drfficult
liagnosis to make.

• To conIlrm hypercorbsolism, earty
momll1Q umary cortJsoI:crea~rME!

rabOS WI. be elevated, liumal rhythm
01 serum cortJsoI wi be absenl, Ihefe
WIll be no cortJsoI rise dumg an
tnSl.Jlin.tolerance test. and serum
cortisol 'Nil not suppress WIth a low
dose 01 de:wnelhasooe.

• Onoe the liagnoscs 01 Cushrlg·s
syndrome has been made. the cause
can be established by the tong
dexamethasone SlWf!SSIDIl tesI aoo
by measumg ACTH

• CIncaI and btoc:hemtcaI eYIdence 01
IlCI'e3sed adrenal arDogens may be

""""• Pnmary excess 01 aldosterone IS me
and doe usuaIy to an adenoma
(Ccm's syndrome).

E'Iee~~i~e alcohol
mtake can cau'>C

I,W/Illo,Gulling 'Sfrlu/romt'
\\ hen palio.::nl!> may prc,cnl \\ ith
hypenension. truncal obe"ity.
plelhora or acne. Preliminary
in\c.. ligations may demon!>trale
hyperconi ..oli<,m \\ hich may fail
10 ,uppre,,, with de'lametha"one.
The biochemical feature" of
Cu,hing's s)ndrome will resohc
afler IWO 10 three weeks
ab"tinence.

• Whal il1\C'!itigations ,kould no"
be t-anied our!

This ma} nOl ncce"aril} be a.:companicd
by coni,ol excc""". and ,ign, ofCu..hing·s
s)ndrome mOl) be ab'>Cnt. PaIlCIll" \\ Ilh
con~cnilal adrenal h)jX"rpla!>ia (p. 87)
may :11.'>0 pre'>Cnt \I lth ,ign, of innca'>Cd
androgen produclion.

Case history 38

A 31~}ear-.()ld woman pre~nled

.... ith alhrce-month hi"tOIj of .... eight
gain. hir'uti .. m. amenorrhoea
and hypcnCflsion. Her urill(' cnrti.'>Ol·
creatinine rntio "'3, lIlcrea!>ed. and
-.erum t'onisol diurnal rh) Ihm "a,
ab...ent. Treatment .... ilh 0.5 mg
of deumelh3sone q i.d did not
~uppre~~ hcr corti ...ol. and in,u­
Iin~induced hypoglycaemia did
nm cause her .'>Cl\lm cortiwllo ri'>C.

ALOOSTERONE EXCESS

C(lmm('l11 on pagl' 156.

Primary hyperaldo,teroni,m (Conn',
,yndrome) i.. mro.::. In lllO'1 C;I'\:<" lhe
di<,ea"e i~ duc 10 a ~inglc ;ldrenoconic:11
adenoma, P:llient, lllay pr.:"ent with
polydip,ia and polyuria. 'ymptollh of
neuromuscular abnormalitie;. 'lieh a..
weakne~s. parac'lhc.. iac and tetany. and
hypcncn;.ion. All symplonh othcr than
hypcno.::nsion ar.... altribulable to pola,,,­
ium deplclion.

Prclilllin:uy in\ e,lig:llion, IllU,t in.:lllde
,k:tcnllillatioll of "CIl.I1ll :U1d Uline ek'clro­
lyle, ovcr so.::\'eral day;. ..... ith adequalc
,odium inlake. Serum pota"ium will he
low, and urinary pot:l',<,ium cxt'rctioll

':;;',r"",~":::':"-;:::'=h)------l
I Pa\lent

B

IK"lion or the aUlonomou.. '>Ccrction of
corthol b) an adrcnaltumour,

11k' cau">C ufCu..hmg' ....) ndrome ~ III
detennine the thcmjX"ulll' option.., and it
I~ therefore e"cntial thaI a definlli\e
diagllO"i.. i.. m3de. CT ..can.. or magnetic
resonance imaging of the pltuilar) may
be helpful in delecting a plluilary ade­
noma in palicnh ~ith Cu..hing' .. di'>C:I<;e.
Sek'Cli\c \enOli .. "arnpling \lith ACfH
rne:hurcment i, frequenll} I:arricd out to

locate the ACTll ,ource In diflicult C:I\C'.

• ColleCl unoo (usually 2411)
- 6 aueceulvo clays

• Day 1 • 2 - no trealrnent
Day 3.4 - DKm, 0.5 mg qid
Day S.6- DI<JTl 2.0 mg qtd

Adrenocurlical tumour,. particularly
adrenal carcinoma:., may produce exec"
3ndrogcl1, (OIIA, :mdro,telledione and
tC'IO'tcrone) cau,ing hirsuli,m nnd/or
virili,ation in female, (,cc pp. 92-93),

300

200

p",,",

':81 2 30.-,:':::::;5=::;,---1,
F'9 3 The dexamethasone suppreukln test.
Pallenl A ~t'd a >7~' fall In un1kU') ~''''IlI'o(l1

eu:r1'1I011 0l'I thoi: kl" ....."'<'.11\1'" a normal
~ P..lIefll R .J1t"' .........ll'lle wrrn:"-""ll'l
llf ~vrtl".l ...'(reuon nn the hl~h dl~. nu~ "
'HlO<."at d pitui"lI.,-dt"~ndl'nl Cushilll:'~

5~ndroott.
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GONADAL FUNCTION

,GnRH

Anterior pituitary

LH

•
FSH

• Srllift'r1i'i"·, lII/1l'IIorriloell aflll
olit.:O/lU·f/orrlllH'(J (<.cc p.9-J).

Hypothalamus

Disorders of female sex hormones
Oi-.order. of fcmale -.exhonnone., include:

Qc..lmdiol i\ re ..pon .. ible for:

• female ..ccondary ..cx characteristic..
• .. limulalion of follicular grO\\-lh
• del'dopmenl of lhe endometnum.

Conccnlr;llion.. arc low before pubcny.
bUlthen ri ..c rapidly :lnd fluctuatccydicaJly
dming reproductivc life. After lhe
lIlenopau..c. pl:l,ma oc,>tradiol conccn­
Ir:lliUlh fall de<,pite high circulaling
concenlralion,> of the gon3dotrophin,>.

The nnnmLl hom1onul control of lhe
mcn"'rual cycle i\ ..hown in Figure 2, and
depend.. on lhe inleraclion of honnone~

<occrcled fromlhe hypothalalllU\. piluitary
and ovary. The pilUitaT) gonadotrophin~

arc rcka-.cd in a puhatile fa...hion under
the inflwncc ofGnRH, Al the beginning
of the cycle, FSH is released and initiate..
follicular gro\\ Ih. At mid-cycle a ..urge of
L1ltriggcJ"',o\ ulation.1llcruptured follicle
diffcrclll iate' illlo the COrplLS luteum \\ hich
'-t.'Cn:tc,proge"croncand~tradiol \\-hose
tMgcl i.. thcendornctriulll \\hich it prepan:'>
forimplanlatiun. Thu.. FSH. LH.OC'>tr.K1iol
and proge'leronc Ie\ ct.. \:IT) \\ idcly
through the men..trual C) de. and in addition
lhere ma) be mid·qdepeal., of prolactin.
SUBG and te,lo,tcronc.

FEMALE GONADAL FUNCTION

.....,.-
FlO 1 Control of testicular function by the
gonadotrophins.

impairt.'<1. In the teloticular feminiLalion
.. ) ndrom.... androgen receptor~ arc
in;lcti\ e and largelli ....ue.. cannOI re,pond
to "IHI1Ulalion b) clrculalmg t..... lmlcrone.

Disorders of male sex hormones

Ilypogonadism
H)pogonadi,>m Illay re..ull in deficienl
'>perm production and dccrca..ed te<,w..­
leronc ..ccretion. 'nu .. 11Wy be due 10 a
le.. ticular deficienc) (prinwry dl~ordl.'!"'

or hyjX'rgonadotrophic hypogonadi ..m)

or 10 :t ddccl in lhe hypolhalmnu, or
pilUilary (..econdary di~ordc!"' or hYIXl­
gon;ldolrophic hypogonadi ..m). In hypu­
gonadolrophic hypogonadi .. m !lolh
gonadolrophin.. , or only Lli. may he
ab~enl. There may be a gencrali/e(t
failure of piluilary funcli,ln.

Cau'e~ of primar) h)pogonadi,m
include:

• congenit:ll defect,> ..uch :I..

Klindelter"\ ..yndrome or lC\llcul,lr
agene.. i..

• acquired ddecl .. due 10 Ic..ucular
infl;'Clion~ (e.g. murnp"), (muma.
irradiation. or C)101O\ic drug<',

Cau'C' of 'Ccond;u) h)pogonadl\m
include:

• puuit:tl) lumouJ"',
• hypothalamic di,onie!"' 'uch a..

Kallmann'lo ..)ndrome.

MALE GONADAL FUNCTION

Disorde.-s of male st'xuai
differentiation
Di'>Of"ders of male 'C,ual dlfferenllalion
arc rare. Testosterone production ma) be

The Ic .. le, 'cercII,' te\IO"lerone
and manufacture 'jX'nnJIO/II;!. Befort.'
pubert). gonadolmphm and te.. to.. leronc
conc...ntralion, III pla"ma arc \er) 10\-1
The dc\elopment of thl' Le)-dig cell..
and their secretion of tC~IO.. terone i..
influenced by LH. \\herea... Scrtoli edl
funclion i.. influcoced b) FSH Stimu­
lation and maintenance of 'pCTllla­
togcncloi,> require that both FSH and LU
be prc'>ent (Fig. I). Te\lo.. teronc i..
rc"Jxm~iblc for gro\\lh and funclloTl of
the pTO'lale and cpldid)l11i ... and for tho:
dc\dopmcnt of the male ..econdary ..ex
C"har.lcleri~lic .. ,uch ll~ hair gro\-llh, dccp
voice and charactcri.. lic mu'>Culalure.

In <,ome largel li ....ue... the hiological
aC"ti\ ity of le,\O<,teronc i.. dul' 10 it..
C"ome.... ion 10 dih)drotc~to ..teronc hy lhe
enzyme 5a-reductase.

D) namic te<,t" ..uch a<, \Ii mulation \\ uh
GnRH rna) hdp to e.. lahli ..h lh... cau'C of
lhe h)pogonadi ..rn in ..on)<,' pJtll.:nl',

Tc\tO\lcronc and oc'lradiol are "nO\~ n a,
the 'IC~ ~Icroid hornlOnc". Tc,to,tcrone"
the prirKip'11 androgen and I' '}nthcSlled
by I~ IC'IC~ in the maiC'. Qe'lrJdiol. \10 hieh
i, '>(."Crctcd b) the o\aric,. \ane,; '" idcly in
conccntr.llion in pta~ma throughout the
female mco..trual cycle. Steroid.. \10 llh
oe,tradiol·li"e action arc eallL-d oe..t~en,>.
~e"lcronc i., a produt'\ urlhe 0\ al') and
i, ..ccreted "hen a corpu.. IUleum form ..
after 0\ ulalion. Noml:!1 female pl:hrna
al-.o contain.. tC\IO"tcronc. about half of
"hichCOIl'IC' from theo\;)!') andh:t1rfrom
peripocral con\ CI"IOO of :uH.lro-.h:nediom:
and dch)drocpiandro\tcronc fDHA)
\ulphatc .... hich are '-c,reted h} the adrenal
corle". Some oc\lratholl' prc-.cnt in 10\\
concentratIon in nonnal male pla,>ma.

Tc,to,tcronc and oc"lrndiol circulale
in pla .. mll mO"lly bound 10 plasma
prolein ... particularly ..ex hormone­
binding globulin ($HBG). $HBG ha" a
highcr affinity for te ..lO\!eronc than for
(J{' ..trJdiol, Qc"lradi{ll .. llmulal.: .. SI-II3G
")nlhe.. i.. h) Ihe li\cr, and tc\lO"lcronc
dccre:l-.c.. it. The pla..ma concenlT:ltion of
SHBG in female.. i.. lwice Ihal in lIlale...
FaCiO!"' which aller SlmG eoncenlralion
aller the ratio of unlxllll1d le.. lO.. lcrone 10

unbound 1X:..lradiol. In hoth ..exc.. lhe
crfecl of ;111 increa..c in SI-lBG i, 10

incrc;t ..c oc,,'radiol-likc cffcch, 1-I'Ih:re;l..
a deerca..e in SlmG i.. 10 increa..c :tndro­
gcn effech. A.. oc,tradiol il"df incre:!_,e..
SIIBG concenlratlon and IC"lO\lerone
decre"..c, il. lhi .. "y\lern funClion~ :l\ a
biological "er\o lllcchani..m.

Tc..m..lcrnne and SIlBG concenlra­
lion.. arc "OIl1etlIllC" rl.'poncd by the
labor.lIor) a\ a r.Jlio flhe free androgl'n
inde'lO) which give.. a clearer indicmion
of androgen "laIU\ lhan doc....erum
te\IO\leTOne alone.

SEX STEROIO HORMONES

The epl,odic ..ecrellOTl of the h) po­
thalamic hormone. gonadolrophin­
rclea.. mg hom10ne (GnRH). \!lnlu!ates
lo}nthe..i, :lOd relea!>e of lhe gonado­
trophlOlo. L1111uteilllLing honnone) and
FSH (folJicle-"timulallOg hormone),
from the anterior pltUII:lf). Dc"pile the
n:.nne.., both gonadolrophin, aCI coopcr­
aliH'I} on thi: marie.. 10 lhe \-loman and
t~ le\te.. in the man to stimulale '>C'lO
hormone \ecrelion and reproducti\c
proce,'>C...

HVPOTHALAMIC­
PITUITARV-GONAOAL AXIS
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Hirsutism

fig 2 PIuma hotmone concentrations
1trougllout the female menstrual cycle.

o,,'''~
j

Fig. 3 Diagnostic decision chart IOf the kWHti9ation 01 hirsutism.

28

-FSH
-LH
-CJeo'_
-",.,.........

o

Adrenal Bouree Ourlan Bouree

The 11l1drogen scrccn in \I omen
Th... ob..enation of an e1e\ated te.'>tos­
t...mnc in a \loman ..hould ah\:t},> be
in\e'll,gllted fUrlhl'"r. A decrea;,ed SHBG
l-onc...ntr.ttion i~ e\ idence of elenlled
androgen. a~ the synthe<;i, ofthi ... prol ...i"
in the liver i ... depre<;sed b} lesto~teronc.

It may not be immediately apparent
whether the .'>ouree of the te ...to... terone i ...
the ovary or th ... adrenal cortex, B}
ll1ea ... uring the concentration of other
androgen ......uch u... andro.'>tellcdione and
D1-IA ,ulphate (:.111 'androgen .'>creen'j.
Ihe ...ouree of the te.'>tO ... lerone can be
pin-poinll'"d (Fig. ~). An elevaTed DHA
,ulph:.lte sugge~... Ihat Ihe adrenal. or
an adren:JI tumour, h overproducing
androgen.... Iflhe ovary i'> the '>ouree then
only :mdro'>telledioill'" will be rai ...cd.

• TeslOSterone IS the main I'lonnone
secreted by the testes" the male
and is regulated by prturtary LH.
Teslosterone IS responsible for the
male seoondary sex dlatactensllCS.

• OestradIol IS the matn product of !he
O\Iary and IS responsible lor the
female secondary sex charact:ensucs,
development oIlhe 0IIaIIan k6::Ie
and proIiferabon oIlhe utenne-• Hypoganatism 11 !he male may be
pnmary (where the cause IS a f,uure
of testosterone synthesis Of of
spemliltogene5lS Illhe tes:es) or
secondary where the problem IS 11

the hypolhalaroos or prtuIIary.
• Gonadal dysfunctaon 11 women may

present as pm1aty or secondary
amenorrhoea. nfertJlty.1wsuttsm or......

Gonadal function

rTestosterone

1 An(lrosllIDechone

A: .SHBG
Adrenal cortex

1 Testosterone

[ .sH8GJ

i OHA sulphate
i An(ltOSlenechone

• lIinlfl;I//I. Ttli, j ... an incrc;\~ in 1xxI) hair v.ilh male pallcm di<,trihulion. In thl.:
majorit~ of ca~" it j, ~o:nCllc in origin and benign. The,",c ca~c;, arc frcqueml)
termed idiopathic. The CQrnI1lOnc.... pathological c;au,e j<, pol)'c) ;,Iic 0\ ariiln di..c3..c.
II i.. c",ential \\ hen in\ c\'ig;uing hif'>ulc "omen thai <,('riou, di-.ca~ i ... c"-duded. A
diagno'lic <.I':cI,ioo chan for the In\c\ligation of hir<ouli"m j... ,ho" n in Figure 3.

• Virili}/II. Although uncommon It j, a sign of seriou, di,ea'>C. Tc,to,lcronc I:on­
cCnlr:lliOIl, arc marl..edly cle\atcd in the \irili ..ed p;lliclll and there j\

c\ idcnl'c of exec,,,, c androgen action weh as cliloml enlargement. h:lir growth in
a mi,le pallcrn. deepening of th ... \ oire <lnd brea~t atroph). T1IlllQur!> of the 0\ :try
or of the adn.:nal arc the likely e:.lu,e,

• What other in\ e'tigation~ ,hould be undertaken to male a diagno;,J .. in thl ~ patienr.'

Case history 39

A 29-}ear-old ",oman complained ofaene and irregular period;,. On examination
~hc \I a;, 0\('1'\\ eight and modefincl> hirsute.

Initial irt\esligJtion~ ,ho\lcd a sctighlly elc\aled le,toStcronc of 3.7 nmoUI.
LII \la, 15 UII and FSH 5.6 UII.

Ct'/rlIllt'II/I111 fl/11:t' 15"6.

Fig .. InYKtlgation 01 .. elevated testosterone ~tralion in a woman.
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SUBFERTILITY

I~

.T...........--

SUbfertility

• Endocrine problems are a common
cause ot subfertilily in the female but
are rare in lhe male.

• An elevated serum progeSlerone in a
specimel1 at day 21 of the menstrual
cycle indicates thai ovulatiOll has
occurred.

• In both men and women a serum
FSH concentratiOll greater than
25 UII indicates primary gonadal
failure.

• Hyperprolactlnaemla IS a common
cause ot female subfertility.

ENDOCRINE INVESTIGATIONS
IN THE SUBFERTILE MAN

In the eugonadal male \\oith nonnal ... pcnn
analy .. i... no endocrine in\e~tigalion~are
required. In Ihe hypogonadal male.
tc,lo,lerone and the gonadolrophin..
..hould be nlCa-.un---d first (Fig. :!). Cau-.e...
of \ubfenility in the male include:

• Prim(lro' lesliclliarfailure. \'.'Ik're
both lhe lOteNitial cell ... and tubule..
arc damaged. FSH and LH \\oil! be
ele\ ated and tCl>toslerone ~uced.

Where tubular function only- i,
impaired. FSH is sclecli\ely increao;;ed
and androgen Ic\cls may be nonna!.

• ll1p01IU111lmic~fJillfilan' Jisew;l'.
Dccrea">Cd {CMoslerone .... ilh 10\0, or
nonn:-.I gonadotrophins suggc:r.l!>
hypogonadolrophic hypogonadi:r.m.

• H11U'fpmlllctilwemia. Thi!> i.. a rare
cau..e of infenility in the male
cpp.76--77l.

.. Tes!OSlerone'-I"=" r-l

In .... omen .... ho pre..cnt .... ith irregular
or absenl mcn~lruation loligomcnorrhoca
or amenorrhocaI or .... ho are not 0\ ulati ng.
honno~mea..urelllenbmay bcdiagll()'o,tic.
A protocol for in\c..ligalion i.....ho.... n in
Figure I. ~Ieasuremenl of oe~lradiol and
gonadOirophin conccnlration" may
delcci primaI) o\arian failure Of poly-­
cy~lic o\arian dil>Ca~. ~lcal>urerncnt of
prolactin. and and~cnlomay :1I-.o a:r.\i"..

Endocrine cau">Cl> of ... ubfenilily in
\\oomen include:

• Primllry ol'lIrilU/ failure. TIlls i...
indicaled by c1C\ated gonadOimphill'~

and 10..... oeslradiol conccmrallon (a

JXblmenopau~1pallcm). Hormone
replacemenl thcrapy a,>~i"'l~ libido and
pre\enls osleoporosi .... oot doc.. 001

restore fenility.
• H,pt'rprolaclifwemia (pp, 76-77).
• Polycy.uir Ol'(lritm diseast', Thi~ I'

indicated by an e1e\ atcd Lit and
nonnal FSH. Oc~lradiol rnca ...ure­
ment<, are often unhelpful. Ilir-uli ...rn.
a feature of lhi ... condition. i... a"..o,.. i·
atcd .... ith raised tcst{)';tcrone and
subnormal '\Cx hormone hinding
prolein concclllr.llion...

• Cushil1g'~ .\,I'm/IIIIIl' (pp. 90-91).
• IIl"jlogmllll/otmf1llir hYf1ogoll/u!iI/ll.

Rarely. .'>ubnorrnal gonadotrophin and
oc.'>tradiol concentralions ,ugge,t the
presence of:l hypolhaiamic-pituilary
lesion ~uch a... interference from II

pituitary lumour. The lIlceh.uti"'l1l\
respon:r.iblc for the amenorrhOC'l or
oligomenorrhoca in women wilh
nonnal gonadotrophin and oc~tmdiol

concelllralion~ rem'lin 10 be
aled,

The lIl\c...tigation of lhe Illf...nile female
dcpend ... on the ph,ll>C of the Illcn<;tral
cycle. If lhere i.. a regular men ... lrual
cycle. l>CfUrn progcl>terone l>hould be
measured in Ihe middle of the IUleal phase
(day 21). If progc\tClUnc il> high (>30
nilloi/i), lhe patient ha, Ollulated and
lhere i, no need for funher endocrine
invesligation!>. Othercau..e.. of \ubfenility
should be ..ought. If proge.. leronc is low
« 10 nl11olll). 0\ ulalion ha.. not occurred.

ENDOCRINE INVESTIGATIONS
IN THE SUBFERTILE WOMAN

SubfenihlY ilo deli ned as the failure of a
couple 10 concel\\:' after one y...ar of
regular. unprotccted llItCfl:OUr..c. A full
clinical hi~IOf) oblained prior to physical
examlllation... ~hourd !>Cd. infomlation
about pre\ iou.. pregnancie... conlra­
eepti\e prxtiee. ;,criOlb illoc'\.Y:s. palot
ehcmOl.herapy ~radlOther.lpy.congenital
abnormalilielo...mo~ing habib. drug
uloagc. ..cxually tranl>mitled di<,ea~ and
the frequency of intercoul".e. Ph}~ical

exammat,on ~hould loo~ for indication..
of hypolhaiamic-pllull:ary or thyroid
dil>Ordcf'>. Cu..hmg· .. <;yndrome, galac­
torrhoeaand hin.util>IlI.ln the malc. :>cmcn
an:aly"il> :r.hould detail \'olumc. speml
den.. 'ty. motililY and the presence of
abnormal ..pcmmlOzoa.

In lhe female. endocrine abnonnalities
:arc found in one lhird of palienb.
Hormone dysfunction il> a \cry rare
cause of male .. ubfcrtililY. In loome
couple!. no cau~e can be idenlilied.

History and e~tlOfl
elucid

• •1--1 I -.1
•......:;-,.,.:>.....1

plltl'fotmpr~ .~

• • ...
>3lInmoM ,u""""" -~

[o-,,;,j I~ -""00:-1lH_..-on
~ -mJ

1"t~SHI .... lH,1 I~ILow FSH """
""""" -- F""""_ F.- ..,..o::'Jl• --Pfl· 76-n

FIQ I Dlagnostlc llPPf'OKh 10 subtertility in the woman. Fig 2 Diagnostlc approach to IIlbfertilily In the man.
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NUTRITIONAL ASSESSMENT

PlMmaor~""'"

PIesmt or ABC ........ lldIva!UI

P!IIrr-. or ABC~~ iIIClMolItI'I

Ptwna or R8C AST~

s.t.. B , bbld CllUIl

Sett.m tIlIlt, RBC tIlIlt, U bbld CllUIl

"""'--

of protein nutritional .. tatu,. It ..,
affected by lIlan) factor, other than
nutrition. e.!!. hepatic and renal di-.ea.-.c,
and lhe h) dmtion of the patient. Serum
albumin concentmtion mpidl) fall, a~

part ofthc met.lbolic rc.,ponsc to injuf).
and the deerea..... may be mi",a"enl)
altributed 10 malnutrition.

• IJlom/ gil/emf.' ('Ol/U'l1ImfiOlI. Thi, .... ill
he maintained even in the face of
prolonged 't:lr\ation. Ketosis dc\(~lop.,

during .. tan ;llion and carbohydr;l\c
dcficicnc). I-Iyperglycilcmia i~

fre(IUcntly encountered a, p:lrt of the
mctabolil.: re~IXJI"e to injury.

• UJlif!l. J-a,>ting pla'lma triglyccridc
le\eh provide '>ome indie:lt;on of fat
Illetaboli,m, but :Ire again affected b)' a
\;lrietyof Illetabolic proce...,e'l. Es,cntial
fally acid Iewh Illay be Illea,ureu if
,pccific deficicl1ci..:: .. nrc ,uspected.
Facc;L1 f;ll may he mea'll red hoth
qtmlitati\"c1y and quantitatively in the
a"c,"nent of malab"orption (pp.
IO~-]()5).

--,
Sett.m~l(t"""""ot
__E

PtlA...lIO.' .....

...-

,-.­"'"biocher'lOCiIl
..~>

! Nutnent

""""

_....
Sony.....,--------
-----.

w... _

"'""""'s'(TlWwl1

a, tfli:Jolaml

8"tPyndomeI

"'","*,,",--F._
'1-
010..........'"

A numhcrofhioclll~micalte't' :lrc u'ed to
complement lhe hi,tory and e\amination
in assessing the gener:ll nutritional '''llU'
of a patient. None arc completely
.,ati,fal.:tory and ,hould ne~cr he u,ed in
i,olation. The 1I10,t l'Olllmon tc.. t, include:

Table 1Classification 01 vitamins

• Profeill. Serum albulTlin concentration
b a \I idely u;,cd but ilhcn,iti\ c indic'llOr

BIOCHEMISTRY

Simple anthropometric mea..uremcnl\
.... ill include height..... eight. ami cin::um­
fcrence and slin-fold thiclne....

Bod) Illas~ indel: ' .... eight in 19 di\ id·
cd b) the height Mju:lred in metre.. } i.. a
rea<.onabk indicator of nutritional 'talC.
cl:cept .... hen the p.;lticni i'l ocdematou'.
Ann cin:umfercncc i.. lIn indicawr of
\keletal mu'-Cle ma~' ..... hile ""In fold
thic\..n~ .... i, proportional to bod) f;lt
Ie\ et... In addition. general ph) ,ieal
el:amination Illay rc\cat ,ign~ of mal­
nutrition in the .,I.in. n;lib, h:lir. teeth
and mucou, membrane'.

EXAMINATION

rlQ 1 The development 01 malnutrition.

• hi~lOry

• examination
• laborJlOry in\c,tlgation'l lIlduding

biochcmi,try.

~lalnulrilion i~ a common probkm
\\<orld""idc. and in de\l:lo~d coontrie.. it
j, a~wcialcd parllcularly "ilh p()\ert~

and akohoh"lll. It b abo encountered
among palicnh in ho..pital. Variou!>
s1Udie~ ha\c 'ho\\n that patient" may
h:l\c c\ idcncc.1lO1 only of pf"Oll'in-calorie
malnutrition. but al-..o of .. il3mi" and
mineral deficient'ie... e ..pcci3lty afler
major ~urgcry O1"chronic iUne.....

Malnutrition to the layman u"uall)
means ,tanalion. bUI the lcrm ha" a
much .... ider meaning encompa"i"g both
the inadcqu3q of an) nulrient in the
diet a .. \\ell a.. f'.In'H food intal-c. The
pathogene't .. of malnutrition i....ho\lo n
in Figure I.

Malnutrition related to <,urgi'ry or
folio.... 109 ~\ ere injury occur-. bccau~ of
the c'Ilcn\i .. c metabolic change.. that
accompany Ihc'tC C\elll ..: the 'metabolic
rc~pon'>C to inJuf)' (pl'. 102-103).

TIle a'~e~~llIem of a patil'lll ~u,pccted

of ~uffering from malnutrition i~ ba~ed

on:

HISTORY

Pa~t medical hhtory may point to
change, in \wight. poor wound healing
or incrca~ed '>u'ceptibility to infection.
The :lbility to take a good l!il'tlJr\' hi,tory
is one of the mo~t import:lnt p:lrh ofa full
nutritional a~se~<,menl. Taking :I dictar)
hi~lOry ma) i'Hol\e recording in detail
the food and drink int:ll.e of the patient
o\'er a 7 day period. More u,ually.
hO\H~\er. a few :>imple que'tion, may
yield a 101 of u'leful inform:llton about
a per~on'\ diet. Depcndingon thebaek­
ground 10 the problem. different que,t­
ion~ will be appropriate. Forc'(amplc, in
the .... a\tcd patient. que\tioll\ about
appetite and geneml food imal.e ma)
:>ugge,t an eallng di'lordcr 'luch a,
anoreltia ncn'o,a. but in the patient
presenting .... llh 3 ~I.in r3,h. detail~ of
the "pceifie food group' eaten .... ill be
required 10 help c'(c1udc 3 diel3l') cau"C.
In the patient 3t increa~ed risl. of
coronary hcart di)ca"c. quc~tion) on
saturated fat intake may be mOM
re\caling.
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~~
B,
A
Folate
K
o
B"

13mg1d
1.2mg.,'d
09mwd
o65mg.'d
02mg1d
O.07mg.d
00lmp:d
O.OO151l'1Q1d

2.5mg1d

1.5mg1d

1.0mgid

030mg.d
O.14mgtd
007rngtd
010mg.d
O.OO2mg;d

120mwd

10.0mg.d

Ff;l 2 Average adun daily requlrelMflts of Yilamins. F9 3 Average Mlult dally requirements of essential trace eIemel1ts.

Ffg 4 Selection 01 patlenlS 'or preoperative nutritional support.

No

Clinical note

IS -.ghI1oM 8SSOCIilted No
.....J1h re<tuced functIotwlo, f-"""-----,• g. muscle_~lJ

ProviOO .nte~,~,::,~~-~~=:!. J
parenteral n~lrillOrl

~. AC~'ur:l\C me;I"urcmcTll of height and wcight
;lrc the nUN Hltportant feature, of global

nutritional a" ..e""ment al all ,lagI." of life-from thc
neonatal period 10 old age. TIIC'oC are al-.o often \cf)
poorl) recorded III patient nOlC'.

• \"iwmim" Thc"e organic compound" an: nOi ,»lllhe"ilcd b)
the bod) but arc \ital for normal metabolt"m. U"lIally thc)
arc c1a""ified b) their "olubilil): thc) arc li,>led III Table I
anll lheir a\ crage aduh dOli I) rcquil<'ll1ent~ -.ho\\' n in Figure 2.
Some a""ay" arc :nailahlc to mea..ul<' the blood le",:I" of
\ Itamin, dircctly" hut oftcn fUlIl"tiona! a,"ay" that utili/e thc
fa.:t that man} \ itamin" arc en/Yllle cofactor-. arc u"ed. The'oC
latter a'"ay' may help identify gro"- abnormalitie'. Ho",­
c\ cr. ({l detect ,ubtle ucficiencic,:mu the increa,ing prohlem
of e'\cc", lllt:Il.C, qu:mtttati\c mca,urelllcnL<; are required.

• Mlljor millert/ll. Thc"\.' inurganic element!> arc prc~cnt in the
body in liliantitie, greater than 5g. Thc main nutrient!> in thi"
C:llcgory arc "odiulIl. pota",illlll. chloride. calcium. pho,phoru"
wuJ magllc"iull1. A II of thc"e arc readily mea,llrabk in blood
and Iheir level" in p,lrt rellcci dietary illlal.e.

• 7'r(I/'I' ('It'll/I'll/I. Il\org,lllic elemenh prc"cn! in the body in
quanlilie, Ie"" than 5£ arc oftcn found in tomplc'\e" with
protcifh. The c,,"cl1lialtnice clcmcl1h arc "ho\\.11 in Figure J.

Lnlil.e the Ol~~e~~ll1ent of oHral1 SlalU~. biochemical
me:hurcll1ent~ pia) a I.ey role in idcnlifying c"cc~..c~ or
Ildiciencie~ tlf "pe~·ific componenh of the dicl. Both blood
anll unne Il.'"ult" mOl) he of \ alu\.'. Such a....a)~ include:

Nutrillon;tl :l""~,,,m~nl i, not only nece"':lf) folio\\. ing ,urgi~'al

proc('t!ure". Paticm" need 10 Ix: in good nutritional condition
before an 01X'r:ltlon :llld the a,..c,,~ment ,hould be done \\ell in
ad\ ance 10 all{1\\ build up of fC'>Cf\ c, before ,urge!) (Fig. ~).

PRE·OPERATIVE NUTRITIONAL ASSESSMENT

Case history 4(J

A bS·)ear-old IlIale \\>ilh m<Mor neurone di!>ea~ is admiued
becau.)C of '>CH're anore\ia 3nlI \\eight lo;,~. SU~pec1ing.

malnutrition. the hou\<: officer rcque'>b a ballery of
blochcmicalll."L' including. 'ieTUm \ itamin E and selenium.

• Ho\l, u..eflll \l,lll lhe<.e be lD the managemenl uf thi ..
patiCnl'

Commt'nt 011 fHl.~1' 156.

Nutritional assessment

• NIIIntlOI'IaI assessmenllS rnportanln fNery patJeOl.
• Manml1Jon IS corrrnon and usual)' reflects Ihe rladequacy

01 any ootnenI 01' rv.rtnents nlhe diet.
• HIstory, examI'IallOn and laboratory invesbgaoons are

complementary
• Avanely of blIx:hemcaIIlM!SlJl}3.1IOnS may asSlSl. n !he
~ 01 nutnllonal defiaenaes and i"llhe fI'lOl'llIOmg
of patJenl$ LlI'lderp1g IMrttJOnaI SI4lPOI'l
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NUTRITIONAL SUPPORT

TPNEnteral.....-eo>--GluttifHree....A","""

""""'"
FIQ 1 The spectnJm of nu1ritiooal SIIpporl

Nutritional \uppon m:.y ran~e from
'"T1ple dicta!') .u.hicc 10 long-limn total
parenteral nUlritinn ITPNj. In bct .... een
I,> a .... hole 'pcclrurn of clinical t;'onditiOll'
and :appropriate furm ... of nutritional
'uppon IFi~_ II. A.. \\ e rum clOthe right.
climbing the '>C:lk of ~\ enl) of lh;,c:l'>C.
"C increa'oC.' Ihl.' k\d of 'tlppon and in M)

doing int'rca'oC,' 11K' neoo for labor.lIOf)
bad.-up. Th... clinical biochemi'lr)
laboralOl') pla~ .. :m lmpnn:ml role in the
diagno,., of ..omc <.h..ord...", Ih;l! require
lopccific nutritional IOlcncntiOll. e.g.
diabclc~ mdlilu,>. iron dclkicnc) allac­
mi:t and h)pcrlipidacmi:a. but a much
greater role j .. pla)cd in the mOllltoring
of pallen'" rccci\ illg the different (orn",
of nutritional ,uPlxln.

WHAT 00 PATIENTS NEED?

... SO(hetghlln em)

Meo

Eoergy requlfemenlt • 665 ... 13.8(weighl in kg)
(kcalidayJcf

1'- '_'_,'_,,_"_"'_'_"_, _

A..'>C .... ing the d,ct;lry need.. of't(lme p<ltients i, <I highl)
,~eiali/ed ta,I... but ,01l1e gcncml guidelines can be
con,idcrcd. A b;tlanced mi\ of nutricnh mu:.t contain
::Idcquate prO\i,ion for gmwth. healing and pathological
lo"c,. e.g. a draining fi .. tula. Wherc p::lticnh are able 10

cat a mi~cd die!. the dct;ukd eOll\ider:llion of their ~peci·

fie dictary inla"e~ i, '>Cldolll an i"~lle. Ilowe\er. for thu'>C
p:ltienh v.here the clinical team ha~ to a!>sume the
rc;,pun!>ihility of pro\ iding the balance of nutrient!>, much
greater care 11l11~t be taken.

FIQ 2 The Harris-Benedict equation.

... 18 (heighl in em)

Energy
P;lticnts require cncrgy. the amount of whil.:h CUll be roughly
cakulaleu fromlhc IlalTi~-Bcncdictequation (Fig. 2). Thi.~

formula provides the ba,al energy requirement;, of an
individu.ll. and the,e IIlU'1 be adju;,ted to t;lke account of
inerea!>ed requircmenh or lo!>;,c!> a:. described abovc.

The principal energy ,ourec!> in the diet are carbohy­
drate .. :wu f:lt'. Glueo,e provide;, 4 kcal/!; while fat
pro\ ide\ 9 "c:ll/g. The entire caloric 10<ld may be admin~

stercd u..ing carbohydnlle~. but pre;,cribing a mixture of
carbohydrate.. and lipid~ is more phy.. iological and servc:.
to reduce the \olumc of thc diet. This i;, imponant in tube
feedlllg a\ wcll a;, in parenteral nutrition.

Women

9
I

Energy requirements. 655.0 ... 96(welght In kg)
jkcaVday)

- 4 7(8ge in years)

Nitrogen
Protein\ and the amino ar.:id;, prm ide
nitrogen and al\o yield energy at 4
keaUg. Aminoacid\ are e\'>Cntial both for
protein s)nthesi\ :Jnd for the synthesis
of other nitrogen.comaining compounds,
U:.u:JlIy It i!> recommended th:Jt protein
inta!..e ~hould constitute 10-15<I- of the
tOial c:Jlorie requirement. P<h.iti \c nitrogen
bal:JllCe can onl) beochic\ed iflheenergy
intake i;, ::It 1ca~t 3dequate to co\er the
resllng energy expenditure. 11Ic energy
needs C:Jn be ealcul:Jted fmm knov. ledge
of urinary urea c~crction (Fig. 3). This

dict:Jtes amino acid needs as v.ell as
the energy requirements to ensure that
protein synthesis lal..e~ place.

Vitamins and trace elements
Viumins and IfaC'e elements an: collect­
i\cl)' described a.s 'micronutricnts·. not
because the)' areoflimitt"d imponance but
because the)' are required in rclati\e1y
small :Jmounts. Recommended diet:J!)
:Jllow:JlICCs (RDAs) ha\ e been defined for
most nutrients and these are u;,ed III tnc
make up of art.ificia.l diets.

HOW SHOULD THEY RECEIVE IT?

Patients may be fed in the following ways:

• or.ll fceding
• tube fceding into the gut
• p:lrenteml fceding.

Oml fceding should be used v.hen­
e\er possible, Tube fceding (Fig. 4)
imohes the use of small bore naso­
gastric. n:JSOduodenal and g:Jstrostom)
lube~. Defined diets of homogeneous
composition can be oontinu:JlIy adminis­
tcred. Tube feeding in this way by­
p:Jsses problems with oral pathology.



PstJ8l'l11ll1TlJ IS
being Q$8SMd She

passes 2 lItres 01
unne In 24hl and---IS 150mmolI'l

2thr urN excnttloo
• 300 mmolIurea

NVl'RJT1ONAl SUPPORT

s .... allo .... ing difficuhic~ (C.g. afll~r a ~trol..cl and anorc",ia.
ben paticnh .... ho ha\e had gastric ~ufgcr)' com be lube fcd
po't-operati\el) if a feeding jcjunO'lU11l)' i!> fa,hioncd
during thc IIpcrallOn di"l:!1 IU the Ic..llln. 1I0.... c\cr. tube
fcedlllg a1<.o pre,,~nh mechanical pr<lblem.. in term' of
blud.lge or oc..ophageal ent'lion Ga.~tnl1Ote..linal probkms
'Ych a.. \omtllllg and diarrhoea. and metabolic problem.. can
b.: mimmi/ed b) the gradual mtrOOuclIon of the f...'Cd~ and
r..rel) arc l"ontr.lindtcation.. to enteral fcrdlllg. 1nc problem..
......oeiated .... nh p:trI~nteral nUlfltion :Ire e\en more ..e\ere and
arc di'l"u....ed (In page' llX)-IOI. It ..houM ~ llott.'tI, htlwe\er.
lhat the \ast maJurity uf pal lent.. c:m be fed \\:ry ,ul"l"e"..fully
either oral!) or .... ith enteral tuhc f"cd~.

MONITORING PATIENTS

Chmcal and hi()I:hemieal m\lllliocing ~hould 31 .... a)" go hand
in hand In the a""l",!>ment of Jny form of nutritional ,uppon.
In ,ome circum ..tance' th .... contribution of the I;.ooratory
ma), he lhe \lmple me3..ur..:m..:nt of blood glu..:o...". ",hi!..: in
other .. iruatioll" the Illca"ur..:ment" and ad\ icc provided hy Ihe
lah lila) dicl:llC the regimen III a p,ltient reeel\ ing parenteral
nutntlOn.

C>

C>

3OOmmol oIlnoII.
eoommol 01 ..... N a

06~0I_N

ConYer! mollIr 10
----'~---J,. masa uollS by mu"lptvlrog

byal-wt oINI.

---~----'(";:Eadlmol8CuIII 01 urea
aM'ItaInS 2 .Iomt 01 N
~~by2

8·40 urea N.
10 5g Iolal N

-­I'lCIO-\.ftleN~.

Total N lou. 1259

12·59 lOWl N.
-78g ptOtetn

Urea odoJ QOflSIllINlS
-80"'00 01 unNI N so

multlply by 5/.

'0 0

C>

19 N lS aq>ll~aleol

106.25(1 pr0\8tO

C>

fig 3 UrIne urea~ 0Wf 24 tw may be used 10 assess niII'ogen_. FJg 4 Pnrnt on tube Iftding In rTlJ. ",ore IN' pallenll.. .11 ....' b:t
\ ~nllL:lI<"li \ iii :;11 l(:;lll:ho...."'hHll~ ;J.JK!Iu.. :;II ~·crtlr:al line 10 1'1;K~.

Case history 41

A pauenl \to- 1m pcmil;louS an..cml3
1\ being lreated .... ith parenteral
\ 113mtn B BCl;au ..c ~hc has
recentl) been f«hng lired and 'run
do.... n' .herphy~ t(;1 an scnd~ a ,ample
to the: clinical biochemi,lf) lab
rcquc\ting a 'oCrum B" level.

• h thisthc Il1O!oI apPl'Opfiale Ito-aylo
munitor the: pallenr'

Commelltlfflpagt> 156.

Clinical nole

By far the mo\t
cffecti\c route of

supplying nutrtCnl~ 10 a p:Jlicnt i..
via Ihe gut. By u~ing na..ogm.lrie
lube.. :lIld electivel)' lIl!>cned
stoma (UOO to the ,tomach or
~mall mte,ttne, onl) a ..mall
mmorit) of p~n~nlS Ito-ill require
10 be fed parenlcrally.

Nutritional support

• Nutn1JCIl'lal supporllS reqwed
11'I awde sp8ClMTl cI cordtJons

• It CQnSlStsoia YaMly cI appl*:heS.
tram~ dIeWy adw:e 10 tuI
parenteral nutn&Iorl

• The lOUie of firsl chOlce lor nutnllOO8l
supporllS oral JoIowed by enteral
followed by parenteral.

• Ca~ etncal and laboratory
rnoruloMg 1$ reQIIred 10 some elden!
11'I aI bms of IUrO:WliII support.

• Mosllaboratory supporllS needed lor

....._""""'­"""'"

J=---- _
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Fig. 1 Team apprG8ch 10 TPN.

Is !Ius p8lJBnl
receiving regulal
and appropriate
lab SCreening?

PARENTERAL NUTRITION

Th..- provIsion of nutrient;, 10 lhe body',
cdl .. j, a highly cumpk\ phy,iologkal
pH"'''''''' Illvoh ing many endocrine.
exocrine :Lnu otln~r metabolic fUlll'tion...
1'oul paTenlcml nutrition fTPN) com­
plCh.:ly bypa,,,.:, the g:l<.lroinIC<.lin:d
tract, delivering proc... , ......d nutrient ...
direcily imo the \cnou!'. blood. It j, more
phy,iologk':ll to fced patient, cntcralJy
and parcntcr.tl nUlrition ..hould onl~ be
cOlhidcfCd ollce other I:HJ"ihililIC'o have
been deemed un..uitahlc. 'nle ilhlitution
ufTPN j, ne\er an emergency and Ihere
..hould ;d\\ay~ be lime for cOIl\ult:lIion
,md for b:l,clin..: mca,UTcmCI11" to be
pcrflmncd. A [cam apprmv.:h j .. d..... irahlc
(Fig. I).

INDICATIONS FOR
PARENTERAL NUTRITION

Patient:. Voila :lrc ull:lbJc \0 C;II or :lbwrb
food adc4uately frollllhc ga~lroilllc'tilial

tr.lCI ,hould be con,id..:rcd for p;lfl~nter.ll

nUlrition. The circum"lancc, wherc thi,
oceul"'> indude:

=

eJ
~

mosl appropriate
1.'1. 'eodin.p
regwTIBn,

Clinical
biochemist

==
IslI\e centm~1,'1 Ime coneclly

POSllloned end
<:aled 'or?

==

~\';Jpallenrs
!.V UrMl

'"'ected?
~

careful llur.. ing care and hiochemic:J.1
monitoring ;LTC reqUired.

Cmheter "lte ..ep'i.. i.. :1 con'lanl fenr
in Ihe,c pallenI'>. The nUlrienl-eonlalfling
inru~ioll Ilui(j., are. of cour,e. ;11-.0 excel­
lent baclenal and fungal gro\\Ih media.
tlnd ri .." of infeclion i, further heighlened
by the pre....nec of il foreign bod). the
catheter. Slriet :Hlention 10 a'l.:plic
lechnique bolh in Lhe .. iting of a catheler
:Uld in it- maintenance \\ ill ..en c 10 ll\"oid
mllny of lhc,e problclll'>.

M i,placement ofacathcter and 1I1fu~lOn

of nutfie11l ..ollllion, cxtf:lva,cularly c;ln
be \cry ,enou" Central calheler-. ,hould

TOI:lI parcnter:i1 nUlrltlOn I' the l\l\hl

CXlreme form of nUlrttional ..uppon and
can gi\c ri,c to r.:on ...idcrabJc difficult II:'.
In order 10 pre-empl thc..c. r.:on .. i,tcnt

..ourcc i.. a mi~ture of glUCll'>C and lipid.
~l:lny p:lIienb \\ ho recei\ e TPN arc gi\en
~tandard proprielar) regimcn.. of pre­
packaged ..olulion... The..c h:l\e made
TPN Illuch ea.. ier. but :1]0, with :lny 'llch
approach in medicine there arc "ollle
palicnt~ \\ho require morc HlIlorcd
regimen...

COMPLICATIONS

ROUTE OF ADMINISTRATION

Parenteral nutrilion may he given in lhe
follo\l ing \'oU} ,:

• inllnml1l:l1ory bowcl <li_ea!>c,
":.g Crohn', di'eu'>C

• ..hon bo\\d _yndrornc.
e.g. rn..:,cnlcric anl"f) infarcti~ln.

• ViII "erif,ht'I"lJI"t'iIl\. Thi, roule m;Jy
b..: ,ucce....fully u..cd for II "hon p.:rilxi
of 1-2 \lcck...

• Viall cellt/'lll "ellf/lU' ("(JIllett", Thi..
route i.. u..ed \\hcrc [ong-l.::rl11 1,\.

feeding i.. amkipatcd, Central vein
c:tthetef' n1a) remain p:ttcnt fur year-.
ifl:ared furprol>crly.

Although lllO.. t recipient- of TPN :tre
in-patient... many individual, \\ ho require
10ng-tennTPN h;t\(" ,ucce....full) managed
to admini'lcr TPt\' in the home, The,e
p..1ticnts h:1\ c pcnmlllcnt CClllr:11 catheter.'>
through \I hich pre-pnd,aged nutrition
lluid.. arc :ldmini .. lered, u,ually oil night.

TPN ,hould. a ... it .. name ... ugge..h. pro­
\ide complete artificial nutrition. An
appropri:ltc \olumc of nuid \\ ill contain
a ~ource ofcaloric" amino acid,. \ ilalllin\
and lr.Jce clem..:nt.. (Fig. 2). The c:lloric Fill 2 TPN ~rations.

COMPONENTS OF TPN
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Decision 10 ute TPN

~eCal
1000 kCai

'"1200 kC31
1000 kCai

15Onvnol K 80mmcl
7 5mmol po~ 15mmol
l~moI VltaITWIs and--

I e.g lst~- Nrtrogen

"""""""'~F"
Thefeafler d8IIy - NoJJogen

Cllbohydrate
F"...
l',?

be placed under X-my ~·()l1lrol. The po~.

'Ibi Iit) of embolhm. either thrombol ic
ur air "hould be ea,il) avoided ll' long
a' their polenti.ll i, n:co1,!ni/ed.

The mo,1 common met,lholic COIll­
plicalion i, thai of hypcr!!lycaemia.
Again"t :"I b:lclground of lIlcrca"ed
,tre" hnnnom::", c'pceiall) If there i...
infc(·tion. there may be mari.I..'d in,ulin
re,i"lance and cOll't."queml) an incrt":I'!>Cd
gluco,e Ie\el. The u...e of in'ulin 10

correct lhe<.e melabolic eo-Loc.... i" be"t
avoided The compo'liion of Ihe i.\.
regimen ... hould he adJu'IL'd if metabolic
di-.ordcr. occur \bn} other biochemical
abnormalilie" have been reporled 111

a~'-OCi:ltion \\ ilh TPN. Thc-.c include:

• hy po"alaelllia
• hy pomagne"3Cmia
• h)pophrn.phataelllia
• h) pcn.-akaemla
• acid-ha....: dl"onlc .....
• h) perlipidaetll1a.

If pallent" are properl) monitored both
clinicall} and blochemicall) during their
TPN thc'>C potential di,orde........hould he
avoided,

MONITORING PATIENTS ON TPN

CQI1II/It"m 00 ptl~t" /56.

FlQ. 3 Intravenous nutrition and Its monitoring.

Folate -t- 8\2 every
1-2 weeks

If patient very
catabohc-C..B,

Sef\lm zn
(plus Cu. and Se
It OOg lerm TPN)

Parenteral nutrition

• TPN IS never an emetgenCy
procedure and should be carefully........,

• A ITIU!tJdIsClpII team approach to
TPN IS the most eflecbYe

• The rna., problems are due to
sepsIS. and mechanical and
melabollc COfT1*:anons.

• The use 01 cormtefClaI preparatIOnS
has made the rtCldence 01 defiDen:y
stales much less camw:n

• PallllntS rec:emng TPN requrre
caretIA dnc:aI and biochemical

"""""'"

Serum end Urine
concentratioo
1-2 K I week

Weight. skinlold
thickness. mldarrn

Circumference
Unne urea (ot

total Nl 2 K!'Neek

6 hourly urine or
capillal)' blOOd

glucose
Perform on ward

Daily U,\ E until
siable It1en 2-3 KI

woo,
l! management

difficult. lest unne
afld Olher fluids'

eleclrolytes

Case history 42

A 5+-)car-old man \\a~ admlllcd
VI ith a "uperior mc'>C'ntcric anery
Ihromoo...i". lie had gn",~ 00\\ eI
i~chae.mia and nen(h" Suho.e·
quently he had onl~ 15 ~'m of \ iilhlc
small OOVleL

• What fonn of feeding \\oold be
apPropriale in Ihi~ man!

• \\fhal :l"~",mcnt 'hnulJ he made
hefO!\" commcrn.:ing tn:atll1cnr'

Fluid balaflCe
chan

Record unne
arK! fistular..~

Clinical note

In addition to b,l"cline a,"e,,,ment of
patient, rccei\ ing TPN. Iherc "houl<l al,o
be a 'irici pOlicy for careful clinical and
biochemic:11 monitoring of lhe"c paticn....
(Fig. J). Thi" i, c'llIxially 1l11punanl if the
TPN i, mcdium to long-Ierm. The teM,
de,cribt.:d on pagc, 9(l-l)7 havc parEituhlr
rdevance hCI'e.

Special attenlion IIlU,t he paid 10 the
micronutrient- in lonj;-tcrm TPN patient'
a, any imhalance here mOl} l"C'uh in .1
.. inglc nUlrient deficiency ,laic, Such
.. ituation ... arc increa ... ingly rJ.rt" e'l:cept in
Iho'!>C patien.... rdying "\lldy on anilicial
die,," for thcir nutrienl'.

Bee:lU,e hiochellllc:11 changes rna)
preccde th~' de\dopmetll 01 an) clinical
manifc,tallon of iI nutnllonal deficiency.
c:lrcful lahor:llory monitoring 'hould oc
in'tlluled.

Patient' oflen n.-cci\c
lipid cmul.. ion, ii' pan

oflheir i.\ rc1,!imen. Vi,ihlc
Iipidacmia in a hlood ..ample
u...uall} "ugge"" th,ll the paticnt I"
unable 10 deilr the lipid from lhe
pla~ma
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THE METABOLIC RESPONSE TO INJURY
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5
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F~ 1 Tile changes In body temperalure, pulse rate, oxygen consumpUon
and urinary nitrogen excretion which ICcompany Injury.
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"

Ba~o~..,...,::.::::::=::.:":m:p~,~~(;m:v:m:":(:::::::::~~__l
280!

""''0
220
200'~---- _

Axdlary tempe<illure ( C)
38

Pulse rono (beats/min)
90

human acute ph:t~e prole.." arc listed III Table 3.
The acute phase pmtem re'pon,e i~:1Il :ldaplive re ..pon~ to

Ji ..ca~.Il .. role i\ not fully under,tood bulcertain aspccbc:ln be
'>Cen to h..:of!:lenefitlO Ihe indi\ idual. The incrca,e~ in C·reactivc
pt'Olein (CRP) and complemcnt will contain and eliminale
IOfcclion: incrca"Cd eO:lgul:llion faCltll' ..... ill _lid :md pre\cnt
exce~, blood lo.. ~: protca..c inhihitors wi II prevcllt thc ..prcad of
ti~,ucnecl'Q\is when Iy"O..omal en7Yllle.. arc released by damagcd
ccll~atlhe sitc of injury. The precise role ofOIlter protcms in 1111'
response ~uch a~ cacru lopla~rnilt and <,crum :..nyloid A rernailh
10 be c~t:tbli~lted.

The aCute Ilha~ prolcin re ..pon~e Ic:ld~ to grcally increased de
nom ~ynthesi, (pnncip:llly by Ihe li\er) of a number of pla~llI:J

protein~ :r1ong with a dccre..~c in the pla~llla concenlralion of
....llllCothcT'>. Thi .. TC\polhC i, \timulatcd b) the relea-.cofeYlOkinc~
'uch:ls illlerleukin I and 6 and tumour nccro..i.. faclor. and rai~ed

concenlr:Ltion.. of the h()rmone~!,;lJni\01 nnd glucagon. The m:Jjor

The body rC:lct, 10 ..11 fonm of Iloxiou, ,timuli Wilh llll
inOaml1l:tlOry rc'ron,..:. Thi.. j, II ('omple),. seric, of events which
\aries fmm mild h}pcmcrni:l due to ;l supcrfici::J1 scratch 10
major hacmod}namic and metabolic rc,pon"c, lO a sClerc
injury. Tr;lul1lu j, the nmjorcuu ..c of dC:llh in Iho"c under the :Jgc
of 40 in the \\c,tem \\orld and j, lilt large" 'ingle C:lll"o.: of
hl)~pitatadmj"iOll. A number of i mpoMa!1l biochemical change,
talc place in the lraull1:Jli/cd individual as piln of the ll1cwbolic
rc'pon~ 10 injury (Fig. I). The'c changes occur to 1<.0111C cxtcnlill

ull fomh of injury hut II ill only ;lUain clinical illllXlnUIlCl' .... hen
lhe degree of injUry i.. \C\crc. i.e. folloy,ing cxten,j,c bum'_
multiple inJuric, and fr:lclurcs. M:uor ,urgery or severe infectioll
gnc ri ..e 10 .. imilar mct:loolic con..cqucncc...

TIle problem.. faced h) the 1r:1Umati/l~d indl\idual arc li,ted in
T:lble I.The l1Ictabolit· r..: ..pon,e 10 injury can he thoughl of a,;L
protectl\e phy,>it)lo~ic:llr..: ..pon-.e de,>igned 10 kl"Cp the indi\ idual
llli\c until hcaling proce........~ r....p"irthe dlll1l:lge lhat ha~ h..:en dOlle.
II i, medi:llcd hy a complex ..eric, of neur<K:ndocrinc and cellular
proce....e... "II of", hich contribule to the 0\ emil !!oal-..uT\ i\ al.

THE ACUTE PHASE PROTEIN RESPONSE

THE PHASES OF THE METABOLIC RESPONSE TO INJURY

The l11et:ll>olit· l"e'I)OIN: to injury h:l' IWO pha~,.the ebb and the
JIm,· (hg. 2). The ebb pha'>C i, ..hon and corrc'I>ond, rou~hly to
clinical ,hock. The phy.. iologie:J1 change' which occur here
re,tore adcqu"te \uscular volume and muirll .. in e,<,t.'ntialti .. ,ue
perfu,ion. The ehb pha"C nm) progre, .. either 10 death or to the
flow pI1:l ..e. which may 1;1..1 from day.. to weeI- .. depending on
the extent of Ihe mjury. In thi .. ph,,'>C. metaboli ..m i.. altered \(l

en..ure that energy i.. available for depemlcnl tis~uc" at Ihe
expcn..e of mu..c1e and f:1l ..tore...

The..e biochemical change.. (T"ble 2) arc medialcd by Ihe
hllrmone.. coni..o). gluc'lgon :lIld the c<ltccholalllinc~. Thcyen..ure
,>uT\i\-al in the ..hon tcnu but exact a penalty from the patient.
Where".. 10"" ofhody f:uI' acccpwhie :111d ea.. iIy rc\cr..ed. los.. nf
muscle ti ....ue i.. a ..... rinu.. concern.

The innamm:uion ..ub-.cquenl to inJul) or Illfectlon i.. me­
diated by paracrinc regulalors: cytokine~ ~lIch a~ tumour necro,I"
f:lctor :Ind the interlcul-in... :lIld lipid mediatof'< ..uch :" platclet­
:Iell\ a1ing faelor and Ihrmnb<l\anc A,.

Table 1 Major problems faced by traumatized
Individuals

8Ied'Jg am artUalOty Cl:lIapM

"'"Major lIs$Ue damage

Food and ..... deprr4Ilon

IIl'llllObilllllTIon- --
le<Ids 10 n:rNSId CIIO.lla.mg blood gU.:ose 10 be UloId as an .-gy 5Ub$IraI8

leads 10 «teaslld dltuIat.lg blood gIIaIM 10 be IIMd lIS an 1IOIlVY!llIbstrIMI

leIds 10 WlCIeased 1M!lIIty..whdl .. '*'" 10 pIQWIde enerw nllllClea5ed
~ wI'Ich mar be converted to \IMOIe

leIds 10 n:rNSId....-.:l «JdI whdl may be catlItioIIzed 10~ enerw or USlld
lor -..I'fllt- rd WIUld heUlg
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Eoo'9Y InjUry C·reacllVe -NormaICRP- I Ebb F~.
prollItIl (mWll response 10

f'" 2SO -",.,,'"
C""""'" AM""" Abnofmally high

200 2. CRP Ul pallllllt
4 (Says post-op

'00 WIth teYef
'SO 2 Palooot's condrtJon,. detenorabng,
'00 """""-SO .""-SO

drluned on day 5

3 CAP IeYeIlailog.""-0 ""'""-0 , 2 3 .. 0 2 .. 6 6
Days alleo' WlJU'Y Days post-op '''''"''''

Fig 2 The phil" of the mNbolic raporISot 10 Injury. Fill. 3 CRP concetItraIion.,. patient who developed 1M occult ibscess
following abdominal 5U~.

I~

Clinical uses
[II. praclicc the major u<,c,: of Ihe acutc
pha'>C rc~pon"C i~ 10 tIlOllltor Ihe cour.c of
the inflammalory pRICC.... in the palicnt.
Tht~ i" done in t.... o .... a) ..;

• B\' m('(Hllri,,~ fen"" CRP, eRP
cOlK'elllr,uiOlh change \cr) mpidly
and can be u-.cd 10 monitor change;.
on a daily OO.. i.. (Fig. 3).

• B\' f/lotlitori",f: lIlt.' I'rwhron/l' n'l/­
imellf{//;m/ rate (J::SR). Thl' rcncc"
fibrinogen :Illd immunoglobulin con­
centration. ESR ch:lllge....[0.... [yo and
i<, lhed to monitor the inl1ammalOry
proce.... over week<' rather than day;..

TaOie 3 The acule phase Pfolaln response

Protein types lnert.ted ""-""
PJllIease iMIbdors «,·Anltt'YP"l

(I,~

CoagWtlOI'I proia '---F8CtOf VIII----""'- C" -C2.8
C3.Ct,CS

'"C"'H-"""'-e.- ""'".--- HCl,- LDl

Clinical note

Antibiotic tocmpy for
an mfccltlm. pcmaP'>

indicated b) increa"Cd CRI)
concentr.uion, "hould be ,tanl,.-d
only after appropriate ..pccimcn"
ha\ e ococn talen for
bacteriological in\c"ugation.

In lK-on3te.. and immuno..upprc..-.cd
paliellls. OOcteri31 infection can he dif­
ficull 10 diagno<,e in II'- e3r1) .. tage<'.
Failure to make the diagll()',i .. may h:ne
fatal consequence<" In practice, a "C'rum
eRP concentration of> 100 mgll (normal
<10 mgll) is frequentl) talen 10 indIcate
the presence of infection.

STARVATION ANO THE METABOLIC
RESPONSE TO INJURY

1nc metabolic respolht.'s 10 injUry and 10

star\'ation arc quitc different. Aftcr injury
the body i" at .... ar. ddence~ arc mobili/cd.
metabolic acti\ ily increa..e.. :lIld re ..ource;.
arc directed to the .. ite of :tction, [n
.. tan'ation, the body i.. in a ~tate offamine.
re ..ource" ,Ire r:ltioncd and metabolic
:Ictivity j, limited to the minimum lor
~urvival. The two situation .. :Irc quilc
distinct. bUI in the clinical ,ituation Doth
can occur together. The ;.cvcrely injured
IXlticnt is often not fed a, a priority. Wherc
.. tarvation and lhc metabolic re"pon ..e to
injury occur togcther, a good clinical
outcome becomes le..s lildy. If a ..criou.. ly
Imumati7cd patient i, alw nutritionally
deplctcd he or she may be e-.;po..ed to:

Case history 43

A 28-year-old man .... a~ admllled to
the inten..i\c IhenlPY unil after a
seriou, road traffic accident 10 .... hlCh
he '>U~taJned multIple IOJunc~. After
initial resu.scitallon and "ur~el) to
his injuries he .... as ("('lIbidered Mable
but in coma.

• Whal is the rok of bIochemIcal
measurements in this p:uicnt' ..
management'J

Cnmmefll 011 f'lIr:e /56.

• Immuno"u~lon

• dL'Crea..cd .... ol.md healing
• delayed ti""uc repair
• mu..clc .... calne.....

All of thc'IC .... 00. together to prolong
eon\alc\Cence, inere3-'-C morbidlt)- :md
e10ud lhe OU"·OIllC.

The imponance of prompt nUlritional
..uppon for ..everel) inJurcd patiems can­
not be mcrempha!<i7ed. In the cat3bolic
;.!ate, largc amoUlU" of energ) and amino
acid.. arc required to replace the 10......<,.
The nutritional .... orlup and asses~ment

appropriatc in the trauma patiem arc
di;.cu"'ed on pag.::<' 97-99.

In addition to cn.. uring adequate
nutrition. ,ome in\'c,tigatof\ belie\c that
other therapic<, 1Il,ly cnhance patient
recovery following tr:Hllll<l. burn .. or
..evae infection. Slrategic .. which
reduce the infla!ll[1l,llory rc~pon ..c ,IJH!
ellh:lllce protein ~Yllthc,i~ and ti""ue
rep:lIr arc heing evaluated.

The metabolic
response to injury

• The metabolIC response to mlUry IS
a protectIVe physiologICal response

• The ebb J*lase corresponds to
cIIrucaJ shoc:k. and the physloIogtcal
challges restore arwatJng blood
volume and malOlalll!lssUe_.

• The IIow phase IIlVOIYes Changes 11
melabollSm to ensure thaI enefgy IS
made available to depeOOent 1JsslJes.

• The IIow phase petSISIS tJIItj the
rilammakWy response prOYdes lor
!IssUe hea~ andJor era<il:aIm 01

"'''''''''• G-reaclJve proteI1 (CAP)
measurements are useftj .,

moMlln'Ig day-llH!ay dIanges
., the nIlaJmtalofy respoose
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'-----j o.oo~
(due 10 hypoalbumlnaerrn)

Failure 10 thrive (neonates)
Grow1tl retardationow_

Tests of IJancrt'atic function
• Lll/lt'" le\t. Duodenal conlen", :Ire

collected after a meat and the acti\ ily
of a pancrealic cnzy me...uch a~ tl") p~in
or am) lase. i~ l1"Iea~urcd.

lIIalah~llrptioll. Faecal ~pecilllell~ over
a five day period may he colletled
,llld tota) f,lI tontel1tll1c'bured.

• "(I£'nll mif"l"O\"·O/lY. The pre~ence of
fat globule~ can be ob~ervcd directl).

• Bwrafuf te.\r. Chylomicron~ detected
ItI the plasma of patient' after a
~tandard fat load indicate thm ~omc

fat dige~tion and abM>rplion ha~

occurred.
• I~C·rrig/rceril'e hreath lest. An oral

do'>C of rJdiolabclled triglyceride lc.g.
I~C·lriolein in .... hich the fau) acid
conlain~ lhe label) i~ absorbed and
mdabotiLcd. The "CO. in expired
air i~ a measure of the effeclin'nev.
of dige"ion and ab-.orption.

• '(,'lInt' tlh\()rplimJ leU. Serum
nk'a~urcmenb of thi" 5-carbon ~ug:lr

are llIaUc after an oral do<.e and
prm ide an indication of inte~linal

ability to aho;;orb monO'>:lCCharide~.

I Consequences

SIan and mu::osaI tesoons,-,eo!'------l (VIIarTwl and !race lIlerT8lt_I

Biochemical investigations
L:lborJtoT) te~t~ in Ihe jn\e~llgation of
ga,>trointe..tinal di~()fdef' fall into one
of t .... o group~: tc,t~ .... hieh identif)
malabsorption and te~t, of pancreatic
function. 11K' n"lO'>( frequentl) pcrfonncd
le'ih are outlined bclo\\. There i~ liule
agreemenl among..t lI1\e~tigalo"" a~ to
the tx-~t te,l, to u-.c.

excluded. L.I;\atj\'c abu~e i~ an impOrt<l1ll
diagno~i~ whidllllay be mi"cd. A laX,lli\e
~trcen i~ n."ldily performed in C:i'I.:~ of
~u,pected abu'e.

In the: C,l~C of fat lIIalab~orpti(lII. the
facce~ will contain fat .... hich clln be
detected by micro~copil' examination of
the 'i1ool~ or by qU'lIltitati\c amlly~i~.

\\'here ~lllal1 m{)tecuh.:~ ~uch a~ mono­
~aceharide~ arc not ah-.()rbeu. the) e,,"en
an O'>motic effect" hich "ill pre\ enl .... ater
ab~orplion in Ihe large 1I1Ie~lInc. gl\ II1g
ri~e to:l1:lrge \olul1"Ie ofwlIlery ,1(XI"-

Fig 1 Causes and consequences 01 malabsorption.

ILvrnohabc; abnormality
(Iat inalabsoiptlon)

IIlSlllliOerlt absorptive
surface area

• disotdefed anatomy--- yIPafaSlle "'estallonS r

, I-Cl secretJon
(,j. II'DIl absorpbon)

,j. IntnnsIc llldor
I.. 8,2 abeorpbon)

Tests of nmlah50rption
• Ftlewl/tIl.11lc pre-.cnce off:lll~

slools i" an important ~ign of

Failure of dlgC'llIl11 I' proper!) called
maldigc\tlon The term 'malab"orpllOn'
dc"Cribc.. imr~lIrn'k:nl of the ab<,orpli\c
lllcchani,m... bUI In practice i' u,cd 10
cncompa~~ !loth di'order-.. Mal;lb~{Jrption
i~:I condition ~ hich l';1ll occurllt ;IIlY ~l<lge

of life fmm it \ :lricly of l'au~c~ (Fig. I ).
The dinic,ll effect, of lIlalab~orption

re~ult from thc fllilure 10 ab~orb nutricnt~.

The major C(Jn~cquence~ of gener:Jli/ed
malab,orption uri~c frOIll inadequate
energy inwke whk'h rc~ult~ in \\cightlo~~

in ;ldlllt~ and growth failure in children.

Diagnosis
In ~U~I)Cctcd mal:lh~orpti()n :l det;lilcd
dietary hi~t(Jry i, e~,e:nti'll to c~tabli~h

c:lting p:lllern~ ,md habih. Endo~copy

and billP~y :Ire by far Ihe mO~1 impon,lOt
lOol~ a\'ail:lhle for the i'l\e~tigalion of
ga~trointe~tinitl tracI dl~ordcr~. They
:l1I0\\' mm:ro- and micrm.copic 'lUdy of
Ihe IIlte~tmalllluco,a and arc tho: ~tand:lId
lechni(IUe~ u~cd \0 diagnO"C maJorcau..es
of malab~orpllon~uch a.. coeliac disca'>C.
Radiologjcalte~t .. arc of a....i"lance ~ hen
detectll1g abnormal anatomy of Ihe
bo\\cl and motility. Though not u,ually
IllH"llg:Jled. it i, important to a~-.c" lhe
,tate ofteeth and gum,. :lnd the adequacy
of ,ali\al") '-Cerelion. a, lhey play an
important role in initi:lling dige,tion.

Pro\ idcd tbat dietary input ,.. adt.-quale.
the prc-.cnee of malab-.ollltion from lhe
,mall IX)\I,el .... ill often be indic:lk-d by
change~ 111 (he f:K.'(;e~. in panicular b)
diarrhoea. Diarrhoea due to malab-.orpt ion
can be a;,~umed onl) jfother cause... 'iueh
a.. infeclion and la'(all\e ahu...... ha\ c been

MALABSORPTION

Ha\ing been iniliall) hroken do"" in
pan h) cool..ing and nla'licalion. food
i .. 3"imilaled h) I~ hod) h} the com­
bincJ action of 1"0 rmce..~,: d,g~"lion

and ab,orptlOn The major nutrienh
lcarboh)dnuc. protem and fal) are brolen
do"'" CIl/)malicall) lolo\\, molecular
Yocighlcompoun<h, Dig"',ll\ Cen7) mes
arc '>Ccrctcd b) the 'toma,"h. panerea"
Jnd ..mall inlc\tinc.

The lran,pon of Ihl.' producls of
digc'lioll inlO gut epithelial cell\ and
from there to the ponal blood i, Icnncd
ah\orplion. The ab..orplion of "ome
nutncnh i' pa",i\c ",hile othc.... n:quirc
actl\e tran'lXln.

PHYSIOLOGY OF DIGESTION
AND ABSORPnON
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Simple tube
Surface area
-O.3m::'

Mucosal folds
Suo1acearea
lI1ICR!ased 10 -l.Om::'

Mucosal vllII
Surtace area
onereased to -10m::'

Microvilli
Suo1ace area
n:reasect to -2IIOrn2

F.g. 2 Effecls 01 mucosal structure on absorptive
surface area of the &/TlllIlnlesUne.

• Inadequale iote'linal mucmal wrfxe
fFig. ::!) a" occur<. in coeliac di .....a'>C.

• Innammation affecting the mUCO"l.
~ub muco,a and frequently tho.::
enlire bo",e! slructun:.. as (X·,·u,.... 10

Crohn·"di'oea~.

• Infeclions of lhe bO\\l~1 "au,ing
imcslinal hUrT). The'oe may be aCUle a~

in 'kllmonella. or l'hmnic a, in lropic:11
"prue.

• Abnomlal bo",e! anatOIll) or lII ..um·
cienl bo"'e!. This ma} occur afler
repeated surgeI') for chronic di ..ordc,....
..uch ;I~ Crohn· .. di"Ca;,c or after lxl\.\ el
infarction and removal of lho.:: necrolic
bo"'e1.

u.el1O ocIetrlIIy~ fth /feri:xtIacMrPrb' II'Ilec:It:ln 1Ilildl. itlOOI/1
~WIllI PfIl*: ..-.liliBase

"-bIdInII~11_ ......

D6lId~ 1lIIY be UBI II deIIIc2 speofit U'dOnII S'IlY"lII
dilIlIda~ as IIaaM! Of 5UC:l'aSlI

~ pwaullc 1I.ft2IDll__ UBI 11"__01~ II.ft2IDll

"*"y 11 tySk a:.n-
~ II'*t polrnBs iIR! LI5lld lO_n'UOJMII*P~, bF

..-....g,.e-adon111rre" In 0flIl ..

~ ........ 8., aImrJ*:rl

T......_..-_..
~.........

• SlYTel'" It'\I. An 1II1rJ\CnOth Injection
of ,ccrClLO 'timulalc' pancrcatic
,eerclion '" hieh l'a,'>C,,,,-'tI b) a.'piralIOll
(If duod.:nal contcnh and mca,urerncnl
of tl) p!>1ll Of nm}lno.c acli\ il).

• Pallcrt'O!llllrr/ 1#'\1. Fluore~clll dil­
nUrale i, h)droly-.cd b) cholc'lerol
e'ler:hC in p:mcrealic ,ecrelion. The
'" aler-,oluhle nUOI'('..,,;elll i' ahl,flrhcd
and clinctcd in urine'" here ih
lluore;,cem:c gi\ e"10 lodlrecl measure
of pancrealic function.

O!h..,. ll'<,b \\'hidl n1:l) b.: ernplo)l'tl in
lhe in\e'ligation of mal:lb'orption .lOd
gnMroinle-.llnal dl"C;l"C arc.Jxm n in Table I.

Gastrointestinal disease
Thuc arc many di,ordcr, a"ociatcd
with l11alab,orplion. Gcnerali/cd mal­
ab ..orpllon occur' for a numb.:r or
re:I'on,. The,.: include:

• In:n!cquale dige"lion. which i, 'ecn in
chronic pancre:uili .. a, :1 con..cquence
of in,urficicnl p,l11creal;c en/Ylllc
rclea ..c.

Case history 44

A 6l,l·)car·01d wOl11an. "'ho had
made an excellent recovery afler
local e~ci,ion of .. brca<,l lUnlOOr 8
year'> prc\iou .. I). pre'oCnlcd "'ilb
",eighl Ill"'" bone tendeme" and
",ea"ne"_ lIer "ymptOIll" bad
de\' e1op..-d 0\ er a nUlllhcruf111OO1h,.
Her family "'ere concemceJ that ~he
"'as 001 caring forhcl"Clf norealing
aoc-qualcty There "';h 110 c1inil:al
c\ idencc: of recum-nce of breaM
,'ancer LITs 'ho"'ed only an
c:k\alcd allaline pno.,phala;,e f430
Un!.

• What other bloo.:hemical ICSh

"'nuld heofa<,..i~tanec 10 mallng
a diagl'lO'oi,'l

COff/mt"" Otl !If./!.tl: /56.

Malignant di~ca'c i.. not l1"u:lll)
a....oci .. tcd Wilh Ill:llab..orpllon unle....
lhere i.. abnomlal bo"'cl mOlility "'hieh
allo ..... , bm:lcrial nora 10 proliferate. ur if
lhe lumour "ccrele' a hormone ,uch a..
VIP. "'hil:h call~cs di:uThoca (p. 132).

Inadequalc bile MIll ,cerCI inn occllr,
in many form .. of li\cr di ..ea..e and givc"
ri ..e to fal malab"orplion. Paticrn.. may
pre..ent Wilh lhe clinil'al fealurc<, of
g.cnemli7cd rnalab'orplion on lOp of lhe
underl)ing liver di ..eu..c. Inadequ,lle fal
ab..orplion ;.. a"ocial.:d '" ilh illlpam:d
abwrplion of \ itarnin D fa fal· ..oluble
\il:lminl. In lhe ab..el1cc of adeqU:l1c
,un light e~po,ure. patklll.. may becomc
\' ilamin D deficient and unablc 10 ab'orb

Clinical note

Man) palienls '" llh mal·
alY..orplion rccogm..... thaI

cenain lhing.. in their diel-u..uall)
fall) food..----cau.... diarrhoea. The)
a\oid thc-.c food .. and r...duce lheir
fat intalc. A.. a re..ull. f:n..-cal fat
excretion Illil) be nonnal hceau\('
of this 10'" dictal) fal intale.

calciulll fr01111h... gut. Thi' Illay lead to lhe
de\dopmclll of o~lcomalaciaor riclcl'.

Th.: llwlab..orplion uf specific sub­
~lartce.. tend.. to occur in certain well·
defined condilions "'leh a .. vilamin B il

mal<lb~orpliollwhich lead.. 10 pernil:iou~

,tnacmi,t. This occurs when inlrin~ic

f:lclOr production i~ IO~1 due 10 £'blric
muw....1alrophy. Palienl .. may also have
inherited dcficicncie .. of inteqinal
":lccll:lrid;l"c~ such a.'> lacta"e '" hich
t·:.au ..c rn .. lnb..orplion '" hen lhe patienl
drinl~ mil" or eilh milk produeLs. Thi .. is
knO\.\n a.. lacto-.c intolerance.

Malabsorption

• In suspected malabsorption. a
detaded cietary history IS essenllallo
estabflsh eating patterns aro haOOs.

• Endoscopy aro biopsy are the mosl
mpooant tools aro frequently aDow a
spealic diagnosis 10 be made.

• Laboralory tests II'IItle tnVesDgalJJn
ol gastJtw1leslt1a Iisordefs IaI rtIo
one olrwo groups; tests 01
malabsofpbon and tests of paraeatlC-
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IRON

Desquamation

Menstrual
flow

•Iron loss

Iron deficiency anaemia is the common­
est of all ~inglc-nutricnt dcficiences.
Million, of people worldwide are
affected, with ,eriou~ly impaired qualilY
of life and work efficiency. The principal
causes ;rre chronil.: blood 10'S and poor
dictary inWke of bioavailable iron, e.g.
the uptake 1)1' iron from the diet C;Jn be
dccrea'ied hy a numher of dietary
conqilllents ,uch as phytic acid and
fibr(". Iron deficiency can also occur in
coeliac di,ease and other intestinal dis­
order, where m31ab,orption is a feature.

[n all cases of iron detieieney anaemia
it i, impol1am to diagnose thc underlying
e(mdition. c'ipecially malignant dise;j,e.
the pre,el\ce or intc,tinal para:-ites or any
OIher illlc,tinal pathology which may
cau,e chronic blood los'i. [ron deficiency
rn;IY al,o develop during pregnancy.
evcn in vvell-nouri,hed women. due \{l

the increa,ed iron requirement, of the
developing felU:-.

Iron defrciency anaemia develop'i in
three stage~:

1. A depletio/l of il'f!n S/Ol'/:,\ with Ill!
jlmcti/)/wl imfillil'lIIem. Serulll ferritin
concentrations of less than 12 J-I£/l
contirm thi,.

2. Defidl'1I/ erytltl'f/{Joiesi.l. Haemoglobin
levels remain normal. but red cell
protoporphyrin i~ increased. The
~ynthesi, of tran~ferrin is increased
;Ind percent saturation is decrea~ed.

11<IC1I1 precursor is markedly increa~ed

in iron deficiency. Levels arc also
affecled in porphyria ;]nd hy exposure
to inorg<tnic lead compounds.

IRON DEFICIENCY

Body distribution

I Red cell mass

I Ferritin stores -20%1

1Myogtobln -5%I

-5-tO%
absorbed

Fig. 2 Iron balance.

infection. trauma and malignant disease.

Iron Intake
-20mglday

-O.35mmoVday

• Strum iron determination.1 arc of
limited routine value. being of most
assistance in the diagno,is of iron
overload and acute iron poisoning.

• Tow{ inm /Jindil1g wpflcity (TlBC)
of a serum specimcn i, an indirect
mcasure of tran,ferrin concentration,
although in some laboratories trans­
ferrin can be measured directly.
Normally transferrin j, around 30%
saturatcd with iron. When this falb to
less than 15%. iron deficiency i, likely
and some degree of c;linical effect can
be expected. A high percent saturation
i, the most sensitive marker for iron
overload. Like serum iron. tran~ferrin is
decreased as pan of the m;ute phase
response. Protein-energy malnutrition
also decrca~es tran~rerrin synthesi~

by the liver and hence its ,erulll
concentration.

• SawlI ferritin i, the be,t indiC;Jtor of
body iron storeS. It i, normally greater
than 12 ~lgl1. The acute philse response
to infection. injury or malignant
disca~e (;illl result in incre;hes in
~ertrm ferritin. making the diagno,is
of m;]rginal iron deficiency difficult
in the,e circurnstanee~.

• Rell all [Jl'lllopolplJyrin i~ usually le,~

than I ~tll1ol per litre of red cdl~. This

Variou' labor:ttory investigations arc
helpful in the diagno,is of iron deficiency
and iron ovcrload:

LABORATORY INVESTIGATIONS
OF IRON DISORDERS

"

~
N

"

"

"

N N
/

There are 50-70 ml110l (3-1. g) of iron in
the body. Thrcc-quarters are present as
Ihc molecular complex with haem. Most
of the remainder i~ in tissue stores oound
to lhe iron stomge proteins. ferritin and
haemosiderin. Le,s than one per cellt of
total body iron is in the plasma. where it i~

associated with the iron-binding protein.
transferrin. Body iron is efficicntly
reutililed. Dictary intake is about 0.35
rmnol (20 mgJ per day. The factors which
regulate inte~tinal absorption of iron are
poorly understood (Fig, 2).

Senlrtl iron cOTlcclltrJtions vary with
agc ;md sex. Nonnal ;ldull concentrations
arc 18--45 j.Unolll in m;lles and 1-1-32
~Ultol!l in females. [n both groups there j,

a marked circadian rhythm in serum iron
concellmuion.

Iron is transported in plasma bound to
the specific glycoprotein. transferrin. each
molecule of which binds twO Fe" ion~

logcther with bicarbonate as an anion. A
number of factors can lower senlln iron
independently of iron status. These
include the acute phase respon~e to

IRON PHYSIOLOGY

Iron i~ an esse11lial element in humans,
being the ce11lral ion in haem. the non­
protein constituent of haemoglobin
(Fig. I). Haemoglobin is responsible
for Ihe transport and delivery of oxygen
from the lungs 10 the tissues. Iron
deficiency causes a failuTe of haem
synthc~is. leading to anucrnia which
results in lis~ue hypoxia. Haem is also a
con~liluenl of myoglobin in mu~clc li~~ue.

CylOchromc!> and many other intra­
cellular enzymes aho contain iron. but
:lfe largely unaffected in all but the mosl
~cvcrc ca..,cs of iron deficiency.

M - Methyl
V - Vinyl
P - Propionate

Fig. 1 Structure 01 haem.
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fI}. 3 PIlotomiCrogf1Iph of an Iron c1etic:itnt blood film.

When 15'1- or Je~.....atur<llion i...
rcached ..... ort. capacity h impaired.

J. 10m dt'ftdel1C1 (IIl(Il'lIIia. There i... 10....
haemoglohin I'c ... ulting in a microcytic
hypochromic an:Lcmia (Fig. 3). Lo....
-.tainablc iron i......cen in bonc marro .
Only in thc l:lIe ... tage ... of iron de­
ficicnc) anaemia arc 10.... l'onccn­
lrations of ...erum iron obscncd.

Treatment
Oral themp} .... Ilh iron -.alt.!> l' .... idd)
u...ed to lreal Iron dcficienc~ anaemia. It
can lat.e up 10 6 month~ to replctc the
bod) .. tore.... Compliance i.. a prohlem
~ince .. ide effect'> ..uch a", nau...ea. dia­
rrhoca and olher imcqinal complaint ...
may be encountercd. These arc :111
k~~cned if the iron ~alh arc taken with
food. A combination of iron :md folate
i...... idcl) pre~rihcd during pregnane).

Haemachromatosis
llaemachmlllalO~i ... (hron7e diahctc~) i, a
rel:uively COllll1llln lllherited di~c:I"'c

ehamctcriLcd h) incrca~cd iron ah orplion
and iron dcpo... ition in \ariou org:uh
.... hich lead... 10 fibro... j ... and organ failure.
The c1ini"al prc~enl:ltion 'anc' .... idel}
depending upon dielary iron intat.e,
akohol abu~e or Ihe pre~enee of
hepatOlo"'IIl~. Women an: Ie ...... ~C\ere1)

affected lhan men. being protected b)
ph) "'lOlogical los ... of iron during
men... tru::uion and in pregnane). Whole
bod) iron COUlenl lila) be increa.<.ed 10 ten
time... nonnal.

Clinic.d fe:llUrc~ include chrnnll'
fatigue :lI1d. in extreme ca...e kin
pigmcm::llion. diaht:le~ mellitu h) po-
gonadi ... lll. liver eirrho,i ... and hepatoma.
Serum iron i~ inerclhcd. wilh al111lht
complete ...ulurallon of tran~fernn. The

...crum ferritin i... marh'dly increa~ed to
greater than 500~. Chronic iron o\crlo:ld
i~ INL:llly lrealcd by repe:lled vene ...cclinn.

Iron poisoning
Accidental inge~tion of iron tublel ... by
children i~ common and may be life
threatening. S}mrllOnh include ll:IU'-C:l
and \Omiling.alxlominal pam. diarrhoea
and hacmalcmc ..i,. In ~e\ere ca...e,.
hypoten<;ion. li\er damage and coma can
re,ult. Serum iron is increa,ed and
transferrin i... \:Iturated (>7lYf J.

Acute iron poi'>Oning is treatl,.'d b~

chdating the iron in the ~lOmach and in
the plasma .... ith de,ferrioxamine (Fig.
-I). The chelated iron i... excreted 111 the
urine a~ a deep or:mge-colourcd ,'om­
plex. Thi...... hould not be confu~cd wllh
Ill) oglobinuria.

Com",,,"1 til. pag!' /57.

• What i... the diagnosis and .... hal
other in\ e ligations ~hould ha\t=
been done first"

Case history 45

A .J2-)car·old .... oman presented
.... ith a hi,tory of increasing lelha'll) .
di7.Zinc"" and breathless~s_ She
had brill Ie hair and nails. She
complained of heart palpitation on
exerci~ and reported panrcularly
heavy periO(!.... Biochemical irwc... ·
tigalion re\caled the following
re~ult~:

I"'"Iron

• Iron deloency IS commonly caused
by the combIna1lOl'l of blood loss and
low dtetary Iltake

• Iron deflCleOCY can be diagnosed by
finding a hypoduomlC microcytiC
anaemia

• Serum fermln tS the most reliable
Stngle blOd1emicaltest o! iron
deficiency

• Iron oveflOad may anse follOl'l"Ing
repealed blood transluslons.

• Iron ovefioad IS ciaglosed by finding
an increased serum II'Ofl

concentra1lOl'l and pettenI saturallon.
and tncreased serum femtn

• AaxIenIallll)ll pclCSOfW)Q in et*nn
IS an mportant rnedtcaI emergency

4,umolll

'0'>
<5,.,JI

Scrum Iron
Transferrin ~:.luraliun

FerritinClinical note

A microC) tic h~ po­
chromic anaemia.

.... ith me ab)ence of stainable imn
in a bone marro.... biop!»'. aTe lhe
be... t diagnmti,· indice~of
e~tabli...hed iron deficieoc).

Smce there ... no major mcchan ...m
for e",cretion of iron cxcept b) cell
de:.quamation .. nd occult blood lo~...
iron merload i... ah\oa}, a po.....ihilit)
.... hen iron thempy i... pre<;eribed. Iron
overload lIlay al ...o be cau..ed by chroni,·
blood tran~fu,ion.... T ....o other con­
dition~ mal he cncountered: haema­
chronl:1to~i~ :md iron poi ...oning.

IRON OVERLOAD
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COPPER AND ZINC

Clinical nole

-----~IUrine
< I OJilTlOllday

Wilson's disease
All adole\cenl" or young aduh ...... Ith
otheTv. i..e une\plained neurologic;ll or
hcpaticdi..ea~\oould be in\e'tlgaled for
Wihon'" di'Ca\C_ 'mcc Ihi .. condition i,
falal If not diagnuwd and tre;ltcd.
Sy mplOm, arc a rc ..ult of copper deptJ\i­
lion in II\cr. hmin. and I..idncy. Copper
dcpo\it\ in thc eye l'an ,omctime, be
~een a~ a hrown pigment around Ihc iri,
(the Kay,er-Flci'cher ring).

The inheriled defeci in Wil"oll· ..
di<;C:J'-C i.. bclie\ed 10 be in the gelle
coding for ;w en7y-mc in\ohcd in
copper e\Cretion into bile :lnd rcah-.orp­
lion in lhe I.ldne)'. Lrinal) copper e'(cre­
lion i~ high and -.cruOl concentmtlOn..
10\\ (Table I). Ju"t ",hal cau'-C't lhe 10....
caerulopla"rl1m concentration.. in Ihe\C
patienh remam.. undear. Confimlatlon i'
by mea..urcmcnt of copper in a Ii\cr
biopsy .... hich i\ u.. ually greater than
:150 Jlglg dry \\l,'ight in patient...... ith Ihe
di ..ca~c .

In Ihe genernl
population. ma~inal

cqp..T cler1Cic.'n.) may be a
e:Jrilioo,;N."Ub"<h.~ risI.. f:lCllJ. \lrJCC

blxh c'(r-uiI1ll..'lllaI animal ;nt human
",uJiL... \hoy, thai a Jov. coppcnlX.1
comb.ned .....lIh high caJbohyei".lIc Inwl.e
may k:ad 10 h~iloIe.IcroI;ll::miaand
l"altlia: abnormaJitn

INBORN ERRORS
OF COPPER METABOLISM

There lIrc I.... 0 inborn eITOl"'> of copper
melaboli .. m: Menke.. 'y ndrome and
Wil-.on', di'-Ca~.

Coppt'r toxicily i.. uncommon and i\
OlO'>! u..ually due to admmi ..Ir.lllOn of
copper ..ulphale o;olulions. Oral copper
,ulphah.' may lead to ga,tnc perfor.ttion.
Serum copper concentration.. may be
greatly c1c\ated. Copper i't tOXIC 10 many
organ~. but renal tubular damage j .. lhe
major conecrn. Treatment 1\ by chelation
..... ith penidllamlnc.

COPPER TOXICITY

Both children and adull .. can de\c1op
\) mplomallc copper deficiency Pre­
mature infant.. arc lhe l'llO'-t ..u'><:epllble
,ince copper \tore, m the li\er arc laid
down in Ihe third lnme\ter of prcgn.InC).
In adults. deficiency i .. u,ually found
folio .... ing intc.. linal bypas....urgcr), or
in patient .. un parenteral nutrilion.
Symptom, range from bone di ..ca'e
10 an iron-rc.. i.. lant microcylic hypo­
chromic anaemia.

Menkes syndrome
Menl..e\ 'tyndrome i... a \1."1"} r.lf(' but falal
condition .... hH:h pn:\CntS in infant.. a,
gro\\th failure and mental ret;lrdation.
....ilh IC,>ion, of lhe major hlood \-c ..-.cl ..
and hone di\ea"c. A characteristic sign
i.. 'stcely hair" (pilo IOni).

Body dillribulion
1200~moI

r~ -'-0'=9"

",

12.5\JmolIday

COPPER DEFICIENCY

•

Fig. 1 Copper balance.

COPPER PHYSIOLOGY

LABORATORY ASSESSMENT

• Serum cO/'l'er. Nomlal concentration,
arc u'tually bet....een 10-22 f.Ulloln. of
.....hich 9()q i.. bound to cacrulop!;!..­
min. Towl copper concentralion 1ll;IY
\ary eilher due 10 change.. in coppcr
itself or 10 change.. in the concelllm­
tion of cacrulopJa.. rnin.

• Serum (·(leru/opfu.lmil/. The normal
adult Ic\cI.. are 200--600 mgll. Cacrulo­
plasmin i.. increased greatly in Ihe
acute pha-'oC reaclion. and in !>Omc ca\C,>
may be 'to high a-.. 10 rai<;e lhe ((:Mal
copper concenlralion 10 30-45 IJIUolII.
Caerulopla,nun leH'ls may be helpful
in Ihe interpretalion of serum l"Opper
conccntrntion...

• U,il/a,,· (·flf'f,er. Nonnal excrelion i..
< 1.0 l1'llol/24 h.

Copper j, an c,\cntialtracc metal which
i, a component of a wide range of intra­
cellular mClall()Cn/ymc\. including cyto­
chrome ,,"idll'c. \upcro>;idc di<,mula\c.
lyro<,ina,e. dopamine hydroxyla<,e and
I~ ,yl m:ida,c. Mo\, of the copper '"
plasma is 3<''OCialed Ydlh the \pccific
copper~bindingprocein. caerulopla.'.min.

COPPER

About 50r~ of the :I\ ....rnge Jail) diela!)
copper of :ltound 25 IlIllol (1.5 mg) i,
ab\orbcd from the <,lomach and Ihe ,mall
inte\tine (!"ig. I). Although copper j,

present in 1110\1 food\!Uffs. there j,

c\'idcncc lhal Ilot all modem diet, contain
\ufficicnl copptr. c<,pcciall) "hen I:lrgc
:lI11Qunh of refined carbohydrate :tTC
con<,umed. Ab\orbcd copper i.. tran,­
poned 10 the lI\cr in ponal blood bound
to albumin and i., nponed to pcnphcml
ti".,ues mainly bound to caeruloplaM1\in
and. 10 a lC\!oCr extent. albumin.

Copper i.. prc'>l:nt in all metabolically
aCli\t'ti ....ue... The hlgh""1 "oncelllf;ltion'>
arc found in li\\:r and in I..idncy ..... ith
.. igniflcant ;1I1\ounts in cardiac and
skeletal rnu..dc lind in bone. The 1IH'r
contain~ IWA of the total body COl1h::nt of
1200 ~UllOl (80 mg). Exec.... !.:Opper i.,
excreted in bile illlo Ihe gUI. and Ihe
faecal copper outpul (12.5 f.Ullo1l24 h) i..
Ihe .. urn of unah..orbed dielary copper
lind thai re-excreted into Ihe gut.

A number of din-erent ime'ligation't arc
needed to diagnO"oC di'tOrdel"'> of copper
metabolism. The..e arc:
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I~Copper and zinc

• D18!1JOSis of severe copper
defICiency can be made by
measuremenl of serum copper.
Values of <10 p1'ICM III aduIIs and of
<5.0 p1'ICM If! neonales reqUlfe

"""""""".• The mapr rtJom error of copper
rnetaI:Joism IS WiIson's cisease

• Witson sdisease 1$ treatable and........__.

• Adequate ZJf'lC IS needed lor growth.-..
• Syqllomalt::: ZJf'lC defiClency lithe

aclJh causes dem\aullS. haJ loss and
poor wotn:f healing.

• SertITI ZJf'lC c:oncen1JalJOnS
peISISIel'lIIy below 5JSTlOlII warn 01--"'-

ZINC TOXICITY

children. Ihe rate of gro.....h during reha­
b.lilallon from famine ha~ been c1earl)
relaled 10 the diela1) supply of bio­
:l\ailable line. Zinc deficienc} is kno",n
to occur in patienh on intra\ enou..
nutnl ion and cau~c"a charactcri,>tic ..lin
rJ ..h (Fig. 3) and hair 1m.... \\ ound
brealdo.... n and dela}ed hcaling are
olhcr complication,. AcroJermatili,
enlcropalhica, a rJre inheriled dil>Order
of line I1ll'taboh"lII, nlanifel>t.. it~lf in
infancy a.. ~lin ra~h. Unlreated, Ihe
progno..1" i~ poor. but oral zinc therapy
lead .. to complete remi ..sion. Zinc i.,
antagonized by I.:admium. and l.inc
deficienc) can be a con'>C<Juencc of
chronic cadmium poisoning.

linl.: lO\icit) i., uncommon. It i.. u~u:lll)

due to e'(po~urc to high le\e!., of line
fume ... It is diflicult 10 indul.:e to'(icit}
b} dicta!') means. Houe\er. in ca.ses of
..elf roi ..onin~ .... ith lInc salts, the
~)mplOIll" are fe\er. \omiting. ,tomach
Cr.UllP" and diarrhoea.

Fig 3 Skin lesions In lInc deficiency.

Urine
<1OJ.lmolld.y•

ZINC DEFICIENCY

LABORATORY ASSESSMENT

The ::I\eragc dail} diNar) JIItalc of line
il> around 150 IJIllol (I 0 ll1~l (Fig. 21. It i.,
prc'>Cnl in all protein-rich fOOlb. Around
J<n i~ ab'oOfbt.-d. Ab-.orplion i., reduced in
lhe prc~nce of ph) l:llC~. In the Ii\er. line
i~ incorporated inlO rnclalloen/)me...
.... hil... In blood the majorit} oflhe lilli..' i..
contained in the el}lhroc~te,>. In pla'>lTIa.
901'"f of l.inc i., bound 10 albumin and
JOCf- to Cl;,macmglobulin. Line re-.ef\C~

in the bod} ar... ~mall and ,Ire 10cateJ
main I) in lIlu.,c1e and hone. Zinc i~

e\cretcd in urine. in bile. Lll pancrcalil'
Iluid and in mill in lactating mothef'..

ZINC

Zinl.: i~ an el>-.elllial clement prc\Cnt 1ll
o\er 200 melalloproteinl> .... ith a .... ide
range of functions. Carbonic anh}drol!>C,
alcohol deh}drogena..e. alkaline pho..­
phala.~ and ~Icroid hormone rel·l·plOf'. arc
",ample,.

llNC PHYSIOLOGY

Zinc deficiency occur.. in both :ldulh and
children through lad of diclary linc. In

The repeated finding of a lirK: coneen·
tr.ttion in a ~...nlln ~pccinlenof Ie", tlMn 5
1-U1I01/1 i....ug~e~ti\e of impending line
deficiency and requires ill\c"ligalion.
Unlile copper. "",rum/inc fall .. during. lhe
acute pha;,e re"polhC to injury or infect ion.

Marginal zinc deficiency i., be~l

delllonqratcd by a pmlli\'c clinical
rc'>pon ..e 10 ,upplemelllation. Oral or
illlra\Cnou., line reH:r~e, lhe ~igll~ and
.,ymptolll.. oflinc deficicncy wilhin ..... l'ch.

Body distribUlion
30_

Plasma ~1-23111Td1,

Muscle 60"01

.....-

,....--

­...
'0-22

Dietary ~lnc:

150llmoVday

Case history 46

A 15-}cJr-old girl pre-.eotcd .... ith
abdominal pJin and dlJrrhoea
for 3day,. She hecameJ,lUndlced
and a pre,umpti\c diJgnO'>i, uf
infl'\:li\c hep'lllti~ wa~ made. but
'loCrologic:l1 tC,h \\erc negati\e.
She ,ub....-quently died offulmi mInt
li\er f:lilure. AI PO" mortcm her
li\er copper concclllrutioll wa.,
fuund to he gw"ly in~·rea..ed.

• Whm in\c"ligHtion, ,hould be
carried out on lhi .. patient',
yl)unger ,i~ler'!

COlIIl/Il'll/ 011 /1(1~e /57.

Trealnu:nt i~ h} admini~tr.llion of a
("helali ng :lgcl1I. pcnici Ilam inc.10 promotc
urin:lf) copper c\cretion. P,lticnh are
maintaincd on or.lI penicillamine for life
and I\."<juire rcgul:lr monitoring 10 en~ure

compli:lnce and 10 I.:hcd. for ~ide

('ffech. Li\ertr;m~pl:InIJtionma) al~obe

con~idercd,pJnicularl} in} oung patlcnt,
.... ith 'oC\erc di'>Ca~.

F'iI 2 Zinc: balanc:e.

TibIe 1 Biochemistry delennlnallons in ~tients

.tlll WIlson's disease
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THERAPEUTIC DRUG MONITORING

Fill I PtnlTll eoncenlrltion oj • drug lollowil'lg administration.

"1

Plasma drug
concentrallOfl

•2
,

o

..1.J• ...............................=-::::::===~
6 8 10 12 14 t6 18

Tme (!'lours)

""

Plasma drug
concentratIOn1000,--------------..,

The effect of mO~1 drug lhemp) I' a"-.e"",,d by ob....." ing Ihe
change in the pal lent' .. clinical ,laiC. Therapeutic drug monitor­
mg (TDM) i.. thc mca~urcrncntof drug concentrations in plasma
or !>31i\3 a" a mean.. ofa............ ng the adequac) of dosage. Thi,
i" panlcularl) 1Il1ponam \'0 ilh those drugs for IA.hich then: is no
good obJcctl\C Inc3!>urcofcffc~'li\cncs,>and there i!>seriou<; ri,>1­
of IOl;H:it). For TOM [0 be of \alue. there mu,>! be a prO\cn
rc13tion.,hip bcly.ccn l~ pla..ma drug conccmr.llion and the
chnical efft.'CI.

Follo";ng the adnllni,lrallon of a drug. the graph of pl~rna
conccnlr.llion again'llimc .... ill ..00.... a cune rather like thai in
Figure I Such a cunc. u,ually ploued on i>emi-Iogarilhmic
graph paper. e:m gi\c u..efut lO[oon:lI;oo ..ueh a.!> the half-life
orlhe drug (l'/~1 and lhe \olume of di,tribUlion. The..e can be
u'cd to c,lullate Ihe correct do,e 10 !!i\c once a pla'>ma
concentr.ttlon ha.. been determined. After 'it'"\eral .. imilar do<;e'
h:l\ e been lP\ en. the pall~'m reachc~ a stead) stale. at .... hich me
pla,>ma concenlralion .... 111 O!oCillale bel .... een a peak and a trough
lc\c1. It u~ually tal..e .. about fi\e half h\e~ for Ihe stead) stale 10
be altilmed. In the '>tead} slate. there is a siable relationship
bet .... een do-.c and effect. amI deci,ion~ about dosage change,
can be made \Hth confidence. For 1110,t dmg, there i, a linear
relallon,hip hct .... (.~n do..e and pla,ma concenlr.ltion. Uo",e\Cr.
phenytOin ,hO\'-" non·lmear I..inetic<; (Fig. 2).

SAMPLING FOR TOM

The concentration of a drug in pla~ll1a or ;,alh:l ch:lnge,
con'lanlly mer the period of trealment. and in order to compare
one lre<llmelll \\ ilh another. some ;,tandardization must be
introduced. When tal..ing a ,ample for TOM il i;, importanl to:

• :lsI.; lhc palienl ,thoUl compliance
• check for interacling drug;,
• nOle lhe do..e. and lhe timc ;,in<:e the 1,1\1 do;,c
• take the ~al\lple al an appropriate lime.

The t>c,t lime 10 lake a ,ample i;, ju,t before a do;,e. Thi, i,
kno\\n a,:.l 'lrough' concentralion.

limit 01 metabolism

Dose 01 drug

INTERPRETATION OF ORUG LEVELS FIQ 2 Non-linear kinetics of phenytoin.

A greal deal of information is required in order to interpret dmg
concentrutlOns correctly. Where concentration~ arc lower than
c:<pectcd. thc most lil..cly C:lU'>C i~ non·compliance. In Ihc ab:.cncc
of an lllcrea'>C in dose, higher than expccl~-d COOl.:cntrulion,>
indicate Ihal a change ha<;lal..en place either in olherdrug themI'}
or in hepalicorren::tl funclion. It i.. much easierto interpret re,>ult"
if CUIIIUI:lli\e report.. ::tre ::t\'ail::tb1e.l>mce lhe~ ::tllo.... (:ompari~n
bet.... ecn Ic\cb achie\ ed, pro\ ided lhal dO!>ing det::tib ::tre gi\ en.

Each drug h::ts::t population reference range .... hieh indicale\
Lhc limit.\, ""imin "'hich mo..t patienb ",ill ,ho.... ma:<irnum
Iherapeutic effcct .... ith mllllmum loxicil). Uo.... e\ er, Ihis is onl)
a rough guidc. Wh::tl may be a therapeulic le\el in one patiem ll1:l}

gi\c ri..e 10 lo:<icity in anothcrtFig. ). 1bc most Iikel~ reasons for
me plasm::t concentmuon falling abo\'l~ or belo.... Ihe reference
mnge are gi\cn in Table 1.

Although l11::tny drugs ::tre monilOred in 'peciaiisl unilS such
as cardiology, llCurolog} ::tM oncology, onl} a small group of
drugs is required 10 be mc~ured in mosllaboralOriCl>. E.umplc,
ofdrugs for .... hich TD~I is appropriate. and the reason' .... h}, are
sho.... n in Table 2. Many ofthe<;e drugs ha\e ::tlo.... lherapeutic Fig. 3 A population reference range tor • common drug.
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Taole t Common relsons lor sub-tnerapwtlc or Table 2 ONgS lor which TOM Is appropriate
toxic levels

~,--T.... _

"""""_.."",_..-------
indCl{. 1'111\ me:m~ Ihat the concenlralion
al \\hich 101{icil) oceur, is nOi much
higher Ihan lhal \\hich i~ required for
thcr.lpcutic eff~cl.

"'" follcity- ./..... ./- ./

- ./-- ./

""'*"""'" ./

...- ./- ./_..-

.,.~ ./

./ ./

./ ./

./ ./

./

-.

..._.....
II h9t1~(I'\11!t\IIIblam

.. I low hlIpeubt ...

-'~•.,..,.lImftId. i*"dS"-'...

IIj........,Il...o:bIi~.e;
bofIlII'Ic:"*l be-.red

Increase Decrease Decrease Decrease
Absorption ....Olllributlon ....Metabollsm .... E.cretlon
Decrease Increase Increase Increase

.

DRUG INTERACTIONS

Some drug, Inlerfcre with Ihe melabolism
and cl{crelion of olhcl"'>. and a~ a re,uh the
addition of one drug will "It~r the pl3-~ma

concentmtioll of anOlh~r(Fig. 4). In ~uch

circum!>lancc~. mlher than try 10 eslablish
II new 'teady "ate. II may be :Ippropriate
\\ hen a patient i" recei\ ing :1 "hort coun-e
of a drug. temporarily to di<,contillu~ or
lower the do,e of the drug It potentiutc,.
For exurnplc. a chronic a,thm:ltic. well
controlled on theophylline. developed a
severe chesl infection. The p'Jlielll wa,
pre,crihcd erythromydn (which can
interfere with Iheophyllinel and laler
pre,cllled 10 her GP complaining of
tachycardia and dio·ine",. Her plasma
lheophylline conccntr;ltion was found
to be 140 flIuollL much higher than Ihe
therapeutic range of 55-110 IlIllOlll.
Since the erythromycin treatmcnl was
~lill required. her theophylline was
SlOpped for twO day" and rc~lartcd at a
lov.cr do"C. Once the lIlfcclion ";c, clear.
\he "01\ re,tartL"<I on her original dose of
thCQphylline.

PHARMACOKINETICS

Although Ihere i~ con,iderable \analion
bel"ccn p:lliem.. in the rate al \\hich Ihey
mctabolil.e and c"(crele drug~. predictions
can be made ba\cd on populalion
a, erage.... Thc!>e allo\\ the calculation of
loading and maintenance dosc!> \\ hich arc
btller than the rough gUll.lance gi\en by
manufacluref',. Once a patient wilh good
compliance ha.\ bcrn slablliLed and the
plasma drug concentrntion OIl ~le3dy slate
mea)ured. It i\ possible to adjust plasma
concentrntioo\ 3f:cur.llcly.

Fig. 4 Common mechanisms 01 drug Interactions.

Case history 47

Mrs CG. who ha.' been I\.--ceiving
digoxin for mild hearl failure.
presented at lhe geriatric day
hospilal complaining of nausea.
On examinalion she v.as found
10 have brnd)cardia and appeared
dehydrated. Her digo~in con­
centralion. lal.en 6 hou"" afler her
morning dose of 0,125 mg. "~
found to be 3.1 nmoV! (Ihernpeulic
range 0.7 ~ 2.5). On que lioning it
emerged lhal she had been 'omiling
forlhreeda) s. Ilcr-.erumcrealinine
"as elt'rJled.

• Explain lhe digo~in re~u1t.

Conun('nt on pogr 157.

Decllased plasma concenlrat,on

Therapeutic drug
monitoring
• TOM IS 01 use only where the plasma

concenlrabOn of a drug relates to lIS
cIilIcaI effect.

• For a ntealWlQIulWllerprelallon of a
drug level. lui detais oIlhe pa1lerlfs
dosW1g tatory shtUd be obtarled

• Poor alfTllIianoe IS the COlMlOOest
cause oIlnadequate plasma drug

..-.""'.
• The 5aJlllIe shot.*! be taken at \tie

correcllJme foIorwIng \tie dose
• Used correctly. TOM can idenllly
~andcana'lOld

lalrogtnC 1OxlCIty_
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TOXICOLOGY

Table I Orvgs and poisons lor which biochemlo
eel leslS are useful

Ebxl~ •

~nlrrw...........
SilqIaI8 nlltlod 9I5ef

-""­'"'""'"

AlIll\lIrIII 'praidcM18

catcun gU;orIale, 8IhanoI

N·acetyl cyslen.............

I!ItQ! C41tmwt-•...."u.,
s.vn~ __,LmlI­~nsen.n~
l:!IDrxl\Jll!M!S-sen.mt*ull-,..,......--,.,.

CyandI 00:l0biI~ edeIate

~ AnlJdio;lom anIiIcld't
Ep/ledme I~ Propranolol

FluondM CaIcUn gk.wnakl'"'.­Nitrates II;IapsooB

0""..-.....,."..­
Pa.«etamoI...,..
.......­
•.g. Q/tatI'I

..,..-

.....-­..............
OigaiqlliOlP'lOl"........----"--.IUI

Table 2 Commonly used antidotes
---

TREATMENT

Four c1(alllplc~ of poi,urlll1gs \\ here
patients may pre,ent \\ ith few clinical
feature!> are salicylate. p:lracctlll11ol .
lheophylline and methanol and ethylenc
glycol. Ho\\c\cr. if action i" nott,ll-cn in
the!>C ca.,e", the con~quencc I" ..... \ ere or
fatal iUne,,;,.

COMMON CAUSES OF POISONING

• differential diagno~i~of COIll;!
• confinnalion of br.un death
• monitoring drug abu'>C
• in\ e,tigation of 'u'pcct...>d non­

xcidc::ntal poi'iOfling (e.g, in childwn).

I11dication of the -..e\enl} of poi"OIling.
The length of lime .... hich '" ill dap.....
bcro~ the patient l\.'(:0\ Cf', con..ciou\IlC"
may depend on the half~lifc of the drug
(Fig. I).

Olht'r reason.. fordrug anal) \C.. include:

Mo<,t ca-,e, of poi"Ofling arc trcah:d con­
....n ath ely. i.e. the ~y mptom, arc lrcat.::d
and the drug is dllllillated by noonal
metaboli,m and renal e\cretion. When
there is hepatic or renal lIl,ufficien.....~.
active measures 'uch a~ hacmodiill)",s
or charcoal haemopcrfu,ion n1;l) be
i1ucmpted. Such Illea~ure, arc UOrlll;l]ly

re'trictcd to a ,m:J1I group of drug'
and poi~on, induding ,ali\:) late.
phenobarbitone. theoph) Iline. eth~lIlol.

meth~mol. ethylene g[}col and lithium,
\Vhere ,Ieti\e measure, arc u,ed to
eliminate drug~. pla,ma coneenmnions
,hould be monitored.

For a few drug~ thcre arc antidotcs
(Table 2). The~c '[lOlIld not normally ho;;

givcn unless it i, ceMain t[wt Ihe dnlg or
poi~on i, pre~... nl.

CONFIRMING POISONING

Drug~ fur which I1IC,l'llrCIll\lnl i~ u,cful
include carbon lIlonoxide. digoxin.
ethanol. iron, lithium, paracet:lmol.
paraquat. phenobarbitone. phcn) luin.
quinine. 'alir.:) I:lte :lI1d theophylline. Thc
main rea.,on for drug analy"e~ i" lO a,;,cs,
the progno"i" The r.:onr.:entr..ltion in a
blood or pla,ma "pttimen give, a guo<!

MEASUREMENT OF DRUG LEVELS

Fe.... of the ,igm or ~ymptom~ .... hich
ma~ be present arc ,pccilk for :my one
drug or poi,on. Patient, may .... ell pre""nt
in coma. A drug ",n::en on a urine !>pcd­
men can be rc:ldil) e:tITied out. but thi"
indicate" onl) lh:n a dnl£: ha" been tal-en
and milY gi\c no indication of the '>C\cr­
ity of the O\erdlhc. 1I0\\e\'er. lh.:rc i,
frequcntly no need to "no" the blood or
urillc I.:oncentration of the dmg a, thi,
information will not OIlier the treatment
of the patienl.

Toxicology I' the \Cicllf.:1: \\hich in\ohe~

the inn:\lIgallon of the poi-.oncJ patient.
In Ill... ,)mpWmatH: palient. the Jiagno"j,
of poi~oning i.. nlJdc more oft..:" on
clinical rather than l'lboralory finding".
In all C:l~\ of ,u\pcclcd poiwning. the
folloy. ing bio<:hcmical determination..
..hould be l"l.."qUC'IL'd:

• 'ierunl U 6: band LF1\ to a\o,e<"

kidney and li\cr function
• blood gluCO'>C to exclude

h)pogl)caemia
• blood ga'>C\ to 3\'oC..\ acid--ba.-.e ..talU..,

Other biochemical Ie,!,> "hich arc of
\alue in \pccific poi;,oning\ are gi\cn in
Table I.

6

2

o

•

-- HCO:l'(lTlITIOVIj
-- Saheylale (mmoIJI) 8
-- H'(nmol'IJ

Plasma [HCO:l') and (H')

90

80

,.
00

50..
301
201
"I
0'o • 8 12 16 20

rmelhour1;)
FIQ. 2 Barbonate adminlsUitlon In s.alicylate overdose.

"
,•

• 45 h

--Plasma phenylOll'l (lamoL'l)

-- Plasma phenobarbitone (lamoL'l)

,001
Upper lhefapeutoe,c-

0123.567
Tme alter oYerdose (days)

FIQ t E1imil'lltion of phenytoin and phenobart)iIone from plasma II different

""'.
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Plasma paracetamol
(mmotll)

"..,;..---,--------------,

Salicylate
In ,alieyl:ue poi..,oning. failure to detect a large O\erJo~e early
Ie:l().., 10 '\C\ l're mel:loolic ilcido'i' from" hieh the patient may not
recO\ er. It i, therefore irnpon:Ult to e>;c1ude thi.., common drug if
there i, any 1iI...e1ihood that II ha' heen laken. A ,imple qualitath l'
Il'... l i.., 3\ailablc in all ho... pitilh wilh acule admi",ion~. Thl'
treatmenl for "'aliey late poi--<lIIing I'> ...odium bicarbon:ue. "hich
both ('nhancl" c,crcl1on and help' rom.'Cllhc ilCidlhi, (Fig. 1).

1 0 Tooearly

""......-
Treatment

....- Treatment
t.nI'ke!y 10..-Paracetamol

In parucl'tamol pOl-..oning. the pla\1II3 par..K.'Ctamol concentr.Jlion.
relaled to liml' of ingl''''lIon. i\ progno\tlc (Fig. 31. Palielll.., arc
often a...~mptom:ltic when lhcy pre..elll at Ix"'plla!. A "'J".-'t:illc
Ihcr.Jpy. N-acCI) Ie) 'leme gi\ en Intr.J\ cllOU...I). can pre\l'nl all of
the hepatotoxic and nephruto, ic c!Tects ofparacctamol poi ""ni ng.
Therapy ... hould be ..,taned \\, ithin 12 h of admission bcforc an)
c1mical ')lI1ptOllh or biochemical and hacmalological (·hange ...
de\e1op. ParJcctamol poi,oning C:IU'>C' '>Crio!.!'. Ii\er damagl'.
and '\C\l'rel~ affl..'Ctl'd pJlIcnl' rna) die.
Patient-. \\ ho ahu'\C akohol are at par-
ticular n,1.. from parneetal1lol poi-.<ming.

05
TreallTlenl

no! requred

O!--;----7---:-:-':':"'"-: ':'~:::::;;::?""_do 2 4 6 8 to 12 14 16 18 ~ ~

Twne altet' IflglI5bon (hours)

rig 3 Prognosis chart lor pancetamot.

emmm'm 011 {'(,g~ 157.

• Comment on the-.e I't-....ult~

• What other mftMll1JII!.lrl would be useful in dclermintng treatment"

Clinical note

• Ihe pre,ence of a bolu ... of dn1!;
in the Gltrdet

• correclion of hypotcn~i()11 h,l~

led III incrl'a......d ab~orption via
the portal ~y..rcm.

Toxicology

• DlaQllOSlS of poisorung is often made
dll'llCally, Symptoms may be spook
or non-specillC.

• Serum urea and electrolytes, blood
glLIOOSe, blood gases and lFTs
should be requested II every

"""",,,,, """""
• Ana/ysIs of specdic: dnJgs and

pocsons IS reqwed I'Ifrequeruly and
rri'J alter consuItatm WIth the

-"""• For salicylate and parac:etamOI.
plasma drug cmcentraborlS are used
10 pnq10SIS and stIOIJd always be

"""""'"• Polsonlng may~ general
supportIVe therapy or spealic

...""""

If lhe pla...ma drug
concentrdtion i.., ri .. ing

lhen dnlg i.., ,till bcing ah»orbcd.
Till' mu... l Iilely cau~e... are:

:Ikohol and hen/odia/l'pine\. bolh of
"hich may not be lethal\\' hen lal.....n alone
hut arc re"pon..,ihlc for numl'rou' dealh..
\\ hen tal..en lO!!cther in 0\ eroO'><'.

i, to gi\c ethanol and mallltalll Ihe
pla,rna conccnlration around 20
mmoili. The ethanol i~ prcfl'rcnliall)
nll:.ubolizL-d and the unch:Jngcd akohol'
arc gr:ldually c1iminmed in the urin....

CHRONIC POISONING

Chronic poi..oning occur-.. "hen lhere i... a
gradual huild-up III drug concentr:llion
over a period of time. and i... u..,ually
iatrogenic. Patien!'> m:l) pre ...enl "ilh a

hi'IOI)' only of tal..ing lheir u... u:1I mel!­
iC:Hion. In ,ueh ca' ....~ pla,ma drug
concentration'> call be of grl'al a..... i'lallce
in a,",e",ing the degree of toxicily. Once
lhe Jru}!: h:I<, becn withdrawn. 1'1:''''111:1
leveb fall and Ireatment with a llll\cr
do..,c 'hould be rein\tated.

Pui..oning duc 10 the inleraclion of
drug' who ...e effeel'> arc additi\c I' n.)[
uncommon. An example i, lhat III

'1a' K C, BCO, Urea Creatinine H PeO: PO
IIIII/Ol!f JMr"M Ill/10M I..P" I..Pa,.., :u 102 20 8.' 11O .15 3.7 13.3

Salicylate 46 mmolJl

Theophylline
Poi...oning \\, Ith ,10" -n::lea...e thL'{)phylline
pn.-parJ.lion... can Ic:ld to de\ elopment aft... r
2~8 h of ...... \el'l:: arrh)thmia.... h)po­
I..alaemia and dcalh. In c:I'e... of ..,u'J".-'Ctcd
poi ...oning. the lhl'nph) Iline con('entmtion
,hl)ultl be llIca... ured and It-. ri..,e or fall
monilored. Mea,un.:.., to aid c1l1uinalion
arc of limited eHecl.

Methanol and ethylene glycol
Methanol and elhylcl1l.' glycol :Irc mcla­
huli/cd lu formic add and oxalic acid
rc\IJCCIIVc1y. Poi~oning 1'0 ith Ihe\e i' not
uncommon. Patient-. del'elop a ,evere
metuholic :lcid(J,i~ :111<.1 in Ihe ca...c of
cthylcne glycol :I ,c\ere h) pocalc<Jemia.
due tll prcdpit:llion of c:Jlciul11 by the
o .... :Jlatc. J\-!o.::I<,uremertt uf the ,eru11l
concenrrali(ln, of clhylene glyl'ol and
rnelh:lnol are Iwt required. TIle treatmenl

Case history 48

A man aged 38 pre<.cnled at A&E late one afternoon. claiming to ha\c tal..en 100
a"p1rin table.... carl) in the day. He \\a,> hyper. entilating and ('onlplaining 01 ringing
in h.... ea"" lie felt an"io(l\. but hi ... pupil ... \\ere of nonn:d ... ilc am.! no uther
il"normahue... were !.lb;,encd. lie" as gi\ en gastric la\ age and blood \\a. talcn fur
mea~urcment of "lIicylak'. urea and c1eclrol)'tcs. and blood ga~.The rt uh ... \\ cre
a... follo\\,:
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METAL POISONING

EdeUlle disodlum

Calcun II dIspiaoId from
mg-5lnIC1ured chelale by----.......-

Dimen:aprol

CH, SH

CH -SH

CH2-OH

! M

CH, s
:®

CH S

o

CH,

6I' ,C

o 0

o o 0

!'--§
CH,COON.

N-~-CH2-N

C

CH,

o

CH,

C

o
Pb)

NaOOCH;zC

Na<>OC::H2C CH;zCOONa

N-CH:!-CH:!-N

• rcnalluhular damage
• ga'lromtc,tinal cro,ion,
• llCurologil"al dilmagc.

The metal, .... hll:h ,gi\c n'>C to dinieal ")Illptoms in man arc
,ho.... n 10 Tahle I Ap... rl from the O\.'ca..ional ,uicidc or
murder altempl, m(l't poi-.oning.. arc due 10 cn\ironmental
conl ... nlln ... tion or admini'lr...tion of drugs, remedies or eo..­
mctic, .... hich l'ontain met:l1 '>:II". There arc three main clinical
&:ffec" of t.'\po\ur~' to to,ic metal\. The..e are:

Poi-.onlOl,! \'ollh metal'> i!> one of the olde:>l forms of IO'licil)
kilo"" 10 man. Uoy.c\cr. il i" only rt."Ccntl) that the 1I'K."Ch;lnl'l11:>
OflO\icil) hJ\c bt.-comc 1..110\0011. More importantly.lhe mC'an~of
diagno... i ... and trcallncnl aTt~ no\\ 3\ailable. The ~ymplom, of
poi ...oning an:: related tn the amount ingc...ted or ab'>Orbl.'d and to
Ihl.' durulioll ofC\po"un:. In t:encral.lhe ekmcntal metal, are Ie...,
lO\ic Ihan their ..all ... , Organic compound:.. "here IIII.' metal.,
co\ alent I) bound to carbon. may al.;,o he to'(ic.

METALS ASSOCIATED WITH POISONING

DIAGNOSIS F'll 1 Struetum and actions of chelatlog egent5.

Arsenic
AT'>Cnic never occun. as the free c1emcnt.
but a~ the ion'> A..1• and A..... and may be
found in -.om.:: insecticide!>. Acute ingestion
gl\e, rise to violent g:l'tro-

tion eau,>e,> bone di,>ease (aluminium
o~teody,troph)) and gradually failing
cerebral function (dial)',>i~ dementi;I).

Diagnosi, b by mea.. urement of
aluminium in :1 pla.. ma ,pecimcn
{T:lble I). Aluminium content of bone
biopsy m:ltcrial i, :1lso used. witb level'
greater than 100 Ilg/g dry weight
Indicating accumul<.ttion.

Trc:ltl11cnt of aluminium toxicity b hy
prevention. In t'ases of toxicity. alumi­
nium excretion may beenh<.tnced by using
the chcl:lting agent desferrioxaminc.

.... Adion ..... /1ndIett 01 tomdly """"-""'" >O.5.W9_ o.-.~.IPi!ia .._llII
~~1hU.CCUlI.IlIfIlII ............. >3 }I'IlC6l1l"e-ctVOloe e............."·~>tIoplf

>tOjl!dlll""'-

""""'" ,.go r'lIlllK II blood or RInIIu:u...... tx:lr-. .....
>90 I"IIlli'N 1111 .... ~.~..., >2.0 jI!dlll blood IiI:a¥. cde. -.ns.u CQrIlII

>O.12}1'1lOM II .... a-.c:...-. .................,
-.. >120~CNIlIl'IIlIII .... ....ancI~l.............'_---...... >5 rI'I'dlll blood AcUlIIfllIIIIiIUe

CIworIe; ........~"

Table 1 Releren« and action rangeJ lor tOll~"~_=":':' -,

Aluminium
Aluminium i, poorly uh,orbcd from the
Gllracl. v.hich i, ju,t:l' well ,inec unt­
acid preparation, used by dY'PClltic
patient, may contain as much as 500 111£
of aluminium per tablet. Aluminiulll
levels in water supplic' arc variable and
llIay contain from Ie" than 50 to 111\)re
than I(X)() ~!l. Thi, i~ a potential halard
to renal dialysi, patient~ when the
aluminium can enter the body acm" the
dialysb membrane, thu, byp:",ing
intc.. tinal absorption. The water u,ed in
dialysis is no.... tre:Lted to rcmo\c
contaminating mctab. Acute aluminium
toxicity is extremely rarc. Aluminium
toxicity in pmien!:> wIth renal d},fune-

COMMON SOURCES
OF METAL POISONING

Bluod. phNlla, ~cnllll or urinc can all
be u~ed for mca~urcIllCn1, and in ~umc

C:l~e~ it may :11'0 be helpful 10 mea,ure thc
fl1et:t1 conccntration in othcr lh~uc~ 'Iu:h
a, hilir. The :lction limit, for metal,> in
phl'lll:l and urine arc ,hown in Table I.

A~ \\ ilh mO~t poi..on~, treatment cOlhi~!:>

of relllO\ al of the ,ouree of the Illetal and
increa"ing the elimination from the bod},
.... hilc l'olTCcling dcrJn,gcd phy~iological

or biological mcchanl,m~. RcnlO\'al of
the ~urce may require that a pcrwn be
remO\ed frolll a contaminaled .. ite or
.... orkplacc or thatlhc u'>e of a medication
or CO""lClic be di"Continued. Elimination
of hea\} mctah i~ achie\cd by lreal­
ment .... uh chclatlng age"" .... hich bind the
ion~ and allo .... Iheir e>:eretion in the
urine. The binding in pla,>ma .... ill. b}
equilibrium, remme <,ome metal ions
from li\~uc\. Ho.... c\er, renlO'lll from
bmin and bone rna} I:ll..C ~mc time.

The \lrul'lUre.. and mechani..m, of
action of 1.... 0 chelating agent~ are ,hown
in Figure I.

• pla,ma or hlood 1c\c1~ oflh.: metal
• urinary cxcrClion of metal!>
• an a!>~ociatcd biochemic:ll ahnor­

mality rel:ued wthe loxicity.

TREATMENT OF METAL TOXICITY

"IClal poi'>Oning lila) Ix: ",u"'Jl'-'Clcd in ca~ ...
II hl'rc II j .. not prc...:nl and 11I1"cd in ea~!>

"here it i ... the C;lU~ of the ...ymplollh.

Diagno,i\ 111:1) be mack hy mca... uring;
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FIg_ 2 Eftec1s 01 lead on haem synlhesis.
Lead (Pb) inhitlIIs porphobiItnogoo synthase and Fe"
IncofporaIlDn into haem. resultJlg J1weased levels
04 5-atl'IflOIaevlJn acid and copropoq::ilyrr J1 ume
and prolOpOrphynn Jl eryttvor;yI.es

Diagnosi'> il by clilmation of blood
alld urine men:ury conccntrJ.tion... (Table
I). Long-term monitoring of e,posure.
,uch :.h may be neces!'>ary ..... ith those
\\orking IIolth dental amalgam. may be
carried oul ulom!! hair or nail clipping'.

Trc:.ltmenl of acute mercury poisoning
il by u~ of the dimercaprol chelating
agent!> \\-hich le:ld~ to excrelion \ ia both
bile and urine. Chronic exposure is bell
treated with N-acetyl-penicillamine.
unless renal funclion il cOll1proll1i~--d.

the eating of Icad~containil1g paint, or
dirt by children (pica). There i, ,lilt)
concern O'er the contamin:'llion of air hy
organic lead con'>tituen" of petrol. Only
5-IOQ of lead il ab,orbed from the
ga,>lrointe<;tinal Imct in adult, hut lhi"
proponion is higher in children.

lead poi,>oning caUlel anaemia a,
\\ell a., hepatic. renal and neurological
-.equelae. In geT1Cml.lhe con""'-'qucnce, of
organic lead poi..olllng are neurol~ical.

\l.hereas inorganic lead poiwning n',uh..
in constipation. abJotl1lnal colic. :.lIlaetllla
and peripheral and motor neurone
deficicncie... Se\erc c:l'>C~ <k\dop en­
eephalopath} ..... ith lCiLure, and coma.

Biochemical e\ id...ncc of lead poi;,on­
ing il b} the finding of fru;,ed prom­
porph)nn Ie\eh in the el)"lhroc}ICl due
10 the inhibition of a number of thc
'ynthetic enZ)mcl of the haem pathv.ay
by lead (Fig. 2). A clinical ... ign i, the
,Ippearance of a blue line on the gum,

Lead is mea,>ured III v. hole blood or in
urine (Table I). E",retiOfl can be enh,mced
uling any of Ihe chelating agen"
NaCaEDTA. dimercaprol or N·acet)l­
penicillamine, bUI may require to be
prolonged in order to deplete bone ltorel.

Mercury
Mercury poiloning lila) be acute or

chronic and i, related to expo,ure lO

clemental mercury vapour. inorg:.ltIic
'>alt, or organic form, ,uch al methyl.
mercury. Mctalli....- mercury is relallvcly
non-toxic if ingc,>led. hut mercury
v,lpOlir can give ri"e to acute toxieily.
The ~Yl11ptOt11, arc rl:lpir:llory t:li~lre"

and a metallic la,le illlhc mouth.
Mercllrou~~all", l1otahlycatol11el. ha\e

been known 10 C;lUle chronic toxicity
following ..lin ab"orplion from powderl
and other fonlll. but are Ie.., toxic th;ln
mcn:uric salt1>. notably men:uric chloride.
This i~ highly (Oxic ..... hen ingc,tcd. The
symptom' arc nau~ca :lIld \omitlllg.
mUlCular trcmo...... CNS ,)mptOllll and
renal damage.

Cadmium
Chronic e.ldmium (O'(icit) t)Ccu" in
mdultrial worle" eXJX"'Cd to cadmium
fume" The 'y mptom' are thOle of
ncphroto\lclt). hone dilCa-.e and. to a
Ie"..er e'tenl. hcpatow\it"ity. Renal "tone
formalion may he incrc.N.·d.

In diagno"il. mdicaw..... of renal dam­
age. in partlcularp, lIli"'n>globutin in urine.
can be u,ed to monitor the cffct·tl. Blood
:tnd urine cadmium C'lImatel (Table I)
will gi\ C :1lI obJccli\ e indcx of Ihe degn.-e
of expolurc .. and. in 'Ollle C:llC~. Ihe
cadmium content of renal bioply tl",ue
may be lIleful.

Treatment of chromc Cadlllltllll !Oxic­
ily i, by rel1lo\al from cxpO"lIre. Thc IN:

of chclating agenl' i, IlIlt rccoml1lcmJcd
bcC:lIN: ll1ohilil.al101l of cadmium may
caUle renal damage.

The major "ou rce ofc:'llim i11111 ex polure
in the general population h in tobacco
~ll1olc. v. ilh ,moler<' having blood
cadll1iumle\ dl tv. icc that ofnon-'l1loler...

lead
Inorganic leatllm' long been kno..... n to be
to'ic. but acute lead poilOl1Ing " rare.
Chronic lO.xi,,·ity i" related to indullrial
e\po~ure. Ie'ld kachcd from v. ater pipe".

IOh~'tillal pain and \omiting. \\1111 ~hod..
dc\elopillg. Chronic ingc"tion i~ c\i­
dellced by JlC"i"tcnI diarrhOl."a. dcmlatui"
and IXlI) lleurop:uhy. The bo,:"lmdicatorof
chronic aN'nic e\JXNlre i" hair anal)'"i".
The ar">Cnie conten! \\ III \ aI)' ..... ith time
along the length of the hair. A 11.'\1.'1 of
>O.5IJg/g ar"cnic In hair indicatc~

,ignifieam e"jllhurc. Urine ar"enic
mcao.urcrnenh are aho of \ alue in ~"''>C~~­

ing occupational e\jlO'>urc.
Treatment of acutc and chronic aN'Il1C

poi~nmg I" hy wPJlllnl\C Ircaunen! and
enhan..:ement ofcwrcuon u"lng IIIltlally a
dimercaprol-type chelati ng agent and. once
l) mptOlll'- h;J\ c "uh'idcd. '>;-acet) 1­
Jl('nicillaminc. [n ca!'ol'\ of renal failure.
ar'>Cnie ma) be renlO\ed by h~lCmodial) ~i,.

Case history 49

A I :!-)ear......,ld A~ian girl prt:\Cnts

110 jlh nau<.ea and \ omiting and non­
locali.fing neurological signs. She
hOb been uSing brightly ..-oloured
fat:ial cosmelic" obtained abrood.

• \Vhat biochemical 1n\t:Stigations
..... oold be appropriale'!

COlllnU'nt on fX(J:t! 157.

r>.... Clinical note

~ Often as<,QCiatcJ in
... the pa~t \l.ith lI1urde".

aN:nic poi;,oning may ~till be:
encountered 3-' an indultri;lI
dii>ea-lC. The featurel are
abdominal pain. headache.
confusion. peripheral T1Curopath)
and coma.

Metal poisoning

• Heavy melals are an nsdous cause
01 Qa$IrOWlIesbnaI. renal and

"'"-..",.
• Measuremeol 01 blood and urn!

IeYeIs are used III diaglOSIS 01..........
• Treatrnent 01 acute exposure IS with

chelallng agents.
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ALCOHOL

Ahu-.c of alcohol (ethanol) ., a major conlribUior 10 morbidil)
anu IllOrtalil) in the UK. far oUhlripplll£ Olher drug, in It'>
effect, on the indh idual and nn ,()Cit'I). Alcohol is a drug'" ilh
no rcl,:cptor. The mechani"lIh b) "hieh it C\Cnli its OclrimclI1:l1
cffl.'CI on cell,> and organ.. arc nUl "ell undc~lOod. but the
dfc.-,'I, arc ..ummarized in Tahle I.

I'or clinical pUrpo"C' alcohol cOlhumplion j\ cstim:ucd in
:lrbitral) 'unil~'- one unit rcprc\Cl1ling 200-300 rnmol of
clhanol. The ethanol comenl of >,omc comlllon drinb j ....ho\\ 11

Table 1 Effects 01 ethanol on ofgan systems

SY'~ CooOitioo Ellec!

CNS ,.". """"---
"""" --.........w_ ---""""""'" """" CIr~I""........ """" -....- ,.". -....."""" -... """" F.., ....-~~1ClIel.-.::e........-- ,.". ---'"'" """" "'-'-......tJuqLij:Md-

T_ """" -
Tho: effo:ct" of elhanol CXt'e" filII into t.... o categoric,;

• lho-.c: ",hich arc dirt.'(.·tly rclaIL-d to thc= blood alcohol
eonccn-tration althe ume. 'uch :h conl;l

• lho-.c: ",hich are cau-.cd by the n'k:tabolic dfet-t, of
continued high ethanol concentrntlOn,.

111... relati\ e contribution ()(ethanol in ca..c, ofcoma. e'pct-i.
ally- ",ocre other drug\ and/or hcad inJul) are pre-.cnl. may he
difficult to dL\tingui,h. Blood cthanol dclcnninatiol'" arc the
be,t guide. Where Ihc\C :11'0: nOI 3\ailablc. pla.\ma o\mol:Ll1ty
rnea\urcment and calculation of tho: 0\11101:11 gap may help_

Ret·o\cry from acute alcohol poi...oning i~ u~ually rapid III the
ab,cnce of ren:\l or hcpatic f:Lilure. and r, ,po:edcd up if hcp:nic
blood no.... and oxygenation i, m:IX1I1l1/Cd. The elimination fiHc
ofcthanol i, do~e-rdated:at :Ilc\cl of 100 mlllol/! it i~ around
10-15 mllloi/h. Ethanol t:oIlCl,.'l1tr<l!illll' in a group of chronic
alcoholics admilled in coma with acute alcohol poi,oning arc
,hnwn in Figure-t.

Alcohol illhibit~glucollcogcnc,i, and ,orne patient' are pronc
to dc\ clop hy poglycacrnia 6 36 hou", aftcr alcohol inge<,\i\)n.
c,pcl'ially- ifthcy- are malnouri,hcd ur LI,tcd. A ~mall numbcrof
the'c malnouri ..hcd paticnl\ d.::\c1op alcoholic kctoocido,,'.

METABOLISM OF ETHANOL

ACUTE ALCOHOL POISONING

ElhaJlol i, metaboli/cd III ,ICCI,Llddl)"de b)" t.... o main path"'J)"'
(Fig. 2). The alcolml ddtydrngclla,e route i, oper:ltiona! .... Ill,:n
the blood alcohol concentration i, in lhe range 1-5 Illlllui/i.
Abo\e thi, 1110,tof the ethanol i, mct:Lboli/ed via the micro­
,ormll 1)450 ~y~tcm. Although Ihe end product in buth ca,c, i,
at·claldchydc. the ~idc effect... of induced P-t50 can be ~ignili­

cant. Eth:rnol mClabuli'l1l and excretion in a nonnal 70 kg lIlan
i, ,urTlnlarilCd in Figure 3.

in h};ure I.lbc leg::IIlimit fordri\ ingin the lK i,a blood alcohol
bel of 17A mmollL (80mgJdLI hut there i, prc"ure to rcdlKc
Ihl'to 10.9 IllmollL 150mgldLJ.

1 gla$Ii sherry
.325 mmoI

,~,

li~ goIl whISky
~ 250 mmoI-, ...

FIQ 1 Alcohol content ol common Orlnkl. ........
IfIbreath
(6 L'1lWl)

~ 1 44 1TlfTlOI;1l

~

Renal e~cretH>O

0.8 mmollt1

_u_
0.008 rnITIllM

Unne alcohol
17 mmoVl

-­""""""

Fig. 3 Metabolism and e~crelion 01 alcotlot.

~ Acetaldehyde

NAO' NADH
•
W

rC8t8lase\

HA Hp

Elhiln04 •••IIIi~

P.roJlaome
Fig 2 The metabolism 01 ethanol.
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Many of the cffeCI\ of chronic alcohol abu\e arc due either 10
lhe IO\icity of acctaldeh}de and/or the failure of one Of more of
lhe many homco\t.llic and \ynthctic mechanism.. in the lhcr.
One of lhe earlie.. l \ign.. of chronic alcohol abu\C i\ hepato­
megaly. Thi\ rc\ull\ from the ;lCcumulation of triglyceride due
10 irlo...rca~d \ylllhc\i\ from the carhohydralc load and reduced
prolem \ynlhl:\i\. Ct\minul-d high Clhanol intal..c may cau\(,' the
fol10\\lng \4:qul'l~:

• impaired gluco\C toll'mnce and diahl;-te\ mellilu"
• hypenriglyceridacmia
• cirrho\I\ of the h\er \\ uh rc\ullanl decrca-.ed '>Crurn :albumin

c(lllCenlr.a.tion
• ronal hy pcnen\ion \\ ilh re\uhant oe\Oph:a1;eal \arice\
• coagulation dcft:ct\
• cardiomyopathy
• pcriphcr.a.1 neunlpathy.

CHRONIC ALCOHOL ABUSE

Diagnosis of chronic alcohol abuse
Chronit' ;llcotwl abu'c can be \CT)
difficult 10 detet:l. and j, u...uall) dClcr­
lIUI'k."'d from the pallent\ hi ..tol).ln order
10 be more oOJCCIl\C. there ha~ been a
continued -.earth for lllarl..c,", of ethanol
abu"C. }\, )'et there i .. no highl) "Cn~ili\e

amI ,pccil'ic marler. Uml,CH:r. a number
ofhluod component, are altered and the ...",
(an gil, c an indication of chronic alcohol
ingc\tion. The 1110,1 t'ornmonly u~cd are:

• Hypcruricm:mia.
• Elc\lllCd )'GT. Thl' CfllytllC i...

im:n::I".:d III sor~ of alcohol :lbu"Cr..
It j .. not a \pccific indicator a, It i..
incrc:l',cd 10 all f()nl1~ of liver di'ca,e
and ;... induced by dnlg, ~lIch :1'
phenytoin and phenoharbltone.

• Elevated ,crum triglyceride.

There arc 11 number of other poten­
tially ll'>l:ful marker.., nowbly i,oform\ of
lfan\fcrrin v. hich :m.: dcfkicm in lhe
carbohydrnte linked 10 the protem. Thi\
carhohydr:llc-ddidclll lran\fernn i\

pre\ent in more than 90'} of patienl\
\\ilh chronic alcohol abu~. Such :h\ay\
are nO( yet \\idcly :a\ailablc.

Once Ihe di:agno\i .. of chronic :1Icohol
abu;,e is made. lhe\e marlc,"" are of u\c in
monitoring beha\ iour inc~ a \inglc
'bingc' will lead to th ir derangemenl.
)'GT i\ u,~d regularly inlhi\ manner.

Chronic alcohol abu\C CXpchC\ Ihc
illdi\idual 10 increa~d ri\l of damage
from Olh~r \Ub\tallcc,. Chronic akoholie\
have highl.'r rates of \ll1()king-rel:ll~d

di\ca\~. and arc more \u\ccptiblc to
poi\oning with hcpalOlO;tic \uh\lance\.
They :11\0 have diffaenl ratc\ of Ill~la­

boli\m of therapeUli(" drug\ and care
needs to be laken in treating thcm wilh
drlll:!\ which arc Illctaboli/cd by lhe
<:ytochromc P450 \y\tC111.

Admi\\ion ralC\ to Iw\pilal \\ Ith
akohol-rckltcd di\ea\c\ arc high. ;1I1d
\ince the diagnOM\ i\ \omclime\ UlhU,>­
peclcd. it ,hould alway\ he cnn,idercd
when carrying out an initial examin;J!l(JIl
{Fig. 5).

PabenlS WIth drvg-
retated prob(ems ("'1
60~--------.

'"'
60

"j
20·

F,g 5 Admissions 01 drug-rt!lated problems to
one UK hospital.

• ElhaooI abuse IS a COfM'lOI'l dInicaI_.
• An elevated senm osmolality and an

IIlCfeaS8d osmoIaJ gap can be 01
lia~bC value In acute elhaool
",...,...,.

• Chrclt'lIc elhanol abuse can be liIflWI
to detect

• sen.m JUT IS ollmted value lor
liaglostS 01 ettlanol abuse but good
lor mclttlOmQ abstrlence

• The efIedS 01 chronIC akohoI abuse
are I'lOI frnded to !he IiYer

Case history 50

A 16-ycar-old boy \\ho"C epilepsy
h3ll R.'t-enlly hecuII)c poorly con­
tmlled v.a' found 10 h'l\c a rai"Cd
-,GT of 82 VII. Because of hi~

lrouble'iOmc hcha\iour hi~ parcnl\
\U'peC"ted he \\.1\ drinking.

• 110\\ might alcohol abu'>C be con­
fimloo or c~dudctP

• HI\ <,crum alkaline pho<.phJ.l~

\\ 3-...''20 1:I1. 1XIe\ ,hi.. ,upport
a diagno\i\ of alcoholic Ii\er
di<,ca\C"

COI/II/lt'nI 011 fIllf?" 157.

Clinical note

Melhanol and ethy Ienc
glycol (anlifrec/e) are

born mctaboli/~d hy alcohol
dchydrogena!>t.' to fomlic and
m:alic acid... whieh arc lO\ic. In
order 10 prc\enllhi\ metaboli\lll.
ethanol i\ infused 10 3 concen­
tration of::!O mmolll until the
alcohol~. mClhanol and clhy lcnc
glycol. are C\crcled un,·hangcd.
Alcoholic, \\ ho t.Innk eilianol a\
v.el! 1\ mClhanol in flKt pfO(,'CI

Ihern"ehc,> again\t Ihe \\0f"1

eff\"Cls of melhanol poi'>Oning.

Alcohol I~
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COMA

The comalo\!: pall~nt prc'>Cnc.. a number
of problem, 10 the phy,il·ian. ,orne in
rdation to illltial diagnO'.b alld -'OlllC lat('r
dunng treatment.

Best motor rel.pOl'l"

6 C8ff}'1OQ out request
5 L.ocalI2ed response to paO'l

I
.Flexor responMIlO paIIl
3 Extensor posluMg 10 paW1
2F1eXOlposturWlglO~, .....

Best YertIal ""POftse

50."",,,,,,
.. Confused conversabon
3 Inappropnate speech

2~"""1 None _

The depth of coma can be ddined
folio.... iog clinical c>;amin:lllOn u,ing a
"c3le 'uch a" thai in I;igurc I. Thi ..
allo\\\ clinical 'Iaff to c,lahli,h the
..e\efit) of the com... and to monitor
change,. Ohtaining the correct diagnO'>i ..
i~ paramount. To [hi .. end thi: Il)l)\l \alu­
able infonnation i .. u..ually ootained fmm
the clinical hi"or). bUI (Tequ!.'nll) a
reliable hislol') i.. not :I\ailahlc.

Patent") of :liN a). hlood I're"urc.
Icmpcr.llurc. pupilla!) rene, and hllxxl
gluctbC concentration nL'Cd 10 be mooi·
tored rcpealedl) and a \Carch "hould ~
made for c\ idcocc of lmuma or needle·
mar\.. .. allhc limc of :lJmi~,ion.A careful
hil>lory and ph)'l>ic:l1 c'taminalion \\ ill
g,\(, the correct di"gno"i, in mer 9()q

of ca-.e". Olher biuchemic:ll Ie"" Clln
help in diagn(",,, or for the conllnued
monilonng of com:lllhC IXllien"

DIFFERENTIAL DIAGNOSIS OF COMA

\ helpful mnemonic in the diagno,i,
of the ul1con"":iou,, patient i" gi\en in
Hgure::!. 1I0"c\er. "ithin each ofthe\C
cmegor;c" dc'>Cribcd lhere :Ire man) PO"­
"ible cau'>C". The fiN priorilic.'> in treating
an ullCon'oCiou, patient arc 10 en~urc th:ll
:ll~a~";lre dear and thai breathing and
cm:ulallon arc -.ati<,faclOf).

Cerebrovascular accident
Where coma of cerebrO\ a"cular origm
'" <,u"J'lXled a CSF examination {Fi!!. ]j

"ill <,ho" the prc..encc of blood and" ill
hdp to diffaentiate a wharnchnoid
haemorrhage from cercbml infan.:tion
When :"I\ailablc. imaging .... ilh a CT -.can
i, prcfcmblc.

FIQ 1 The Glasgow Coma Scale.

Flr.l : .xclude r81Hd lnlr8cnml81 pre.SUfe (ICP)

Check lundllor ral&ed ICP 1NB Performln~ lumbar puncture in pallent
With r8l$lld ICP can be latal

J
I seeol'id: collect CSF belore starting antiblo1ic5 I

1
Mlcrosc~ Biochemlei!ll

8nd mlcroblo oglc81 eX8mll'i811on
••8mln81Ion (usually only supportive

(fTlO$llmporlant 01 mlCrobiologocal
CSF _lysis) lindirlgs)

.1
Results •

I

II G'=! Elec:tropfMM'l!!$I$
~M' I I P...... I ",d

omm. •CSF

"""
_. - _.
< 25 mrnoL'l - 040" """""""'M

~ • - ""....,d• -- """"""'"II plNma. CSF --"""'... r8bO. < 2.0 .- ""-.- -...
CSF "".. ~ ...
~.-- I,

.......­.....--.~.""""""'"....
d-.­.y-
""'"--

e,g, Tranquilhzers
Opiates

Head IIlJUry
Cerebrovascular
accident
Infection
Spaee-OCCUPYlng
IeSIOO, e,g. tumour

Hypoglycaemla
Hyperglycaemla
Endocrinopalhles.
8.g, hypolhyrodism

"""""""'~""""d....-m

""""''''''''''''Hypernatraemoa

o

A
Fig 2 Differential diagnosis of • COfTII patienL FIQ 3 Investigation o1lhe webrospIl'ia1 fluid..
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I

be detL'CIt"d on the brealh i, not \uffi­
cient for diagno'i ... and a full clinical
e'lamination 'hould be made in all ca\C...
of alcoholic coma. If acido<;i\ i<; pl"l"-.cnl.
meth:lnol or eth}-Icnc gl}col pol<;Oll1ng
'hould ::11'0 he "u'pcctcd.

Carbon monoxide poisoning
Carbon lllono'tidl.' pohoning account'
for a large number of dealh, in the
UK each ye;lr. Coma can occur ""Jlh
carbo xyhile mog lobi n coocent rat ion
abo\e 30Cf of haemoglobin. Carbon
monoxide poi..oning mal' be in\idiou\
due to a fllully hl.':ltcr or poor \enlil:Jtion
;trld may be pre,aged b) hC:ldachl." and
confu,ion, Treatlllent wilh oxygen
rC,lOre, l)'{yhaclllogiobin. Thi, i., a
dallgeroll' form of poi<;oning which
rcquin.. ' careful aflcrcun;:.

Hepatic coma
Acme orchronic hepalic failufC lllay rl.',ult
in coma. Thi~ i, belie":d to be due to
lhe failing li\cr\ Hlahility to renw\'e
n('umtoxlll, ,uch a' ammonill from lhe
blood.

Alcohol
Alcohol is a common cau,e of cormI in all
age range,. Coma depth and Ienglh i,
associated with the amount of akohol
inge~ted. and thi" ~ho"", wide inl..::r­
patient vllriation. Alcoholic coma can be
as,>ocial..::d wilh head injurie" hypo­
thermia ltud lhe pre,enec of other drug,
wilh which h~ action may be :Jdditi\'e. In
l1Io~1 ClI!>e... coma call~ed by elhltOol will
rc~ol\e relalively rapidly. the exception
being when there i, hepalic in~ufficielley,

In case!> where the blood alcohol 1e\e1
exceed, 80 111rnol/l. hae11lodialy,i, may
be required. The flKt lhal :llt-ohol can

0\er~. In ITKht Caloe\ ofdrug or poi~n­
induced coma. con'>Cnali\e Iherap) i\
all that i., required 10 m.aint3in \ ilal
function, until the <;ub,tanL'e i\ eliminated
b) metaboli\tll and cu'relion. The be...t
<;peeimen to analyze for di3gno\i~ 1\

urine. Where drugs .!ouch a, phen)toin or
thcoph~ lline are suspectt:d. pI3J>1Il:IIc\eh
..hould be measured on admi\'ion and
thereafler umil Ihe) fall 10 thcwpculic
Ic\d" (see pp. 110-111).

Drugs and poisons
A wide variety of drug, and poi,on, ran
gilc ri,c 10 eOllla if tal..en 111 .,ufficiclll
dose. In wry few ca,c~ ltre lhere 'pcdtie
dink·:J1 ,igl1', Exception, arc the pin­
point pupil, of opiate poi<;oning for
\I hich lhe ,pecific lIIHagl)ni~t naloxone
h effeclive III rC~loring eonloCiou'nc.....
:lnd the dlvcrgell1 'trahi~mu, (Fig. 4)

:I"ocl:llcd with lriC)dic anlideprc"ant

• 1/1 haner;l/lmc"lII~ili~ CSF prolem i.. incrca'>Cd and glucO'C
i~ 10"" or ab<.cnt. There i' a leucoC)lmi<; which may be
\ i"iblc a) c1oudine" til '>C\ere ca!.C<;.

• III I'iralmcl1i"gili{ glucO'C i, nonllal or only \Iighll}
dcpre,<.t."'d and prolein rna} be nonnal.

Infectious causes
Mcningiti.. (bacterial ,lIld viral) and encephaliti\ (viral) can
bolh lead 10 coma. MeningoctX'cal rncningiti\ ha' a high mor­
talil}. c..pcciall} in child~n. Diagnmi.. i' of great imponance
:Ind CSF ,pecimen, 'hould be obtained before antibiotic
therapy i, commenced. The u~ual finding, a~:

Metabolic causes
1lle brain i, acutcl} \Cn,ili~e 10 failure in
meI300lil' honlCO"la..i,. and a ""ide range
of di"Order. can gi\e ri\C 10 di'>Olienla­
tion and lalcr COll1a. t\lany of thc"C ca~'

can be corrc<:II.'d rapldl} b) trcatmcnl and
thu, Iheir carl} diagf'K)',i" i.. mandalof).
1lle mO~1 COll1mon form.. arc ,ho""n in
Figure 2.

H}pogl}cacmic and h}pcrgl)'caemlc
coma~ IIlU,1 31""a}.. be con.,idc~d. Diag­
no~i~ i., b} mea..uremCnI ofblood glucO"C_
"" hich ,hould be camed OUI on admi".. ion.
Glueo\e can be \:lfcly gi\en 10 an}
diabetic in coma out)idc ho)pilal. but
in..ulin IIIU.,1 nm he admini\h:rcd until
hypcrgl)c;lemia i., confinncd. Over 99'1­
of hypoglycaemic cpi,<K1e\ encounlered
in Accident ;llld Emergency DCP;lrl­
menh ""ill be in p:llienl' \\ilh known
diahele.. mellilu'.

• The lirsl pnonty is to ensure clear
airways and satisfactory bfeatfwlg
and eucu\a1Jon,

• laterallZJng neurological SIQIlS sI'IlUd
alWays be sotJ!tIt as evdenc:e 01 a
~ """""-

• Hypc9yCal'!lTlla 1'1 the known dlalJelM:
pa1lenllS the CXlITIn'meSt metabolic
cause 01 coma.

• AI'Iljl percentage 01 paaents 1'1
coma fran aI causes wi have
aJcohoI as a~1I'1g laetof.

Case history 51

A 20-)ear-old in,ulin-dcpendent
diabetic ""a\ found uneon'>Ciou~

hc,ide hi .. blc}e1c. An hour or <,(J

earlier he had lell a pan) ""here he
had been drinlmg. l1e "" a.. brought
10 the AL'Cldenl and Emergent)
Dcpanment

• Wh3t in\e'tig.alion, and mlcr­
\cntion., would he appropriatc
in thi, ea-.e"

Comml'1!f "" 1'(lI~t' 157.

Clinical note

Coma :l:-MlCialed "" ith
a cerebrm-a;,cul:lr

accident ""ill ha\e an abrupt on'>Ct
and gi\e 0 ..... (in ffiO!>l L'a:.c\) 10

unilateral \igns. Coma cau't."'d h)
rrn:labolic or toxic cau~, "" ill
u'uall}- affoci all pan~ oflhe hod}
L-qually and \\-ill de\e1op 0\ er a
period of time.

Coma I~
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LIPOPROTEIN METABOLISM

The lipoprolem '}"tem c\ohed to ,ohc the problcm oftran~­

ponmg fah aruund lhe bod} in the aquoou, en\ ironment of the
pla...ma, A Ilpoprotem i,a complex 'pherical 'trueturc which has
a hydruphoblc core "r.:lppcd in a hydrophilic coating (Fig. I).
The c:on: contain' trigl}"cridc and chole"te!)I I:..tel"'>. "hilc lhe
"urfacl.' eontilin" rho"pholipid. free chole'terol and protcin\­
the apolipo-pmtcin, (Table I I. Chole,teml i.. an e'-.ential
c:omponcnt of all c:ell membmnc.. and i, the precu"nr for
"tcroid hormone and bile ac:id biO\}nthe<;i~. Triglyc:eride i..
central W the 'lOr'"oige and tran'pon of cnerg) "ithin the bod).

-­HJ-----j!)~.'"

(1)-
-----<~T-

~~..,.

Table 1 Properties of some human apoIipoproleins

Ac:Mlet LCAT

,.....
T~ nlc:tll:JlesleroI tr.-.sporl
BnIs 10 lDl ra::epDl"T__

ActMlles LCAT_U't,_U't
8n;ts 10 lDL reeepIOr and probiltIIy
alto 10 InaI!l8l spldc Mr fllO!J*If

Larl/&Sl~, Synthesized by gul H~ef a
mealNoi Pfflsenl on f\Om'l8I fastll'lQ ~s.ma

t.IaJr1 earner of dietary In\1ycIlnde

Synl!llslzed on the Mr. MMJ eartl8f of--­Generaled lrom VlDlnlha arculaoon
MaS! carner of choleslem

StnaIIsl bI.C mosl ab\.rldiIrtProlllClMl foodlon
Takes ~!rOlTI extrahepa~ I1s1U11IO
". t.w!of PCfttlon

,.""""

HDL partlele.. are deri\cd from
both li\ er and gut. They act a!'. cholc'IC!) I
e~lcr ~hullle... rcnxn ing the <;terol from
the peripheral tissue.. and returning it
10 the li\cr. The HDL is ta~en up
either directly b} the lher. oc indirectl}
hy being trJn..fcrred 10 mher circula­
ting lipoprotein'>. which then return it
to the Ii\cr. Thi<; proce!'.<; i' thought to
be anI i-atherogenic. and an cle\ated
HDL-cholc"terollc\el ha.. been ~ho\\n

to confer a d~rca'>Cd ri..~ of corona!)
hean di<.e3~ on an indi\ idual.

0,

Main apollpoproteln.

B.. Po ·1. vII. E

B, (;.11 E

FIQ 1 Structure of • lipoprotein.

Apolipopillllill -- Si!eol.ynIIlt$iII

« ".. _..
.... ".. _..
• ~... e-
o. "'.. --C< ... e-
01 "'" e-
01' ... e-
E ".. Lmr.~,-

Tallie 2 The lour main lipoproteins and their lunctlons

LCAT=Leat/wI r;:tIoIesIeroI~~
LPI. = UpoproteJ'llplSlt

The endogenous lipid cycle
Thc Iher ~}nthe~i/c, VLDL panicle..
\\ hich under!!o the ~me fonn of dclipi­
dation a~ chylomicron.. h) the action of
lipoprotein lipa..e. Thi.. re ..ult .. in the
formation of an intermediate den..ity
Iipoprolein (IDL) '"' hich become, 10,",
den'>it} lipoprotem {LOLl "hen funher
dclipidatcd. LDL may be remm ed fmm
the circulation h} the high affinily LDL
receplor oc by OIher 'ca\engcr roule,
which arc thought 10 be imponanl al high
LDL b eh and the maIO '"' ay in \\ hich
chole ...crol J' incorporated Jnto
alhemmalou, plaque...

LIpoprotein melaholi,m (Fig. 2) can Ix:
thoughl of a' t"O cycle,. one e~()genou,

and one endogcnou,. both centred on the
liver. Thc..e cyde.. are inlerconnetled.

T\\>\l ~cy en/Yille "y,lell1\ are ill\oh ...d
in lipoprotein met:lOOli ..m. e.g.:

• Lipoprolcin lip:l ..e (LPL) relea..e.'> frcc
fally acid, and glycerol from chylo­
micron, :llId VLDL inlCllhe ti ....ue...

• Lecilhin: dlOle..lcrol acyl lran,fera,e
(LeAT) fOrlll' cho1c'lcryl c"ler.. from
free chole..lerul and fally acid,.

The exogenous lipid cycle

Dicta!)' lipid i" ab..orhcd in the ..mall
mle'tine and lllcorporolled 1I11O ch} 10­
micron, \\ hich :Ire ..cnctcd into the
lyll1ph:ltic, and reach the hl(xxhlrcam
\ia lhc thor-.cie ducl. In lhe circulation.
lriglyceride i" gmduall} n:mmed from
lhe..e lipoprotein, b} thc action of
lipoprotein lipa~. Thh,enzyme i' present
in the capillaric.. of a number of li ....uc...
predominantly ;Idipo.. e ti"ue and
~~eletal mU<.cle. -\~ il lo<.c~ trigIYl'Cridc.
t~ chylomicron become, ..mailer and
dcnaled. with fold.. of redundant ..urface
material, The<.c remnanh are renxned b}
the Ii\er. The chole"erol may be utilized
by the li\cr to form cell membrane
components or bile acid... or may be
e,cretcd 10 the bile. Thc Ii\crpnn ide~ lhe
only roUlC b} "hlch chole..terol Iea\e,
thc body in ,ignificanl anlOUnl,.

METABOLISM

Sc\t~ral different cla....e.. of Iipopf"O{eins
e\i'>l \\>ho..e ,tmctun: and function arc
clO'>Cly related. Apan from the large...t
'pecic,. the ch} lomicron. the..e arc named
according to their den"lI). ;'" lht:) arc
mo,t commonly l\l)laled b} ultrJcen­
trifugation. The four main Iipoprolein..
and thclr funclion, are ,ho"n in Table 2.

NOMENCLATURE
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~
Clinical note

About 25% of the
UK population have

pla\m<l choh~,>temllc\'cls above
the dc~ir.lhle reference range.
In 1l10~t L'a..es this i~ the n~~ult

of diet and lifcstyle.

Lipcprotein metabolismI~
• ~eu'IS are c:ompIexes

01 bpId and protetnS whch lat*tate"""_.
• TheIl" metaboism can be thou!tt 01

as two lI1lenXlnI'leCIed cycles centred

"''''' ....
•~ are defined by lhelr

density and ciffer1lI~.
strudute and functloo.

•~ have a ItrJctJonaI as
wei as structuraIlf'4IClrtar1Ce

• Cholesterol can criy be exaeted
from lhe body by way oIlhe Mr.

The LDL rt.'Ceplor(Fig. 3). a glycoprrncllI
pre-.cnt 011 Ihe <;urface of all cells. span\
the cell membrane and i<; concenlr:lI00
in ~pcL-ial membrane recesses. called
'coaled' plb. It blllds to lipoproteins
eontainmg apolipoprolein B and E. and
imemali/.cs them for breakdo\\n .... ithin
Ihe ccll. Re..:eptor. are then reqcled to
the cell ~urface. The number and
function of fL'CeptoN dictate the Ie\el of
circulating LDL. When the cell has
~ufficienl chole<;tcrol. the synthesis of
receptor. i,> down~regulated: \,\ hen the
cell i~ cholcsterol deplcled. the reccplOl1>
increa~ in number. Inherited malfunction
or ab'Clice of thcsc receptor<> leads to
familial hypercholesterolaemia (FHt

A ,>pccific l1lul:ltion ofapolipoprotein
B re~ult~ in defectl\e binding ofLDL to il:­
receptor and produce~an identical clinical
picturcto Fit called familial defective apo
B (FDB).

THE LOL RECEPTOR

Apolipoprotein<; arc the protein com­
jXlllCIIl'>oflhe lipoprotein<;{Table I).11lCy
are llTlponantln:

• lIlaintaining the l>tOlelUral imcgrity of
the lipoproteilh

• regulating certain enzyme."> .... hich act
on Iipoprotcilb

• rtxeptOf l\.'COglllllon.

APOLIPOPROTEINS

HOI.

CM
,""""'"

Glu~

5.23.'

Urea

i----..t1'_..clJpoproteln
,,_. lipase

" . ....

Exogenous
<yo.

CI HCO,
11I11I011I1----------

70 ::!O

Amino ltClds

K

3.8

Choleslel}'l
eslllr d.opIel

103

Serum O'molalit} .....a~ measured a~ :!82 mmolllg and am} l:be 1780 UII,
HI,> trigl}'ceritk .... a~ I\::ponC'd to be >50 mmolll.

• Why i) there a di'>'.'fCpaocy bcl .... cen the: calculated and mca~urctl O\molallt}?
• What arc the lilely eau~ of the hn~~nrigl>L"eridaemia'l

C,'WIIIPIlI (If! 11(1f{P 157,

Case history 52

A 3-year-old btl} "",lh a ImlOry of chronic abdominal pain .... a.~ admitloo a~ an
emergenc)'. 111\ blood .... a~ noted to be pin" in the syringe. and the ..erum ....~mil">,

~jl . ~ HMG GoA reductase
I:~"'f"'~:~~~ ~LDLreceplors H'

I, lysosome

"~holeSler~~ ~ Endosome
I ~..J-~ f

'ACAT I \ A~if19
- .. '-......'~/-",&' 0

Ftg,3 The lDl receptor pathway.

VUll

.. ....
F_

Fig 2 LIpopfoteln metabolism
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CLINICAL DISORDERS OF LIPID METABOLISM

1

Fig. 1 Xanthelnmas in younger IndlYlduals (age <40 years) usually indicate
hypercholeslerolaemla. In the elderly they do not call)' the same Significance

...
QI)
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Fa soUlIe ¥I&iInrI------,,--­._-

N.V

la.1Il,IVOfV

.....

AGacl ..... (II bIl:II:nI LPl.

nbIIIy1lI"-apo Col
~ tIr lpoprC1lIIl Qltl

IrIIbMy III "'-100B NofaI

-­FIIckacII'U'I'I»1 (II bIl:II:nIUlO._
PoaIbIy wVt gin dIled

POI*tlly WQIt lIlNdIlc

AnaIpI'IiIIpJpi--­(Ta'lgIIl"--1

,-­,-­
~--­",CO_

Table I Some genetic causes 01 dysllpldaemia

l~rilll{/ry when th.... dl,order i, not dlle to an identifiable
underlying di,ca..e.
Sl.'c()Iulm'\'-whcn the di'order i, a manife~tation of ,ome
oth....r di ..ca'.....

Currently there" no 'ati,f:lt'!01) compTC­
hen,,'c t-Ia, ..,ficalion of lipoprOicin
di-.ordc ...... GenClle da~"llic:llion ... ha\c
been 3UClllplt.'(] bul arc becoming incrt:a~­

ingl} comp1c'( a" different mutation" :lrc
di<,cO\crcd (Table I). FUllli/illl hyper-
dlflfrHrrofa('ltIia IFI!) .... hieh pre'-enh with 'l(anlhda\ma
(Fig.I), lendon x3mhorna,. 'l'\cre hYPCI\:holc'itemlacmia and
prcm:llurc coronal') hean di;,ea!>e 1l13y be due to any ofo\er 150
diffcrcm mutation, of the LDL receptor gellC. Mutations of the
apolipoprotcin fapo) B gene ean gi\e an identical syndrome.
f'wl1iliall"lH'rd,,'1omiu-OIw('l/Iill which presents with recurrent
::JhdolTunal pain and pal1creatiti\ may re~ult from genetic mut::J­
timl\ of the lipoprotein lip,he or apo C·II genes. Erupti\e
...anthoma.. (Fig. 2) arc chamctcri\lic of hypcnriglyccridaemia.

Until gene therapy and/or \pceific ..ub"'ituliol1 thempy
become more H\'lil;lblc. gcneticcla.... ification... \\ hill' biologically
\ery illumin;lting. arc unlikely to prove \ cry u-.cful in practir.:c.
111 practice. lipoprotein di"order- are ,illlpli ..tically c1as'ificd a..
being:

CLASSIFICATION

Lipoprotein di~ordc..... arc "OlllC of Ihc
commonc" metabolic di",a~" .....en in
clinical practice. The} may prc<.enl .... ilh

their' ariou' <,cquclae .... hieh include:

• comn:!!') heart lh-.ea'>C (CHDI
• :K'U!C p.lllt'realt!t'

• failure 10 Ihri\!: anJ \\cal.oc....

• calame".

Table 2 Common causes 01~ry hyper·
lipidaemil

C\IIbeIIIs IIIIlIiU Irla-.l~

At:dd-.. Irla-.l~

Owlne......... Irla-.l~

Dn.gs.-.g .......-.::s ~~--
Secondary
Seconda!) h}perlipoproteinaemia is a
\\ell-rcco~niLed fcalUre of a number of
di-.ca-.c\fTable 2) \\hich di\idc broodl~

into 1\\0 categoric..:

grouplll~ a~ the di,easc progre~se.. or i~

trc:lt....d (Table I). The major ad\antage of
lhi .. da.... ifieation is that it i, \\idcl}
act'cpted and gi\e~ ;,orne guidance for
Irc'lllllCnl.

The \1"( type' of h}lJCrlipoprotclO,le­
mi:! defined in the Fredrick;,on C1a....­
ific:ltion arc not equ;ll1ycommon. Type" I
:!nd V arc r.lrc. \\ hile typc~ lIa. lib and
IV are \cry common. Type III hyper­
tipoprOleinaemia. al;,o kno\\n a;, familial
dy,bclalipopl"Oleinaernia. i,> intennediale
III frequency. occuring in about 1/5fXXl
of lhi: population.

----

--....101...

--
-

Primary
The Fredrickson or World '-IC:lhh Orga­
nization classification is thl' most \\ itll:::ly
accepted fortheprimaryhypcrlipid:-.emia.,
(Fig. 3). It relic .. on the finding' uf pl:l\ma
analy:.i,. mther th.m genetic,. A' a rc ..ult.
patients \\ ith Ihe 'alOe g....netlr.:d.... fcct may
fall into different ~roop'. or 111;.l)' change

FIg. 2 Eruptive unthorMs Ire thlracteristie of
hypertrigIyceridlemll.
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Fig 3 Fredrickson (WHO) aassifiution of dyslipidaemia. ThIs IS based on ltIe appearance 01 a Iasbng plasma sample
alief slanl:fJlg lor 12 hcus at .. C and anaIysas ollIS choIesIeroI and tngIycerde c:ontenl

ATHEROGENIC PROFILES

The casual as~ociationofcen'lin
fonm of hyperlipidaernia and
CI-ID i, ckarly the major ,lill1­
lIlu, for the measurement of
phhnHI 1ipid~ and Iipoprolein,
in clinical praclice. The most
common lipid disorder linked
.... ilh atherogenesis and an
inerC:hcd risl.. of CHD is an
de\ atcd pla"ma LDL cholc'­
tcrollc\cl. but increasingly it i~

being rccogni/ed lhal indi\ld­
ual~ .... uh 10.... plasma HDL eho1­
c,tcrol and hypertrigl)ecrid­
acmia are also al inerea'>Cd ri,l...

• Clinically ob\ iou~ di!>Ca'>C~

,uch a.~ renal failure.
nephrotic \}ndrome and
cirrho\i<; of Ihe lher.

• CO\crt condilion' .... hich rna}
pre<;cnl as h)"perlipidacmia.
1b.:<.e include h} po­
lh}roldism. diabele~ llIdhtu\
and alcohol abuse.

~
Clinical note

• The phy\ical ,ign\
of the hypcr1ipid:lcmia~

arc not ,pccific for any panicular
disease and may somclimes be
pre<;ent in nonnolipidaemic
patient.'. e.g. arcus senili, (Fig, 4).
Their prc,ence i~. however.
highly ,uggestive of rai,cd lipid,.
Tendon 'I.alllhornas (Fig. 5) om:
IXlnicularl) a"socialc<! .... ilh F~ 4 Arcus senins..
familial hypercholc'lerolacmia.

Fig. 5 Tendon xanthomas. These ale palhognomic:
lor larTllllal hypefl:mleslerolaerrna and are ohen first
seen on the achDes tendon as III bs pallenl

Anon-"Illokcr. hiS blood prc\\urc" as I~5195 mmUg and he ........, obc"C \\ ilh cenlr:ll
fal disuiblll;on.

Case history 53

A 53-)car-old male .... :b found 10 ha\e the follo\\ing rel>Ulb on a fa~llng blood
..ample:

• Whal other infonnaliol1 and in\lc~ligmion, would be helpful in lhi<; man's
managcrncnl"

• Whnllrcatmenl oplion, would you t'on,idcr in lhls ca<;c'!

CIIIUIIII'III Oil/Xl};" J57.

I~Clinical disorders
of lipid metabolism

• The Frednckson dassdtcaliOl'l
1$ sti cornmorty used to daSSIty
hyperiIpoproletnal!fTllaS by

""""""• The genellC and enVlronmenlal
nature 01 many causes of prmary
hyperliptdaerma are, as yel.
unknown.

• 5econdary causes 01 hyperllptdaemia
are common and Include
hypolt1yrOldlSm. diabetes mell~us,

liver disease and alc0hoi abuse

)GT
un

138

GluC'OSc:

9.86.8

Trigl)ccride
-------~nrlll(}III~-------

Towl cholesterol

..,

I ~
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MANAGEMENT OF HYPERLIPIDAEMIA

CLASSIFICATION

Diabetic:

Suggested Slartil"9
,_poontlo' discussion
, Wllh paloenl about

drug treatmenl

BeoeI~ 2,
NNT for 5 YfS'

<'5
.20
.25.....,
> 120

Non-smo«er SmoIIer

. . .
J., . . .

-....

-..'"

-....

-.."

"E"

Benetitl
CVO events Plevented
pel" 100 troaled tor 5 yra'

>7pe1100
.6perl00
.4perl00

'-"2 5 per 100
• 1.25 per tOO
<OBper tOO

Key to risk tablee

•
•
•

HolHtllibetlc

•
•
•

> "'"
lS-:zoo,;,

10-15%...,,..
2.5-5'"
< 2.50;"

Non-smoker Smoker

p,"""""
Syr CVO nsk

(non-fatal & lalal)

Total ChoI HOL.etIoI
4 5 6 7 B 456 7 8

lllOi'l05 • • • •• • ••••

''''''' .
140185 •

120f7S •

• assumes BP redUCllon of about t0-12/5-6 mmHg In patients with BP:> 140-150190. or
choleSle,ol reduchon of about 200.. In paliOnts with 10tal choleslerol > 50-5.5 mmollL,
produces an appro~imate '/3 reducrlon In CVO nsk, whale~er the pre·1rllalment absolute risk,

, cells wllh this marker indK:atll lllal In pallents wllh ~ery hogh 1e~llls at ct>oIesterol (:> about
8.5-9 mrnoVL) or blood pressure (> about 170-18OJ100-tOS mmHg), the nsk equalions may
underestllnate the lrue risk Therelorelf II recommended that treatment be considered
at lo_r absolule CVO rI.k le~el. than In other patients.

,,
i•
&•

"'­
~

Hypeollii,,'-.
LPde___---

Becau'>c the llwn:lgcmenl of primary nnd
,>ccond:lry hypcrlipidaemia i' funda­
menially differcnl. Ihe IWO group, of con­
dilion, InU,t be di,lingui,hcd. Thc l11;Jin
,ccondal) hypcdipidaemi:I' are due 10:

• diabcte, mcllitll'
• alcoholl1li'u'c
• hypolhyrnidi'lll
• nephrotic ~yndromc.

The management of h)pcrlipidacmia i~

an impon:lnt a\pect of coronary hcan
di~ca,e (CliO) ri~1. factor correction.
Modif) ing h) pcrlipldaemia lOgethcr
.... ith the other non-lipid rl.,1. factor. ha:.
been repeatedl) ,ho.... n 10 reduce the ri,1.
of de\eloping CliO and to dela) or e\en
re\CN: the prngrc"ion of C'labli,hed
ClIO Ri'1. faclOr" for CHO (Table I)
fall into ' .... 0 group": tho\c .... hich can be
corrcct«l (,uch a, ,mol. ing. h) pcnen,ion.
h)pcrhpld:lCmia 'lOd obc"'t)) and tOOse
.... hich cannot he innuenccd huch a!> age.
\Cl; and famil) hi,tory).

Table 1 Coronary heart deselse risk IlCtors

MANAGEMENT GUIDELINES

Fig t Risk assessmenf table lor men based on the National Health Committee New Zealand Guidelines
1997.

Thcre ha\ c bt:cn many puhli,hed 'tT3legie,
for Ihe management of II patiel1\ .... ilh
primal) hypcrlipldaemia. 1\10'1 modem
guideline" adnx:ale the o\er.tll CliO ri'k
as'>C"ment of a patient ....hen deciding to
trcal h)'pcrlipldaernia. One tool for thi'>
ri,L a''>C'<'ment " ,ho.... n in I-igurc I.
Here. I.no.... ledge of a patient'.., \CX. age.
<,mol.ing ,Iatu\. blood pn:,ure. diabetic
"tatu' and total:IIDL cbule'terol r.ltio are
integmted into a 'ingle <.core repre-.ented
a'> lhe ("oi-- ri,1. of a major cardio'3SCular
e,enl o'cr the ne"t 5 )eal'\.

From thi' 'trateg) it i., clear that lhe
dcci'>ion to tfeat h)pcrlipidaemia relic,
hea'il) on biochemical re,ull<'. The
interpretation ofthe\C re,uIt,and the action
limil' u\t."<i for intenention arc based on
data from large ,lUdic, .... here \Iandardizcd
methlxh .... ere u"Cd 10 lllC:bUrc plasma

chole,teroJ. triglyceride :lOd II DL­
,-hole,tcrol (HDL-C). It I'. lhercf{lre.
nece"ar) Ihat the laboratory anal)/ing
the !>pccimcn~ folio.... , 'Irict 4U:l1 it)' conlrol
procedures. Ihu' cn,uring a high le\ cl of
aeeuraC)' and pro.:i,ioll. Bccau\CofJ:!endcr
differences in the incidence ofCH D. \II(h1
guideline,. including tho'e in Fi~ure I.
ha\e different 'Irategic, for men and
"omen.

DIETARY MANAGEMENT

The fi~t-line management of an) pri­
mary h)perlipidacmia 'hould al .... a)' oc
diefal) modification. Thi' mal be time­
con\Ullling and difficult but It, impor­
tance 'hould nol be undere'timated.
OietaJ) managemenl a~ a ,ole lherap)
\hould be puf'Oued for 3--6 rnolllh~ before

iI' drect i' e'aluated. The principal diet­
ary guideline, for reducing both pla,m:1
cholc,terol and triglyceride are ,ho.... n in
Figure 2. Thi, diagmm illu,tr:lte, Ihe
'Iandard lipid-Io.... ering diclal) guide­
line, .....hkh are currentl) re<:ommended.
hUI Ihe<,e oh\iou,ly require some tmn..­
latioo for patient U\C.

In e!>"Cnee. it i, recommended thaI n..-d
meat and dairy <:on<,umption be reduced
....hile that of \egetable'. fruit and pul.....,
be increa'>ed together .... ith more (i,h
(especial I) oily fi"h ..uch a.o;; macl.erel.
"311non and tuna). In addition to rnodif)~

mg the com(lO'ition of lhe di<,'t eight
reduction 10 :\(:hle\t' ideal bod) eight
eoupk-d .... ith c:\erci\C arc imponant ao;;
Ihe..c "ill frequentl) impro'e glueo\{'
tolerance and lo.... er blood prcs~urc in
ackIition to their effects on plasma lipid,>.
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Ib)
Fig. 3 Palma, xanthomas belore (.) and after (b) treatmenl

Reduce 1000l
lallOlake 10 PfOI/Id8

only about 30"0
01 caJones

v

~~
Cerea'l RedUce calone Iltake

10 achleYe Ideal--
Red.­...~
.--~

and lriglyceride
~,.,.

Reduce lIlIlurale(l
tat II"ltake 10 PfO\'IdlII
only aboul JO" 01

IOIaI 'al H'llake

F9 2 Lipid-lowering dietary guidelines.

Table 2 lipid-lowering drugs

DRUG THERAPY ""......
Drug therapy for hypcrlipidacmia. if required. ~hould be \ iewell
;,\ an adjunt'[ to dict.,ry management and other lifc\tylc change,.
There j, clIrrcl11ly <I «mg.c or lipid-Io\', cring drug, allailahle \\ ilh
a \lariclY or ;Ll.:liol1\ (Table :n The coml11onc,t drug .. for the
treatment of primary hypcrcholc\ICrolacmia arc the HMG CoA
rcducW\c inhihilor, (the ',[min" ,. Two 'l:llirh. prJ.Ya~t:Jlin and
,irll\:l\lallil. h:l\c been l.:onclu,j\c1y ,110'.1.11 [0 reduce comnilry
morhidity and 11l\lnalily ;I' 1",'[1 ;l~ alJ-cau~c mortality in large
randomi/ed conI rolled trial~. The comnlone\l dnlg~ for the
treatmenl of primary h}l>Crtriglyccridaemia or combined

!We 800 MQUll$lIanl retm Block bllIlCld~MId tower lOIaIlIld LOt.-,..
HUG COA rec:klclaw WlbtOtS Inhibit dlo4eSleroll*lsynlhesls and lower lOIaI

and lOl. <:hoIeste<ol

Fibrates Acwate ~eirI lipase and lowert~, lOIat
and lot. cIlolBslerol. May If'ICf(!aSol! HOI.~

hYI>erlipitlacmi:1 an: the fibr..11C~. Figure 3 illu~lrate~ rlinical
impro\ Clllcnt in a palielll wilh combmed hyperlipidacmia treated
with lipid-Io,"cring therapy.

Case history 54

An a~ymplumati" 38-year-old
.... oman .... a\ \Creen...... :u II .... ell~

.... oman clinic and found to ha\l~ a
non-fJ.\tlllg pla~ma cholc\terollc\ el
of 8.7 mmolll.

• What OIhcr informal ion and
in\ c\llgation...... oold yOIl require
10 help 1Il the management ofthi..
.... oman-'

• What ....ould that management
emair'

COli/III!'", (l/llJt;ll{r /57.

Clinical note

It ~hould not be
con~idcl'\.'<Iloo laiC for

inter. ention. e\l~n if:l patient ha~

ad\unced coronary h-I=art di-.cu'>C
or h:l'> ~uffeR--d a myocardial
infarrtion. lbe benefih of
secondal) pre\ entlon are '" ell
establi<;hed. particularly .... ith
~Iatin therapy \\ hich ha~ been
:.00.... n 10 reduce all ..t:au'>C
mortality e\en in patjcnt~ ,"Ith
apparenlly 'oomlal" tOl:al
(:hole~terolle\el\.

Management of
hyperlipidaemia

• AIIeasl. two tasllng IpId profiles
shlx.*t be pertormecI before starting
any loon 0( IIpId-loIro-enn 1tIerapy

• FllSlb 1tIerapy always CXlfISISIS 0(
t6elary rntllificalXln.

• Drug therapy.' reqwed, shouk:I be
....ewed as an~ 10 lieIary
....."

• 0Iher nslI factOfS lor coronary heart
d:sease tnJSt be managed aImg wrth-
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HYPERTENSION

Hypencn~ion IS defined a~ a chronically increased systemic
arterial blood prcs,urc. The World Health Organization
criteria of hypertension is a systolic blood pressure of 160
mmHg or a dia'tolic blood pressure of 95 mmHg or more.
Around on~-qu3rlcr of the adult population of Europe and
North America will h:l\c a blood prc".!>ure reading mer this
limit. although most .... ill ha\c (I lo.... er pressure on rechecking.
II is impon:mt not to ba~ clinical decisions on a single rai~d

blood pressuTC reading. A diagnosis of hypertension :.hould
only be reached follo.... ing repealed measuremenlS of blood
preS~ure 0\ cr a number of .... ecb.

Serious complications of hypertension include:

• strole
• heart dbea!>C (boch cardiomegaly and coronal) heart

disease)
• renal failure.

Malignant hypertension de!>cribes .'>c\cre hypenension
which rc~ull~ in arterial damage characterized b) retino­
pathy. papilloedema and progres..i\i~ renal failure. Dcs;pite the
confusing name, mallgnant hyperten~ion is not due to cancer.

CAUSES OF HYPERTENSION

Hypenension can rc~ult from an increased cardiac output or an
increase in pcriphcrnl rc~blancc. or both. In prnctice, the main
abnonnatit) in 1TI0~1 ca..c.. of hypertension is increased total
peripheral rcsi .. tam:e. In thc majority of patients the cau ..!.' of
the hypertension is nOI known. with 95<;f of all hyperten~i\e

patients classified as h:tving ·es..emial' or 'primary' hyper­
ten~ion. There i.. no doubt that hypertension is related to
genctic and environmcntal factors. Obesity has a contributory
role. Alcohol con..umption is :llso comlTlonly associated wilh
hypertcnsion.

B) definilion. the (·au!oC.:> of i>l."'Cond:Ll) h)pertelhion are
kno.... n. The biochemislry labornlory has a role 10 play in the
diagno..b of a \ariety of disordcrs .... hich lead 10 secondal)
h)perten,ion. Thc:-.c arc ,,1l\Cus,.I...d belo.....

Renal disease
H) pertension i' a common feature of chronic renal disca-.e
and abo of renal \:l.l.Cular problems. Unilaternl or bilaleral
renal artel) Meno"I" .... ill Icad 10 h)pertcnsion. Thc a'>!>O-­
ciation of h) pertcn\ion and the l"idne}s IS outlined in Figure I.

Drugs
The oe..trogen and progc\togen component\ of the oral
conlr:ICcpti\c pill contribute to the hypertension .... hich rna}
de\clop in pre\ iousl} nomlOlcn.:>i\ e .... omen.

Excess aldosterone secretion
Secretion of aldoslerone from an adenoma in Ihe glomerular
zone of Ihe adrenal corte, (primar) hyperaldo"leroni,m
or Conn', ..yndrome) can cau.'>C hypertension (Fig. 2). The
char.lcteri ..tic biochemical picture is thai of a h)pokalae­
mic alkalosi,. lIypert~n,ion i, al,o found in patiems ..... ilh
Cu,hing', ,)ndrome here there is inerea~ secrelion of
('ortlsol precuJ",or. hich ha\e mineralocorticoid activity.
Congenital deficienc) of the en/Yllle ttP-hydroxysteroid
dehydrogcna'c .... hich intercon\,ert.. cortisol and cortisone
re ..ult' in the 'llpp:tr~nt mineiJlocorticoid excess' syndrome.
Thi .. en~ymc normally protec" the mineralocorticoid
receplor from binding and being aClivated by corti,ol.
Glycyrrhctinic acid. a component of liquorice. inhibit, the
11 p-hydroxy'teroid dehydrogenase. and liquorice abu~e

produce, a clinical picture which mimics primary
".Ido..tcroni,m.

InactIVe products

,-,-_0

AngIoIeo$In III

=---l~

L"'",

FIQ. I Hypertension ItIll the kidney.
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Phaeochromocytoma
An lIKrc:W..'d prodocuon of cah:cholalmn;:.. from a benign flC'

malignant lumour c:au-.e.. \a-..ocoo\trluion The im:rca\(."\l
L-:llcrholamme production ma) noc be ...:1-.. ) 10 confiml. a..
phaeochroIl1OC}IOlll:l" frcquently ..eerele c:llechol:lllllne..
epi'>Odical1} Crinal'} L'all..'C,;holanllne melabolite" (Fig. ~. may
IlOI he ek\ aled unle..s the patlenl ha'> Ix....n ..) Illplomatie dunn~
the period (If urine collcrlll'O_ P\:hllla :ldrcn:llinc and noradre­
naline concentration' Me u..uall) lllcrea,ed but the'c
OlC:Nlremel11.. :lre onl} a\ ;uhlhlc III a ,mall number of celllre,>.

Other endocrine diseases
Acmmcgal} aoo Cu,hlng\ '} ndrome arc ;11'10 a~s.oc:ialed \\ Ilh
h)pcneINon.

Pregnancy
The malll feature of pre o ..:c1a1l1p,ia in pregnancy {pp. 142­
143)1' h}pcnen..ion. A ri .. m!! '-('rum ur::llC conccntratlOn 1..

encounlered carly in the de\ eloplllent of pre-ecl:lI11p'l>l lind
i.. imp!mllnl for Illonilorlllg lhc conditIon. a, i.. the IIrll1Jry
prolcin c'tcrellon and ""rclllillinc clearance.

INVESTIGATION OF THE HYPERTENSIVE PATIENT

:l I,. :l- I-l --
I ........ r

OHMA

~
.-I'lyclroxy'3- \.- ...

d1hydroxy- "'"""-,-- - ......

Noradrenaline ~ NOflTletadrenaJ,ne

::::1: Clltee:hoI-O-melhyltranstemse• Mol...,.... o.ldaM

BI<x;henllcal lI1\e..tlgatloo, 111 h~ pcnen...on ha\ c three main Fig 3 PathwIy lor production of eateeIloIImIne metabolites,

roll."

• Palient 'hould be: \Catcd for at
lea.,t 5 mmutc'l_

• RC'lt :lml on ,uppon at le\ cI of
hcan

• U\C appropriately 'I/CU cuff.
• En..ure men.'"U1) column ... \erticaI.
• Infl:llc cuff alx)\ c "} 'lolic Ie\cl

b) palpating di'appcal".tlKC of
radiall)ul'C,

• Denale cuff ,lowly :Ind U'C
the di,appc:trancc of '(lUnd
IKorotl.O\' phu!>C Vj a, dia~lolie

pre....lIrc_

Hypertension

• The CMIwtJe11l_1Q ma,onry of
palltlnts W!Itl hypenellsao1llll81ound
10 have'essentJaf or 'pmIaIy'
hyp8r1eO&lOn. where no speah:
cauM can be Iolnl

• Hormone measuremems may be
necessary 10 uc:llde 1318 causes
of tIyper1eI-.n such as
phaeoctvomocyto, Com's
",......,.. """"'",,,,......,.
""'-~• 8Ioc::hemlcaI tesIs are usetulll
deteetllg and morvtomQ renal
damage wtlich can be a cause 01
hypertensioo or a malllfestallOO of~.

• Biochem\callests are useful In
morlilorit'lg the biocherTucaJ effects of
anlt-hypert8llSlYe drugs, eg-

~.....1nI1~1II..P"PlIII--'-"-~ dlblInordlblInfl"'~--.:.n

IlIoc* P"I*II1nI1 onral~ tt3Mly,~ IIdIDIg I*lIIl: \UIlIt.
~1Wm~. '*'-'\I ,.......... l'IleIIe tn:I (\Il;ftUrlg '*'*111--RolIIb»II'IIIy 01 e.ao..n .... nD YUa.Ur ImOOIh muICiI. !lIlKItly~ 'IIICllMr IOIIe................
~ inbIls~ tlIlyrM IN1lUm1 8f'l\IlOIIl*l1 Wo h poIeI'lI

.IMXOUIIIlClOIlI'lgIOIlllIIil a

\!ca,urcmcnl of hlood
prc,..ure:

Clinical noteCQ,.

-­...........- .....­...-..

Cmllml'lII 011 lX'.':" /58

Should one of the cau,e' of ,ccondary
hypcrlclhion be diagno'ed. lre:lllllcnt
dil'L'CtLxI al Iht: di,ea~ lila} often lead III

the rC\0lUll0n of the h}pcrten'lon
Trc:llmcnl of l."<,el1lial hypcrten,ion 111;1)

in\ohe Ilft:'lyk modifiC;llmn, and Ihe
u,c of anll-hypertcn'i\c drug' 'Tahle
I). A dcei'ion to proceed 10 anti
h) pcnen.." c drug therap} ,hould al\\;l}"
balance the risls of lhe trcallno:nt ;lj;aln'l
lhe benefit.'> \\hich \\ 111l.'n,ul.'.

Case history 55

A -K)..}ear-oklla\\}eT i\ found b}
hi, GP to ha\e a blond ~,un:: uf
16:'i1110 mm Hg. The palicnt'\
mam l,:omplaint \\a~ of ..."·1:....1\(:
'\\I:;ltmi!, GluCO'it: \\;1., detfi.100 on
C'I(lJ,mmallOfl of hI" urin;:

• SugsC\I two po~"lblt: diagno'>C,
• Whlll biochemic:.l in\C'ligUlion,

'hould no\O, be rcque"etI'!

• t:onfinlllll!: that Ilk' ell/KilliOn i'
~'nlfklal) 10 another dNJrucr

• dctcumg and monllOr1ng n:nal
d;lm;lgl.'

• ltKlnitoring the blochemKal effcct'> of
thcmp}. t:.g. diurclic-mduccd h) po­
blac:llIl3

TREATMENT
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CANCER AND ITS CONSEQUENCES

FIlJ. 1 Biochemical eflects of tumour growth.

rr--"",
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In Wc!>tcm ~ictic" one dC:lIh in fhe is
cau-.ed by cancer. The cffc~'h of tumour
gro'o'lh may be local or .., ...cmic (Fig. I I.
If tumour grO\\lh i.. not count..rcd b)
trealment. the con<,cqUl.'IICC.. may be
oo..truction of blood \c..1,CJ... I) mphaucs
or duel'i. damage 10 IIC.... C.,. erru..ion~.
bleeding. infection. "cero"i.. of ..ur­
rounding 1Il>~ue and C\ CIIIU31 death of the
patient. The cancer eelh rna) ~retc

to'{in'i locally or imo the genernl cirt'ula­
lion. BOlh endocrine and non-endol'nne
turnour-. ma) ~crcle honnonc.. or other
rcgulalol) molecule...

A tumour marker i'i an) substance
.... hich can be related [0 the prc!>Cncc or
progrc..!> of a tulllour. The U"C of tumour
marl..cp.> i... CO\ cred on pagel> 130 - 131.

LOCAL EFFECTS OF TUMOURS

The local gro\\ Ih of a tumour can cau"C a
.", ide r.:angc of :lbnOflnalilic... in commonl)
rcquc,lcd bioch~micaltl!~h.Thi~ mal be
a con~equeOl:e of ob~lruclion of blood
\C~~ls or ducl~. c.g. the blocl-3ge of bile
ducts by carcinoma of he:!d of p:mcrea~

cau~e~ ele\ated ~eru1ll alkaline pho~­

phat:l~e :lcthity. and ~ometime~ jaun­
dice. The symptOllh \\ hich result fmm
~uch local effects Illay be the fir~t ~ign to
the patienl lhat .~omclhing i~ wrong. but
there I1wy be no initial ~uspicion that
there is an ullderlying malignancy.

The liver is often lhe ~ite of metasta­
tic .,pn.:ad of a lumour. An i~olaled in­
erea~c in Ihe ~enllll alkaline pho~ph:llase

or )<iT h a common finding when lhb
occurs. E\en with ~ignificant li\er in­
\Ohemelll. there may be no biochemical
abnormalities. "Iodc~t incrca~e~ in the
acti\ itic~ of the aminotrJ.n~femsc~. ALT
and AST. arc ob~cned if the r:ltc of cell
dcslruction i., high.

Metastatic ~pread of a tumour to an
imponant site may precipitate complete
s}stem failure. For c:'tample. de~truetion

of the adrenal cone'\: by tumour cau'oC~

imp..llred aldosterone and l"Onl~ol <;ei;rc­
tion. \\ Ith polcntiaJl) fatal con~quence;,.

Rapid tumour gro\qh gi\l:.." rise to
abnormal biochemi;,tl). L..cul..acmia and
I) mphoma arc often a~wciated "ith
elc\ ated :.crum urate concentration;, duc
to the r.lpld cell turno\er. Serum lactate
deh)drogcnasc I;, often ele\ated in the'oC
patients reflccting the high conccntr.ttion
ofthl: ('n/) me in the tumour and the cellu­
lar turnover. Large tunlOUf'o mal not have
an e\tensi\e blood ~uppl} and the tumour
cells meCI their cnergy need., \ ia

anaerobic gl}col} ..i\. Thi~ mal rc~uh in
the generation of a lactic acido~i,.

Renal failure ma} occur In pallCnt'
with malign:lncy for the folio" Ill!!
re:lson~:

• ob~trU{"tion of the urin:lry lract
• hypercalcaemia
• Bence-Jone.. pmleinuria
• hypcnlrical'mia
• nephrotoxicity of cytotoxic drug~.

CANCER CACHEXIA

Cancer cachexi:l dc~cribc" the char.lctcr­
i~tic wa~ting often 'cen in cancer p;llicnh.
The katun:~ include a1l0ll..':'ti:l. ktlmrgy.
v.eight lo~s. mthcle \lealne". ;lI1acmia
and pyrexia. The de\e1opment of cancer
cachc... ia i~ dut' 10 many factor-. and b
incompletely undcNOOI.I. Cenainl} .tlwre
i~ an imbalance het\\t'en dietar) caloric
intal-e and txxl} cneTg} requITCrnt'nts. Thi~
resulh from a comblll:ltion of faclof'o:

• hwdequll/l' fiKH.1 ;/lwte.
• /1II/xlirel/llige.fI;lJl/ (l1If1 flhw'7l1ilm.

• Com/Jetit;oll /)elweell the IUl\t ll/ld
1111/10/" for /1II,,;el1l). Thi: gro" ing
1U1Ilour ha!> a high melabolic r.tte and
mal deprive the bod} of nUirient~.

e~pccially if il i~ large. One con..e­
qucncc of thi~ "a fall III the pla,ma
cho1cslerol le\ cI in cancer patient'.

• IJ,cretuell energ" requiremellt ofIhe
callcer /Jatierlt. 1ltc ho~t reaction to
the tumour is simil:tr 10 thi: metabolic
response to inJuT). "ith incrt'a...."<1
metabolic rate and altered ti,~ue

melaboli,m.

Tumour spread mal cau<.c IIlfcction.

dY'phagia. pcN~tent \Omiling and diar­
rhoea. all of" hich may contribute 10 the
o\crall pit'IUTe <;('cn in cancer caehe\ia.
The obWl"\alion that ~man tumuu", can
haw a profound effel·t on ho<;t metabo­
li,m ,ugge,h lhat l'ancer cells secrete.
or C:lu,e the relea~e of. hUlIloral agents
"hich mediate Ihe metabolic changc, 01
cancer r.;;u:hexi;l. Some of lhe~c. ~t1ch a,
IUllWur necro~i~ factor. have been iden­
lified. Thi~ cytnlinc i~ ~ccrcled by :ICll­
v;llcu macroph:lge, :lI1d act- on :I varicty
of li"uc~ inr.:luding ll1u,r.:Ie. adipo~c

ti~,uc and li\er.

ECTOPIC HORMONE PROOUCTION

It i~ a characteristic feature of some
cancef'o that th ...y ...ccrete homlOnes. e\ en
lhough the tumour ha.~ not ari...en fmlll an
cndo.:rine organ. Referred to as e('lQpic
hormone production. hormone secretion
by tumouf'o ha." frequcmly bl.'Cn in\okcd
but r.trdy proven (Fig. 2). Small cell
carcinoma., an: tnc mO'ot aggn:~,i\c of the
lung canccf'o and arc the nlO'>tlil-c1y to be
as~ociatt:d "ith eClopic hornlOnc produc­
lion. Ectopic ACTH ..ecn:lion c:lu,ing
Cu~hll1g'~ ~yndrorne. an overproduction
ofl"Onl\Ol. i~ the mo~t common. Hov. e\cr.
the c1a.~"c clinical feature, ofCu.,hing·,
~}ndromeare nOI u.,ually apparent in the
rapidl} pmgres\ing ectopic ACTH dil,QT­
der. Biochemical features include h) pola­
laemia and metabolic all-alO'>I~ and the'>C
rna) be the <;ole indicator; of the problem.

NO( infrequentl}. patient... "ith malig­
nancy de\elop the ~yndromc of inappro­
priale anlidiuresi." (SIAD). Water I'> re­
tained and p;lIient,> present" ith hypona-
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I~

Clinical note

Cancer and its
consequences

• Cancer may cause cintcaI 5qIS
and~ II palJenls by caUSlnQ
obstruction. exermg pressure or-- """'""""• Cancet c:act1exJa IS dlaradel'lZed by
nlllOOlllelhargy.1I'lJSCIe wasIing.

'M!lljlI toss and artaemIa.

• Some nan-endocnne ttmours secrece
hormooes. e·1l k.rYJ cancers may

""'" ACTH.
• Hyponatraerrva. ooe tl water

retertIOtt. IS i1e COllllllOlll!5t

btochlmcaI abncrtnaity seen
II palJents WIth carteef

Thl' mca\urem<:nt of
oe\trogcn and

progc'leronc r...ceplOr, in biop'~

malenal ha\ ~en u-.ed 10

lll.'lermme .... hlch brca~t cancer
palll'T1l>, \\ ill n. jXlIW to endocrine
therap). c.l.! nh the anli·
oc\trogcn lamo\ifen. A\ Ihe
') nthl'\!\ of proge\lcronc
receplor. i.. dependenl on
(lC'tradiol. the prc\encc of both
rc..-eplOr. indil."alc\ the intcgrit)
of the Oc\lrogcn receplor
mcehani,m in Ihe tumour celt..
lhg._'). The progno'tic \alue of
,uch receptor mca\UrCmclll>, I'

'till contrO\cr.la!.

E,- Eo) ..---.--..
• ~ E--ER

EA I

l '
~

'- PA ---- -I
E1 - OestradIOl
ER - oestrogen receplO1'
PA - Progesterone receptor

Fill 3 Progesterone receplor synthesis Is
dependenl on the integrity ollhe
oestrogen receptor~ay.

the lre.llmcnl of ,omc lumour. ..... llh cyto­
lo"ic drug,. panicularl) lymphonl>l\ and
..ornc leul;lcmia... and i\ lno.... n a\ IUIlKlUr
I~", \)ndmm..-.

'00 '"

Gllk·t-...e
nrmolA
1I~

mANA
VVVVV

mRNA
VVVVV

T~

Cn:.1lmll'le
,..,,111
I]S

•

""

7.0

Anti-lUlllour Ihenlp) can ha\l.' -.cnou\
cffcCh. Gonad;!1 f'lIlurc an..mg lrom
r:ldlothcrap) or Chl'rllOlher;lp) i.. fre­
quently ent.,(lUntered. 11) f'llrnagne-.;lcmlil
and h) polalac:mia rna) be 01 con<.equell<:c
of the u'tC' of ttt.: C) 1000'\:h: drug. ci,plallll.
P'llicms treated .... lIh methtll:rc,ate rna)
become folale ddiciclll.

H} pcruri~-aemiai\ thl: ~"\,">,('qUi."IXC 01

lh... ma'i\I\<: cell dcath .... hich (X.:cur. In

CONSEQUENCES
OF CANCER TREATMENT

Ib)
o--.stnmon th8t honnone ....... In
ar1erie! supply to tumour Is less It\an
In venous dllliN9L Good lMdenot.
espeaally It mrnt:.'led with fal

Secretary
g<lll'lules

1"
Hiltochemical demonstration 01
hormone in tumour cell seerelOfy
g.ranules and mRNA 10f' hormone
In tumour Definitive IlVldence

IlCO

Hormone

CI
mmolA­

96~.I

• \\1lOIt I the Tnt»,l hle!) ,hJgnoo.i.. •
• What funher blflchcnmtf) Ie I' \houloJ he req~ed'

CfllJllnrnl on f'<1~1' J58

r~

FIQ 2 E'tldence 1000ectoptc hormone pt'oduction.

Case history 56

')1. a .l1-) ear·(.ld male. rrc-.cnledlo hi .. GP compllllOln!! of noctuna. frequ...n.:)
01 1II1l:lunllon and pol)dljhl:l. On c'ilmination. he had mild trull<:ill UbC\Il).
plethora. and anLle oedema lie had I'\.Irpllra of hi, aml\ but no \lri;lC. 111\ hlotwJ
f"'C'\U~ .... a., 11l~IIS mm Hg. Biochcmi,tI) ~Ib in :l 'ioCfUm 'penmen ..tltllo\ed

'"Condition rnoIveI .tter _glQI
removal of tumour Ot' Irr8dl8tlon.
Good ew:ience. but rnay be due 10 Iumout'
seeretJOfl of a relMulg 18ClOr a g MCf8tIOn
OIl grorw9l hotmone I'I8Y be due to ..
~ OIl gmwlh hotmone r.-.w.g

"""""""

tral'mia. TIll'. i\ prulMbly Ihc comlllone\'
biochcllllcal :.hllonllaluy '>Cl'll III palll'nh
.... IIh 1'0I1Kl'r and 1'.111110\1111\ ariahl) due '0
pitUitill') A\' P '>(.'Crction In rc'ron'>C 10

1l0IHNnotl~' 'lI111uh. SIAD I' often. m­
com~~·lIy. amihull'd 10 cChlpic \ VI'
..caelltln..... hu,;h i, in f;1l."t \el') mrc.

Some ~·am.:er\ lila} cauw h) pc.-r­
ca1caenlla. In rnan) ca..e.. Ihl.. I' due 10

,hI.' ,caelmll of par.nh}roid hormone
related prolein. IYIIlrP. ,o--callcd be·
C;lU..e or lh rclation,hlp .... nh P'T11 MIh
m lh ,INclure and fun...:llon

101
HormoM may be ••trllCted Irom
tumour. Good evodence. but may
be due 10 .bsorpIJon OIl hormone
bytumDur
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TUMOUR MARKERS

Prognosis
To be of \alm: in prog:no~i .... the coO<.:cn­
Ir.ltion of Ihe lumour marl..er "hould
cOlTdah: \\ ith tumour ma~,. For e1(alll~

pie. BCGcolTelate<, \\ell \\ ith the lumour
rna" in choriocarcinoma. HCG and
alphafetoprotem (AFP) correlate \\ith
the tumour lll~, in Ic..ticular teraloma.
and paraprotein" correlate .... ilh the
tumour ma~!> in multiple myeloma.

Screening for the presence of disease
Tumour mar"cr-. ..hould not. in routine
dinical practice. be u-.cd to ..creen for
ll1;Jlignancy. howc\er appealing Ihi!>
might be in theory.

The exception 10 thi!> ruk i~ Ihe
,crcening of ..pccilil· high ri,,1.. popula­
lion,. For example. thc homlOne calei­
IOmll. which i' increa~ed in patient' with
medullary cureinonl<l of thyroid. Illay be
u'ed to ,crccn c1o~e rclativc~. Prophylac­
tic thyroidectomy may then he advi~ed if
,IllY arc found to ha\e elevated calcitonin
concentration,.

A PRACTICAL APPLICATION
OF TUMOUR MARKERS

Diagnosis
Mar"c,"" alone are r.lrely u-,ed to e"tabli,h
a diagno\i ... , Their detection in blood
\\hen thac i.. clinical c\idence of the
tumour a" \\e11 a:-. radiological and.
rerhap,. biop,,)' c\ idence. \\ ill often
conlinn the diagnosi....

In'tituted promptly. The frequcncy of
"ampling. \\ lth the attendant co"t im­
plication". i, much di'-Cu~'>Cd.

Assessing follow-up
Even when a patient ha.. had "uece"ful
treatment. it i~ often \ aluublc 10 contmue
10 monitor thc marl..cr long after Ihe Ie\ c1,
haH: appeared to 'Iabllilc. An increa'>c
indicate, recurrence of the malignancy.
Detection of incrca.,ing mar"cr conCCl!­
tmtion allo"' "'ccond-line Iher-tpy 10 be

Monitoring treatment
Treatment monitoring i~ the area m which
rno"t turnourrnar"cr-- hu\c found a u..eful
role. The decline in concentr.ttion of the
tumour mari..er i' an indication of the
,ucees~ of the treatment. "hethcr that be
'urgcr). chemother.tpy. r.tdlOthcr.lpy. or a
combinallon of thc...e. HO"CH'r. the r.ttc
of dedine of mar"er concentration
,hould match that predicted from "00"­
ledge of the mar"er'" half-life. A ,11m cr
than elltpecled fall may \Iocll mdlcate that
not alllhc tumour ha' been dimin:Ile<l,

ing lreallnent and a~~"ing follow-up
(Fig. I). but arc al'oO u-.cd in diagm"i,.
progn()<;i~and <;CrL....ning for the pre..ence
of di<;ea<;e.

Tumour mar"el"\ can be u,cd in different
w3y'. They are of mO't \'alue in monitor-

THE USE OF TUMOUR MARKERS

Suspectad maligna~

"histologically COflllnned
,-_...;rn~'~hgna;:;~::::y__.J

A tumour m;lrJ"cr j, any 'tub\tallcc .... hich
C;1n be rclallx110 the prc""ncc or progre~,
of a tumour. In pl'3l.·ticc. the clinical bio­
chcmi'tll') laborator) ll'lC'bUrc" marlef'>
v.hich arc pcc'>Cnt In blood. although the
tem1 'lumourmarl.cr.· canal-.obcapplicd
10 ,ub,tancc't found on the 'turface of or
\00 ithin l:ell, fhcd in frulcn or (Xlr.lffin
..el.'tion't. A IUmour marl.er in pla,ma ha!>
been ....-creted or relc3.!'ot.'d b) the lumour
cell... Such marl.ef"\ are IJ()( necc:,~rily

unique produc" ofthc rnalignolnt cell,_ but
ma~ ,impl) bcc'pn:,~Jb) the tumour in
gre:llcr amounllhan by normal cdb.

Tumour rllarJ..er' fall InlO on..- of
'>C\cml group..: they nuy be honnooc't.
e.g. human chorionic gonadotrophin
(HCG) -.ccretcd by choriocarcinoma: or
en7:) me... e.g. pro'latlc acid phO'iphalase
In pro,lalc c:lrcinoma: or IUlllour anti­
~en'. e.g. can:inocmhryonic antigen
CCEA I in colorectal ,·areinom3.

Fig, 1 The use of tumour markm.

Some of the use~ of tumour marker-­
discu~!>Cd abO\e can be illustrated with
reference to Figure 2. This ~hows how the
tumour marker AFP wa... helpful in the
managemcm ofa young man wilh a malig­
nant teratoma. The presence of AI-"P
IOgelhcr .... ith the homlone HCG conliml­
ed the diagnosis. Bct.... ccn 75-95lk of all
patient ... pre...enting "ith te~ticular tera­
toma h:l\eabnormalitie~ in one or boIh of
these mar"c~. The \ery high concentra­
tion of AFP (>10 000 "WI) indicaled
thatthc progO(hi~ was nOl good. and that
it .... a... likely there "'ould be tumour re­
currence after treatment. In fact. AFP
concentrations fell in response lochcmo­
thempy. but \\hen the Ic\els reached a
plateau. surgery .... as carried out. There-
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after. chemOI/\l.'rapy wa\ continued.•llld AFP fell to very low
le\eb. COlitinUL-d lIlonitoring of AFP levels in ~uch a p.1liem
would providc Clldy .... aming of tumour recurrence.

AFP kUII

• ••,0' • • •
,0'

,0'

,," ........
'0,
+~

,-
o 50 100 150 200 250

-~-Filii 2 The use 01 AFP~ts In the management 011 patient with I
testicular Ieratomll.

TUMOUR MARKERS WITH ESTABLISHED CLINICAL VALUE

M:lrkcl' playa major roll.' in the rnanOlgement of genn cell
tumour!> and choriOC;lrdnoma. Unfonunatel). mere are m:ln)
c:l.\oC~ in .... hil'h mar"cl'arca\ ailab1c but the IUnlOUr.. are re\i\t:lnt
to chernothemp). '>0 their u-.c i\ not m;lndatory. Table I \ho.... \
v.hkh marker.. ha\c ~:lined an e,tabli.,hed place ill the
rcpcnoirc of te," commonly offered by the clinical biochcm­

i'>lf) laboratory.

THE FUTURE

Monoclonal :lnlibodie.. r.thed ;l!!ain"l tumour celb and Iheir
mcmhr.tlll:' ha\c!L-d to tnc de\c1opmem of man) ne"" IUnlOUr
m;uil."r :1.)-.:1) ... althou~h fe .... h;lvc a~ )el gained an eslabli,>hcd
plxe in the management of patient,> "" ith cancer. There i!> no
doubt Ihal tumour 1ll00r"eT'l arc an efficient and cheap .... ay to
nlOnitor U'-catmcnl. The '>C;lI1.·h goc.. on for Ih.:: 'perfccl' mar"er
"" hieh could be u-.cd in population <,(,:reening. diagnO'>i... p~­
nmi... monitoring trl."atmcm and for follov.-up of lumour recur­
rence. Hov.c\ cr. the 1."00p;lcit) for IUnlOUT'l to alter the L·\pre,.. ion
of lheir ,urf'lel." antigl;n, mOl) ma"e thi .. goal unauainable.

Table t Clinical situations where tumour marten have been found 10 be useful- T~ ........ - -- - .-..
'" ...'" ./ ./ ./ ./

~
Clinical note

'" -... ./ ./ ./ ./ Somelime, a man may

HCG ./ ./ ./ ./
act a, a ncgati\e...'" conlrol when hi!> panner usc~ a

HCG """"""'" ./ ./ ./ ./ ./ prcgr1;lncy te,t kit at horne.

CA 12:5 ""~ ./ ./ ./
Teratoma of the tc.,li~ has a pea"
incidcnc.:: in men in th.::ir lwcn-

AQd~tase P.... ./ ./ ./ tic,. ;lnd lhi, tumour frequemly

ProIIlIltllp8Cl!ic ProIlille ./ ./ ./ <,ccretcs large amountl> of I-ICG.

anllQe!1ll'SAl Thi\ will give ri..e to a positiw

CEA """"'" ./ ./
pregnancy te'l in lhe man!
Such II finding ~hould be la"en

"""'"' ......"~ \'cry ~criou,ly and follov.ed up
of thyroid ./ ./ ./ ./ immedialely.-- ,....,.. ./ ./ ./

"- - ./ ./ ./

• Whal is )'our dlff.:remial dia~nosi... in the light of the liver funcllon t61 results~

• HOlA might AFP be of help in this case?

Comm~nJOIl {JOgr 158.

Case history 57

KS. a 72-year-old male. had complained of pains in his lo.... erchcsl and abdomcn for
\1.\0 month~. III, jlcnernl prdClilioncr deletlco.! dullness:ll both lung ba~s and
referred him 10 a che't physician. On 2J June he .... as admilted 10 hospital.
Eumin:ltion rc\caled an enlarged liver. lie had been a hca\"ydrinl..er. Biochcmi!>lry
rc.sult\ .... ere~

• TIle rna," use 01 tumour mart<:ers
IS WI momtomg treatment. aIltlough
they may also be 01 use In screerung.
<ia!1lOSlS. prognosis, and I'lIOng­
tenTlICJlooN-up.

• Calatom is used 10 screen the
relalJYes and tamIy 01 a pallenl 'NIltt
meduIIaJy caranoma d lhyfoId.

• AFP, paraprolem. prostate speafic
antJgen and a vanety d IYJrmones
are~ In estabistwIg the
~ ci certaIIl1ITIOUl'S•

• AFP and HCG are d vakJe I'l
prlllicMg the 0U!C0ITle d non­
semmmalous germ eel tJ..mouIS.

Tumour markers

)GTLDHAST ALT
UR----

83 98 719
80 107 -no 1020

ALP

1540
2170

Bilirubin
JhI(lf/1

24
25

2316
In

Dale
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GUT HORMONES AND MULTIPLE ENDOCRINE NEOPLASIA

GUT HORMONES
More than 30 different mokcuk, hJ\c
ht.~n identified 3-\ ha\ ing rCJ:!ul:llt") mlc..
in the function of (h..~ ga"trointc\tinaltracl
(Llhle. II. Some arc c1a"ical hormone.._
:lhhough the endocrine cell .. of the gut arc
nOI grouped lngcthcr in di'>Crcl .... org'llh
hut arc \.\ idd) di'I'Cf'.CU through the
ga'lrnil11c\tillal Iract. Olher.. ,Ire 10<:,11
paracrinc regulator, or Ilcuroln.lll\mlllcr...
Some of the...: hiochcmil",,1 rcguhllor,
act in all three \\:lY". I-or exampk.
"omato,talin ha~ ::m endocrine function.
<Jnd i.. prc"Cnt in rh'·umnc... hut it :Iho ha..
pJr..Lcrinc ;lcti,ity in the :lrllmm of th...
'lOlll.Kh. The function, of IIMII) of Ihc"C
regutllnl) molC'Cuk.. remain unde'lf. bUI
(l\cl">(.'l.Tclion j .. -.olllelime, the cau-.c of a

'p'-"t:ific clinical di-.onlcr

..-.. Tw-ol~ --...... -... GastncIOdIllll~ ......

-"'<CC!Q -... Pa'lClNbc ...,.,.....:llIlm
"""" -... Pn:DIIlC~ I8CflIIlOIl

Gaslnc: I'tIOII:wy~ lGIP) -... ~ gil.(XM...mated IISlM1 relIase Inhbls
gastne fICid Ml:felIOn

Vasoactrve inIeslrIaI~
_.

SmooII1 m:.osde reIa.labon. SlJnUates~

"'" .......-- -... Inthales~ "lesllnal moIIlIti"

""""""" -... N~ imtlltory effects
N&JroIfBr1SITlIttef,.-

Panaeabl;~ IPPl -...",- InlIbIIs P'flCfeiI~ bIl::artlonaIe and proleI'IleO'ebCI'I.

......- - ----, ,......61.... ConIrW;Ion 01 S/IlOOIl~

"""""

$eroConin
HO

GASTROINTESTINAL
DISORDERS

GASTRIN AND THE
ZOLLINGER -ELLISON SYNDROME

G'l'tnrmIllOl' "cerCi..: l'ITgC an1uunh of
ga"rin \\hich 'limu1:11c cxcc"j\C ;!l"id
":Cf\'liol1 ll1lhe 'IOmadl and C;JU\C ulcera­
tion. The,... peptic ukel' arc rcfr:n':lory 10
therapy. The ,e\ent)' oflhc ulcer.llion j .. a
mudl greater threat to the p;l1icllt in the
,hon term than tht' malignanl gnm th and
'Im.:.Ld of Ihe tumour. Hypcrga"lrinacmia
IOgclhcr "ilh acid hyp.:r,"'cr.:tiol1 j .. di­
agno'lic of the Zollingcr- Elli>,(1ll \)n­
dromc. Allhough the p.ll1cn:a\ due\ nol
contain many !!a~trin-!lecrclingcdl,.mO\1
g.hlrinolll.I'> arc. surpri~ingl). found a\
i\lel cdl carcinomas. Ga..\lrirKlm;t\ orten
OO':CUT in "-\'oOCiation \00 nh Olha lUlIlOUf'

VIPOMAS AND THE WATERY
DIARRHOEA SYNDROME

Emkx:rine (';lU..e.. ofchronic diarrhoea are
rare. The ,yndromc v.hich ,"c1ude ..
\\:tlcl) di;trrhoea and extreme v.c:tlne"
due 10 pota,\ium l.leplclion " Ill<l'l often
related to an o\crproduction of \ :.,0­
aCli\e inte'tin:.l polypeplide (VIP). Pro­
\ idcd Ihat other cau'e, of di:lrrhoca ,uch
a, inr~l:lion, Illalab~orplion or la~ati\c

ahu,c ha\ c been excluded, Ihe prc\cm:c of
'l:vere \\atcry diarrhoea and hYlxlk:.lae­
mia with normal or 10\\ g:l,tric aeid ,e­
crclion i, ,ugge;,li\c of a VIPoma. The
diaglll.hi, l:an be confirmed by the find­
ing of an e1c\ated VIP concentration in
ploNna, The tUlllOU'" arc U'll:lll} found in

the pancrea,. Surgical re,cction i;, the
treatmcnt of choice.

GLUCAGONOMAS

Glucagonoma" arc rare. The} are u"uall}
malignalll tumou,", .... hich ari'tC in the
pancreatic i\lc". The clinical feature"
include a char:leleri\lic denmuiti;,. mild
dillbetc" mcllilu' :uld 1(1\\ amino acid
cOllcentr:nion, III pla,m;I, Diagno;,j, ma)
be conlinllcd hy lhe dClll\lINration of an
elevated pla,ma glucagon conccntration,
Surgery i, indil::ltcd, ahhough many
tumour, arc inoperahle,

SOMATOSTATINOMAS

SomalO,tatinollla, arc ran.' pancrcat;e
i,1et cdltumol.ll""" hil:h arc u\uall)" malig­
nan!. TIle clinil.'al fl.'aturc, indudc mild
diabch:' mcllitu'. diarrhoea, malab'Orp­
tion and gall,tollC', Dlagn(N, Illa) be
made b) finding mcrca"Cd pla.,rna con­
cemralion, of <,Qrnato,laun. Surge!) i" an
option if the !Umour i, Ilx:ahzcd, other­
.... i-.cchL'nlOlht.'rap} i., lhe lil..c1} treatment.

TUMOURS SECRETING PANCREATIC
POLYPEPTIDE (PPOMASI

Tumou", '>CcrclLng pancrL'alic pol)"jX'p­
tide arc mr~. The dinic;JleffeCh arc u,u­
ally due 10 the local dfcCh oflhe tumour
r.uher than (() thc M,.'1;:rClion of the hor­
mone.

CARCINOID TUMOURS AND
THE CARCINOID SYNDROME

Carcinoid lumour, arc found in (he
ga.,(roint..,tinal lml.'!. mo,t frequl.'nll) in
the apjX'ndi ~ and il("ol:ael.'al region\. The)

may ai'll occur in thL' lung, or o\arie"
and occ;Non;llly occur al mulliple ,ill:"
Tumom beh:niour \:lrie, .... ith loc:lllon,
MO't ofthl}'>C .... hich ari'>C in lhe apjX'ndi\
are benign..... herc;!\ IhIN: in the Ileum or
jejunum arc oftcn malignam. Many btU
nOI all p;llll.'nh ..... ilh carcinoid tUIIIOUr-.
de\dop the carcinoid ") ndromc."" hieh i,
char:lctcri/ed h) nlhhing :lnd diarrhoea,
Thc'e 'ympwm, are relaled to the -.ccre­
tion of ,crotonin, although other tumour
pmdlu.:t' 'lich a' hi\tamine nl:l) he
ill\ohed, Serotonin i, a \;j.,ocon,trictor
which i, pre,cnt in high concentr.uion III

Illalclct, and rclea,ed during blood
dOlling. The diagllmtic te"l j, me;Nlrc­
ment of 5·hydro~yindolt'acelicacid, a
Illct:lbolilc of -.crotonin, in urine (hg. I).
~lca,urclllcntof -.crotonin eoncelUr.uion
in pl:hma i, :11\0 po"ible. Drug~ are often
nccc,.,ary to control the diarrhoea and
nu,hmg. and ,urgc!) i, lhe lreatment of
choicc_

Ecwpic ACTH productIOn from carci­
noid tunlOll .... i, a .... ell-reeogni/cd l'auo,c
ofCu,hin~f\ \)ndmme,

~C~C~N~

N

• OXIdatiVe deam.oallOn
• O>tidatlOn

5 Hydrolty Indoleacetic acid
HO
~CH2COOH

Fig. I serOlonln ,nd Its urinary metabolite 5­
hydroltylnook!acetic acid. cenamloodslUffs such
as bananas afld tomatoes~ 5-hydroxy'
llldoleacebC: aCId and may IIlIer1ere w,th the UrJ'lary--"'"
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Parathyroid P~urtary PancreatIC
adenoma lumours IUmours Medullary thy.OId

~~

I~

Bllateflll
phaeodlromocylOfniiS

MEN Type lib

M~I

-~

~=laty l
~~ ..-

Gut hormones and
multiple endocrine neoplasia

• CblllcaJ disorders lClvoMng regulatoty
peplldes 01 the gastrOllllesbnaltract
are uneoovnon.

• Gastrtoomas secrete gaslnn wtw::h
causes gasttic acid hypersecretion
and ulceralton,

• V1Pomas are a rare cause 01 ChronIC
diarrhoea and potaSSIum deplellOl1.

• Some pall8n1s wrth cafClOOld lUmoUrs
deYeIop 1lIsOOg and liantloea. most
probably due to an overproduclJcrl of

""""""•~ endocnne neopIasla
syndromes are riIefIted disorders
ctlaractenzed by abnocmaIltn:bon 01
a wOOer 01 endoc:me glands.

• Management 01 MEN syndromes IS
by SUTQICaI treatment 01 the speaIic---• Invesbgabon 01 the patJenl.s famly IS
II'lCIiCaIed 1'1~ endoc:me

"""""'-

C\pl"Ct...-d clinical effcch. Where po«,ib1c.
..urgc!) i.. the trcatmem of choice. 11lC
IhTf.'C lc,itm.. of MEN I)PC lIa arc all
indi\ idu:LII) potentially lethal. and carl)
diagno'i' and oper.ttion i.. \ ital if tTC:lI+
IIll'lI\ i, 10 he ...·uTati\e. An c,-.ential pan of
elinir.:al lIl11nagemclll of :my patient .... ho
I' found 10 h:IVC;1 t\lEN ,)ndrorne will
he lhe il1\e'lig:LtlCJn of OIh... r famil)
lllemhcr-. PronX:;.llion te,". weh ,})O Ihal
'hown in FiguTC 3. can deteonine lhe
pre,cnt:e of medullary carcinoma of thy­
roid cvcn when ha,e1in ... calcitonin con­
celllnilion, arc wilhin lhe refer...nce range.
Thi' will .11)0........arly 'urgicallrealment.

••-

MEN Type tla

ParathyrOId BIlat8fll1
adenoma phaeod'l.omocylOfniiS

Pallenl w,lh
medullary
carcinoma
01 thyroid

Clinical note

MEN Type I

30.000

The H; receptor
anlagoni," ,uch a,

cimetidine arc ..... ide!) U'4--d 10 treill
peptic uleel'. 1lley ilia) cau'oC an
increase in pla'ima ga~lrin

conccnlr.ttion, to valu..-' .... hich
might 'ugge't the [lTe-.ence of a
ga'ilrinoma. Thc-.e druj;' 'hould
be !>toppcd hefoTC \ample' arc
taken for ga~trin Illca,uremem..,

20.000

Treatment
E.,ce,~i\l:: hormone production ,ccn in
MEN ..)ndrome, gi\c, ri,e ltl lhc

40,000

oflen found in the ga'troim..-,tinal tr3r.:1
and may be rc'lxm'iblc fordiflir.:ultic' in
....... allo.... ing. di<lrrhoca or con'tip;lllon

FIQ.2 Cl3ssffication 01 MEN syndromes.

Calclton,""....,-__-:::_.,....,...,.._.,...,..,
(rJgI1) Ca g1l)C(l(late (2rn9'kg bcxty welghl)

,nrused I,v. over I min followed
IITIrnedialely by rapKllnJllCl!OI1
01 penlag.astnn

j
10.000 / Response In

normal oon1ro!
o I ~'n-:-F"~---0 1 2 3 4 5 10

TIme (min)

Fig 3 Calcium and pentagastrin provocallon lest
of calcitonin secretion. There IS an e~aggeraled

response 10 combined calclum and pentagastm
pI'OVOOiIlJOfllCl a pa!lef'll WIl!l medulary caranoma 01.._.

MULTIPLE ENDOCRINE
NEOPLASIA (MEN)

Commt'/It Otl pm:,. I5X.

Case history 58

DC. a 50-year-old man ...... as
referred to a ncurologi,t after (,lIm­
plaining of a ,iJ;-month hl'tu!) of
<;c\ere head.1chc, Ill..' ..... a' f(>!!Ild tll
be 'lightl} h)pcnen"I\C. L and E..
and LIT, .... ere unrcmarlahlt'. The
onl) abnormality inlliallyl1otcd ..... 3-,

a 'oCrum acJJu'lfxl r.:alcium conceo­
Innion of 2.80 mrnolll.

• \"hal funher 1Il\t',tlj,!atlon, ilI'l:

TCqUlrcf.! III thl .. p;llicnrl

Muhipk endocrine neopla,ia, arc inher­
ited di,ordc...... The 'y ndmme, arc u'ually
tr,m,miued III an auto..omal dominam
patlem. The endncnnc gland, mo't ortcn
aff..."Cted arc the parathy mid. pituitary.
p3nerea,. lhy mid and adrenOlJ. It i, po'lu­
latcdlh.u lhe cclltypc.. invohl.'d 10 IOc"C

tumou..... h:1\c a common crnb!)ological
prccUN)f". There arc lhn:e well-defined
mulliple endocrine neopla'lil ,yooronlC'
(Fig. 11.

,\tE/I. 1\11(' I i, t'harneteri/ed hy h)­
perpar3lh)roidi,m. togelher wnh pitui­
tary and pancrealic tumou ..... , H)pcr­
caleaemia cau..cd by excc" PTH "Cere­
lion i.. the dominam fcmure in thi, ,)n­
drumc. The m<N common pituita!) tu­
mour " a non-functioning chromophobe
adenoma which. although II doc' nol ..c­
crete a hormone it'elf. Illa) have cffe...·"
on the ,ecrelion of other :mlerior pitui­
ta!) hoonol1l.". The m()'.l common pancre­
atic lumour III t\IEN lype II' an "leI t-ell
tumour ..ccretlllg g:l'lrin. The ...::crellOn
of ga"trin nla) Icad to ga'tric U1ccI1l1ion.

In \U:'N tI'JI(' fill. medullary carcin­
omaofthyrnid i, pre'cnt .... ith hypcr­
parathyroidi,m and hilatcr'll adrenal
phaeochnlllloqtOmalo. Medullary card­
noma nfthymid i, diagml,ed on the ha,i,
of clcv:IIed calcilonin concelllr.lIion, in
,er\lm. although provm::<Ition le't'. ,uch
,I' a r.:.llciulll infu,ion and/llT admini'tra­
tion of pelllag'l'lrin. Illay he ncce"ary
to llcmol1,trale lhe ,lhl1ormal calci­
tonin n:gulatiOIl (Fig. 3). Diagm"i, of
phaeochTOl11clCylOm;1 i' nOI c'l'y (p. 126).

Medullary r.:ilrcinoma of Ihyroid.
Ilhaeochromocy,om<l. ll11d multiple
111uco~al IK'UTOm;I' arc pn:'enl in /If1~N

IIpr-III,. Th..- pre,cnr.:c of lhe'" lleUTOmil'
on lh..-tong.uc. lip.. or hUCClll mueo..a i.. the
1110,1 r.:on,i'lcnl featurc. Ncuroma'arc al'\O
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HYPERURICAEMIA

Nucleic acid!'> CQm:un ba-.c.. of I.... 0 diffcrcm type... pyrimidines
and purine.. The c:lI:.looli,m orthe purine'>. adenine and guanine.
produce.. uric acid. Al ph),ioiogiclli h)drogcn ion concentra­
tion. uric acid i,mCKII) illni/cd and pn=:.cnl in pl:bma ~ "Odium
urale (Fig. I). An ck\ <lIed '>I::n11ll urJ[cconccnlraiion is kno\\ n as
h)pcruricacnlla. Uric :«:id and urate arc rdali\c1) ino;olublc
molecules .... hich re:Kl1l) precipitate out of aquoou:-. solutions
..uch:b unlle Of ~)"no\jat flUid (Fig. :!:I. 1llc consequence orthi..
,,, t~ l1K,<hcal (·OOOiIIOIi. goo!.

;lY>=o-=;pKoi==-.m~.
H H H· H
Uric: Kid Ur.te ion

FIQ. 1 Uric Kid lind Urltl!.

URATE FORMATION AND EXCRETION

L'rnle is formed In three \lo3)'. The;,e are:

• h) de 110\0 ")lIlhc"i..
• h) the mclaholi,rn of cndogcnou..

D:'>1A. RNA and t){hCf purim: contain­
109 molecule....ueh a.. ATP

• b) the breaJ..dov. n of diet:u) nucleic
acids.

Ur-dle i.. excreted In ' .... 0 "'3)":

• Via ,!I(' J.itll1('v. The maJonty of urate
I~ cxcreted \ la the "idrn-y. Renal
handling of urate i~ comp!l:x. It i~

fredy filtered at the glomellJlu~. but
99e;- i~ reah~orhcd ill the proximal
tubule. The di~talluhu1c~al~o ~N:rete

urate. but :Igain much i~ reab"orbcd.
The amount of urate excreted in Ihc
urine i~ around IO(',y oflhat filtered at
the glomcl1Jlu,.

• Via lilt, Kill. Smaller amounl' of ur:tle
arc excreted inll1lhe gUI where il i~

broken tlown by baeleria. Thi ..
process is called urieoly,i,.

Urate cnncenlr:llion, in 'crum arc
higher in mcn than women. Even wilhin
the rcfcn::ncc range. ,cnllll urate i, ne;lr ih
aqueou~ "\Olubilily limit. The pre..encc of
protein help' to "eep lhe m~Jlet:llte in
~olulion. A high 'oCllJm urale may ari\C
from incrca~ed uratc formation. or
from dccrca~dexcretion. The common
cau<;c' of hypcruricaemia are 'Ulllma­
rilcd III Fi~ure 3. Genetic cau..c, of
hyperuricaemia an: "nOwn as primary
di,order... and Ihere arc aho ..econd­
ar) cau,>e,>. MO't primary t:au~, arc due
to dco:rca!>l'd excrction of urate (90'"i of
ca,e<,) mther than 1IICre:L\Cd production
( I(y}).

lesch-Nyhan syndrome
One genetic dic;order \\hich ,hould be
.. inglcd out is Lc<;eh-')'h:m ..)ndrome.
an X-linked di,order cau ..cd b) a
deficiency of h) poxanlhine-guanine
pho~phoribo,)Itran..fcr.he. an enl) me
which i\ in\oh cd III "llhagmgpurine ba<,e<;
for re,) nthc'I" to purine nucleotide... The

syndrome i., chara~::terilcd cllnicall) b)
exce"'I\e uric acid production_ h) pcruri­
caemiaand neurologi,-al problem' \\ hich
include self mUlilation and mental retar­
dation.

GOUT

GoUl is a clinical ,)ndromc which i..
charactcrized b) hyperuricacmia and
recurrent aculc arthrili,. Wherca.. all
patienl~ \\ ho dc\elop gout will h:l\ e had
hyperuricacmia al -.ollie point III the de­
\elopment of Ihe di"C:l\c. only ilminorit)
of patient!> \\ ith hypcruricacmia de\ clop
goul. The rea~on for lhi\ i~ nOI "IlOWI1.

Acute goul i.. triggered by the ti\\ue
depol'ition of \odiulll urale t:ry\tal,
which cau~e an infbmrnalOry rC\I>on,c.
In lhe chronic situation. IOphaccou, de·
posilS of sodium urate may form in lhe
li~~ues (Fig. 4). Goul is cxacerb:llcd by
alcohol. The rca~on for thi\ i, lwofold.
Ethanol im:reascs lhe tUl'I1o\cr of AT!'
and umlt: production. Ethanol in exec"
Iml)' cau~e lhc :lccullIulalion of org:lIlic
:lcid, which compele with the tuhular
secretion of uric acid. Di,ordcr, weh
as ethanol intoxication. diabetic "elO­
acido~i~ and ~taf\':lIiun Ic~ld 10 ele\ a­
tion\ of laclic acid. l3-hydroiltybulyric
acid and acetoacetic acid. and will cau,e
hypcruricaemia.

Treatment
The symptoms of acute gout respond to
anli-inn:lmnlalOl') drugssllch a..~ indometh­
acin. but it ~hould be n()(cd that lhe"C
drug... ha\c no diret:t effect on the "C1lJ1Il
umte 1c\el. Low-dmc a\plrin should ~
a\oid...-d:b it mhibll'" renal ur.ltee1(crctlon.
Treatment IIIU\t also be dirccll'd at the
h) peruricaemia. Drug....uch a~ probene­
cid which promote umtc excretion can
be used proph) lacticall). A diet \\hich ii
low in purine~ and alcohol may be pre­
scribed in an effort to reduce the plasma
umte concentration. Allopurinol. a 'pc­
cific inhibitor of the en/) me \anthille
oxidase which catalyze" the oxidation

Fig 2 Ur.te stones from the urinary tract.

of hypoxanthine 10 xanthine and uric
acid. may al-.o be effective 1lI reducing
urale concentrations.

A numbcrofothercry~lal1ineanhropa­
lhies may presclll as goul but are not
:l\\ocialed wilh hypcruricaemia. MOSI
l1otahly, p~eudogoul i\ due to the dcpo.. i­
Iion of calcium pyrophol'phalC t:ryslah.

RENAL DISEASE
AND HVPERURICAEMIA

Renal di,e:lse i.. a cOlllmon complicalion
of hypcnlricaerni:l. Se\eraltypt"> of renal
di\ca-.c ha\'c been identified. The mosl
t'ornmon i, urate nephropathy \\ hith i,
cau\Cd by the deposition of urale cry'tal,
in renal tissue or the urinary tracllO form
umtt ..tone.... Thi ... ma) be associated wllh
chronic h) pcruricaemia. Acute renal
f:lliure can be cau"Cd by the r.lpid pre­
cipitatIOn of uric acid crystal'- which
commonl} occu,.., during treatmcnt of
patlenls \\ ith leul.aemia:. and I) mph­
oma.s. In the -acute tumour Iy.. i., ~)n­

dmme- (p. 129). nucleic acids are rdea!>Cd
as a result of tumour cell brea"do\\ n :lnd
arc rapidly metabolized 10 uric acid.

URATE IN PREGNANCV

Serum urate is of\alue in the mOnitoring
of maternal well·being in pregnancy
a.....ociatcd h) pcrtcw,ion (pre-eclamp--
,ial. along ide other mar"ers such as
blood pre ure. urine prolein e-.;cretion
and creatlllllle clearance (p. 1~31.
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NORMAL

Clinical note

Case history 59

A 50-)car-old man was awakened
by a 'ie\cre pain in his IcfllOC.llc
~as shi\crin!! and fc\'cri\h. and
the pain bcf:amc '>0 inten.)e that he
could 001 bear the wl;'i!!hl of the
bcddolhL,\.

• Whal biochemical ICSIS would
help male the diagnosis?

ACUIe goUly anhritis
ma} be diagn~d b)

e"amination of S} 00\ ial fluid
fwm an acutely inflamcdjoint.
Sodium urale cr)'!>tals will be
otN~ncd wilhin pol) morpho­
nuclear Iculoc)lc\ \'ic~cd under
pol:lrillng light.

-~--•I~ dieWy intake
• Increased nucleJl::.... """""'"
• Irneased ATP b<eakdown

Uncolysls in gut

1

1

Plasma ~Ie f.. .....
•••••

Plasma urate t

(

!rncrellsoo renal excretion 1

INCREASED PRODUCTION

DECREASED EXCRETION F~ 4 Tophaceous deposits 01 sodium urate in
tissues.

I~Hyperuricaemia

• Unc aCId IS formed from the
breakdown of endogenous
Of exogenous punnes..

• HyperuncaefTlla may be caused by:
- an nc:reased rale of puma
."...,.

- an l'lCfeased rate of turnover 01
nudelC ac:ads. as II'l rnaignanoes.
lISSue damage Of staNabon

- a reciJced renal eKCtelJOO.
• HypetuocaerTlla IS II nsk taaor tor

gout whdl octUS when urate
aystaIs are deposited II'l bssues.

• Hyperuncaerr'll1S aggravated by II
diet h9l1l'l ptmeS and alc0hoi.

'--;.,,;,.;,;,......:"'-)

1
.... -­•••••y

l o.c:..-ed renal excreloOnJ
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SKELETAL MUSCLE DISORDERS

Myop;uhic.. arc l'OnJition.. affl"Cling lhe
I1lU'>l,;Ic~ .... hlch lead to .... callie", andiOf
;ltWphy. Th...y rna) bccau'Cd by congeni.
tal faclor.(a, in the mu'>Culard) "lfophit.~ I.
by .. ir.al infccllon or h) al;ut~· damage duc
10 ano:\ia. mfcOlon" lO\(in, or drug...
Mu-.clc Jcncn:ltion i.. a majO!" cau'>C of
myopathy. Mu-.clc .... C:ll..nc" ell" occur
duc 10 a lad. of energy producing
molt.'Cu1c.. or ;1 failure in the h:alancc of
...1"''':11'01)1''''' "llhm and ..urroolldlOg the
mu"",l... (.'cll nee......."!) fnl' llCuromu'>Cular
function,

Noonal mu\l,;!c \\ hil'h i.. O\cnJ'l.'fJ .... ill
end up "ca" or III ..pa..m unlll re..h."(]. In
'C\ ere ca..c.. of Il\ CrthC. c'po.'ciall) .... here
Ill(}\ cment.. arc .., rong and errJ.lic a .. might
occur during COll\ uh.ion~. damage [0

Illu-.clc eelh may rc..ull. SCH.'rcl} dam·
aged Illu-.clc cell-. rctC:l!>C myoglobin. :1
condition "00.... 11 a" rhabd{llll)ol)~i~.

MUSCLE WEAKNESS

To~;ns

·""""'"·"'"'"Acute CK .; chrome CK ~

Tnluma
·F.......

."""""""CK·

[)enervation
• Tratnlll.bC
• Me\i1boIoc (amyloid)
W~.CK_

Endocrine
• Cushlrlg's CK ..IN)
-ThyroIoXJCOSISCK .(N)
- HypothyrOIdism CK t(Nl

InJection

."""""-Vlfal
Acule CK' chrtnc CK _

'

Primary muscle disordenl
+---~·~~sCK+

• Muscle gtycogenoses CK •

FI\l 1 Causes 01 myopathy, with associated changes In serum creatine kinase (CK),

Sy.lemlc: mel.bollc: dt....e
• Penodlc hypokala8lTllC paralysIS
• Hypocalcaeml8
• Hypomagnesaeml8
CK usually N or 1

Mu-.clc .... eal..ne"..... hleh 1Il;IY or Ill;!) not
progrc" 10 rh;lbd(}myoly~i" h:L~ man)
C;lU..c~ (Fig. I), Diagno~I' of the condi~

tion v\ 111 depend on the dini('al picture
and will include in\C'liglllion of gcnetic
di,order, by crllymic or ('hromo,omal
analy,i,. CllducrillC im c'ligalioll' ami rhe
'eardi for drug effect'. Infccli\'c call~l'~

may be diagno'cd hy i,olation of lhc 1\:1­
e\,11l1 org;mi,rn or it, relatcd antibody.
bUI oftell no org,l11i'lll i, detected. These
ca'c'. lnown a, myalgic clll.:ephaliti,
(MEl. pO'I.\ir:l1 'ynurome or chronic
fatiglle 'ynurome. arc relatl\ ely commOl)
and arc now regarded a, tnle dl,cascs.
\\herea, form,llly they .... erc thoughllo
be psycho,olll:lti..:.

Investigation
In all ca,c, of muwlc \\cal..nc", "",rum
elt-elml)'tc, 'houh.l bechecl..ed along .... ith
cre'llmc 1..1I1,l'C ICK). A full dmg hi,lory

Table 1 CtfIl,llar enzymes which may be
measured In the InYeStlgltion 01 muscle_.....

G,algen..... l.tMliiliPu,..--l.aelIlt or,o..--P1upoJl<e_............,... ........
4-l~ ~pIbolyI.-

~hould be t'll..en 10 c~tllJdc plwrmacll­
logical and 10xicologit'al l·:llI''':'. and a
hi'WI) of alcohol abu'c ~ll{)ulu he ex"
eluded. Neurolllu,,'ular cleclrtlphy,io·
logical ,tudie.'> ,hould be performed to
detect neuropathic'. Where'l gencllcc;IU....
i, suspected. a mu-.cle biop.'>y ~hould ~

laken for hi.'>top.1thological ,ludic, :lnd
mC:lsurcment of mu<;clc elltyllle' (Tabk
Il. In contrJ.st to rhabdolll)'ol)',i,. -.crum
CK and m}oglobin arc frc(IUcntly nomlal
in p;lticnl~ .... ilh m)op;lth).

RHABDDMYDLYSIS
1\lusclecclb which aredam;lgcd .... illlcal..
l'reallnc I..ina~ into the pla.'>ma. Thi, en­
tyme e"ish in different i\Oform,. CK­
M\1 or tOlal CK i~ u'Cd a' an indc.. of
..1..~1etal mu'\Cle damage, Very high wmm
le\el.. rna) be e..pcclt-d in palient' .... 00
have been cOll\ul,ing or ha\c rnu-.cutar
damage due to ~Ieclrical ,hocl or cru,h
inJUI) .Creatine l..ina.-.cconccntrJ.1 ion, may
al">O be high in acute 'pcll, in mu-.cular
d) "troph). For the.... rea'oOfl'..... hen CK i,
u-.ed as an indicalOr of m)ocardialillfarc­
lion_ il is better 10 mca\urc the M8

i,uerllyme which i, more ,pccific for
cardiac Illll~tle d:llIlage (pl'. 48...-.49).

The damaged muscle cell, \\ ill al,o
Ical.. myoglohin. Thi, compound .'>torc,
oxygen in Ihe lllll,ck cdl, for rck'l.'>c
under cnnditioll~ of hypoxia. a, occur..
during <,e\erc e'(erei,c. The di"ociatinn
cur.c of myoglobin i, compared \\ilh
hael1log10hlll III Figure 2. [t deli\ers up
it, oxygen only .... hen lhe PO falh 10
around ~ I..Pa. When muscle cell~ become
,moxie or are damaged b) trJ.urna. m)­
oglobin i, relca....--d into the plasma. It i,
filtered al the glomerulus. Urine "ontain­
ing myoglobin .... ill be an orange or bro.... n
colour. Thc damaged muscle cells release
la1'£e amounts of potassium ions into the
e'l:lraccl[ular fluid causing hypcn..alacmia
and al-.o tend 10 tal..e up calcium ion,.
reducing '<rum l"akium conccntr.llioll.

Se\crc muscle dam;lge i.. frequentl)
accompanied by a reduction in the blood
\olmlle. Thi, rna) occur dinxtl} ;1' a
re~uh ofhaemorrhage in o,.c\ ere tr.luma. or
indirectl) becau.;,e of fluid '>t"que'tr..llion
in lhe damaged li~~ue.The rc~ultant 'hocl..
frequentl) cau\es acule renal failure.
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Fill 2 Comparison of Oxy~ saturation curvn lor
IWIfmoglobin and myogloOin

Fig 3 Biochemicll mulls lollowlng rNibdomyolysls In I patient who had taken I drug.....-

M)Dglobin lI"Clf 1~ nOI ncphrolO'(ic.
Children \\ ilh mU'oCular d~ ~troph)' do not
de\elop renal failure dc~pite ha\ing in­
creased 1e\e1\ of llI)oglobin III urine for
many yea""

Investigation and treatment
The hiochcrnic:,ltc~l~"hich arc of U~
in ~u\pc('led rhabdom)'ol)\i~ fFig. 3)

arc:

• 10lal creatine lina"", in M'mm
• urine myoglobin
• \Cml11 J'Ot:I,\iulll
• ,enll11 calcium
• 'cnlm cre:l1inine.

Treatmenl i.\. directoo to"ar(h main­
taining tissue perfu~,on and lhe control of
elcclrolyte imbalan(..e~. It melude\

• c:ardiac monitoring
• conlrol of h) pcrlal:acmia and hypo­

c:alcaemia.

Hacmodial)si\ may be nece~~arywhere
renal funclion is .'>C\'l:rcly cOlllpromi~d.

OTHER CAUSES OF
MYOGlOBINAEMIA AND
MYOGLOBINURIA

Myoglohin is nOI ~pccilic for ,kelclal
muscle and i~ 31'0 relca,ed following
myocardial infarction. where il nwy be

u~d as an early marker of m)ocanlial
d:ullage (see pp. -18-49).

DUCHENNE MUSCULAR DYSTROPHY

lbi~ X-hnled rece,,~i\e disorder results
from abnommlities in the dyslrophi ngene.
C1mically. it is characterised b) progn:,­
.,i\c mu~lc "eakness. usually in bo)'s.
from thc age of 5. Very high serum CK
may precede the onset of ..ymploms but
latcr in lhe disease the CK le\cls fall.
Approximately 75% of female carrier-.
also havc rai"cd CK Ic\·c1s.

~
Clinical note

• Ill' c~tigation of muscle \\eaknesl<. in an elderly palicnl .\.hould
alway\ include serum polassium. magnesium and calcium

1llea~uretllcnt\. IlYJ'Okalaemia. hypocalcilcmia and h)pomagncl<.aemia may
all dc\c1op 1I1\idiou\ly. Correction can rc"ult in a dramalic imprO\cmcnt.

Case history 60

A -ll-)ear-old labourer "as admluoo to hmpilal. He had collapM:d and ga\c a
four-dOl) hi"lOry of nu-Iile illne~~. "ith ~hi\ering.mYillgia. headache~. d)-\pnOt"a.
\OmillnJ! and diarrhoea.

Serum Cnl)"mc" (on admission)
AST ALT LDH CK

un
149 88 l.BO 6000

• What lihUC'o could ha\c contribuled 10 the high serum erv) me~ acll\ lIIe"'~

• Whal le<.l\ may help identify lhe source(s) of cnz) me ele\3tioo"

Cmnml't1t tin Il(J~~ 158.

Skeletal muscle
disorders

• Muscle weakness IS a common
compIalnl WIth a wtde vanely 01
causes

• BIochemcalll'!'leSllgabon of
muscle weakness can pI'OYIde
rapid d1agnostS and eHectrve
treatment where IOI'lIC changes
are Itle cause.

• Intraeel'dar enzyme analysis from
muscle biopsies can prOVIde a
dagnosIS II some rilenled-..

• Severely damaged musde eels
release polasslum, aeabne knase""-• Sefun creatne knase and
myogklbIn are frecpenlIy normal
II pal81ts wm myopaltry.

• 8evefe rhabdornyoIysIs, e.g.
lobmg.,ur}'. IS an IfT1l(lrlant
cause of acute renallabe
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DNA DIAGNOSIS

VNTR POLYMORPHISM
RFLP, ha\c the limitation that c\el)
Indi\idual ha, two copic, of the rele\ant

LINKAGE
In \CI) fcw di'>Ca..e,. e.g. ,ielle cell anae­
mia. the mutation cau.. ing the di-.ealoC
occu,", at a 'lte which i, recognized by a
rc'triction en/yrnc. RFLP analy-si,> j,

therefore immediatel) dia~no<;Jie. More
commonly. ho .... cver. the re<;triction site
i, not the mutation "ite. One then lool..
for a polylnorphi,m in a restriction ..itc
which i, c10!>C to the clinically- important
mutation ,itc '>0 that the twO '>lIe.. will
remain hnled durin~ mciotit: recombina­
tlOl\. If the polymorphic rc,triclion "Itc
and the mUlation ,ought arc c10,e1y­
Ilnlcd thcn RFLP :m:ll),i\ \\ 111 be highly
infonn:lli\e. but a, the di ..tance bet .... een
them inl're:l'oC' the reliability of diagllO,i ..
decrea'oC\ (Fig. 2).

MUlant allele

(II) PoIymorphoc DNA sequences may be regatdecllS DNA marllllfS

(b) Dumg lTleIOSIS. chromatid CfOSSOY8f OOCUIS WId the DNA 58qtII!OC85 a'e shufIIed

(e) Those markets NI are physically dose 10 the gene of merest f1lfTIitlflllok8d. wtWe!hose
thai ase dis!ant Of on sepaliIte dllool108OiTle$ afe lA"llonked

RESTRICTION FRAGMENT LENGTH
POLYMORPHISMS

In the laooratol). DNA can be cut into
small piece<; by en7YllK" called restric­
tion endonucleases. The'>C en/} nlC' arc
rc~tricted to cuttmg the DNA at "pt.'l:ific
base pair sequence". The pre..cnce of
poly morphic <;it~..... here there arc differ­
ences in Ihe base pair <,cquence of the
DNA. may create ocaboli,h acuning ,ite
for a panicular restriction endonudea~.

In these instances. the poly morphi\m, arc
lno.... n as re!itriClioll !rcll!.metrr f(,I1,!:'"
po(mwrpllis/IIJ (RFL~) a~ they lead 10
the production of DNA fmgmcnl" of
different length.. after en/yme action.
DNA fragmen" may be "C!X'r3ted by
c1cctrophore.. i,. tran,fcred to a n} Ion
membrJ.ne and hybridized .... ith a DNA
probe labelled .... ith a radi03cti\c or
optically act1\1: marler. Thi.. i.. called
Soulhern blot analy,i, (Fig, I).

(.,,---

Go

MO\1 of lhe hUm3" genome doc.. nOI code
for functional proleit,,: there are long
untr3n ..lalcd region, between and c\'cn
within gcne,. The genome is not idcntieal
from one pcr-.on to the ne"t. a, on a\'crJ.ge
e\ery two hundredth b..1~e pair will he
different. When a change oceu,.., in the
coding. region. it may lead to the 'ynthe­
si, of:tn ahered protein. defect i\'e in ih
function. Ch:mge, in the Iloll-coding
regiun arc ofll'll neutral. bUl may he u,eful
mar"'!,.'r, for lhe l1loh.::cular gencliei,1.
Recently. change, in non-coding DNA
h:l\c been identified a, lhe cau,e of 'llch
di,ea,e, a, fragile X ~Ylldromc and
myotonic dY~lrophy.

DlgeSl&d DNA

,:g~-:~::,::""w
~;_ 'Y#'""r.4tI!Y

Molecular genetic, i.. 111001 u-.cd by many
di<.ciplmc, and i, the \Iudy of the e'(pre~­

.. ion and inheritance of gcne~ at the
molecular 1c\c1. In clinical biochcmi<;uy
,hi,> in\ohc\ 'Iudying ba<,c pair se·
quence diffcrcoc'C\ in the DNA. Anal)'si,>
ofap,:uienl'" DNA and the genes that it
contam,> can prO\ ide diagllO\tic inromla~

lion.lo.lutalion.. In 'lOgic gene.. mil) cau;,e
inherited dl'>C3'iC\ \uch :1.. C)'\lic fibro<-i ...
'iid.lc cdl anaemia. familial hypercho­
lc'ilcrolaclllla and Duchenne mu\cular
d)'ilrOph). Compound di ..order.. in­
\ohing ..c\em! gellC'> arc thoughtlo be
Impon:ml 10 common di"Ca~.. \lIch 3"
coronal) hean di'>C3'>C. diabctc .. mellllu..
and cancer.

THE HUMAN GENOME

FIQ 1 Southern blot Inlilysis of humlll DNA. rlQ 2 Unked and unlinlled markers (luring meiotic raeomblnation.
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"Cclion of the DNA (one inherited frolll
e:lch parcnO :md i, either +/+ or +1- or
-I- for lhc pol) morphic ,i1e.

Another t)~ of pol) nlOrphi,m i,
called :1 \:Iriable numhcr tandem repeat
fVNTRl, Uere the rc'lriction "Ill,''' nan":'1
region of Inc genome .... ho..c length \ aric,
bet .... cen indl\idual.. due to different
number>; of cople" of a "(lCClfic -.cquenee
fa 'tandem rcpcat" I, The rc"triction frag­
ment pallern obtall1ed u'lng probcl>
.... hich identify different '>Cqucnce, i~ al­
nK,,1 completel) unique 10 :m mdi\ idual
and can be U'>l."d a~ a ·g...netlc fingerprint'.

POLYMERASE CHAIN REACTION

The pol)l1ler.l-": chain reaction {PeRI
(Fig. 31 hal> fe\olulloni/e<l the ..Iud) of
gene.. , PCR allo...... a ..mall ......elion of hu­
Illan genomic D:'IIA to be amplified man)
lime.. in the te"t tube. The technique i...
.. Imrie. fa't. and require, a.. lillie a .. a
\lIIgle cell. DNA for :tn3Iy... ' l11a) be ob­
lained from an) nudc:lIed cell: most
commonly u..cd arc .... hite blood celk but
hair rool\, mOUlh "Cmping.. or ..penn can
al,o be u,cd. Such ..mall \:lInplc\ h:l\C
olni(lll" 3<h:'lntagc.. for prctlill>ll :lIld fo­
rcn,ic diagno...... '. but great carc nUl\,l be
ta"en to :\\oid COlllaminalion with ccih or
DNA from the labof;l\ory,

The primcr, cho~cn to amplify Ihe
DNA arc identical 10 ,hort length, of the
..cquence of the genomil' DNA which
nan" the arca of lIuere,t. The douhle
"Iranded DNA i.. tiN denatufed by heat­
mg. Primer.. anneal to their complemen­
tary "equcnce.. and, by Ihe aCllon of DNA
polymerase. C\(lel1"1011 occur\ completing
the fiN cyde, Thi .. newly \ynthesi7ed
DNA i, aho u..ed a .. a tcmpl:lle for Ihe

2nd cycle and "0 on. By th ... 30th ('yele.
Ihe region flanked b) the 1.... 0 primer"
.... ill haw been nmplifit:tl more than a
million fold,

APPLICATIONS OF ONA OIAGNOSIS:
CYSTIC FIBROSIS

C)Slic fibrosis is rdatl\el)' common.
being eneoun!"red in 1/16(X) Caucal>inn
births. II is an aUl{N)mal recessi\ e condi­
tion. Around one in l\\enl}-I\\O of lhe
populalion arc carrie..... ma"ing the dl'­
ea'oC one of the mO\I common -..:riou"
gencti(.·abnormalitie~. Thedi..cal>t.' aff("('h
exocrine -.ttrclion,. and lhe onl<.Cl of Inc
dl"Ca<,e rna) be :11 birth or later m child-
hood. Ne born '>Crttning ha.. been large!)
un..ucce ful. and tr.tdltional confinna-
tion of the di<,("a-.e depended on lhe dem­
OO'lralion of an increa~--d chloride con­
centralion in a -.ample of ,\\eal.

iI is no\\ po"sihle to identif) children
.... ho .... ill be affl'('led and aho thO\C .... ho
.... ill be carriers so lhal ~enelic dl:lgno-.es
and counselling can be gi\cn, Thc genc is
on chromo"oOmc 7. and code, for:l protem
called cy,tic fibfU<;i, Imnl>mcmhmnc ~'on­

ductance regulator leI-I·R). Thi" n:gu­
I:lle, Ihe function of a bicarbonate/chlo­
ride c~changcr. DNA diagno... i... of c}'lic
fibrosi ... can be used in prenatal diagno"i",
Furthermorc, cystic fibro ... i ... i ... now
regard<."d a" 31arget for gene therapy. Thi"
procedure in whi<.:h mi ...~il1g or dcfecti\c
pan" oflhe human genome are replaced or
repaired herald, the hcgilliling Of;1 nc ....
era in medicine.

Othcr di"ca,e ... in .... hich DNA
diagno"is could be of \:llu<." inclutk:

familiul hypercholcsterolaemia. alpha-I
antitryP'>in deficiency. congenital adrenal
h)pcrpla~ia and Wihon',!, disease.

Case history 61

A male mfant hasq"lic fibftr.;;i ... He
h3-" 1....0 SI!>le", and a brot.her. His

mmher and father are unrelated and
appear \\ell although his m3lcmal
uncle died as a child \\ ilb the dil>­
ease.

• [)rd .... hi~ famil) lree

• Uow \\ould thls child ha\C been
diagnosed and 00\\ \\oold)oo
in\ cstigale his sibling..?

Cmmnenf on page 158.

DNA diagnosis

• Analysis 01 apallel1fs DNA can
provide \he cIncIan WIth diagnostic
Inlormallon.

• The technology tor studying: DNA
lI'lYoIves IooIong for the dl!ferences 11
\he lragmenlS formed when \he DNA
IS DIgeSted by specific enzymes
known as res!l1ctJon endonucleases,
or amplificatlOfl of selected reglOOS 01
the DNA by atechnique called the
potymerase chain reacllOTl.

• GeoetlC analysis can now help
diagnose children with cystic fibrosis
and klentify carriers of lhe disease.

.......
o
.~.~

OtCt~

0~0""'"
/

Clinical note

Eilample

In the tn\estigation of Illhcritcd di.'.cascs.
it is oflcn u..crullo s"elch u p;lIielll· .. family

lree 10 illu,tr:lle al a glance hi, Of her family hi.. tory.
'Inc ,imple rulc, and conwnllOns for con..trocling Ihese
di:lgnll11':lre sho.... n in Figure·4,

Ftg 4 Family trH.

F'9 3 The polymerase chain reaetioo.
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FETAL MONITORING AND PRENATAL DIAGNOSIS

Biochemical IC~I .. h.I\C Iimlled \alue in
mOnitoring fClal dc\clopmenl. bUl 'iOlIle
componClll~ of maternal blood and urine
and amniotic nuid may be measured 10

gi\ c c\ idence of p;lthology.

HUMAN CHORIONIC
GONAOOTROPHIN (HCG)

HCG 1\ a gl)copl"(l(cin produced by the
choriomc eelh oflhc dc\doping cmbl)o
.... hieh 1\ detectable by ;,cn\lli\c a-<;'>a)'

.... lthm d~) .. of concepllon. \lea.<,uremcnt
of UCG i\ u..cd 10 confiml pregnanC).
and form .. the ba.,i, of pregnane) teqs
11'.9). The protem·... r.lpid r.tte of \}nlhc.
'oj .. In carl) pn:gnanq prm Ide.. ")\Icmic
c\ idence of thc bI3"'OC)\1 2~ h afler im­
plant:llion. IlCG cOnllllUC\ to be <;l.--crctcd
by Ihc dc\c1oplIlg pl:lccllla. and !>Crum
and urine conccnlr'ation\ lllCrca.<>C during
lhe fiN 9 \\cd.. , of pregnancy. then de­
dine gradually until thc third trimC"ler
(Fig.. II. The function of IICG i~ to main­
tain the actl\ lty of the corpu, luteum,
"lI~tainlllg proge~lcrone ~ynlhc,i,. Mea.~­

urerncnt of HCG h al;,o of value in:

• A,'c<'<'ing fet:11 \ iabllity in threalened
:lborlion.

• Delecling cClopic pregnancy. HCG
fail~ 10 ri,e althe expected rate.

• Detecting :l1ld monitoring hydatidiform
mole and choriocarcillOIll:1. HCG lIlay
be uxxl a., :ttlllllOllr m:u""cr fOf di:lgllo,i,
and monitoring of Ihe,c trophoblastic
malignancie'{pp.I)O--IJI).

BIOCHEMICAL MONITORING
OF FETOPLACENTAL FUNCTION

Human placental lactogen (I-IPLI i, 'yn·
Ihe'i/cd by the placenta. HPL concenlra­
lion in m:lll:rnal blood IIlcrea~e~ during
pregnanc) until tenn. It can be u..ed to
monilOr placental functIon.

(k~triol i~ a ~terold ,,}nthe;,izcd b) the
combined 3ction of en/} mc;, in the fetu~

and placema. Concentmtion III maternal
blood increa'>C, throughoul pregnanc).
and II can be a;,"ayed in maternal urine or
blood. Oc;,triol \\a~ al onc time commonl)
u~ to nxmitor felOplacemal function.

The;,e Iw a biochemicalte't~ ha\ e been
,upcr..cdedb} ph) ,iral in\c"'igation~~uch
~ ultr3~ndand c:miiolOcogr.lph).

PRENATAL OIAGNOSIS

Prenatal diagnostic tC\:hlllquc~ fall IIlto
IwO groups: in\asi\c and non-in\a;,i\c
(Table I). Prenalal diagnu.,i' Illa} ht..
required becau'C of incl"a-.cd ri ...k (If in­
herited di<;c3'>C. Neur.lltubc dcfe<:t, can­
flOt u,uall) be predicled b) famil) hi,tory.
and pregnant women rna) be offered a
"Crecning le,llo delectthe-.c di;,onler-._

Table I Techniques lor prenaul diagnosls

AliiiUOllllleM"""""-...­Cardocel_'­F~Wlbop5yFetal Mr bop5y.........-----
Alpha fetoprolein (AFP)
AFP is a small glycoprotcin ~ynthc~ited

hy the yolk ,ac and fcwl liver and i, :l

major felal pllNlla prolein. Becau~e (If ih
si/e il appear.. in felal urine. and hcnce it
is present in amniotic nuid and matcrnal
blood. AFP conccntr.llion, inCrCll'-C in
maternal blood until 32 week<, of ge~la­

lion in:1 nomlal pregnancy (Fig. 2).
Detection of higher lhan normal AFP

concentration~ can ,uggc~t CNS dcfecl\
"llch a... anencephaly or 'pina billda carl}
in pregnancy. bl.--call'>C ~uch malfonna­
lion, oflhe neural tube arc ll~">OCiatcd 'NlIh
leakage of plasma or CSF protell1~ inlO
amniotic fluid and eon~uently mJtcmal
;,erum AFP eoncemrJlion~ incrc:I~. In

,onlC countric, all pregnant wonlCn in
alllemllal care are gi\ en the opponunllY 10

have Iheir <.crum AFP mea.,urc<! between
16 and 18 wl:l:k~ of ge ... lalion. wilh
appropriale l·oun~elling.. When a high
rc~ull i.. obl:llned.lhc te ...lmu,t be repealed
on il fre'h .....mple. Oncc other po""lbil­
itie, for an ele\ated AFP. such as "Hong
date, or multiple pregnancies. ha\e been
excluded. an amlliocemesi~ i, pcrfomled
:lnd the AFP determined in amniotic
fluid. High le\ch ;,uggc'ol the pre'>Cncc of
a neural tube d~'fcct.

Amniotic fluid acet) kholine,terJ..e
(an cntymc found in high concenlralion~

in neural ti,~uc) i, aha u...ed in wme
centre, 10 dell"Ct felal malformation,.

$crum At-ll and HCG concentr.ltion"
and lIIaternal age may be: con'idered
together 10 a...;,e~, the ri~k thai ehromo-
<'omal di,ordel"> ...uch a Down's ")'n-
drumc arc likel) 10 he pre llI. If the ri ...k i,
high Ihen alllnioccllle~is ilia) be pcr­
fonned 10 obtain cell" for karyOlyplllg.

Cells for ,tudy of inborn error-. nmy be
obtained either by biop~) of the chorionic
\ Illu~. which i~ genetically identical 10 the
few,. or by culture ofcdb from amniOlic
fluid. The I.JlIer procc<,<, lal..c' 3-4 weck'.
Both en/ymc ~tudie~ lind. il1crea~ingly.

DNA analy,i~ nKly he carried OUI on the"e
ti"lle ~alllplc,.

Bilirubin
Bilirubin i, mea'lIred in amniotic fluid
10 aid in the a~sc"mcnt of fctal rhl.. in
rhc"u, incompatibilily. lncomp:uible red
cell amigen ... can cntcr thc mat<'mal cir­
culalion either from the few .. althe time
of dcli\ery or. rarel). !)ccau",," of incom­
patible blood tmn,fu,ion: ~pecific red
cell antibodie ... arc slilllulaled in the
mother. If. as in rhe ...us di ...ease. the antl­
bodie, arc IgG. they cross the placenta
and rea..:t with ...pecific amigens on the
fetal red cell mcmbrane causing haemo­
I) .. i, (I-Ig. 3). Thi~ i~ unusual in 3 llr-t

..~ HCG;;::.:"'~ .,

50000

Ma_~

AF~K-;:"'~ ."...,.....__-.-~.....

"Xl ..,,­"""'_ ....
o·
" 20 30

GeslabOn (weeIls)

F"iI2 AFP in maternal blood dlaing pregnancy.

50""00 20 30
GestabOl'l (weeks)

F"Ig. I HCG concentration in InIternal blood In early pregnancy.
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Fetal blood gases
H)drogen ion concentration. blood gases
and ,crum lactale concentration can be
lllea,urcd in fetal blood. Such mea..urc­
mcnt.. arc onl) reque..tcd .... hen non~jnl'a~

,i\e im c,tigalions hale indicilted that the
fetll' I' at ri'k. Felal blood can be obtained
by lhe technrque of cordoccnle,i....... here
lhe blood is ..ampled from lhe umhi[ical
cord through a fine needle in;,ened through
the abdomen under ultra;,ound guidance.

Hydrogen ion concentration can al,o
be rnea~\Ired in fetal blood 10 a~ ..e" fetal
di,trc" during labour. Capillary blood
~:lmplc, c.ln he obtained directly from the
baby', scalp once the cervi .. is suflicient­
Iy dilaled. Fetal hypoxia eau~es a lactic
:tcidosi, ilnd elc\iltcd hydrogen ion eon~

ccnlr.ltion. Measurement of fetal PO, can
Ix: obt:lincd direclly u,ing a trJ.n;,c~lan­
cou, oxygen electrode.
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PhOSphOlipids
In the immature lung. failure of ,urfact­
ant production lead, 10 Ihe re,pirator)
di,tre" ,)ndrome hee p. 148). Thi' 1\ a,
the miljor cau~e of dealh in prem"turc
bilbies and i~ ~till the major indication
for a-,;,i'1ed venti lalion. [n ccnain circum­
'lancc~. il i~ necc~~ary to know if the fetal
lung;, :tre mature. and to a;."e~~ the fea,i­
bilily of an early delil'ery. The ralio of
lecithin to;,phingomyclin in amniotic !1uid
i, me:NJred and a ratio < 2 indi!.:mc,
immaturily. The ab~enceof pho'phalidyl
glycerol al,o indicare, thaI the lung~ are
not mature. The~e le~h :'lre rarely u,cd
now that ,urfilclanl i, al':lilable :h a
treatment for at ri,l babrc, and gC'lalion­
al age can be lIccur.llc1y a"e"cd b)
ultraMlund.

..._-

FIQ- 3 ~lirublnwmilln rMsullnctMTlpatibility.

pri.'goallq but rna) be a feature of "ub~qucnt prcgnancie,.
E'tcc"\ orca"cloy. n of n:d ccll~ lead.. 10 anaemia. o\erproduction
of blllruhlll and. C\ cOlu;.Hy. oedema.

During fetal hfo:. unconJU!!3lt..-d bilirubin crosses the placenta
and i, rcmO\~'d by the m<Nhcr. '>0 the baby may nOi be born \\>ilh
oo\iou.. jaundice. Ho.... c\cr. the baby y,ill rapidly become
Jaundiced in the dol}' immcdI>IICI)' after birth. In utero. Ihe Ic\d
of bilirubin in Ihe amniOli~' nuuJ can be u<.ed 10 predict the
<,e\enl) of l~ l"clal t"ondiliOll. f\rnnioccmc..i.. j, performed on
.... omen .... ho h:l\c prc\iou,ly had an
affected felu .. :Ind on '""omen .... 110 ,110\\ a
high ;md ri,ing Rh lim:. The ,c\I:rity of
the problt.:rn can be a"c,'>Cd by rdcro:ncc
to ;, nomogram y,hich rcl:nc.. bilirubin
k\ch to gc,I;ltional age. ,uch a, that in
Figurt' 4. Fl:I,,1 e~change hlOt'll1 tran,fu~

,ion or early delilcry ma) he con'id.:red.
Rhc~u~ IllCOll1POllibilllY I' much Ie"

COllllllon r101luday, 'incc 'll'ceplible
women an:: gilcn an inlralcnml' injection
of anli~rhe,u, H1uibudy al rhe lime of
delivery l\l eliminate fl:l'll red hluod cell,
which may h,l\e entered the nwtemlll
ciro.:ulalion. A, :1 eon'el.juence lhey do
nOI ,un il e long enough In he rccogni/ed
a, forcign anligen, in lhe mother. How­
eler. haemolylic di\Cil,e of lhe newborn
cannot bc completely elimin:.ned. he­
eau,e il Illa) be c:lUled b) other blood
group rllmmpallbililie,.

I~Case history 62

A JO.-)car-oIJ "oman" ho had pre­
I iou,l) deli\ eretl one Ihe child and
had one mi"Cam3gc allcnded for
anlenatall·arc. She "01, loo" nIObe
me,u, ncgati\ e. At 30 "ccl, ge,tJ­
tion ,he .... J~ found to hale a high
titre of anti-D amibodie,.

• What in\e'llgation~ are IlCC'ded
00_ '

Comm("n/ fm /J<It:(" 158.

Clinical note

Fetal ultra'ound
~canning. related to

time of conceptiOn and/or
;,cquemiilJ IIlca'>urclllen~. ha"
blxornc the be~1 .... a) of monitor­
ing fCla[ gro.... th. Thi.. te<:hnil.juc
h;l.' ,uper.edcd man) biochemical
tc'h offctal .... ell-being .... hich
.... ere once commonl) performed.

Fetal monitoring and
prenatal diagnosis

• Confirma\ll)l"l of pregnancy is by
detecOOn of human c:honorlIC
gonadolrqiwl f1 maternal ume

• Bevaled concentralrJns 01 alpha
letoprolt!ll'l rn malernal blood and
annotIC lIuId may rtdIcale the
pteSeI'lCe of a fetus WIth aneural hbe

""'"• Arrnobc lIuid l*tbn measuremenlS
are of vakle III the deleeoon 01 nsll. rn
rhesus ncompatblrty
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PREGNANCY

MATERNAL PHYSIOLOGY

t.latemal phy,iology change, \0 drJlllallcally during pregnane)
(hal reference r.mgc.. for biochcmicallcst" j nnon-pregoanl "omen
arc often not applicable. The main differences in (he commonly
rcquolcd tc~l~arc:.ho.... n in Table I. Thc.'>Cdiffcrcocesshould JlO(

be mi!>lnlcrprctcd a" indicating (hal M)mc pathology is prc..em.

Weight gain
The mean .... eighlgain in pregnancy jl, 12.5 kg. bUI then: i.. a \CI)
large <;,andard ck\ialion (about41..g).1lIe gain in \\eight i.. made
up of ~\cr.ll cOlllponcnh:

• Tilt' products lifC(II/ce/"ioll. Thc.'>C include the fetus,
placenta and 3mniOlic nuid.

• Mtltl'mll/ fat SI/Ires. ThC'iC Ill;}) acL'oum for up to 15,} of the
\\ eight Increase.

• \!(l1('n",/II(lf('f rel,.IItitm. TOial body "mer incrca~!> b)
about 5 Iilrc:... IllO"Uy in the Cl:Ir.Jccllular fluid. The \olumc
of the illlr.J\ :i!>Cular cornpamnenl increa..c" by more than a
litre.

Respiratory function
Mild hypcr\cnlllation OCCUI"> from early' pregnancy. probably
due 10 a ccnlr3lly mediated effccl ofproge...lcrone. and PCO~falb.

Ho.... c\ cr. blood h}-drogen ion conccntratLon i" maintained .... itllin
non-pregnanllimih.... IIlCC the plaJollla bicarbonate fall~ due 10 an
IIlcrea!oCd renal excr":lion of hicarbon:IlC. Oxygen consumption
incrca~.. by UboUl ::!O'1. but PO; i.. rcluthely unchanged.

Renal function
Because of increase.. in pla"ma volulllc and cardiac output. renal
blood now incrca,e,. The GFR ri~, early in pregnancy. and
creatinine dear.mee may be I SO mlJmin or more by 30 weeks.
Serum urea and crealinine conccnlraliOlh fall. Tubular functiun
allers and. in parlicular.th..:rc i~ a reduclion in the renalthre,hold
for glueo...c. Glycosuria may be pre'cnt in ur 10 70'11- ofpregnan­
cics. Tubular rcab~orptionof uric acid :md amino ileids :lllcr,.
and their excretion in urine incrcasc!o.

Carbohydrate metabolism
The fa~ling blood gluco\C falb early in pregnancy. probably
because of sub,trate utilil.ation. The re~ponsc to a standard
carbohydrate challenge i~ ahcfl."d in laic pregnancy.

Protein metabolism
Serum albumin concentr,ltion falls gradually from early preg·
nancy and this b related to ECF expan,>ion. TheconcentrJ.tion~
of many other protcin~ lIlerea~. panicularly placental proteins
such as al~aline phosphatal>C of placental origin. transport pro­
teins such as tran~ferrin. hormone-binding gl)coprotein~~uch

as thyroxine-binding globulin. and fibnnogen.

Hormonal changes
Oesuugcns and progesterone are <;eereled in greater amounl!>
early in pregnancy. and protein hormones ~uch as HCG and
HPL an: pnxluced by the pI:K:Cnla.

PREGNANCY ASSOCIATED PATHOLOGY

Morbidity during pregnancy may be due (0 pr-e-e:dsling medical
conditions 10 lhe mother such as diabetes mellitus. hyper-

Table t Relem'1C8 rangelln the ltIird trimester of pregMOCY, and how /tier
c~re wittl rlOIl--pregnant conlrots

Senlml bbld--a ....... --""""- 132-1.cl lJ5.-l.t5-,..... ,,..,
3~'

"""'",..... 17-101 "-".-,..... ,.... 21-28..,....... ,... ....,
Gt.I::oM1"'*Wl~ 3.1)-6,0 ",.S5

""""- ...... 2>-"-,....... ,><t. 0.7-10

-"" ".., .,."-....... 3-" ,.."

AlwlnI ..r.iCIIlI ......_ (U'l 3-" ...
AIpII\Ilt .. '.iCIIlI....._1U't 3-" ,,-"
......~_... fU'I ,~ ...,.,
1IDod1t(~ .- 3S-'S

IIDod Pro, lkPIl 31)-60 "-5,

Malemal blood
In utero l

POfIt·natal

F'Il 1 Diabetes mellitus In pregnancy Is usociated with fetal
hyperinsullNemll. In IA8ro this leads 10 increased growth. while posl-flalatt
the petSlStng~ causes neMalal tIypogI'fcaerT'la.

len!>ion. renal di<;ca.<;e. thyroto'(icosis. or due 10 pregnanc)'­
a!>l>QCiatcd condllion~.

Diabetic pregnancy
Preg.nancy in a diabetic p.3lient. \\0 helher she is kno\\o n to be
diabcti~' before pregnancy or .... hen diabete~ mcllitu:. manife:'b
it...clf during pregnancy. i~ a!>sociated wilh increased fetal
mortality and morbidity. Maternal hyperglycaemia promote,
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I

I~Pregnancy

• PhysiOlOgiCal Changes occur In
pregnancy, altenng many
bioc:hetrIIcaI reference ranges. 00 not
be mISled IflIO beieviog lhallhey
rtlical8 pathology

• Dlabeles 11 pregJanCy IS aSSOCl3ted
WIth naeased leta! mortality and
rTIOl'bdty, Good diabebc control
dumg pn!!1I3I'lCy decreases
compIicabOOS. The baby of a diabelJc
mochef has an meased probabiIlIy
of de'<eIopIlQ respRlofy cislTess

""""""• Hyper1ensIon and a rISlI'lQ serum
urale conc:enIralJon ate early features
rt!he deveIopmenlof~,
a rapdy progressrlg c:onrftrJn wtIc:h
carnes conside1abIe fISk to rTIOlher

....-

VI

t~presetW) I{ I~.. IV ,em.....

~
Clinical note

• Pregnane) i!t thc
eommoncst C:lU.'>C

of mncnorrhoca in :J woman of
reproduclive age. A pregn<lllcy
lest !thould :Ilw:lys be pcrfonned
before other endocrine inveqig<l­
tions of the cau~c of ab~ent
Illcn~trual bleeding,

• Whal is the most likel)'
diagnosis?

• Whal sideroom tCSt{s) ~hould
be performed"

• Whal biochemical in\cstiga­
tions should be IXrfonned
immedialel)'I

Comm~"t 011 pil1(~ 159.

Case history 63

A 20-year-old woman in her firsl
pregnancy was referred 10 hospital
by her GP when she was 31 week'>
pregnant. Al 12 weels pregnant she
::tppcared wel1. had no oedema and
her blood pressure was 110170
mmHg. Now. "he complained thm
she was unable to remO\..e her ""cd­
ding ring and that her vi~ion Yo as
blurred. On examination anlle
oedema .....as also obse.... ed and her
blood pm.sure .... il!t found to be 1801
Il0rnrnHg.

Early

Fq. 2 Clinical features of pre-«lamps'-,

fClu!t. and drug Ie\e!'> should be lept a..
10'" a' possible during gestation and
thereafter if Ihe mOlher I" brea~l feeding.
!tince mallY drugs are ..ecreted If\ breasl
mill.. Of particular concan are anti­
con\ulsant drugs. Careful monitoring of
level<; is necc"ary to ..Icer bcl",cen lhe
danger!> of malcmal ..ei/ure" :lnd potenlial
fel:ll dalll:Jgc from thc drug.

Drugs in pregnancy
Many \IoOlnen ha\e. of nc(,:essily. to con­
IInue 10 lale drugs during pregnaoc). No
drug!t are "'ithoUl ri.,llo the de\eloping

Hypertension
The patient "'ho dc\clolh h)pcncn ..ion
in prcgnane)-a nmdition de..cribed
\ ariou .. l} a... prc-cclarnp..ia or preg­
nant')-induced hypt.·nen..ion-" al in­
crea'>Cd ri ... l of placental in<;ufficicncy
and cOfl~.'qucnt fctal intraUlerinc gro'" Ih
rclardallon. The hypcnen..ion i!t thought
10 be the eau,ali\c f::tetor of eclamp<;ia. a
..e\ere illllC"'!t '" hich u,ualty occurs in the
......cond halfof prcgmmcy and i.. ehar.lcter­
i/cd by gencr.lli/ed eon\ul<;ion.., extreme
h)penen,ion and Imp;nrcd renal function
mcludlllg proteinuria. Th" d,-.c:I'>C i.. a
.. ignificant cau"C of m;'lern:ll d..:alh. which
occurs mlht commonly a.. a rc..ull ofcere­
bral haemorrhage.

The feature .. of pre-eclamp..ia arc
,hown in Figure 2. Diagno..i.. depend<; on
..everal of the,e fcalUrc~ being present.
The hypcnen~ion :md a ri .. ing serum urate
concentration are encounlered early in the
devdopmcll1 of the cOn<lit ion. The aetio­
logy of the va..ocon.. triction which is
re ..pon~ible for the hypcnension j!t not
known. Fluid retention which leads to
oedema is often, but not always. a feature.
A<; lIlost women wilh nonnal pregnancies
have oedema by lerm. thi!t i!t not
diagnoslic of prc-eclamp..ia, There i~ a
greater chance of prc-ecl:unp..ia in lhe
palient who was lnowllto be hypcnen..i\e
before becoming pregnanl,

II is important 10 monitor blood
preS!ture. '>Crum urate. 2-1 h prolein ex­
cretion in urine. creatinine clearance
and abo to aS~!tS felOplaccntal fuoction.
Pre-cclalllpsia may progres<; \'el') rapidl)
and medical treatment i!t of limitcd \aluc.
The only action which'" ill rc\cr..c pre­
eclamp~i::t i... delivery of the baby.
Frequently il i\ difficult to decide on the
oplullum lunc for deli\ery ""h,ch is best
for Ixxh molncr and child.

h) pcrilhulllli,m in lhe fetu' (Fig. I),
hl,ulin il- a gro"'lh faclOr. ilnd babic, of
poorly cOlllrolled diabelic p:uicnl' are
large and blo:ucd. Adequate cOnln)1 of
diabetc, mellitu.. during pregnancy dc­
crea'-C, complication,. The bab) of a dia­
betic mother ha.. an incrca--.cd I)robabilit)
of dc\c10plllg rc,pir3tol') di ..trc,<; <;yn~

dromc.
Incrca..ed frequency of micturition.

and gl)co.,una. may I.:au..c concern Ihat a
pregnant .... oman ha' dc\clopctl diabete...
during pregnane). The...c finding .. arc
common and do not nece"~lril} indie;!te
p3tholog)
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SCREENING THE NEWBORN FOR DISEASE

s..
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p",,-

Other features
• Mental retardatIOn
• Short statum
• Deal mullsm

--"""

{')

FU CIRCLES RlGKT THROOGH WlTtl BLOOD

0000

PKU 8lOQO TEST

Prim In Pwrdl Of~ Pen_.----
G.P.1UmI-­............-a. of first .. IM40li
TJJIe of INding - IloClII c::::J
Tktl_ t.tly i1.,......r.n c::::J

FI\I 2 Filter paper card "Guthrie card1lor the
collection of 'blood spots.'

FIQ. 3 Fealurn of cminlsm.

tOlhe:lduh do.."geof 100-200~pcrdayby 12 ye:u<;ofage. The
ab..cnce of c1lllieal ~ign .. of hypothyroidi1>m or hypenhyroid­
1-"111. together "ith nonnal !>Cntlll T~ and TSI-I concentr.ltion1>.
prO\' ide.. c\ idcncc of lhe adequacy of trcatment.

If a po..ithc ..crcening tcst i.. obl:lined.lhe 1110ther', lhyroid
function i, u,ually al,o ;h'tC1>\cd. Maternal atlloantibodie, (':In
no's the placenta and block rel'eptor "ite.. on the fetal thyroid.
[n thi~ rare ,ituatioll. :Ifter an inili;lllr:tn,ient hypothyroidism
just after binh. the haby· .. 0" 11 lhyroid function will u~ually

develop lIormally.
TSH ..ercening doc.. not deteel ~econdary hypothyroidi;,m

due 10 piluilary di ..ca~e. Tlli .. i, a much rarer di1>ordcr than
pril1\ary hypolhyroidism. occurring in one in everyone hundred
lhou,and birlh.. ,

Fig 1 Capillary blood sampling in neonates.
• Does the di...c3!>C hu\c a relali\cly

high Incidence?
• Can Ihc disca~ be dctected "ithin

days of bmh?
• Can the dl~a~ be identified by a biochemical marker

"hich can be ca!>ily rne:lsurcd?
• Will the dl~al>C be lIlb~cd clinically. and "ould thi!> c:lU~

irre,crslble damage to the baby'!
• h the di>,ea~e trc:llable. and willthc re~uh of the "crcening.

te~t be available before any irre\'e",iblc damag.e to the baby
has occurred?

Congenital hypothyroidism
Primal) hypothy roidi ...m i-" prc.loCnt in one in e'cl) three thou!>:Ind
fi\c hundred binh!> in the UK.lbere is often nodinicale\idcnce
at binh lhat the baby i!. abnormal. yet if congenital hypathyroid­
i!>m i!> unrecognilc.:d and untrealed. affectcd children dc\e1op
irrc\ ersible mental retardation and the char.lCteri1>tic feature~ of
cretinism (Fig. 3). MCKt C:l!>e\ of congenital hypathy roidi~1lI are
due to thy roid gland dy 1>gene'I~. the failure of the thyroid ~lanJ

to de\elop properl) during early embf')onic ~ro"th. The
presence of a high blood TSH concenlration 1\ the ba..~i.!> of the
~rcening te~t (Fig. 4).

A posili\e re,uh of a "C'reclllng te"t "hOllld be eonfinned by
demonslr.uion of an ele\:lted TSH in:l !>entm specimen obtained
from Ihe infant. When nCl."c-"!>:lf). thym'l:ine treatl1lCnt should be
initialed as soon:b p<K.\ible after diagnosi!o. lbc inilial dosage i!>
10 IJg/kg and thi!> can be gmdually increased during childhood

Neonatal !>creening programmcs for hypothyroidi1>1l1 and
phenylketonuria ha\'c been cstabli1>hcd in many countric~. BOlh
the!>e di!>ordeN carry the rbl" of impaired mental development.
which call be prevented by prompt recognition of the di~ca!>c.

Local factor1>. !>lIch a~ population mix. Ic:td to the !>ening up of
1>pccific 'crccning programlllc!>. Forcxample.the high incidcnce
of congenilal :tdrcnal hypcrpta~ia (I :500 live binhs) among lhe
Yupik Esl"imo is thc slimulus for a ,cfCl'ning programme for thi,
disease in Alaska. In Finland.lhe irK"idence of phcnyll"etonuria i,
low and neonatal screening is not carried OUI.

Di~agrcemcnt on the benefil' and ri~I"s of le1>t;,. the pre~encc

of public prc"1>ure and availability of funding are factors "hich
continue to delermlne "helher neonalal ~rcening programmes
arc c!>tabli ...hed.

NEONATAL SCREENING
PROGRAMMES

Many countric!> ha\c programmes to
~rcen for di~3.'>CS 31 binh. A blood sam­
ple i.!l collet'ted from C\t:1) bab} around
the lJt'\cnth day of life. Capilla!) blood
sampling In the rn:omllC 1\ ~"t performed
on the planlara<.pttl ofthe fOOl.e"lX"'Cially
on Ihe medial aspect of the posterior
third. as .;hown in Figure L A 'blood
spot' i,> collecled on to a thlcl filter paper
card (Fig. 2). The !>pccimcn can be 1:011­

\cnientl) sent by mail (0 J ccnlral
screening laboratory. The folio in)!:
question\ arc u<,ually considered hen
di!>Cusloing thc cOsl-dfcCli\cness of a
!>Crttmng prograllunc.
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ThyrOid dysgenesl. Icnn \I hich beller Je!>Cribcs Ihe group of
di ..order..

The dek"Clion of phenyllelonuria v. a"
Ihe lir.t ..crcenmg programme 10 be e ..­
labli ..hed, The ..cn.-cning lest is based on
Ihe detection of in(.-rea~ phenylalanine
eoncentr:ltion IIllhe blood spot.

The m:,in.. tay of the managclIlcm of
Ilhcny Ilclonuria i~ to n..""<luce Ihe pl:l'-ma
phcn) lalanine concemrauon by dicta!')
I:onlml. ~lemal retanJation i.. not pre'l'nt
at blrlh, and can be prnented from
occurring if pla~lIla pheny lalanine con­
(.'entralion<, are kept low in the early year.
of lifc. It v. a... lhoughllhat dicta[) control
necd only be follov.cd for ten year. or..o
but eurrent \ icv. ~ arc Ihatlifelong th... rapy

'" T1I.."Ce'\aJ).

TSH•
~""'"

No-­.-
AIltenor.......,

T. t-.:T::.:.,.SH_

NO~··=·C' _

--T. _~

TSH Normal...J
FIl) • Control of TSH SKretion.

Phenylketonuria
The Incidence ()f phen) Ik~lonuria i~

around one In CH~r) len thou-.and binh"
in the UK. Phenylketonuria ari..e~ from
Impaired cOII\c,..,ioll of phenylalanine 10
I) ro..inc. u..uall) bcl'aUI,C of a deficiency
of phclIylal:mmc hydrox)la!'oC. hgurc 5
..ho", .. ho", phcnyialanlllc. an c..-.cntial
amino acid. i.. mclaboli/cd. In phenyl­
ketonuria. phenylalanine cannot be con­
\cncd In tyrlhlllc. accul11ul:ttc\ in blood
and i .. e,crclcd in lhe urine. The main
unnary !l1cubolilC j\ phcnylpy rtJ\ il' ,1(:11.1
(ll 'phcnyl"clonc') \\hich giH~' lhe di,­
l'tL ..e it .. name. The clinical feature"
include:

• inilabilit). poor feeding. \omiting
and fitting in Ihe fiN \.\ l,.-c"" of life

• menIal n::lardalion
• eczema
• reduced melanin formation III lhe

.. lin. re..ulting in the c1a.... ical fair
haired, blue e)ed appear.lnce,

Phenylalanine hydro:\)la.. e u ..e ..
lelrahydmbioplcrin {BII..}:,.. il cofactor.
Ikfeclive BH" ..upply or regeneration.
due to deliciency of dih)'droptcridine
reducla ..e. ha\e been identified ;IS rare
cau~c.. of ·hy(X.'rphenylalilnil1m:'mia'. II

FOLLOW·UP OF SCREENING TESTS

A po,ili\e or equi\ocal re .. ult IT1 a
..creening le~t should be follov.ed up
rJpidl) and eOil:iently, A clearly po..iti\c
rc ..ult \\ill requin.' imm...diate refcrrallO
a paedialrician. Requ';-<'h for a repc:u
..pcemlcn hccau..e Ih... re ..ult \las border­
line. or there \\;ll> in..ufliciem sample. or
the alMI)"I" v.a~ un..ali<,faclOl). IllU .. t be
h:mdled tilctfull). Parent" frequently find
it di .. tre .... mg if their child i~ su.. pcctcd
of a ..eriou.. <.h ..ordcr even if sub..c'lucnlly
the haby i.. found to be normal.

I
PhenylpynN8te

OIhydropteOOtne,"""....

Clinical note
N.a..pJnylphcnylalanine melhyl e.. ler
(a'panalllc) i.. a I:onlmonly u~cd anilicial

,\\cetem:r. It i, hmlell down in thc gut to phenylalanine.
Palielll .. 1-1 ilh phcnyllctonuria lIlusl :1\ aid any food
\:ontaining Ihi .. additi\c. 11 is panicularly imponalllihat
fO()<.hluff,. including ..oft drink,. ~hould be dearly
labelled with:1 I-I;lming th;llthcy contain Ihi, anificial
..1-I\:,Ch.'ner.

I~
0-, CH2-C-COOH

- "o
F'!I5 Metabolism 01 pMn~lanine.

Case history 64

The 'blood ..pot. analY~l\on36-da) -uld bab) girl indi..-ated
a high TSH. 2M mUll. A \CC"-'tld blood sample \\3!> qui\:U)
obtained for a repeat TSH C\umation, l1lr: laboratOl)­
reported a TSU conccntr.l\ion or 6 mUll.

• What furtner in\C\hgatlons ..hould be carried out?

CfHllnJtlll Ullllf.I,f{4: 159.

SCreening the newborn for disease

• In some countnes SCl"eenr'lg programmes have been
established to eIetec:I: specdic diseases rl babies.

• Analyses are performed on blood spoIs obtalOt!d arotnl alE!

week alter butIt
• Carmon diseases tested tor rllhis way are congeMaI- "'"""""""'"• For 1110 be~ 10 screen Jor a lisorder the dsease

shoukl have a relatrvely tiljI inCIdence. be detee:table WJtIwI
days d bdl. r8SIJl rl senous consequences d ITIISSEld cfincaIy.
and be treatable
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INHERITED DISORDERS

Table 1 Clinical and biochemicalleatures which
slJongly suggest presence 01 an inherited,...'"

ence of an inherited di,order are <,ho" n
In Table I.

There may be information in the
family hl\lory. pcrhap<, e\en the death
of a pre\ iou'> child.

Malformation in a newborn baby
uwally indi<:atc.. either a genetic abnor­
mality. or inkction or drug cxpo..urc in
U1Cro. Ilo"e\cr. d)!>n1orphil>m may aho

eo-...-"---....""'-..
CMndo

LlICIIloIc IC1dcIliI end
~.....,
I~_I ,--

• N,,:onatat '>Creening C;lll Identify -.ome
dl'order-.. ,uch ill> phenyll..etonuria. in
the ne\\, born baby In the liN da~ .. of
life (pp. l-W-145J.

• Man~ di..order, ill\ohing a .. inglc
gene defi.'Ct beeome apparent in the
neonale. "ymplOm.. dc\doping In the
li~t \\ed of life.

• Di'>Ordcn.l>uch a,>l'amitial hypcn:hote,­
tcrolacmia tpp. 122-123) ma~ not be
f\.'Cognized umit adult life.

The inherited di,order, \\ hith arc
diagnosed in the fir<>t wcckl. of life u'iual­
Iy invohe cemral melabolic path\\,ap•
,>uch :L'> amino acid melaboli'im. carbo­
hydrJ.te mctaboli ..m and .. torage. orgalllc
;lCid metaboli<.m. steroid honnone hi{)­
.. ) nthe,i .. or the urea cycle. SymptOlm arc
often non- ..JX."Cific. e.g. \omiting. leth·
ilrg~. poor feeding. litllllg and hypo.
tonia. FeatuTC::. "hich <'uggc<;' the pre,·

THE CHILD WHO FAILS TO THRIVE

The fealure of :.11 in hen ted di,orJcr ...
i ... a genetic deled. onen the ~,ult of a
... ingt.: ba~ \ub,tiluIIOIl ur deletion In the
D:"I.\. \\hich rcwl!'> In the rcdul'l'd '}Il­

the,i, 01 •• panll;ular protcm or in the
,~nlhc..i, of;. prolein "llh an altered
,Homo a.:iJ compo... lliOI1. \ d ........ ical in­
born error of mCIJboli,m in\ohc.. a
mi",.ing ur lkfccli\c l'n/~mc .... hieh
cau,c'" a hlod. on a mCI;JIx,lic p;uh\\;I)

and the rmuuclionoftu\il' mCIJbolitc ....
\lore than four thou'>'lI1d di ..ordcr..
in\ol\ing .. ingl..: gene ... h;j\c been
identified.

Inherited di-.ordc1"o ma~ he dcte..:lOO at
diffcn'1ll ... tage.. Juring Ilk

• Hctcro/}l;otc carrier-. of a di-.ea-.e lila)
be found during '>Crccning. !>uch 3" on
[;uml} member- of a pallenl \\ ilh
mu ...cular d~ ..tmph~.

• Some inherited di ..order.. C;lIl he
dcte<:ted hefore hirlh. The prenillal
dia2no'l" of q .. tu: hbro'l" I' de..­
cribed on pag.e.. 1.'\8-LN.

Table:2 $elected Inherited dlllOt'ders

Disorder Main tealure

Acute IntefrTllnent pl)fPhyria

Adreooleucodystroptly

Agammaglobuhnaemla

Alpha 1-anb\JypSln deficiency

The porphyrias are disorders of haem btosynthesis. The aclJle porphyrias whICh present with abdominal pain and
neurological features all have increased unnary porphobilinogen dunng an allaell:, and this IS diagoostic

This rare neurodegenerative disease is characterized by lhe Impaired metabolism and subsequent accumulafion
of long chain tatty acids in plasma and tissues

There IS a complete absence 01 immunoglobulin prOOl.ICllon, $electIVe IgA deficlency is more common with
aHected children pre5eflfing with recurrent respiratory In1ectlOOS

Pabents With defICienCy 01 the protease inhibitor, alpha 1·antltrypsin. may presenl WlItl liver disease in childhood
or W11tl pulmonary empt1ysema in aduhs. All patients WIth genotypeS associated WIth low alpha 1-antilrypsin in
the serum are ~ke/y to develop empt1ysema ~ they srrtOIIe or are exposed 10 erMronmental pollutants

BiotJntdase delicMlncy Ala~ure of biotm recycling results III an organIC acO.ina, developmenlal delay, setlures, alopecia. hypotorna and

",,,".. ""
Cor!genIIaI adrenal hyperpiaSla ThIs name IS grven 10 lisorders oIlhe eozymes nvotved II stertllCl hormone blosynthesls. The roost common is

lack ollhe 21 hyOOlxy\ase on the pathways wtich lead to ccrtISOI and aldosterone (pp. 86-87)

See pages 138-139

An n:reased exaetJon of the atTWlO aad:s eystJle.Iyslrte, argtrWle and cmlhI'le leads 10 an naeased i'lcidence
of renaJ calt:ta Adefective carner protein causes rnpaued renaJ tubular reabsorption olihese amlllO aad:s from
the glomerular Iira1e

ThIS IS a~ storage cisorder where there IS a defect IIlhe mentxa'le transport of cystI'lE!. CystIne aystals
are deposlted in kililey. iver, speen. bone marrow and COfT'l88

,"""'- See pages 122-123

ThIS deled IS preseri II approxmalefy 1.100 000 babies lithe UK. Adefiaency 01 gaIiIdose 1-phosphate urdy!
1nmsfen15e means that lhe baby caMClI utIlIZe lhe gaIacIose compolll!l~ of !he lactose wtich is presen!1I .....
Such i'lfants may present with !abe 10 1twM!. vorTlllrlg and lianMea and 'l.I'Itrealed may die lithe neonatal
penod or go on 10 develop iver lisease. mental felaJtia\lOll. eataraeIS and renallIbJIar damage



be re]at~d 10 the preM:nce of an inh"ritoo
melanolic cli,order.

Ba~ic hiochemic:l] Ie,,, may Pf(l\ ide
clue,. Unc:I;p]:llned hypoglycaemia.
h~ pocak":leIlH;I. acid-ha'C di,turhances
or ti\ef dy,funcation indica\<: Ihe ne..'<1
for fUl1her m\e'tigalion'. The diagno,i'
of an infeclion doc, nOI preclude the
pre\Cnee of an Illhcrited mclabolic di,­
order: ">Cp~i;" commonly atOcompanie, a
melabolic defC'ct.

In lhc ,c\erely ill infant. llIea,ufC­
menb of ,crum ammonia and laetaleo
urin:lf) organic acid,o urin:lf) ,lIld ,C'rUIIl
amino acid, and erylhrocy Ic gJ]Jl'\U..e I­
pho,ph:lle uridy I lrJn,fcr.!..e "ill he re­
quired. If the baby ha, a problem" hich i,
apparem inlcrmiucntly. lhen blood and
urine ,hould be eolkch:d for :maly,i,
during lhe at°Ule pha~.

Allhough. mdi\ldually. inherited
metabolic di-.order. are rare°("Olteeli\cl)
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lhey pre'ent a major problem in manage­
ment. The biochemical basis of disorden.
encompa"e' the hrc:ldth of metabol;;"ffi
and lhere I' a multilude of ,pccialized
Ie,,, \\ hieh 'Ire u,cd 10 conlirm the
d,agno\". The ,pccia]i~l]aborulor)i,lhe
'OUfCe nf ad\ it·c and a"i~13ncc if an
mhcrilcd defecl ",u,pcclcd.

Sek"i,.°led IlIheriled di,ordeJ"> are OUI­

IllIed alphabcti(Oall~ in Table 1.

I~CQ,v
Clinical note

• The diagno,i, of many
mhcntcd di \Order. relics

he:!\ ilyon laboralOl) m\c"tigalion,.
Ho" c\cr.lhC' pre-.eming fealuresof
lllany mbom error. of mclaboli'm
arc -.0 non-,~ific Ihm there i, no
'Ub,lliutc l'or the :llel1 clinician III

thcirdclcelion. AlIne\\ bom inl';ml,
"ho arc ,icl.. mU,1 he con,idcrcd :It
ri,1.. of a gtOnclltO d"order.

Table 2 ConIIfltHld

Inherited disorders

• lMerned O:sorders are caused by gene detects whdl re5lJt II the synthesls of a rtDJoed
amourt of a partICUlar proIeIl. or II the synthesis of a protein WJIh an aItefed atIW'IO aCId
COl'T.posloon.

• An 'ilbom entlf of metaboism· rJvoIves a missing or defiCIent enzyme which causes ablock
on a metabolic pathway

• There are more !han 4000 SIlgIe gene defects. many of them rare, but coIedIVeIy they
present a chaIIeoge to boIh dinIaan and cr.n.:.al bioctIer'nI:sl

• Some riIented dlsordefS presertlln the rll'Sl few weeks of kIe WIth nOIHpeafic syrt1ltoms.

OIsotder

GJuc0se-6-phosphate
det1ydrogenase deficiency

G'Ycogen storage disease
{type I: von Gierke's)

Haemochromatosl5

Homocysllnuria

lesch·Nyhan syndrome

Maple syrup unne disease

M~ endocme neopIasIas

"""""'­
"".",."......
""""""'""""'"
Urea cyde delects

Vllamrl 0 depelldllid nckelS

\Wson's disease

Main lealure

ThIs 1$ an X·linked disorder aSSOCiated WI\tI oeonatal jaundice on the 2nd or 3rd day 01 me and drug-Induced
haemolytic crises (p. 149)

Deficiency of glucose-6-phosphatase rnaJl.es the glycogen Slores of the body iMccessible, Children with this
disorder have hepatomegaly and hypoglycaemia accompanied by hyperhpidaemla and lactic aCidOSis

see pages 106-107

A defiCiency 01 the enzyme cystall1iorune synthase leads to the aCClllTlulation of sulphur-¢)lltalning amino
acids. Mected children are normal at birth but develop eye problems, osteoporosiS and mental retardation

This IS a severe form of hypoxanthine-guanll'18 phosphoribosyltransferase deficiency, an enzyme involved
trllt1e metabolism 01 the purine bases (pp. 134-135)

Thl$ defect I1lhe clecarboxylatlOll of branched cfwt arruno acids such as leUCIne, I$OIeuclne and valine
leads to severe brain damage and death dunng !he first year of life

This group of cisorders is chatacterized by tlSS09 accumulatton of gIycosafTW'lOglycans such as hepann
sulphate and dermatan sulphate This results in skeletal delormrt19S, mental relardaliort and premature

"'~
See pages 132-133

See pages 136--137

See pages 144-145

This is caused by defiaency of enzymes nYOIw!d IIIhll metabc'sm of propionyt coenzyme A

DeficIency of enzymes of the urea cyde~ In a buikt up of arrmna ., the blood. severe cases are
ohen fatal in the firsllew days after Iwth

See pages 70-71

Ths causes vanabIe~ and hepatIC S)'I11lIOm$ as a consequence of CXlpp9f IoxiciIy (pp. 108­
109).
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Surfac:lant lherapy
Surlactanl supplied..-

--Da,~

l
-3......
--3-4~"

-- ""'"
• 6

PO;> IkPal

prone to fluid 1m.., \ ia the ga:.troinu....tinal
Ir.K·t due to diarrhoea. The dehydrated
child i~ relati\c1y more w:lIer depleted
lhan "odium depleted becau"e of Ihe
immalure lubul3r funclion and larger
bod} 'J,urface area relati\ e 10 body weight.

Auid depiction rna) Ix: a:.~!>~d by
I.no,", ledge of clinical hi!>loJ)' and by­
clinical exarnin:lIion.

MIld dehydr::lIion. <,uch a., that cau.....d
hy ga~troenteriti'>. i.., often lcealed orally
'"' ith \OlUlions conlaining gluco<.e and

0,W"''---­
2

Reaplratory distress
.yr'lodrome

No SUrlacUlnl, lalll,J'B of
alveoli 10 BllpaOd

".

BO,

60-

20-

50-

,.-
...

FIQ 1 Oxygen dissociation CUrvK lor letal and maternal haemoglobin.
At low po. lhe fetal ttl delrven; llIOfe oxygen to lhe tlSSOOS, For !his reaSOl1lhe
neonate can SUMVlIIew!ls 01 hypoXIa wIIICh would nol be pclSSlble lr'l an aM

Surlactanl
S8C'B1Irlg-NOl"mal

Endogeoous surfaclallt
supply, nonnal elq)al'"lSlOll

".....
FIQ 2 Surfactant and Itspiratory dlstrtu syndrome.

"ith 60Q in Ihe adul! (Fig. 3). In Ihe
fir'>' ,"eck of life. the ECF e(Jntract~

and thi., conlnbulc" 10 (he ~eighl 10""
"hich occur; nOO1mll) al thi,> time. By
Qne year of age. the l()(al body ~atcr i\
6(yt. and ECF 25{i- of body ~ eight. [t
follo~!> thai nuid,> pre'>Cribed 10 "icl.
children mu"t be related 10 age and.
particularly. (0 body ,"eight.

Infanb are \el) \ulnerable 10 "aler
lm~ becau'iC their renal tubular function
is not fully malUre. In addition. the) are

All glomeruli .lre formed by 36 \.\-eeb
gc'lalion. bUI bccau,c of reduced renal
blood flo\\. lhe glomerular filtr:llion
rale i, reduccd al birtb. Serum creatinine
ri,c,> in lhe fir'>l fe~ \.\-eeb of life and
lhen f:lll,> al .tooul4 "eek.. and remains
low for 5 yca!"'. ~ hen il gradually in~

crca.'>C' 10 aduh Ie\ c1'>.
Proximal lubular funclion i'> im­

mallln:. and bicarlxm.lle .md gluco'>(' rea­
b,>orplion i,> reduced. Thi ... lead'> 10 a 10\\
~rum bicarlxlnJle COIlCClllralion. GI}co­
'>uria and aminoaciduria llla) be found in
lhe nomlal nt.'Qn:tIC. A bab:r"" abilily 10
conCClllrale urine i, poor, A urineo<,mola­
Iity of 600 mmolllg I'> Ihe maximum thaI
can be produced. In lhe nt."Onalal period_
lhe kidne) .... ablhl} 10 excrete ~aler and
ekclrolyle,> i,> lunited. Thu\. great care
mu,t be till.en IlIlhe pm\ l'>ion of intra\e­
nOll'> fluid,>,

The lotal body ~ atcr of a ne" born baby
i,> around 75q oflxxly "eight. compared

FLUID AND ELECTROLYTE BALANCE

Th\." Imll,ition from illlrJut<.:rim: life [0 an independent c\j,tencc
require, chang.e, in man) biochemical ') ,terns. Mature function
lila} no( 0.: anaincd for .... ccb. lllomh;, or c\ en ) cars afler birth.

AI hirth the lung' mU\II:l.Lc 0\ cr from lhe pla("cma :l'> lho: organ
.... here ~a, I."\changc laLc\ pla,.;e. "Blood ga~\' are qUill.' differ­
em in thc felU' and in thc m: .... bom bab).

Fetal haemoglobin ha, a high oxygen affinity and the
o\)gen I.h"'lX:lJlion l'une j .. 1ll00cd 10 Ilk: left. ",hieh fa\{)u"
lll.ucma]-f.:taltrall,fcr of O\H~l."n <Fig.l I, Thl." fctal PO "only
about 4.6 LPa. UO\\,c\I:r. there i, a hlglk'r COfl\.-enlr.tllon of
haemoglobm in feul hlood than in the adult. '>0 th:!l Ol;)gl."n
lran,port and "'''lie o'l,)gcnalion are cfficienl. Maternal PCO:
j, 10.... cr than in the non-pregnant ,tate. and fetal PeO i..
higher. aooul6.S 1.1)a. The fetallH"] i.. around 56 nmoill.

During I;lbour. the few ... ~"an tokr::lle "Ome degree of hypoxia
and ;lcido... i.... The fiN re... piratnt) mmemenb innate the lung....
,md it thc) ;lre m'lwr(' ;lnd ha\ e adequate ... urfactant. there i... a
lenfold reduclion III pulmon:lT) \a..cular re"'l tance. Ga<,eou ...
exchange i... quickl) c lahti ... hed -..:J Ihm PO, ri ...c and PCO, fall .

Rc,>pir::llLJr) di ... lrc ) ndrome i... cilu~d by lack of <;urfac1anl
(Fig. 2) and n:,>uh'> frolll failure of ilheolar e\pan:.ion and
,>ub-.equcnI ,lhcol;lr collaIN.'. ul.."t:rea'>Cd
compliance and \e1llilalion/perfu,>ion
abm)nllalilic'>. Ilypmemilalion pnxluce'>
a re'>piratory aciuo,i,>. and hypo\ilemia
lead'> 10 a metabolic acido.. i'>. The more
immalure lhe baby.lhe grealcr i, lhe ri,l.
ol l'I::,>plratory di'>lrc .. , '>yndrome.

RESPIRATORY FUNcnON

RENAL FUNCTION
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genol) ... i... 10 maintain blood glucose
coneenlralion. \\ ith lipoly.'>is producing
fn:e f;.lll) acid ... 10 provide the main en­
erg} ,ource until fceding i" e...tabli ...hed.

Neonatal h)pogl)cacmia is defined
a'il blood gluco'>C below:! mmoill. Thi~
lIlay ~ encountered panicularl} in:

• the light-for-date' hahy. or prelenn
Hlfant where the gl~cogen stOfCS arc
dcplctcd

• the infant of a diabetic mOlher.
llCf..-au-.e of the felal h} perin,utinacmia
f-.ec p. 1..J:!1.

Fat and.-

CIntracellular

""'"

Adull

""

Neonate

.,,,

FIQ. J Body composition ("Ii. of bodyweigM)ln tile neonate and adult

de~:lml)h"'''', If the child is moderatdy Of

'>C\erel) dehydrated. intr:ncnou, fluid,
lila} be requin.oJ, The \olume of fluid arK!
the ,peed with which it i' gl\en will
dcpend on the clinical condition. For
C,''(ample. dehydration due 10 <,e\en: diar­
rhoea may require urgent cOrTCction and
pla..ma \olume e\pan..ion,

The n:,p()ll,e 10 trealment mu"t be
carefully lll11niwred b) a",e"lllg fluid
halanee. urin ... output and 'tate of
hydration til frequcnt intenal.., Body
weight i' a good "imple lllde1\ ofhydra­
tion and 'hould be reglll:lrly nlCiI,urcd.

LIVER FUNCTION

The li\er of a ne\\hom hahy may not be
capable of conJug:lting all the bilirublll
pre,cllll.:d 10 il. Thl.: eon'equence i... neo­
natal jaundice. and lIl:lny hallie.. become
jaundit'ed during the fiN week of life. In
fuJl·term habie' thi ... u,u:i1ly rc,olvc~ rap­
idly, In premutul'e hahic ... who'c liver
function i... not flll1y mature the j,lUndice
lIlay he more ,c\'cre and the hilirubin
concen1raliol1lake, longer to fall.

Jaundice during the fiN :!4 hou,"" of
life i ... alway, palhologic:l1 :ll1d IllO,1
probubly due to hlood group inCOIll­
p:ltihillty or lllfcction, \\!hen there i..

Case history 65

The haby of a diabetic mother
weighed I.6-Hg(hclow IOthl'Cntile
for\l.elghlJ when homa. ge..tational
ageoO:! wloch, 1nc baby "'a.~ well
at binh. but her condilion deterio­
raled '" ithin hour; and ~he had res­
piralO!") problem\.

• \\'haloiochemiealdclennillations
..hoold he requc;,too on Ihi~ baby'!

• Why I' It Important to con"lder
each requc..t carefully"

CtHnmelll ,,,, pagt' /59.

increased de,trul-1ion of rt.oJ blood cell,.
as in rh ...,u, or ABO incompallhility.
there i, an inaca...c in unconjugated
bilirubin. Unconjug;Jlcd bilirubin hind..
10 albumin. and when the alhumin i'
saturated. the ellce" whio.:h i, lipophilic
i, ab..orlx.'d into cd"', In particular it C;JlI
cra", the hlood-brain harrier and bind \(l

protein., in the bruin'" here it i.. ncurotmi,·.
The clinical <;)ndromc of biliruhin­
encephalopathy (lemicteruq lIlily n:..ult
in death or sc\ere mental handicap.

jaundice which Ia-"~ 1Il0re than 10
day' after birth <;hould al\\:I)" be l1l\c,ti­
ga,..d. It may indicalc g:llacw,aemia,
"ongenital hypothyroidi ... m. cy,tic
fibro"i, or gluco..".-6-pho,phalc dehy­
drogenase deficiency.

Where thce'<ce, .. hilirllbin I.. lound to
be conjugated. Ihe pathology I'differenl.
The tVvO mo't o.:ommon e,II!\C' arc neo­
natal hepatili ... p<h... ihly contraeled from
the mother ,It hirth. or biliary ;Ilrc,ia
where biliary drainage h di'ordcred,
Thi, may require 'urgical int<:T\'cntion.

ENERGY METABOLISM

Before binh, the dlicf ..ouree of energy
for the fCIll" i, gluCOM: ohlaincd fn,llll Ihe
llIothcr \ ia the placema. Any cxec..~
gluco"C i, "'lnrell a... Ii\cr glycogen. Free
fally acid ... ern" the placenta :lIld arc
stored in fat. Al binh. Ihe bah) Illu'l
switch to gluconcogenc,i, and glyco-

~
Clinical note

New hom babic.. ha\ c
low Ic\c1.. of 'itamin

K. which i\ Jll\ol\cd III tile
..ynthe\is of blood coogul:lllon
faCiOf"'>. To minirnil.c the ri,l of
intracerebral haemorrhage. it ha'
been r\."Commcnded lhal all
newborn babic,. p.1nieularly tho..e
who are bre:ht fLoJ. be gi\en thi ..
\itamin.

GASTROINTEsnNAL FUNcnON

Although the bru~h bordcr di'accharid­
a~... lmahasc.laclasc. ,>ucr.lM') are pre"t"nt
at birth. for lhe fi",t 7 day' of life laclo......
rna} beab,orbcd unchangcdand;Jppearin
Ihe urine in Ihe nomlal infanl. The proteo­
lytic enlymc,. rennin and pcp,m. arc
prc'cnt in the nconatal stomach, hut
'>Ome protem may bc absorbed without
di~e'lion.

CALCIUM

P;Lrtlcul;lrI~ in the premature infam. there
may he ;L tr.tn,ienl. often a-,ymptom:llic.
hypocalcaemia in the fir,t few day, of
life when the infant's p:lnlthyroid
gland, appear not 10 rc,pond adc(luatcly
to the hypocalcacmi:l.

Neonatal h} pocatcaell1ia i, morc lil.dy
to occur in pretcrlll infant'. mfant' with
re,pil':ltory di,trc ...... ,yndroillc. a,phy .. i­
:Itcd infant ... ,lIId infant' of diabetic mother,.

Paediatric biochemistry~
• Respiratory distress syndrome IS the

c:onseQUeflCe 01 lack 01 surladaM,
whdl prevents eKPaf\SlOll and
aeratlOll of pulmonafy alveoli,

• RelatIYe 10 adults. babies Rave
increased lotal body water and
extracelularwater. Reoalluncbon
changes With age. GurideII'les lor IIwd
and eteetrolyte 'ep&acemenl therapy
1'1 babies are qude dd1erent from
those IfI aduIls

• Jaurdce IS oorrmon 11 babies 1'1 the
first week ol ife. In !eml babies, !his
usuaIy resotves Iapdy, Jall'ldlce
cktmg the 1irs124 hows ol iIe IS
a'ways patl'lOlc9Cal-

• Neonatal hypoglycaefTIa may be
enca.rTIe1ed I'Ilhe premature Ilfant.
the 1o;jlI.for.cates· baby or the infant
ol a <iabebc moIher.
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Table t BlocMmlcal assessment in a geriatric
patient

TMt Auoci8Ied COfllitions

Diabetes mellitus
I)iahcte'> mellim" i, common in old agc
(H};, 41. Genetic factO!"'< ;md Obe'ily con­
lribute 10 lhe in,ulin re,>j't;mee .... hich
underlie, the de\i,~lopment of NIDD~1

(pp. 56 -571.
Glueo.... ,olcmnee decline, .... llh age

c\en HI the ab'>Cnee of diabetcs mellilu"
and lhe n:nalthrcshold for gluco'>C ri"c,.
Thc,e (lh"cn al ion .. e:ln mal.e the
diagnml" of di:1hcte, mcllitu, difficult in
:m clderly palienl.

Table 2 Some common dlugs known to aHe<:t
thyroid acllon

"'''' - 1_TOO ""-"""" TOO -,-_TOO- """""''''''''..-...,,. l-DOPA.. gb:;u;allwds

WIIbil T. teeItlICn """"rrcw: T.-T. CO'l'iefSIOI1 -,-
AetU:e0flll T,- ~,-

B) the )Ci,r :!050 more Ihan 2<Yr of th...
\\ "rlu', populallon \lo ill he tl\ cr 65 }l'ar,
of ilgC. i\" the pt)pul;llmn ag morl"
cllmcal blodlClIlIGl1 re,ol,Jrcc, .111 ncl,.x!
[0 be directed to.... ;mh the problem.. ofttle
ddcrl~ POPUI;ltIOfl.

Th.:rc " coo'>ldcr.thk \ Jriatilln in the
on,...! of function ..1 change, in bod}
')'tcm,hccau-.co(agl.'. f\lan} organ....",,}\\
a gradual dcdm... in lunctlon e\cn In the
ah-.encc ofUl..ea-.c; hut ,in..::c there 1\ often
con<,idl.'rnblc funclioll;J1 re..enl'.lhcrc :tn:
no clinical COII......-qucncc'_ The problem
facing the clinical I:liot:!l.:mi,t i.. hm" to
differentiale bcNccn the biochemical
and ph} \iological eh.lIIg"''' .... hich arc the
con..equcflI:C\ ofageing. and IhO'C (:11.:10,""
\\ hich Indic:llc thill Ji,ca-.c j .. prc-.enL JU'i'
1x't:,IU..c the rc\ult ofa Ilitx:hcmi,u) le,1 in
:10 elderly p:llient i, differem from that in
a young pcr.on doc, nm mean \Omc
palhology ,.. pre'>Cnt Serum cre;uinine i,
an e ..ample. Renill fUnl"tulIl dderiur.lle~

.... ith age (Fig, I J but findmg;l creatinine
of 140 j.Ullolfllll an ~O-year-old \\oman
,hould nOI he l':lthe for al;lTln. Indeed,lhi,
creatinine TC'UIt may rcpre'>Cnl a TCmar"­
ably good glomerular fihration rate
con,idering the ilgc of the patient,

The lnlerprelalion uf biochemical
lIle:l"Ure11lenh in the ekkrly require"
Ih:ll lubor:lIorie, e"t:1hli"h age-rcl:ued
reference range" for many of the te,t,
underta"el1.

DISEASE IN OLO AGE

Some di'e:l'e" ;Ire more commonly
encountered in lhe elderly lhan in Ihe
young. In addition, common di,ea,e,
may pre,ent in a different .... ay 10 lhal in
Ihe young. Elderly palienl' may ha\e
more Ihan one di'>Ca"C or lIlay lal.c '>e\eral
medication.......hich mimic or ma,I. the
nonnal di,ea~ prc'>CnlJlion,

The admi,-~ionofa palient for gcrialric
a'ne!>'ment in\ol\e, a degree of
",crcening' biochemi"lry .... hlCh may
point to\\ards lhe pre",ncc of dl'>Orde,.,
\\ hich may 001 tK- 'U'f1'.·l-teJ !Tahle II.

The metabolic di'><.'J .....·" \\ hich occur
moq commonly in lhe clderl) Jnd lila}
prescnl in unu<,ual \\ay" melude:

• Ih}TOid di'<.Cil-'>C
• diabelc~ mcllitu'
• renal di"Cil-"C
• plluitaT) disca...c
• impain."d gonadal function
• bone di<.ca'>C,

Thyroid disease
Thyroid dy,fum:tion i, common in Ihe
elderly. Diagno'l' may be o\erloo"ed
,>inec many of the clinical manife,Ullorh
of thyroid di'Ca<,e may he mi,interprcl ...'(]
a, JUSIlhe normal ;lgeing prOCl'" (Fig. 2).
Cnu,ual pre-.ent;lliorh are common e.g.
clderl) patient<, .... ilh h)pcrth)TOidhlll
arc more li"c1y Ihan }'oun};cr palient<, 10

prc,ent "" Ilh Ihl: c;lrdiac-rclaled dfl'et, of
increa,ed lhyroid honnone.

Thc illlerprl:lillion of TSII. T. and T,
rc~ulh may nOI be "trai};htforw;lrd
in the clderly population a, lhl:,e p<llil:l1t,
u'ually h;l\e more than (Inc ;ICII\>C
di,ea<,e procc". A patiellt wilh a
,e\crc non-lh}'roid:ll illnl:'" may "how
low T.., T, and TSH (I'. 83). A palll:l1l"
lhyroid funclion can only ~ ,mi,facwrily
in\e"tigalcd in lhc llb'CllCC uf non­
thyroidal illnc"s. Elderly patienh may
;tl,o be t:J.I.ing. drug' which :1ffcct
lhyroid funClion (T;lblc 2).

Hypolhcnnia i, often cncounlcrl:d in
an elderl} p;llicnl. II i" importanlto l·,lah­
li,h if there i, an underlying endocrine
Jj"order such ao;; Ihyroid di"ca"c. or
e\cn adrenal or pimitary hypoluncllon
IFig, J).
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Ftg. 1 Age-related tall in the creatinine clearance rel~ range.
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Ftg 2 The clinical manifestations of thyroid disease may be misinlerpletecl
as chmc:leristics of ~normaI~ ageing.
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Hypoadrenalism

Fig 3 Possible endocrine reasons lor hypothermia In the elderty patient

Renal disease
Renal funl'tion gr.tcluall) deh:riorate~ thmughoutlife a, 'ho\\.n
b) the increa~, In Ihc upper Illnil of the age-related reference
r.ml;c' for bolh urca and creatimnc. Creatinine e1earancc fall,
c\cn though Ihe amount of creatininc produced decrease.. a~ a
con;.c(lueocc of r<:duccd Olu,dc ma!>lio. A degree of cardi:ac
in,ufficienq l11a) enforce Ih" fall. Thc :abilil) of the kidne) ..
to concclllr.Jtc urinc :and to e'(crete ::I dilute urine bolh decline
\\.Ith age.

Pituitary disease
Wilh incre:l .. ing age the piluit:lry gland dccrea~e.. in "ize. and
the lllcidence of micr<J:ldenom:h and foc:l1 nl'lTo!>i .. increa ...c,.
Gonadotrophin :md AVP ,eeretion incre:t!>ol'. :md growth hor­
mone ,eerclion deerca,e... The .. ignifkancc of the lallcr i.. thc
..ubject (If much current in\ c~tig:llilln.

Gonadal function
Both ovarian :IIIU te,tleular hormone ~ecretion declin(" wilh
age. The menopau,c in womcn may cau,e di,tre"ing ,ymp-
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Ftg 4 Age specific pteVllMce 01 known diabetes mellitus.

Case history 66

A 72-)ear-old man prc'oCnlcd 10 hi~ GP in a coofu!>ed !olate.
On examination he \\. a~ cmacialoo and had motor and
\en!>Ol) pol)llCump:uh) Akohol could be liomell on his
breath.

• What funher tC~I....hould be undcnaken'.'

C(lmmrnl on T'f-,gf' 1.'i9.
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tom, in Ihe ..hon term. :tnd ..eriou~ bone di,("a,e in the long
tcrm. Thc hcncfit~ of po"l-men(lpau~al honnone repl:acemenl
therapy (IIRT) a~ .... e11 l',t:lhli~hcd in rclmion 10 menopau,al
,)'mplom" and milimenancc ofbonc ~lruclUf"(',and may ~ignifi­

c:mtly redU('e Ihe ri'l. of coronal') h<'an di'-Ca~.

Bone disease
Bone di,e:hc in j,!encr.J] I' morc common in elderly patient'
Ihan ,n Ihe )oun~. O,ICOPOrtJ"', i~ the 111O'\'t common hone
dN..a!>!;' .... htch occur-. in lhe c1do:rly (p.?:!). The ri~k of hip frac­
ture Illcrea..c, dramatie:all} .... 1Ih iocrca!olllg age bcc:au"C of :a
reduction in I'Mme m.:L'~ rer unit \oluml'. Bone 10'i~ :lCcekrate~

\\.h...n oe'lrogen production fall, afler the menopau~c in
\\.omen. hUI holh , ... 'e, 'ho\\. a grildual bone 10" throughout
lifo.'. The COmnl(ln hiochemical indi('l" of cakium mct3boli,m
are nonnallll patienl' l'\en \\.ith 'l"O\ere primal') ()'.teoporo-.I~.

and CUITCllll) arc (lfl,ttlc help in dia!!no~i, an<llreatmelll_ c'(cept
10 en,ure that OIher complical,"!! condition, are nOl prc-.enl.

Vilamin D dcficil'oc) renlain.. acaul,t'ofo-.t...omalac-ia in lhe
dderl), hou.....hound or in~lIIutionali7ed patient... Viurnin D
,I;ltu~ C'III he a,'>C~'>Cd hy I1lCa,urement of the main ein:ulalmg
metabolile. :!5-hydro'(ycholocakifl.'rol. In ",\ere O'>tcomalaeia
duc 10 \ ilamin D deficiency. "-'"rum calcium .... ill f:all. and therl.'
\\.111 he an appropriate inere'I"C III PTH -.ceretion. AIJ...aline
phmphata..c \\ ill he eb .lIed

I)aget'~ di-.e;I'1.' i, eharJl:leri/ed by increased mlcocla~lic

acti\ ,ty .... hich lead, to incrca ...ed bone rc'>Orption. Bone p:ain
can he panicularl} -.e\cre. Serum all.ahnc pho~ph:lIa;,c i~ \el')
high. and urin;lry hyum't)pll.llinc c'tcrclion i~ c1e\aled.

M}elom:, i, frequent I) enl'ountcrcu in older paticnt~. Ho.... ­
e\er.:1 'i/cahle pmponion Oflhl' eldl.'rly population \-\-ill ha\e a
paraprolcin hand on e1cctrophore~i,. hut only a minorit) \\ ill
ha\l: o\>en lll}dOm;l.

NUTRITION (N ELDERLY PATIENTS

Nutritiollal deficiencie\ (Ire mure l'011l11l0n in Ihe elderly.
c~pcci:dly Iho~c wlm are neglected or who fajlto eat a halanced
diet. Recent evident:c ,ug~e'I' thalthl' i, a faclor in the reduced
immune rc'pon,c found in all ll1alnouri~hed patient!>, which
l1,'ndl'f' them more ,u,eeplihle to Infection.

Clinical note

When faced \\ Ilh a biochemical problem
in In clderly p;lIlentll i~ imponant 10

remcmber th:at it i, highly lil.e1y (in contrasllO a young
pel"oOn Ith:1l morc than one pathology i' prc-.enl.

Biochemistry in the elderly

• The dincal blochetTIst rrosl be aware 01 whether a change r1

a ilIoctltwIU pallITletef is anoonaI oo:tIfleI'ICe 01 old age or
Indicates the presence 01 tisease.

• Corrmon diseases Il'I eldMy patients may present Il'I a liflerent
way 10 lhalll'l yotrqI!f pa!lentS.

• aierty patJenls may be ptllSOlbed a runber 01 rneOca1Jons
whlch wi CCJITl)IIcale \he n1eIpfeIalJOn 01 resutts


	00. TOC.pdf
	01. THE CLINICAL BIOCHEMISTRY LABORATORY.pdf
	02. THE USE OF THE LABORATORY.pdf
	03. THE INTERPRETATION OF RESULTS.pdf
	04. BIOCHEMICAL TESTING OUTSIDE THE LABORATORY.pdf
	04. SPECIALIZED INVESTIGATIONS.pdf
	05. CASE HISTORY COMMENTS.pdf
	05. REFERENCE RANGES.pdf
	06. FLUID AND ELECTROLYTE BALANCE - Concepts and Vocabulary.pdf
	07. WATER AND SODIUM BALANCE.pdf
	08. HYPERNATREMIA.pdf
	09. HYPONATREMIA.pdf
	10. POTASSIUM DISORDERS.pdf
	11. INTRAVENOUS FLUID THERAPY.pdf
	12. INVESTIGATION OF RENAL FUNCTION.pdf
	13. ACUTE RENAL FAILURE.pdf
	14. CHRONIC RENAL FAILURE.pdf
	15. ACID-BASE - Concepts and Vocabulary.pdf
	16. METABOLIC ACID-BASE DISORDERS.pdf
	17. RESPIRATORY AND MIXED ACID-BASE DISORDERS.pdf
	18. OXYGEN TRANSPORT.pdf
	19. ACID-BASE DISORDERS - DIAGNOSIS AND MANAGEMENT.pdf
	20. PROTEINS AND ENZYMES.pdf
	21. IMMUNOGLOBULINS.pdf
	22. MYOCARDIAL INFARCTION.pdf
	23. LIVER FUNCTION TESTS.pdf
	24. JAUNDICE.pdf
	25. LIVER DISEASE.pdf
	26. GLUCOSE METABOLISM AND DIABETES MELLITUS.pdf
	27. DIAGNOSIS AND MONITORING OF DIABETES MELLITUS.pdf
	28. DIABETIC KETOACIDOSIS.pdf
	29. HYPOGLYCEMIA.pdf
	30. CALCIUM METABOLISM AND HYPOCALCAEMIA.pdf
	31. HYPERCALCAEMIA.pdf
	32. PHOSPHATE AND MAGNESIUM.pdf
	33. BONE DISEASE.pdf
	34. OSTEOPOROSIS.pdf
	35. ENDOCRINE CONTROL.pdf
	36. PITUITARY FUNCTION.pdf
	37. GROWTH DISORDERS AND ACROMEGALY.pdf
	38. THYROID PATHOPHYSIOLOGY.pdf
	39. HYPOTHYROIDISM.pdf
	40. HYPERTHYROIDISM.pdf
	41. ADRENOCORTICAL PATHOPHYSIOLOGY.pdf
	42. HYPOFUNCTION OF ADRENAL CORTEX.pdf
	43. HYPERFUNCTION OF ADRENAL CORTEX.pdf
	44. GONADAL FUNCTION.pdf
	45. SUBFERTILITY.pdf
	46. NUTRITIONAL ASSESSMENT.pdf
	47. NUTRITIONAL SUPPORT.pdf
	48. PARENTERAL NUTRITION.pdf
	49. THE METABOLIC RESPONSE TO INJURY.pdf
	50. MALABSORPTION.pdf
	51. IRON.pdf
	52. COPPER AND ZINC.pdf
	53. THERAPEUTIC DRUG MONITORING.pdf
	54. TOXICOLOGY.pdf
	55. METAL POISONING.pdf
	56. ALCOHOL.pdf
	57. COMA.pdf
	58. LIPOPROTEIN METABOLISM.pdf
	59. CLINICAL DISORDERS OF LIPID METABOLISM.pdf
	60. MANAGEMENT OF HYPERLIPIDAEMIA.pdf
	61. HYPERTENSION.pdf
	62. CANCER AND ITS CONSEQUENCES.pdf
	63. TUMOUR MARKERS.pdf
	64. GUT HORMONES AND MULTIPLE ENDOCRINE NEOPLASIA.pdf
	65. HYPERURICAEMIA.pdf
	66. SKELETAL MUSCLE DISORDERS.pdf
	67. DNA DIAGNOSIS.pdf
	68. FETAL MONITORING AND PRENATAL DIAGNOSIS.pdf
	69. PREGNANCY.pdf
	70. SCREENING THE NEWBORN FOR DISEASE.pdf
	71. INHERITED DISORDERS.pdf
	72. PAEDIATRIC BIOCHEMISTRY.pdf
	73. BIOCHEMISTRY IN THE ELDERLY.pdf

