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The series Essentials in Ophthalmology was initi-
ated two years ago to expedite the timely trans-
fer of new information in vision science and 
evidence-based medicine into clinical practice. 
We thought that this prospicient idea would be 
moved and guided by a resolute commitment 
to excellence. It is reasonable to now update our 
readers with what has been achieved.

The immediate goal was to transfer informa-
tion through a high quality quarterly publication 
in which ophthalmology would be represented by 
eight subspecialties. In this regard, each issue has 
had a subspecialty theme and has been overseen 
by two internationally recognized volume edi-
tors, who in turn have invited a bevy of experts 

to discuss clinically relevant and appropriate top-
ics. Summaries of clinically relevant information 
have been provided throughout each chapter. 

Each subspecialty area now has been covered 
once, and the response to the first eight volumes 
in the series has been enthusiastically positive. 
With the start of the second cycle of subspecialty 
coverage, the dissemination of practical informa-
tion will be continued as we learn more about 
the emerging advances in various ophthalmic 
subspecialties that can be applied to obtain the 
best possible care of our patients. Moreover, we 
will continue to highlight clinically relevant in-
formation and maintain our commitment to ex-
cellence.

G. K. Krieglstein 
R. N. Weinreb
Series Editors

 

Foreword



Ophthalmic plastic and reconstructive surgery 
continues to evolve as an important subspecialty 
dealing with a large variety of complex chal-
lenges. Despite close relationships and overlap 
with other surgical and nonsurgical disciplines, it 
has developed into a distinct identity, while also 
achieving a high level of patient satisfaction.

The second volume of Oculoplastics and Or-
bit in the Essentials of Ophthalmology series ad-
dresses a wide spectrum of disorders including 
oncology, ophthalmic manifestations of systemic 
diseases, as well as functional and aesthetic con-
cerns involving orbital, periorbital, and facial 
structures.

In order to achieve optimal results, a full un-
derstanding of the surgical anatomy, as described 
in Chapter 5, should be combined with recent 
surgical advances, including microsurgical ap-
proaches. Newer techniques using various allo-
plastic and autologous materials have also been 
developed to provide or replace orbital volume. 

Various clinical applications that are depen-
dent upon the stage of each disorder and the 
experience of the surgeon have significantly im-
proved patient outcomes.

Another area of development has been the use 
of minimally invasive approaches for the surgi-
cal repair of lid, lacrimal, and orbital problems, 
including the use of filler materials and inject-
able self-inflating pellets for augmenting orbital 
volume. 

Chapters dealing with complications such as 
orbital implant exposure or problems with sali-
vary gland transposition surgery are openly dis-
cussed and will hopefully stimulate efforts to find 
better techniques for further reducing surgical 
side effects and complications.

The editors have selected specific topics for 
this volume in an effort to provide an up-to-date 
review of various eyelid, lacrimal, and orbital 
problems including aesthetic concerns regarding 
the aging face. This volume is intended not only 
for subspecialists, but also for comprehensive 
ophthalmologists and other healthcare profes-
sionals with an interest in oculoplastic disorders. 
It is our hope that the information presented may 
be useful in improving the understanding and 
management of these complex problems. 

R. F. Guthoff 
J. A. Katowitz 
Editors
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Core Messages

■	 Vertical	 deviation	 of	 the	 orbicularis	
muscle	plays	the	most	important	role	in	
entropion	and	ectropion	formation.

■	 The	 orbicularis	 muscle	 is	 controlled	 by	
translamellar	 connections	 between	 the	
lower	 lid	retractors	and	 the	anterior	 la-
mella.

■	 In	 ectropion,	 retractor	 laxity	 causes	
an	 absence	 of	 the	 angle	 at	 the	 lacrimal	
punctum.

■	 In	entropion,	retractor	laxity	produces	a	
loss	of	the	lid	crease.

■	 Ectropion	and	entropion	can	be	correct-
ed	by	transconjunctival	advancement	of	
the	retractors	without	excision	of	tissue.

■	 Horizontal	 lid	 laxity	 also	 requires	 cor-
rection.

		

1.1 Introduction
The	opposite	conditions	of	ectropion	and	entro-
pion	are	caused	by	a	similar	pathogenesis	and	can	
be	treated	with	similar	principles.	Therefore,	they	
are	presented	in	this	chapter	as	two	variations	of	
the	same	entity.	The	traditional	concept	of	invert-
ing	surgery	for	ectropion	or	everting	surgery	for	
entropion	 does	 not	 take	 into	 account	 that	 the	
most	 adequate	 procedure	 should	 simply	 aim	 to	
repair	 involutional	pathology	and	 try	 to	restore	

normal	anatomy.	Both	ectropion	and	entropion	
can	be	 treated	by	 transposition	of	 the	 lower	 lid	
retractors,	without	excision	of	tissue	or	rotating	
sutures.	 Retractor	 surgery	 has	 been	 introduced	
more	widely	over	the	last	20	years	[2,	4,	6,	7].	This	
chapter	 is	 an	 attempt	 to	 analyze	 why	 the	 back-
ward-directed	vector	of	the	retractors	can	effec-
tively	 correct	 vertical	 deviations,	 even	 though	
this	may	appear	paradoxical	at	first	sight.	Many	
modifications	of	retractor	manipulations	are	pos-
sible.	The	modified	techniques	described	in	this	
chapter	have	proved	their	value	over	20	years	in	a	
great	number	of	patients.

1.2 Surgical Anatomy 
of the Lower Lid

Lower	lid	surgery	requires	a	profound	knowledge	
of	palpebral	and	orbital	anatomy.	A	basic	knowl-
edge	 can	 be	 obtained	 from	 anatomical	 studies	
of	 anatomical	 drawings	 and	 from	 anatomical	
specimens.	 As	 the	 tissues	 look	 very	 different	
during	 surgery,	 it	 is	necessary	 to	give	names	 to	
some	 peroperative	 observations	 that	 are	 not	
listed	in	anatomical	textbooks.	Bloodless	surgery	
achieved	with	the	carbon	dioxide	laser	provides	
a	far	better	differentiation	of	the	structures.	The	
laser	is	combined	with	hydrodissection	by	inject-
ing	 an	 anesthetic	 solution	 under	 the	 layer	 and	
thus	 making	 the	 structures	 more	 visible	 below.	
The	following	anatomical	observations	have	been	
selected	according	to	their	surgical	relevance	to	
lower	lid	surgery.
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1.2.1 Lower Lid Position 

and the Intercanthal Line
The	 lower	 lid	 position	 has	 to	 be	 evaluated	 in	
association	 with	 the	 spherical	 surface	 of	 the	
globe.	 The	 lower	 lid	 tends	 to	 follow	 the	 inter-
canthal	line,	the	shortest	line	that	can	be	drawn	
on	the	globe	surface	from	the	medial	to	the	lat-
eral	canthal	attachments.	Note	that	medially	at	
the	 lacrimal	 punctum,	 the	 intercanthal	 line	 is	
directed	 backward	 close	 to	 the	 globe’s	 surface	
to	join	the	posterior	limb	of	the	medial	canthal	
tendon,	 while	 the	 lid	 margin	 forms	 an	 angle	
parallel	 to	 the	 anterior	 limb	 (Fig.	1.1).	 Medial	
ectropion	is	equivalent	to	the	loss	of	the	medial	
angle	 (Fig.	1.2).	 In	 ideal	 and	 stable	 conditions,	
the	intercanthal	line	of	the	lower	lid	is	identical	
to	an	equatorial	line	drawn	through	the	medial	
and	lateral	canthus.	In	this	case,	the	tension	of	
the	 pretarsal	 orbicularis	 muscle	 will	 keep	 the	
lid	margin	in	this	position.	In	cases	of	a	low	lat-
eral	canthus,	the	intercanthal	line	is	lower	than	
the	equatorial	 line,	creating	a	tendency	toward	
an	even	more	inferior	position	of	the	lower	lid	
and	 developing	 scleral	 show	 or	 even	 a	 lateral	
ectropion	(Fig.	1.3).	The	effect	of	the	low	lateral	
canthus	 can	 be	 demonstrated	 using	 the	 model	
of	a	rubber	band	around	a	ping-pong	ball.	If	the	
rubber	band	is	moved	away	downward	from	the	
equator,	it	tends	to	slip	off.	In	cases	of	a	low	lat-
eral	canthus	or	of	exophthalmos,	 the	 intercan-
thal	 line	 is	 lower	 than	 the	 equatorial	 line	 and	
the	lid	cannot	be	raised	by	any	tightening	pro-
cedures.	In	these	cases,	the	position	of	the	lateral	
canthus	has	to	be	moved	upward	or	the	exoph-
thalmos	has	to	be	corrected	before	any	further	
surgery	can	be	considered.

1.2.2 Posterior Lamella 
of the Lower Lid

The	 posterior	 lid	 lamella	 is	 an	 essential	 struc-
ture,	 because	 it	 provides	 a	 mucous	 interface,	
the	fornix.	The	conjunctival	lining	of	the	fornix	
allows	 independent	 movements	 of	 the	 eyeball	
and	 the	 eyelid.	 Vertical	 incisions	 into	 the	 for-
nix	 should	 be	 avoided	 because	 scarring	 may	
produce	an	 inhibition	of	 the	movement	of	 the	

tarsal	 and	 bulbar	 conjunctiva.	 We	 recommend	
horizontal	incisions	to	expose	the	tarsal	muscle	
and	 the	 lower	 lid	 retractors.	 The	 lower	 lid	 re-
tractors	 (fascia	 capsulopalpebralis)	 are	 formed	
by	a	shell	shaped	fascia	that	covers	the	inferior	
hemisphere	of	the	globe.	Medially	and	laterally	
the	fibers	continue	into	the	canthal	tendons.	The	
lateral	fusion	with	the	canthal	tendon	is	obvious	
when	we	perform	a	lateral	tarsal	strip	procedure	
and	 have	 to	 dissect	 the	 lateral	 retractors	 to	 be	
able	 to	 elevate	 the	 lid	 laterally.	 The	 medial	 fu-
sion	of	the	retractors	and	the	posterior	limb	of	
the	medial	canthal	tendon	is	found	between	the	
inferior	lacrimal	punctum	and	the	caruncle.	The	
vector	of	these	fibers	is	directed	posteriorly	and	
is	essential	for	the	proper	position	of	the	lacri-
mal	punctum.

1.2.3 Anterior Lamella 
of the Lower Lid

The	pretarsal	and	preseptal	skin	 is	 the	 thinnest	
of	 the	 body.	 Chronic	 epiphora	 induces	 skin	 ir-
ritation	and	shrinking.	Any	loss	of	skin	surface	
must	 be	 ruled	 out.	 A	 certain	 skin	 redundancy	
is	not	only	normal,	but	necessary	 to	permit	an	
elevation	of	the	lower	lid	above	the	level	of	the	
intercanthal	line.	This	extra	elevation	can	be	ob-
served	 in	 forced	 closure,	 when	 the	 contracted	
preseptal	orbicularis	muscle	slides	below	the	in-
ferior	edge	of	the	tarsus	and	lifts	the	tarsus	over	
the	 intercanthal	 line.	 The	 orbicularis	 muscle	
plays	 an	 important	 role	 in	 the	 pathogenesis	 of	
ectropion	and	entropion.	In	both	conditions	the	
orbicularis	muscle	loses	its	control	over	the	posi-
tion	of	the	posterior	lamella	by	an	upward	dislo-
cation	 in	entropion	or	a	downward	dislocation	
in	ectropion.

1.2.4 Relationship Between 
the Anterior and Posterior 
Lamellae

The	relationship	between	the	two	lower	lid	lamel-
lae	 is	 most	 important	 for	 the	 pathomechanism	
of	 involutional	 ectropion	 and	 entropion.	 In	 the	
tarsal	area,	the	layers	of	the	anterior	and	the	pos-



Fig. 1.1  The	intercanthal	line	
(red line)	runs	close	to	the	globe’s	
surface	from	the	lateral	canthus	
to	the	lacrimal	punctum,	where	
it	continues	into	the	posterior	
limb	of	the	medial	canthal	ten-
don	creating	an	angle	with	the	
lid	margin	(yellow line)

Fig. 1.3  In	ideal	and	stable	
conditions,	the	intercanthal	line	
of	the	lower	lid	is	identical	to	an	
equatorial	line	drawn	through	
the	medial	and	lateral	canthus.	In	
this	case,	the	tension	of	the	pret-
arsal	orbicularis	muscle	will	keep	
the	lid	margin	in	this	position.	In	
cases	of	a	low	lateral	canthus,	the	
intercanthal	line	is	lower	than	
the	equatorial	line.	Increasing	
horizontal	tension	will	cause	
lower	lid	retraction.

Fig. 1.2  Medial	ectropion	is	
equivalent	to	the	loss	of	the	angle	
at	the	lacrimal	punctum	caused	
by	the	laxity	of	the	posterior	
medial	fixation
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terior	 lamellae	 are	united	by	close	attachments.	
Thus,	the	pretarsal	orbicularis	muscle	acts	like	a	
belt	on	the	tarsus.	Involutional	changes	induce	a	
laxity	of	these	attachments	and	enable	the	muscle	
to	become	detached.	In	the	septal	area	both	lamel-
lae	are	separated.	If	both	lamellae	are	disected	by		
a	 transconjunctival	 approach,	 the	 pre-retractor	
space,	where	reticular	adhesions	connect	 to	 the	
anterior	lamella,	is	exposed.	These	translamellar	
fibrous	 insertions	 are	 important	 for	 the	 control	
of	the	preseptal	muscle	and	the	formation	of	the	
lower	 lid	crease.	An	 involutional	 laxity	of	 these	
translamellar	fibers	will	allow	the	pretarsal	mus-
cle	 to	glide	upward	and	 is	considered	 to	be	 the	
main	mechanism	of	entropion	formation.	

1.2.5 Lower Lid Crease
The	 lower	 lid	 crease	 forms	 between	 the	 tarsal	
und	the	septal	area.	It	is	present	in	the	majority	
of	younger	individuals	and	tends	to	disappear	in	
the	aging	eyelid.	Unlike	the	upper	lid	crease,	the	
lower	 lid	crease	 is	aesthetically	 less	appreciated.	
The	formation	of	a	 lower	 lid	crease	 is,	however,	
an	important	sign	of	a	functioning	posterior	at-
tachment	of	the	orbicularis	muscle	and	offers	the	
best	protection	from	entropion.	The	translamel-
lar	fibers	of	the	lower	lid	retractors	insert	into	the	
preseptal	orbicularis	muscle.	Entropion	repair	is	
much	 more	 effective	 and	 lasting	 if	 this	 transla-
mellar	connection	is	restored.

1.2.6 Orbital Septum 
and the Orbitomalar Septum

Involutional	changes	not	only	cause	lid	laxity	in	
horizontal,	 vertical,	 and	 anteroposterior	 direc-
tions,	but	also	induce	a	weakening	of	the	orbital	
septum	and	a	displacement	of	orbital	fat	anteri-
orly.	Orbital	 fat	protrusion	contributes	to	a	fur-
ther	 separation	of	 the	 lamellae	and	detachment	
of	 the	orbicularis	muscle	 from	the	posterior	 la-
mella	[1]	creating	an	additional	 factor	of	ectro-
pion	 or	 entropion	 formation.	 The	 malar	 area	
of	 the	midface	 is	 suspended	by	 the	orbitomalar	
septum	connecting	the	inferior	orbital	rim	with	
the	malar	 fat	pad.	The	 laxity	of	 the	orbitomalar	

septum	causes	drooping	of	the	malar	fat	pad	and	
downward	traction	of	the	anterior	lamella	of	the	
lower	lid.	For	this	reason,	we	always	take	advan-
tage	of	the	lateral	canthoplasty	incision	for	a	si-
multaneous	section	and	superolateral	transposi-
tion	of	the	orbitomalar	septum.

1.2.7 Lid Margin Shape 
and the Lid Margin Angle 
at the Lacrimal Punctum

Lower	 lid	 function	 is	 closely	 related	 to	 the	cor-
rect	 position	 of	 the	 lid	 margin.	 Deviations	 of	
only	1	mm	can	cause	 functional	problems	 such	
as	punctal	eversion	or	trichiasis.	The	stability	of	
the	tarsus	determines	the	position	of	the	muco-
cutaneous	 junction	at	 the	 interior	edge	and	 the	
lash	 line	 at	 the	 exterior	 edge	 of	 the	 lid	 margin.	
Deformities	of	the	lid	margin’s	shape	are	signs	of	
complicated	entropion	and	ectropion	and	have	to	
be	addressed	with	additional	procedures.	

Summary for the Clinician 

■	 The	 lower	 lid	 position	 depends	 on	 the	
intercanthal	line.

■	 Translamellar	 connections	 between	 the	
anterior	 and	 posterior	 lamellae	 are	 re-
sponsible	 for	 the	 control	 of	 the	 orbicu-
laris	fibers.

■	 The	 presence	 of	 a	 lower	 lid	 crease	 is	 a	
sign	 of	 a	 functioning	 retractor	 attach-
ment	to	the	anterior	lamella.

■	 Medially	and	laterally	the	retractor	fibers	
continue	into	the	canthal	tendons.

		

1.3 Preoperative Evaluation 
and Surgical Planning

This	is	the	most	important	step	of	the	treatment,	
because	an	incomplete	evaluation	or	inadequate	
planning	 cannot	 be	 compensated	 by	 the	 best	
surgical	 performance.	 The	 following	 important	
details	 should	 be	 checked	 before	 planning	 the	
procedure.



1.3.1 Evaluation 
of the Intercanthal Line

Check	the	shortest	line	between	the	medial	and	
the	 lateral	 canthus	 on	 the	 globe	 and	 compare	
this	line	with	the	equatorial	line	between	the	two	
canthi.	Take	into	account	that	a	horizontal	short-
ening	of	the	lower	lid	by	a	tarsal	strip	procedure	
or	full	thickness	excision	will	lower	the	lid	if	the	
equatorial	 line	 is	 higher	 than	 the	 intercanthal	
line.	 An	 elevation	 of	 the	 lateral	 canthus	 should	
be	planned	to	raise	the	intercanthal	line	up	to	the	
level	of	the	equatorial	line	(Fig.	1.4).

1.3.2 Evaluation of the anterior 
and posterior Surface

Check	the	conjunctival	surface	and	the	skin	sur-
face	 carefully.	 A	 minimal	 deficit	 of	 only	 1	mm	
may	be	sufficient	for	surgical	failure.	Plan	the	re-
placement	of	skin	or	mucous	membrane	by	grafts	
and	do	not	 rely	on	 the	 less	obvious	 skin	deficit	
when	 the	patient	 is	 in	a	 supine	position	on	 the	
operating	table.

1.3.3 Evaluation of the Three 
Vectors Influencing 
Lid Function

Check	the	lid	motility	for	laxity	or	restriction	in	
three	 directions	 (vertical,	 horizontal,	 and	 sagit-
tal).	 The	 simple	 snap-back	 test	 is	 only	 the	 first	
step	in	checking	 lid	 laxity.	The	lower	 lid	should	

be	examined	by	pushing	it	upward	over	the	lim-
bus	to	rule	out	vertical	retraction	and	by	lateral	
and	medial	stretching	to	test	the	condition	of	the	
canthal	fixations.	The	sagittal	vector	(antero-pos-
terior	or	translamellar	attachments)	can	be	eval-
uated	by	checking	whether	or	not	the	lid	crease	
is	present.

1.3.4 Evaluation of the Lid 
Margin and the Punctum

Check	 the	 shape	 of	 the	 lid	 margin	 with	 the	 slit	
lamp.	 Deformation	 of	 the	 lid	 margin	 tends	 to	
occur	 in	 longstanding	 chronic	 ectropion	 and	
entropion.	 The	 “classic”	 rectangular	 shape	 of	
the	margin	is	deformed	to	a	“gothic”	arch	in	en-
tropion	 or	 to	 a	 “roman”	 arch	 in	 ectropion.	 Lid	
margin	 deformities	 contribute	 to	 complicated	
ectropion	 or	 entropion.	 They	 can	 be	 corrected	
with	additional	“shaping”	procedures	or	lamellar	
repositioning	surgery.	

Summary for the Clinician

■	 Exclude	 the	 following	 signs	 of	 compli-
cated	 ectropion	 and	 entropion,	 because	
they	require	additional	surgery:

■	 Inferior	position	of	the	lateral	canthus	or	
a	low	intercanthal	line.

■	 Deficit	 of	 skin	 surface	 or	 conjunctival	
surface.

■	 Deformity	of	the	lid	margin.
		

Fig. 1.4  Section	of	the	lid	mar-
gin.	The	normal	“classic”	rect-
angular	shape	of	the	margin	is	
deformed	into	a	“gothic”	arch	in	
complicated	entropion	or	into	a	
“roman”	arch	in	complicated	ec-
tropion.	Lid	margin	deformities	
can	be	corrected	with	additional	
“shaping”	procedures	or	lamellar	
repositioning	surgery
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1.4 Surgical Technique 

for Ectropion Repair
The	following	technique	avoids	excision	of	tissue.	
The	correction	is	obtained	by	separation,	trans-
position,	and	fixation	of	the	lid	lamellae.	

1.4.1 Principle of Retractor Fixation
The	 action	 of	 the	 retractors	 is	 composed	 of	 a	
“backward”	 and	 a	 “downward”	 vector.	 In	 the	
center	of	 the	 lower	 lid	both	vectors	are	equiva-
lent.	 Near	 the	 lacrimal	 punctum,	 the	 backward	
vector	 is	 dominant	 and	 is	 useful	 for	 correct-
ing	 medial	 ectropion	 by	 pulling	 the	 lid	 margin	
backward	 in	 the	direction	of	 the	posterior	 limb	
of	the	medial	canthal	tendon.	The	advancement	
of	the	retractors	forms	the	posterior	component.	
Alone	it	would	be	insufficient,	because	it	only	ap-
proximates	the	lower	border	of	the	tarsal	plate	to	

the	 globe.	 Therefore,	 a	 second	 anterior	 compo-
nent	is	needed	to	lift	the	anterior	lamella	(orbi-
cularis	muscle)	upward	 in	an	 inverting	manner	
(Fig.	1.5).

1.4.2 Access to the Medial 
Retractors

The	conjunctival	incision	begins	close	to	the	car-
uncle	and	ends	laterally	3–4	mm	below	the	lacri-
mal	punctum,	near	the	medial	edge	of	the	tarsal	
plate.	This	incision	will	expose	some	fibers	of	the	
tarsal	muscle.	 If	 the	 inferior	 lip	of	 the	conjunc-
tival	 incision	 is	 pushed	 downward,	 the	 whitish	
layer	of	the	retractors	is	exposed	underneath.	The	
retractors	are	transsected	horizontally	parallel	to	
the	conjunctival	 incision.	Thus,	the	preretractor	
space	 is	 opened	 and	 the	 orbital	 septum	 can	 be	
seen.	The	retractors	are	mobilized	bluntly	back-
ward	and	downward	with	a	cotton	tip	(Fig.	1.6).

Fig. 1.5  a	The	posterior	com-
ponent	of	the	retractor	fixation	
advances	the	retractors	(green)	to	
the	tarsus	(yellow).	b	The	anterior	
component	lifts	the	anterior	
lamella	(orbicularis	muscle,	red)	
upward,	and	the	two	components	
have	an	inverting	effect

Fig. 1.6  The	conjunctival	inci-
sion	begins	close	to	the	caruncle	
and	ends	laterally	3–4	mm	below	
the	lacrimal	punctum,	near	the	
medial	edge	of	the	tarsal	plate.	
The	retractors	are	transsected	
horizontally	parallel	to	the	con-
junctival	incision



1.4.3 Access to the Central 
Retractors

In	cases	of	pronounced	medial	and	central	ectro-
pion,	 the	retractor	exposure	has	to	be	extended	
horizontally	 over	 the	 entire	 lower	 lid.	 The	 con-
junctival	 incision	 runs	 from	 the	 caruncle	 later-
ally,	 parallel	 to	 the	 tarsus,	 and	 2	mm	 below	 the	
inferior	border.	The	inferior	lip	of	the	conjuncti-
val	incision	is	pushed	bluntly	downward	together	
with	 the	 tarsal	 muscle	 to	 expose	 the	 retractors,	
which	 are	 transsected	 horizontally.	 Thus,	 the	
pre-retractor	space	is	exposed,	showing	the	typi-
cal	reticular	adhesions	between	the	posterior	and	
anterior	lamella.	These	reticular	adhesions	can	be	
separated	by	blunt	dissection	down	to	the	orbital	
septum.	

1.4.4 Exposure of the Inferior 
Tarsal Border

In	order	to	place	the	retractor	advancement	su-
tures,	the	inferior	tarsal	border	has	to	be	exposed	
at	 the	 site	 where	 the	 bite	 is	 planned.	 In	 medial	
ectropion	a	single	suture	is	placed	at	the	medial	
and	inferior	border	of	the	tarsus,	approximately	
2	mm	lateral	from	the	lacrimal	punctum.	In	pro-
nounced	central	ectropion	two	additional	sutures	
are	placed	at	 the	borders	of	 the	central	 third	of	
the	lid.	Some	caution	is	needed	not	to	injure	the	
vascular	arcade	at	the	lower	tarsal	border.	

1.4.5 Suture Technique
The	posterior	component	of	the	suture	advances	
the	retractors	to	the	medial	inferior	border	of	the	
tarsal	 plate.	 A	 double-armed	 6-0	 nylon	 suture	
with	a	small	half	circle	needle	is	used	to	grasp	first	
the	retractors	and	then	the	inferior	tarsal	border	
(Fig.	1.7).	Medially,	the	retractors	can	be	caught	
just	below	the	punctum	if	 the	posterior	 limb	of	
the	medial	canthal	tendon	is	intact.	If	the	medial	
canthal	fixation	is	insufficient,	the	retractors	are	
grasped	half	way	between	the	punctum	and	the	
caruncle	to	improve	the	medial	posterior	attach-
ment	 (Fig.	1.8).	 According	 to	 the	 laxity	 of	 the	
retractors,	 the	 suture	has	 to	be	passed	 in	at	 the	
appropriate	 level	 to	 create	 sufficient	 support	 of	
the	posterior	component	and	to	avoid	excessive	
tightness.	 The	 adjustment	 of	 retractor	 advance-
ment	is	much	less	difficult	than	the	advancement	
of	the	aponeurosis	in	ptosis	surgery.	It	is	recom-
mended	to	begin	with	minimal	or	moderate	ad-
vancement	and	only	change	to	further	advance-
ment	 if	 the	 effect	 is	 insufficient.	 The	 anterior	
component	of	the	suture	is	equally	as	important	
as	 the	 posterior	 component.	 After	 having	 been	
passed	through	the	inferior	border	of	the	tarsus	
(Fig.	1.9),	 the	 suture	 runs	 downward	 to	 lift	 the	
preseptal	 orbicularis	 muscle	 fibers.	 Small	 hori-
zontal	 skin	 incisions	 are	 necessary	 to	 grasp	 the	
needles	over	the	anterior	surface	of	the	preseptal	
orbicularis	muscle,	where	the	suture	 is	 tied	and	
the	 knot	 buried	 under	 the	 skin.	 This	 crane-like	

Fig. 1.7  The	posterior	compo-
nent	of	the	suture	advances	the	
retractors	to	the	medial	inferior	
border	of	the	tarsal	plate.	The	
anterior	component	lifts	the	
orbicularis	muscle	upward
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Fig. 1.8  The	conjunctival	incision	runs	from	the	caruncle	to	the	medial	inferior	border	of	the	tarsus.	The	medial	
lower	lid	retractors	are	exposed	and	grasped	half	way	between	the	caruncle	and	the	lacrimal	punctum	with	a	6-0	
non	resorbable	suture.

Fig. 1.9  The	thin	 forceps	 lifts	up	 the	posterior	component	of	 the	 suture,	 that	 runs	 from	the	 retractors	 to	 the	
inferior	edge	of	the	tarsal	plate.	The	anterior	component	of	the	same	suture	is	passed	downward	to	perforate	the	
orbicularis	muscle	before	it	is	tied	on	its	anterior	surface	(shown	by	the	thicker	forceps).



mechanism	 of	 the	 suture	 provides	 an	 upward	
directed	 vector	 and	 a	 lifting	 of	 the	 anterior	 la-
mella	toward	the	lid	margin	with	vertical	effect.	
The	sutures	are	not	removed	(Figs.	1.10,	1.11).

1.4.6 Correction of Horizontal 
Laxity

Most	cases	of	involutional	ectropion	will	also	re-
quire	a	horizontal	tightening	procedure	to	correct	
lid	 laxity.	 In	 patients	 with	 a	 low	 lateral	 canthus	
and	a	low	intercanthal	line,	the	lateral	tarsal	strip	
procedure	 can	 be	 combined	 with	 repositioning	
of	the	lateral	canthus	at	a	higher	level	and	a	lift-
ing	 of	 the	 entire	 anterior	 lamella.	 The	 standard	
lateral	 tarsal	 strip	 procedure	 can	 be	 performed	

directly	 after	 retractor	 surgery	 without	 produc-
ing	any	tissue	loss	[2,	3].	

Summary for the Clinician

■	 The	 posterior	 component	 of	 the	 suture	
approximates	the	tarsus	to	the	globe.

■	 The	 anterior	 component	 of	 the	 suture	
lifts	the	orbicularis	muscle	upward.

■	 The	 medial	 fixation	 near	 the	 lacrimal	
punctum	 is	 the	 most	 important	 step,	
because	 it	 provides	 medial	 canthal	
fixation.

■	 In	pronounced	ectropion	additional	su-
tures	are	placed	lateral	to	the	punctum.

		

Fig. 1.10  Preoperative	ectropion	
with	a	moderate	deficit	of	medial	
eyelid	skin	and	moderate	lid	
margin	deformity.

Fig. 1.11  Ten	days	postop-
eratively,	after	medial	retractor	
fixation	and	a	lateral	tarsal	strip	
procedure.	The	medial	skin	
deficit	had	to	be	corrected	by	a	
free	skin	graft.

 1.4 Surgical Technique for Ectropion Repair �
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1.5 Surgical Technique 

for Entropion Repair
As	 in	 the	 ectropion	 repair	 procedure	 described	
above,	the	following	technique	for	treating	entro-
pion	avoids	excision	of	 tissue.	The	correction	 is	
obtained	by	 separation,	 transposition,	 and	fixa-
tion	of	the	lid	lamellae.	

1.5.1 Principle of Retractor Fixation
The	 “backward”	 and	 “downward”	 vector	 of	 the	
retractor	action	can	be	used	 to	attach	and	con-
trol	overriding	orbicularis	muscle	fibers	in	invo-
lutional	entropion.	A	sagittal	translamellar	con-
nection	of	the	posterior	and	anterior	lid	lamellae	
is	created.	The	principle	was	described	by	Wies	
50	years	 ago.	 His	 technique	 created	 a	 transla-
mellar	 scar	 by	 a	 simple,	 horizontal,	 full-thick-
ness	transsection	in	the	 lid	crease	 level	[9].	The	
translamellar	 connection	 reforms	 the	 natural	
attachments	of	the	retractor	fibers	into	the	orbi-
cularis	muscle	to	form	the	lower	lid	skin	crease	
(Fig.	1.12).	

1.5.2 Access to the Lower 
Lid Retractors

The	 horizontal	 conjunctival	 incision	 is	 placed	
2	mm	 below	 the	 inferior	 border	 of	 the	 tarsus.	
The	 inferior	 lip	 of	 the	 conjunctival	 incision	 is	
pushed	bluntly	downward,	together	with	the	tar-
sal	 muscle,	 to	 expose	 the	 retractors,	 which	 are	
transsected	 horizontally.	 Thus,	 the	 preretractor	
space	 is	 exposed,	 showing	 the	 typical	 reticular	
adhesions	between	the	posterior	and	anterior	la-
mellae.	The	posterior	aspect	of	the	preseptal	or-
bicularis	muscle	is	exposed.	If	a	blepharoplasty	is	
planned	in	the	same	session,	the	reticular	adhe-
sions	can	be	separated	by	blunt	dissection	down-
ward	to	open	the	orbital	septum.

1.5.3 Suture Technique
Two	braided	5-0	nylon	sutures	with	a	3/5	circle	
needle	 are	 passed	 through	 the	 retractors	 at	 the	
medial	and	the	central	third	of	the	lid.	Two	small	

horizontal	 skin	 incisions	 are	 placed	 over	 the	
upper	preseptal	muscle,	where	the	new	lid	crease	
is	 to	be	created.	The	sutures	are	passed	directly	
from	 the	 posterior	 position	 through	 the	 orbi-
cularis	muscle	and	appear	anteriorly	in	the	skin	
incisions	 where	 they	 are	 tied	 and	 buried	 under	
the	skin.	The	sutures	are	not	removed	(Figs.	1.13,	
1.14).

Summary for the Clinician

■	 Translamellar	retractor	advancement	re-
stores	 physiologic	 attachments	 between	
the	anterior	and	the	posterior	lamellae.

■	 Lid	crease	formation	after	suture	place-
ment	is	a	sign	that	the	preseptal	orbicu-
laris	 muscle	 is	 prevented	 from	 sliding	
upward.	

■	 Horizontal	shortening	can	be	performed	
in	the	same	session.

		

1.6 Repair of Complicated 
Cases and Complications 
of Retractor Surgery

1.6.1 Complicated Involutional 
Ectropion

Complicated	 involutional	 ectropion	 develops	
after	 longstanding	 chronic	 ectropion	 with	 sec-
ondary	 deformation	 of	 eyelid	 tissue.	 Chronic	
epiphora	causes	chronic	skin	eczema	and	shrink-
ing	of	 the	 skin.	 It	 can	best	be	corrected	by	 free	
skin	grafting	in	the	subciliary	area.	Longstanding	
eversion	 of	 the	 lid	 also	 causes	 keratinization	 of	
the	tarsoconjunctiva	with	deformation	of	the	lid	
margin.	These	cases	will	need	additional	“shap-
ing”	procedures	or	complete	 separation	and	re-
positioning	of	 the	anterior	and	posterior	 lamel-
lae.	

1.6.2 Complicated Involutional 
Entropion

After	 longstanding	 chronic	 involutional	 entro-
pion,	 the	 lid	 margin	 can	 suffer	 a	 “gothic	 arch”	



Fig 1.12  Most	cases	of	involu-
tional	ectropion	and	entropion	
will	also	need	a	horizontal	tight-
ening	procedure	to	correct	lid	
laxity.	In	cases	of	low	lateral	can-
thus	and	low	intercanthal	line,	
the	lateral	tarsal	strip	procedure	
can	be	combined	with	reposi-
tioning	of	the	lateral	canthus	to	a	
higher	level

Fig 1.13  a	The	“backward”	
and	“downward”	vector	of	the	
retractor	action	(green)	can	
be	used	to	attach	overriding	
orbicularis	muscle	fibers	(red)	
in	involutional	entropion.	b	A	
sagittal	translamellar	connection	
of	the	posterior	and	anterior	lid	
lamellae	is	created	to	attach	the	
orbicularis	muscle	and	to	restore	
the	lower	lid	crease

Fig. 1.14  The	horizontal	con-
junctival	incision	is	placed	2	mm	
below	the	inferior	border	of	the	
tarsus.	The	inferior	lip	of	the	
conjunctival	incision	is	pushed	
bluntly	downward	together	with	
the	tarsal	muscle	to	expose	the	
retractors,	which	are	trans-
sected	horizontally	and	advanced	
toward	the	anterior	lamella	with	
penetrating	sutures	that	are	tied	
subcutaneously	over	the	presep-
tal	orbicularis	muscle

 1.6 Repair of Complicated Cases and Complications of Retractor Surgery 11
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deformity	where	the	lash	line	is	displaced	to	the	
apex	and	the	inner	and	outer	edges	of	the	margin	
are	 absent.	 In	 mild	 cases,	 the	 condition	 can	 be	
corrected	 by	 additional	 shaping	 of	 the	 lid	 mar-
gin.	With	the	high	frequency	needle,	a	sulcus	can	
be	created	posterior	 to	 the	 lash	 line	 in	 the	area	
of	 conjunctivalization.	 If	 the	 retractor	 sutures	
are	 placed	 at	 a	 higher	 pretarsal	 level	 of	 the	 or-
bicularis	muscle,	they	act	in	a	more	pronounced	
everting	 manner	 and	 can	 be	 used	 to	 open	 the	
sulcus.	In	severe	cases,	complete	separation	and	
repositioning	of	the	anterior	and	posterior	lamel-
lae	are	necessary.

1.6.3 Complications 
of Retractor Surgery

Under-correction	 of	 entropion	 or	 ectropion	 is	
probable	after	retractor	surgery	without	correc-
tion	 of	 the	 horizontal	 laxity.	 The	 lateral	 tarsal	
strip	procedure	can,	however,	be	performed	at	a	
later	stage.	Under-correction	can	also	occur	after	
incorrect	 placement	 of	 the	 retractor	 sutures.	 In	
these	cases,	repeat	suturing	should	be	planned	as	
early	as	possible.	Results	after	ectropion	surgery	
can	appear	over-corrected	when	the	 lash	 line	 is	
directed	upward	or	even	inward,	due	the	defor-
mity	of	the	lid	margin.	We	have	often	observed	a	
spontaneous	normalization	of	the	lash	line	orien-
tation	after	a	few	weeks.	If	this	does	not	occur,	we	
can	split	the	lid	margin	at	the	gray	line	in	order	to	
evert	the	lash	line.	In	entropion	surgery	excessive	
tightening	of	the	retractors	can	cause	a	retraction	
or	eversion.	To	avoid	severe	lid	retraction,	the	re-
tractors	have	to	be	released	as	early	as	possible.

Summary for the Clinician

■	 Identify	complicated	cases	because	they	
will	need	additional	surgery.

■	 Try	to	avoid	excision	of	tissue.
■	 Do	not	exaggerate	the	tightening	or	ad-

vancement.
■	 Try	 to	 restore	a	normal	flexible	 tone	 to	

the	three	vectors	of	fixation.
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Core Messages

■	 The	 successful	 treatment	 of	 periocular	
tumors	depends	on	the	accomplishment	
of	three	goals:
-	 Cure	of	the	tumor
-	 Preservation	of	function
-	 Cosmetic	reconstruction

■	 Periocular	 tumors	 exhibit	 a	 high	 inci-
dence	of	subclinical	spread.	Physical	ex-
amination	 does	 not	 reliably	 predict	 the	
full	extent	of	periocular	tumors.

■	 Excision	with	standard	surgical	margins	
and	 common	 methods	 of	 pathologic	
margin	 evaluation	 frequently	 result	 in	
tumor	 recurrence	 and	 unnecessary	 loss	
of	healthy	tissue.

■	 Mohs	 micrographic	 surgery	 offers	 the	
highest	published	cure	rates	for	the	most	
common	periocular	tumors.

■	 Mohs	 micrographic	 surgery	 results	 in	
maximal	 preservation	 of	 healthy	 tissue,	
leading	 to	 optimal	 cosmetic	 and	 func-
tional	outcomes.

■	 The	 success	 of	 the	 Mohs	 technique	 de-
rives	 from	 100%	 microscopic	 margin	
evaluation	 of	 the	 cut	 surgical	 edge	 and	
meticulous	tissue	mapping.

■	 The	Mohs	micrographic	 surgeon	serves	
dual	roles	as	surgeon	and	pathologist.	

■	 Excision	with	intraoperative	frozen	sec-
tions	can	achieve	cure	rates	nearly	com-
parable	 to	 those	 of	 Mohs	 micrographic	
surgery,	but	may	not	allow	maximal	tis-
sue	sparing.

■	 The	reconstructive	surgeon	who	uses	in-
traoperative	 frozen	sections	will	benefit	
from	close	communication	with	the	pa-
thologist	to	ensure	maximal	microscopic	
evaluation	 of	 the	 surgical	 cut	 edge	 and	
to	 maintain	 orientation	 of	 the	 surgical	
specimen	relative	to	the	patient.

■	 Strong	data	support	the	use	of	Mohs	mi-
crographic	 surgery	 for	 periocular	 basal	
cell	and	squamous	cell	cancers.

■	 Strong	 data	 support	 the	 use	 of	 Mohs	
micrographic	surgery	for	periocular	se-
baceous	carcinoma	combined	with	con-
junctival	map	biopsies.

■	 Growing	 evidence	 supports	 the	 use	 of	
Mohs	micrographic	surgery	to	treat	len-
tigo	maligna	and	melanoma	in	situ.

■	 Mohs	micrographic	surgery	is	a	valuable	
addition	to	a	multidisciplinary	approach	
to	 treating	 patients	 with	 periocular	 tu-
mors.
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2.1 Introduction

2.1.1 Role of Mohs Micrographic 
Surgery in Treating 
the Patient with 
Periocular Malignancy

The	 successful	 treatment	 of	 periocular	 tumors	
depends	 on	 the	 accomplishment	 of	 three	 pri-
mary	goals:
•	 Cure	of	the	tumor
•	 Preservation	of	function
•	 Cosmetic	reconstruction

Balancing	 efforts	 to	 achieve	 these	 three	
goals	 can	 challenge	 the	 reconstructive	 surgeon.	
Whereas	generous	surgical	margins	enhance	cure	
rates,	 they	 can	 lead	 to	 extensive	 cosmetic	 and	
functional	 morbidity.	 By	 contrast,	 modest	 sur-
gical	 margins	 may	 simplify	 reconstruction,	 im-
prove	cosmetic	outcomes,	and	preserve	function	
of	 critical	 periorbital	 anatomy	 only	 to	 increase	
the	 risk	 of	 tumor	 recurrence.	 Strong	 evidence	
supports	the	use	of	Mohs	micrographic	surgery	
to	treat	periorbital	malignancies,	due	to	its	reli-
ably	high	cure	rates	and	maximal	preservation	of	
healthy	tissue	[22].	The	term	“micrographic”	de-
scribes	two	inherent	aspects	of	the	technique:
•	 Microscopic	margin	control	(“micro”)
•	 Detailed	tissue	mapping	(“graphic”)

This	 chapter	 discusses	 Mohs	 micrographic	
surgery	and	its	role	in	the	treatment	of	the	most	
common	periorbital	malignancies.	

2.1.2 History of Mohs Micrographic 
Surgery in the Treatment 
of Periocular Malignancies

The	use	of	Mohs	micrographic	surgery	for	peri-
ocular	tumors	began	in	the	1930s,	when	Dr.	Fred-
eric	Mohs	first	conceived	and	developed	the	idea	
of	excising	cancers	under	complete	microscopic	
margin	control	[46].	As	a	research	assistant	at	the	
University	 of	 Wisconsin,	 Dr.	 Mohs	 discovered	
that	a	paste	containing	zinc	chloride	could	fix	tis-
sue	in	situ	without	altering	its	detailed	histology.	
In	1936,	he	began	treating	patients	with	skin	can-
cer	using	 the	fixed	 tissue	 technique.	He	chemi-
cally	 fixed	 the	 cancer	 and	 surrounding	 tissue	

with	 zinc	 chloride	 paste,	 performed	 saucerized	
surgical	excision,	and	microscopically	evaluated	
the	 complete	 surgical	 margin	 with	 an	 intricate	
system	of	mapping	and	inking	the	excised	speci-
men.	This	complete	method	of	microscopic	mar-
gin	 control	 allowed	 Dr.	 Mohs	 to	 locate	 “silent”	
(i.e.,	 subclinical)	 tumor	 extensions,	 to	 indicate	
the	precise	location	of	residual	tumor	on	his	tis-
sue	map,	and	to	perform	successive	targeted	ex-
cisions	until	the	tumor	was	cleared.	By	1941,	he	
had	published	the	results	of	his	seminal	series	of	
414	patients	treated	by	the	technique,	48	of	whom	
had	eyelid	cancers	[45].	Although	the	fixed	tissue	
technique	achieved	excellent	cure	rates,	the	zinc	
chloride	fixative	caused	patients	significant	pain	
and	edema	and	prevented	immediate	reconstruc-
tion	of	most	wounds,	necessitating	second	inten-
tion	healing	or	delayed	reconstruction.	

In	1953,	while	treating	a	tumor	of	the	eyelid,	
Dr.	Mohs	first	omitted	the	use	of	the	fixative	and	
began	 using	 the	 fresh-tissue	 technique	 that	 is	
commonly	used	today.	The	omission	of	the	fixa-
tive	and	conversion	to	the	fresh-tissue	technique	
decreased	 patient	 discomfort,	 increased	 the	
speed	of	the	procedure,	and	allowed	immediate	
reconstruction	of	the	surgical	defect	[46].	By	the	
1970s,	the	fresh-tissue	technique	of	micrographic	
surgery	 had	 gained	 wider	 acceptance	 and	 was	
applied	to	treat	skin	cancers	in	all	regions	of	the	
body.	 The	 procedure	 has	 since	 evolved	 to	 gain	
continued	 recognition	 as	 a	 method	 of	 treating	
skin	cancers	that	produces	high	cure	rates,	con-
serves	tissue,	and	optimizes	cosmetic	and	func-
tional	outcomes.	

2.1.3 Clarification of the Meaning 
of Clinical, Surgical, 
and Pathologic Margins

First,	 it	 is	 necessary	 to	 clarify	 the	 meaning	 of	
clinical,	 surgical,	 and	 pathologic	 margins,	 since	
these	 terms	 will	 be	 used	 throughout	 the	 chap-
ter.	 Clinical	 margin	 refers	 to	 the	 dimensions	 of	
the	 tumor	 as	 determined	 by	 visualization	 and	
palpation	during	physical	examination.	Surgical	
margin	refers	 to	 the	amount	of	normal-appear-
ing	 tissue	 that	 the	 surgeon	removes	around	 the	
clinical	margins	of	the	tumor.	The	surgeon	must	
decide	 an	 appropriate	 surgical	 margin	 in	 two	
dimensions,	 namely,	 width	 and	 depth.	 The	 cut	



surgical	margin	refers	to	the	edge	of	the	excised	
tissue	where	it	was	separated	by	the	scalpel	from	
the	 tissue	 that	 remained	 on	 the	 patient.	 Patho-
logic	margin	refers	to	the	edges	of	the	cut	surgi-
cal	margin	that	 the	pathologist	examines	under	
the	 microscope.	 Techniques	 used	 to	 determine	
pathologic	margins	vary	widely	 in	the	extent	to	
which	they	examine	the	cut	surgical	margin	[1,	
9,	 59].	 The	 accuracy	 of	 pathologic	 margins	 im-
proves	proportionately	to	the	amount	of	the	cut	
surgical	margin	evaluated	under	the	microscope.	
Pathologic	 margins	 can	 be	 determined	 postop-
eratively	(e.g.,	 standard	excision)	or	 intraopera-
tively	(e.g.,	Mohs	micrographic	surgery	or	frozen	
section	biopsies).	Mohs	micrographic	surgery	of-
fers	the	most	complete	method	of	intraoperative	
pathologic	 margin	 evaluation,	 a	 critical	 factor	
leading	to	its	high	cure	rates.

2.2 Steps of Mohs 
Micrographic Surgery

2.2.1 Step 1: Determination 
of Clinical Margins

The	 precision	 of	 Mohs	 micrographic	 surgery	
(Fig.	2.1)	 begins	 with	 a	 careful	 physical	 exami-
nation	 of	 the	 tumor.	 In	 a	 position	 comfortable	
for	both	patient	and	surgeon,	the	Mohs	surgeon	
assesses	 the	 clinical	 margins	 by	 visualizing	 and	
palpating	 the	 tumor	 under	 high	 quality	 lights.	
Stretching	the	skin	around	the	tumor	and	using	
tangential	light	highlight	color	and	texture	differ-
ences	between	the	tumor	and	surrounding	skin	
and	improve	accuracy	of	the	clinical	margins.	

Periocular	 tumors	 frequently	 have	 indistinct	
margins	 that	 make	 determination	 of	 clinical	
margins	by	physical	examination	unreliable	[26].	
When	the	clinical	margins	of	the	tumor	are	poorly	
defined,	the	Mohs	surgeon	delineates	areas	with	
definite	 versus	 possible	 tumor	 extension.	 The	
surgical	margin	during	the	initial	Mohs	layer	re-
moves	those	areas	where	the	surgeon	has	a	high	
degree	 of	 confidence	 that	 the	 tumor	 is	 present.	
In	order	to	avoid	unnecessary	removal	of	poten-
tially	healthy	skin,	the	surgeon	avoids	extending	
the	 surgical	 margin	 around	 areas	 where	 tumor	
extension	 is	 dubious.	 Complete	 examination	 of	
the	pathologic	margin	will	 reveal	whether	exci-
sion	of	clinically	suspect	areas	is	necessary.

2.2.2 Step 2: Debulking 
of the Tumor

After	 achieving	 adequate	 local	 anesthesia,	 the	
surgeon	debulks	the	tumor	at	 the	definite	clini-
cal	margins	(i.e.,	the	visible	and	palpable	borders	
of	 the	 tumor).	 The	 primary	 purpose	 of	 remov-
ing	the	bulk	of	the	tumor	is	to	facilitate	excising	
a	Mohs	layer	(see	Sect.	2.2.3)	that	will	allow	the	
entire	 three-dimensional	cut	 surgical	margin	 to	
lie	in	a	single,	flat,	two-dimensional	plane.		

Debulking	the	tumor	also	provides	secondary	
benefits.	For	example,	debulking	by	curettage	can	
delineate	areas	of	subclinical	extension	and	bet-
ter	 define	 the	 clinical	 margins	 of	 a	 tumor	 [20].	
A	curette	 is	a	 surgical	 instrument	with	a	distal,	
round	or	oval	ring	that	has	a	sharp	edge	on	only	
one	side.	The	surgeon	scrapes	the	cutting	edge	of	
the	curette’s	distal	ring	against	the	tumor,	which	
feels	friable	and	has	an	oatmeal	consistency	com-
pared	with	the	firm	and	gritty	underlying	healthy	
dermis.	By	distinguishing	a	difference	in	feel	be-
tween	the	friable	tumor	and	healthy	dermis,	the	
Mohs	 surgeon	 can	 uncover	 areas	 of	 subclinical	
spread	and	more	accurately	delineate	the	clinical	
margins	of	the	tumor.	

Debulking	by	curettage	is	appropriate	primar-
ily	for	basal	cell	and	squamous	cell	cancers	and	is	
best	 reserved	 for	 tumors	where	 the	biopsy	 sug-
gests	superficial	invasion.	Confirmation	of	super-
ficial	 invasion	 of	 the	 tumor	 by	 curettage	 allows	
the	 Mohs	 surgeon	 to	 take	 a	 conservative	 deep	
margin	that	provides	the	maximal	number	of	op-
tions	 available	 for	 reconstruction.	 For	 example,	
if	 curettage	 of	 a	 superficial	 basal	 cell	 cancer	 in	
the	medial	canthus	does	not	extend	through	the	
dermis,	the	surgeon	can	be	more	confident	that	
a	 surgical	 margin	 extending	 to	 the	 superficial	
subcutaneous	 fat	will	 clear	 the	 tumor.	A	 super-
ficial	wound	in	this	location	extends	the	range	of	
reconstruction	options	available,	such	as	second	
intention	healing	or	a	full-thickness	skin	graft.	

Debulking	 by	 scalpel	 excision	 is	 the	 method	
of	choice	in	the	following	instances:
•	 Melanocytic	lesions
•	 Less	common	nonmelanoma	tumors	(e.g.,	se-

baceous	cell	carcinoma)
•	 Basal	cell	and	squamous	cell	cancers	in	which	

the	surrounding	skin	does	not	provide	a	firm	
enough	background	against	which	to	press	a	
curette
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Fig. 2.1  Steps	of	Mohs	micrographic	surgery.	Basal	cell	carcinoma	of	the	left	maxillary	cheek.	a	Clinically	visible	
tumor	is	debulked	and	a	Mohs	excision	with	1–2	mm	of	clinically	normal	tissue	is	excised.	b	The	specimen	is	
grossly	sectioned	into	four	pieces	along	hash	marks,	and	the	cut	edges	are	inked	with	green	and	red	dyes.	Frozen	
section	slides	for	each	piece	reveal	subclinical	tumor	spread	in	the	right	lower	quadrant.	c	Selective	excision	of	
the	remaining	focus	of	tumor.	d	Another	tissue	map	is	created.	This	time,	the	frozen	section	slide	shows	that	no	
tumor	remains.	e	(see next page)



•	 Basal	cell	and	squamous	cell	cancers	for	which	
clinical	examination	suggests	invasion	beyond	
the	dermis

In	 these	 instances,	 the	 lateral	margins	of	 the	
debulking	 excision	 correspond	 exactly	 with	 the	
clinical	margins	of	 the	 tumor.	The	depth	of	 the	
debulking	 excision	 requires	 careful	 judgment	
by	the	Mohs	surgeon,	based	on	information	ob-
tained	 from	 the	 diagnostic	 biopsy	 and	 clinical	
examination	of	the	tumor.	For	thin	tumors	that	
involve	 primarily	 epidermis	 (e.g.,	 superficial	
basal	cell	carcinoma	or	squamous	cell	carcinoma	
in	 situ),	 the	 debulk	 specimen	 may	 extend	 only	
to	 the	dermis	and	resemble	a	 shave	biopsy.	For	
bulkier	tumors,	the	debulk	excision	may	extend	
to	the	superficial	subcutaneous	fat	or	deeper,	de-
pending	on	the	extent	of	the	tumor.

In	 contrast	 to	 curettage,	 scalpel	 debulking	
affords	 intact	 tissue	 that	 the	 Mohs	 surgeon	 can	
examine	 microscopically.	 Serial	 vertical	 frozen	
sections	(breadloaf	technique)	through	the	sharp	
debulk	specimen	offer	distinct	advantages.	First,	
the	 vertical	 sections	 serve	 as	 a	 positive	 control	
that	 assists	 the	 surgeon	 in	 the	 interpretation	 of	
the	 Mohs	 margins,	 especially	 if	 the	 tumor	 has	
subtle	 histologic	 features.	 Second,	 the	 vertical	
sections	 can	 reveal	 high-risk	 histologic	 factors,	
such	as	perineural	invasion,	which	may	not	have	
been	detected	on	the	diagnostic	biopsy	and	may	
affect	 prognosis	 and	 decisions	 regarding	 adju-
vant	 therapy.	 This	 advantage	 benefits	 patients	
most	 frequently	 when	 treating	 high-risk	 squa-

mous	 cell	 cancer	 or	 broad	 melanocytic	 lesions	
for	 which	 detection	 of	 invasion	 has	 significant	
prognostic	significance.

2.2.3 Step 3: Excising the Initial 
Mohs Specimen

The	 surgeon	 excises	 a	 thin	 surgical	 margin	
around	 the	 lateral	 and	deep	edges	of	 the	defect	
from	the	debulking	procedure.	This	initial	Mohs	
excision	intends	to	achieve	complete	removal	of	
the	 tumor,	 typically	 with	 a	 surgical	 margin	 of	
1–2	mm	 of	 clinically	 normal-appearing	 tissue.	
Large	or	deeply	 invasive	 tumors	 in	areas	of	pli-
able	skin	(e.g.,	areas	with	thick	subcutaneous	fat)	
may	 require	 wider	 margins	 to	 ensure	 integrity	
of	the	margin	and	to	facilitate	tissue	processing.	
The	Mohs	surgeon	maintains	orientation	of	 the	
specimen	 relative	 to	 the	 patient	 using	 a	 variety	
of	techniques	that	mark	corresponding	areas	on	
the	patient	and	specimen,	including	nicking	with	
a	 scalpel,	 ink	 marking,	 and	 photographs.	 After	
achieving	hemostasis	of	the	Mohs	defect,	a	tem-
porary	bandage	is	placed	over	the	wound	as	the	
patient	waits	for	the	Mohs	surgeon	to	evaluate	the	
adequacy	of	the	margins	under	the	microscope.

Review	 of	 the	 literature	 regarding	 the	 angle	
of	 excision	 of	 the	 Mohs	 specimen	 can	 confuse	
a	 surgeon	 unfamiliar	 with	 the	 Mohs	 technique.	
Classic	 review	 articles	 on	 Mohs	 micrographic	
surgery	describe	excision	of	the	Mohs	layer	with	
a	 45°	 angle	 and	 include	 illustrations	 of	 “bowl-

Fig. 2.1  (continued) Steps	of	Mohs	micrographic	sur-
gery.	Basal	cell	carcinoma	of	the	left	maxillary	cheek.	
e	Reconstruction	of	the	tumor-free	wound
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shaped”	tissue	specimens	[65].	In	actuality,	Mohs	
surgeons	excise	the	specimen	with	a	wide	variety	
of	angles	according	to	the	characteristics	of	both	
the	tissue	and	the	tumor	[24].	Above	all,	the	Mohs	
surgeon	keeps	in	mind	that	the	entire	cut	surgi-
cal	margin	of	 the	Mohs	 specimen	must	be	able	
to	 lie	 in	a	single	flat	plane	 that	allows	complete	
histologic	evaluation	of	the	cut	surgical	margin.	
In	general,	the	angle	of	the	excision	will	approxi-
mately	 parallel	 the	 lateral	 and	 deep	 margins	 of	
the	defect	from	the	debulking	procedure.	

2.2.4 Step 4: Gross Sectioning 
and Inking the Fresh 
Tissue Mohs Specimen

As	already	mentioned,	the	surgeon	or	Mohs	his-
totechnologist	immediately	grosses	the	fresh	tis-
sue	Mohs	specimen	so	that	the	three-dimensional	
cut	surgical	margin	lies	in	a	single,	flat	plane.	In	
order	to	evaluate	100%	of	the	pathologic	margin,	
the	entire	three-dimensional	cut	surgical	margin	
must	ultimately	conform	to	the	two	dimensions	
of	a	glass	slide.

To	maintain	precise	orientation	relative	to	the	
patient	 and	 to	 facilitate	 tumor	 mapping,	 gross	
sectioning	of	 the	Mohs	specimen	should	corre-
spond	whenever	possible	 to	 the	orienting	nicks	
or	 ink	marks	that	the	surgeon	made	during	the	
initial	Mohs	excision.	The	number	of	pieces	into	
which	 the	 specimen	 is	 grossly	 sectioned	 de-
pends	on	multiple	 factors,	 including	 the	 size	of	
the	Mohs	specimen	and	the	ease	with	which	the	
outer	surgical	margin	conforms	to	a	two-dimen-
sional	plane.	Colored	tissue	dyes	are	used	to	ink	
the	epidermal	and	deep	edges	created	during	the	
grossing.	 These	 colored	 dyes	 maintain	 orienta-
tion	of	each	piece,	help	to	localize	residual	tumor	
with	precision,	and	serve	as	a	marker	that	allows	
the	 surgeon	 to	 determine	 that	 the	 microscopic	
sections	represent	the	complete	pathologic	mar-
gin.	

2.2.5 Step 5: Mapping 
the Mohs Specimen

The	surgeon	or	histotechnologist	creates	a	map	of	
the	Mohs	specimen	that	reflects	the	grossing	and	
inking	 of	 the	 fresh	 tissue	 Mohs	 specimen	 and	

allows	 the	 surgeon	 to	 keep	 the	 tissue	 oriented	
relative	to	the	patient.	Most	frequently,	surgeons	
draw	the	map	by	hand.	However,	digital	or	Pola-
roid	photographs	may	be	used	for	large	or	convo-
luted	specimens	to	maintain	precise	orientation.	
In	general,	the	map	approximates	the	scale	of	the	
actual	Mohs	specimen	and	documents	the	posi-
tion	of	the	orienting	marks,	the	placement	of	the	
colored	dyes,	and	the	numbers	assigned	to	each	
of	the	pieces	of	the	grossed	Mohs	specimen.

2.2.6 Step 6: Embedding, 
Sectioning, and Staining 
the Pieces of the Mohs 
Specimen

A	histotechnologist	freezes	each	grossed	piece	of	
the	Mohs	specimen	in	an	embedding	medium	so	
that	 the	 true	 surgical	 margin	 of	 each	 piece	 lies	
in	a	single	flat	plane.	The	histotechnologist	uses	
a	 cryostat	 to	 cut	 4-	 to	 8-μm	 frozen	 sections	 at	
the	complete	cut	 surgical	margin	of	each	piece.	
These	microscopic	sections	are	placed	on	a	slide,	
then	 fixed	 and	 stained	 with	 appropriate	 tissue	
dyes	(e.g.,	hematoxylin	and	eosin).	This	step	can	
take	as	few	as	15	min	for	small	Mohs	specimens.	
Larger	 or	 more	 technically	 challenging	 speci-
mens	may	require	increased	time.

Confusion	may	arise	based	on	the	multiple	de-
scriptors	ascribed	to	the	Mohs	histologic	sections,	
such	 as	 “horizontal,”	 “tangential,”	 and	 “oblique”	
sections.	In	reality,	none	of	these	terms	describes	
the	Mohs	histologic	sections	with	complete	accu-
racy.	Fundamentally,	the	Mohs	histologic	section	
must	include	the	complete	cut	surgical	margin	in	
a	single,	flat	plane.	Multiple	techniques	of	grossly	
sectioning	 the	 surgical	 specimen	 and	 relaxing	
incisions	help	the	Mohs	surgeon	to	force	the	cut	
surgical	margin	to	conform	to	a	single	flat	plane.	
The	histologic	Mohs	sections	correspond	to	the	
complete	cut	surgical	margin.		

2.2.7 Step 7: Interpretation 
of the Pathologic Margins 
by the Mohs Surgeon

In	 contrast	 to	 standard	 excision	 techniques,	
which	 require	 consultation	 with	 a	 pathologist,	
the	 Mohs	 surgeon	 interprets	 the	 frozen	 section	



pathologic	 margins	 to	 determine	 the	 presence	
or	absence	of	tumor.	If	no	tumor	is	detected	on	
frozen	 microscopic	 sections,	 then	 the	 patient	
is	 ready	 for	 reconstruction.	 If	 any	 tumor	 is	 de-
tected	 on	 microscopic	 sections	 then	 the	 Mohs	
surgeon	indicates	the	precise	location	of	the	tu-
mor	on	 the	Mohs	 tissue	map.	The	colored	dyes	
and	 hash	 marks	 allow	 the	 surgeon	 to	 pinpoint	
the	 exact	 location	 of	 the	 residual	 tumor	 on	 the	
tissue	 map	 and	 the	 corresponding	 areas	 on	 the	
patient.	The	patient	returns	to	the	operating	suite	
and	the	Mohs	surgeon	excises	those	precise	areas	
where	 tumor	 still	 remains.	 The	 surgeon	 repeats	
steps	3	through	7	until	the	entire	tumor	has	been	
removed,	at	which	 time	 the	patient	 is	 ready	 for	
reconstruction.

Summary for the Clinician

■	 A	 food	 analogy	 helps	 to	 conceptualize	
the	 technique	 of	 Mohs	 micrographic	
surgery.	One	can	consider	the	skin	can-
cer	to	be	analogous	to	a	pie.

■	 The	central	tumor	represents	the	filling,	
and	the	surgical	margin	(usually	1–2	mm	
of	 normal-appearing	 tissue	 around	 the	
visible	tumor)	represents	the	pie-crust.

■	 The	debulking	procedure	removes	most	
or	all	of	the	tumor	(“pie	filling”).

■	 The	 Mohs	 excision	 cuts	 a	 thin	 surgical	
margin,	analogous	to	a	pie-crust,	around	
the	 defect	 from	 the	 debulking	 proce-
dure.

■	 The	 excised	 Mohs	 specimen	 (pie-crust)	
is	 grossly	 sectioned	 so	 that	 its	 outer	
edges	(which	correspond	to	the	true	cut	
surgical	margin)	lie	in	a	single	plane.

■	 After	 proper	 embedding	 technique,	 the	
Mohs	histotechnician	uses	a	microtome	
to	section	the	tissue	along	the	cut	surgi-
cal	margin	(outer	edge	of	the	pie-crust)	
of	the	entire	specimen.

■	 If	 any	 tumor	 is	 detected	 on	 the	 micro-
scopic	 sections	 (i.e.,	 filling	 popping	
through	the	pie-crust),	then	the	surgeon	
notes	 the	 exact	 location	 of	 the	 residual	
tumor	 on	 the	 tissue	 map	 and	 excises	
those	precise	areas	where	tumor	still	re-
mains.

		

2.3 Advantages of Mohs 
Micrographic Surgery

2.3.1 High Cure Rates 
The	surgeon’s	first	goal	is	to	cure	the	tumor.	For	
the	four	most	common	periocular	tumors,	stan-
dard	margins	are	frequently	recommended.	For	
basal	cell	and	squamous	cell	cancers,	the	recom-
mended	margin	of	excision	is	at	least	4	mm	[12,	
74].	For	periocular	sebaceous	carcinoma	without	
obvious	orbital	involvement,	standard	margins	of	
excision	include	5-	to	6-mm	margins	of	normal-
appearing	tissue	around	the	tumor	[69].	Recom-
mended	 surgical	 margins	 are	 5	mm	 for	 mela-
noma	 in	 situ	 and	 1	cm	 for	 invasive	 melanoma	
with	a	Breslow	depth	<1	cm.	

These	 recommended	 margins	 are	 frequently	
insufficient	to	achieve	complete	excision,	due	to	
the	high	incidence	of	subclinical	spread	of	perioc-
ular	tumors	[40,	41,	69].	Subclinical	spread	refers	
to	 extensions	 of	 tumor	 beyond	 the	 dimensions	
that	can	be	appreciated	by	clinical	examination.	
The	supposed	mechanisms	for	subclinical	spread	
in	 the	periocular	 region	 include	 tracking	of	 tu-
mor	 along	 embryonic	 fusion	 planes,	 perineural	
spread,	 extension	 along	 nearby	 periosteum	 and	
tarsal	 plates,	 or	 infiltration	 among	 the	 dense	
sebaceous	 glands	 that	 populate	 the	 eyelid	 [8].	
The	inability	to	detect	extensions	of	tumor	along	
these	subclinical	planes,	renders	standard	surgi-
cal	 excision	 in	 the	 periocular	 region	 unreliable	
and	may	result	in	incomplete	excision	in	23–64%	
of	cases	[26,	46,	58].	Surgical	defects	can	measure	
4.2	to	4.6	times	the	preoperative	clinical	margins	
of	periocular	basal	cell	carcinoma	and	2.6	times	
the	preoperative	 clinical	margins	 for	periocular	
squamous	 cell	 carcinoma	 [18].	 Residual	 tumor	
after	incomplete	excision	with	standard	margins	
can	 result	 in	a	high	 rate	of	 recurrence	 [27,	66].	
Recurrent	 tumors	 become	 increasingly	 recalci-
trant	 to	 treatment,	 causing	 extensive	 morbidity	
and	 mortality	 [60,	 63].	 Medial	 canthal	 tumors	
pose	a	particular	threat	to	the	patient’s	life,	due	to	
the	possibility	of	deep	intracranial	invasion	[3].

Due	to	 its	ability	 to	detect	subclinical	 tumor	
extension	intraoperatively,	strong	evidence	sup-
ports	 treating	 periocular	 tumors	 with	 Mohs	
micrographic	 surgery	 [22].	 Mohs	 micrographic	
surgery	 offers	 complete	 microscopic	 margin	
evaluation	of	the	cut	surgical	margin,	facilitating	
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reliable	detection	of	subclinical	extension.	By	de-
tecting	and	targeting	all	areas	of	the	cancer,	col-
laboration	 with	 the	 Mohs	 surgeon	 can	 help	 the	
oculoplastic	surgeon	achieve	a	high	rate	of	cure,	
the	paramount	goal	of	surgical	excision	[62,	63].	

2.3.2 Tissue Conservation
Mohs	 micrographic	 surgery	 also	 spares	 maxi-
mal	amounts	of	healthy	tissue.	In	the	periocular	
region,	 tissue	 conservation	 yields	 considerable	
benefits,	 including	 simpler	 reconstructive	 op-
tions	and	preservation	of	critical	anatomic	struc-
tures.	 Defects	 after	 Mohs	 micrographic	 surgery	
frequently	 provide	 the	 unexpected	 benefits	 of	
preserving	 the	 posterior	 lamella	 and	 lacrimal	
system	and	may	avoid	the	need	for	more	invasive	
orbital	surgery	and	even	exenteration	[3,	26,	32,	
48].	Ultimately,	the	patient	benefits	from	preser-
vation	of	function	and	cosmetic	reconstruction,	
the	 two	 remaining	 primary	 goals	 of	 the	 recon-
structive	surgeon.	Tissue	conservation	associated	
with	 Mohs	 micrographic	 surgery	 derives	 from	
the	precise	orientation	of	 the	surgical	specimen	
relative	to	the	patient	and	meticulous	system	of	
tissue	 mapping	 used	 to	 document	 the	 presence	
or	 absence	 of	 tumor	 at	 the	 surgical	 margin.	 If	
evaluation	of	the	initial	Mohs	margin	detects	ar-
eas	of	 subclinical	microscopic	 tumor	extension,	
the	 Mohs	 surgeon	 pinpoints	 the	 exact	 location	
of	 residual	 tumor	 on	 the	 tissue	 map	 and	 then	
removes	the	corresponding	areas	on	the	patient	
in	subsequent	stages.	Healthy	skin	unaffected	by	
tumor	remains	untouched.	This	ability	to	target	
and	remove	 the	precise	areas	affected	by	 tumor	
forces	the	Mohs	defect	to	conform	to	the	tumor’s	
asymmetric	 subclinical	 growth	 pattern,	 which	
the	 surgeon	 cannot	 reliably	 predict	 by	 clinical	
examination	alone	[18,	74].

2.3.3 Optimal Division of Labor 
Collaboration	 between	 the	 Mohs	 surgeon	 and	
the	oculoplastic	surgeon	has	the	potential	to	op-
timize	patient	outcomes.	When	 the	 reconstruc-
tive	 surgeon	 excises	 the	 tumor,	 mindfulness	 of	
the	 preferred	 reconstructive	 plan	 may	 tempt	
the	 surgeon	 to	 compromise	 margins.	 In	 a	 mul-

tidisciplinary	approach,	the	Mohs	micrographic	
surgeon	 can	 objectively	 remove	 the	 tumor,	 and	
the	reconstructive	surgeon	can	schedule	the	pro-
cedure	electively	with	ample	opportunity	to	esti-
mate	the	necessary	operating	time.	

Summary for the Clinician
The	advantages	of	Mohs	surgery	are:
■	 High	cure	rates
■	 Tissue	conservation
■	 Optimal	division	of	labour

		

2.4 Differences Between Mohs 
Micrographic Surgery 
and Common Standard 
Excision Techniques 

2.4.1 Determining Appropriate 
Surgical Margins: How Does 
One Decide Where to Cut?

The	 differences	 between	 Mohs	 micrographic	
surgery	and	methods	of	standard	excision	begin	
with	determination	of	an	appropriate	initial	sur-
gical	margin.	With	any	method	of	excision,	 the	
surgeon	must	determine	an	appropriate	surgical	
margin	around	all	clinically	apparent	tumors	in	
two	 dimensions,	 width	 and	 depth.	 Due	 to	 the	
high	 incidence	 of	 subclinical	 tumor	 extension	
in	the	periocular	region,	surgical	margins	based	
on	clinical	examination	alone	are	unreliable	[26,	
58].	 Standard	 surgical	 margins	 for	 periocular	
tumors	are	frequently	insufficient	to	remove	the	
entire	 tumor	 [40,	 41,	 46,	 69],	 and	 tumors	 can	
have	 subclinical	 extension	 that	 involves	 clini-
cally	normal-appearing	skin	in	more	than	85%	of	
cases	[5,	35].	Since	tumors	extend	subclinically	in	
an	asymmetric	pattern	[74],	wider	or	deeper	sur-
gical	margins	may	be	required	in	one	direction,	
while	narrower	margins	will	be	sufficient	in	oth-
ers.	Wide	and	deep	surgical	margins	that	extend	
uniformly	 around	 all	 clinically	 apparent	 tumor	
risk	 unnecessary	 removal	 of	 excessive	 amounts	
of	healthy	tissue.	

Mohs	micrographic	surgery	respects	the	prin-
ciple	 of	 asymmetric	 subclinical	 extension	 and	



spares	healthy	tissue	by	creating	a	surgical	defect	
that	 extends	 just	 beyond	 the	 true	 extent	 of	 the	
tumor.	Rather	than	removing	a	wide	initial	sur-
gical	margin,	the	Mohs	technique	allows	the	sur-
geon	 to	 start	 with	 a	 more	 conservative	 surgical	
margin	of	1–2	mm.	Complete	microscopic	mar-
gin	evaluation	of	the	cut	surgical	margin	and	me-
ticulous	tissue	mapping	allow	the	surgeon	to	de-
tect	and	successively	remove	precise	areas	of	the	
subclinical	tumor	extension.	All	successive	Mohs	
excisions	 conform	 to	 the	 pattern	 of	 subclinical	
tumor	spread,	as	opposed	to	removing	additional	
tissue	around	the	entire	surgical	defect.

2.4.2 Comparing and Contrasting 
Methods of Microscopic 
Margin Evaluation

The	method	of	microscopic	margin	evaluation	in	
Mohs	surgery	is	significantly	more	thorough	com-
pared	with	the	most	common	methods	of	patho-
logic	margin	evaluation.	Excellent	review	articles	
characterize	different	methods	of	grossly	section-
ing	 surgical	 specimens	 and	 illustrate	 that	 some	
methods	offer	a	much	more	complete	evaluation	
of	the	cut	surgical	margin	than	others	[1,	9,	59].	
The	most	common	method	of	grossly	sectioning	
excision	specimens	only	samples	a	small	percent-
age	of	the	cut	surgical	margin,	thereby	increasing	
the	 likelihood	 of	 missing	 small	 foci	 of	 subclini-
cal	extension	[1,	9,	59].	Although	explanation	of	
these	grossing	methods	lies	beyond	the	scope	of	
this	chapter,	a	few	points	deserve	mention.	

In	standard	excision	methods,	the	surgeon	ex-
cises	a	margin	of	clinically	normal	tissue	around	
the	 visible	 and	 palpable	 tumor,	 and	 the	 surgi-
cal	specimen	is	sent	to	a	pathologist	for	margin	
evaluation.	A	technician	or	a	pathologist	grossly	
cuts	 random	 step	 sections	 through	 the	 tissue	
with	a	scalpel	blade.	The	grossly	sectioned	pieces	
are	embedded	and	cut	on	a	microtome	into	very	
thin	 sections	 that	are	mounted	on	a	glass	 slide,	
stained,	 and	 examined	 histopathologically.	 The	
pathologist	 notes	 whether	 the	 centrally	 located	
tumor	extends	to	the	deep	or	lateral	margins	of	
the	sections	on	 the	slide.	 If	 the	 tumor	does	not	
extend	to	the	deep	or	 lateral	margin	in	the	sec-
tions	examined,	then	the	pathologist	determines	
that	the	tumor	has	been	removed.	

It	 is	 critical	 to	 note	 that	 these	 sections	 only	
represent	 a	 small	 sample	 of	 the	 entire	 surgical	
margin.	If	the	random	gross	sections	failed	to	cut	
through	a	small	focus	of	subclinical	microscopic	
tumor	that	extends	to	the	cut	surgical	margin,	the	
standard	methods	of	microscopic	evaluation	will	
not	detect	it.	To	reduce	this	risk	of	a	false	negative	
margin,	Mohs	surgery	examines	100%	of	the	cut	
surgical	margin	under	the	microscope.	The	tissue	
sections	on	the	microscopic	slides	represent	the	
entire	 three-dimensional	cut	 surgical	margin	of	
any	tissue	removed.

2.4.3 Dual Vs. Separate Roles 
of Surgeon and Pathologist

Another	critical	difference	between	Mohs	micro-
graphic	surgery	and	standard	excision	techniques	
is	the	fact	that	the	Mohs	surgeon	also	functions	
as	the	pathologist.	Logistical	and	communication	
challenges	arise	when	the	surgeon	does	not	serve	
as	the	pathologist.	For	example,	when	perform-
ing	standard	excision	with	frozen	section	evalua-
tion,	the	pathologist	ideally	witnesses	the	removal	
of	 the	 tumor	 in	 the	operating	room	in	order	 to	
maintain	orientation	of	the	specimen	and	to	de-
termine	the	most	appropriate	method	of	grossly	
sectioning	 the	 tissue	 to	 obtain	 frozen	 sections	
[75].	 By	 contrast,	 the	 Mohs	 surgeon’s	 dual	 role	
as	surgeon	and	pathologist	helps	solve	logistical	
and	 communication	 challenges	 associated	 with	
standard	excision	and	intraoperative	frozen	sec-
tion	analysis.	With	immediate	clinicopathologic	
correlation,	 the	Mohs	surgeon	can	pinpoint	 the	
exact	 location	 of	 any	 microscopically	 positive	
tumor	margins	and	remove	 the	precise	areas	of	
residual	tumor	in	subsequent	Mohs	layers.	Since	
the	Mohs	surgeon	excises	only	those	areas	where	
tumor	remains	(versus	around	the	entire	defect),	
subsequent	excisions	can	spare	critical	anatomic	
structures	and	help	simplify	reconstruction.	

Although	 excision	 with	 intraoperative	 fro-
zen-section	 control	 increases	 confidence	 that	
the	tumor	has	been	completely	removed	and	can	
obtain	excellent	cure	rates	for	periocular	tumors	
[22],	 it	may	result	 in	greater	 loss	of	healthy	 tis-
sue	and	higher	 recurrence	 rates	compared	with	
Mohs	surgery	[28,	54].	Without	meticulous	map-
ping	of	the	excised	tissue	relative	to	the	patient,	
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conventional	frozen	sections	rely	on	random	tis-
sue	samples	that	do	not	allow	the	surgeon	to	pin-
point	 the	 precise	 location	 of	 a	 positive	 surgical	
margin	 [54].	Unless	 the	 surgeon	communicates	
closely	 with	 the	 pathologist,	 a	 positive	 margin	
may	obligate	the	surgeon	to	excise	an	additional	
margin	 around	 the	 entire	 defect,	 even	 if	 tumor	
is	only	focally	present	at	 the	margin	[28].	Since	
subclinical	spread	does	not	extend	evenly	 in	all	
directions,	 these	 additional	 uniform	 margins	
may	 lead	 to	 excessive	 tissue	 removal	 in	 several	
dimensions.	To	ensure	adequacy	of	evaluation	of	
the	surgical	margin	and	 to	spare	healthy	 tissue,	
the	 oculoplastic	 surgeon	 who	 utilizes	 excision	
with	intraoperative	frozen	section	control	bene-
fits	from	close	communication	with	the	patholo-
gist	and	a	thorough	understanding	of	the	method	
used	 to	grossly	section	 the	excised	 tissue	speci-
men	 [75].	 Excision	 with	 frozen	 section	 control	
may	be	more	applicable	to	smaller	tumors	of	the	
lid	margin.	 If	 the	pathologist	 can	maintain	ori-
entation	of	the	specimen	and	carefully	freeze	the	
entire	surgical	cut	margin,	 then	the	results	may	
be	satisfactory	and	comparable	to	those	achieved	
with	Mohs	surgery.

2.5 Potential Pitfalls of Mohs 
Micrographic Surgery

Errors	 can	 occur	 at	 any	 step	 in	 the	 process	 of	
Mohs	 micrographic	 surgery.	 Some	 key	 errors	
deserve	 mention.	 The	 success	 of	 Mohs	 micro-
graphic	surgery	depends	on	a	contiguous	growth	
pattern	of	the	tumor.	Discontiguous	or	multifo-
cal	 tumor	growth	defies	 the	accuracy	of	micro-
scopic	 margin	 control.	 The	 Mohs	 surgeon	 may	
obtain	 clear	 margins	 through	 intervening	 areas	
of	 normal	 tissue	 without	 ever	 recognizing	 that	
other	tumor	foci	were	left	behind.	Discontiguous	
tumor	 growth	 is	 common	 in	 recurrent	 tumors.	
Since	 one	 cannot	 guarantee	 that	 the	 tumor	 has	
recurred	 at	 several	 places	 within	 the	 scar,	 the	
Mohs	surgeon	must	excise	the	entire	scar	along	
with	all	visibly	recurrent	tumors	to	maximize	the	
likelihood	of	complete	cure.

Several	 errors	 can	 result	 in	 falsely	 negative	
margins,	 thereby	 leading	 to	 a	 higher	 rate	 of	
tumor	 recurrence.	 Incomplete	 surgical	 margins	
may	occur	if	the	Mohs	surgeon	fails	to	recognize	

a	 rent	 or	 buttonhole	 in	 the	 deep	 margin	 of	 the	
Mohs	 excision	 specimen.	 Inaccurate	 mapping	
technique	can	mislead	the	surgeon	to	remove	tis-
sue	at	subsequent	stages	that	does	not	include	the	
residual	 tumor.	Errors	 in	grossing	 technique	or	
tissue	processing	can	result	in	incomplete	patho-
logic	margins.	Dense	inflammation	on	Mohs	mi-
croscopic	sections	can	mask	small	foci	of	tumor.	
Additionally,	 the	 Mohs	 surgeon	 may	 fail	 to	 de-
tect	small	foci	of	tumor	on	the	Mohs	microscopic	
sections.

Certain	errors	can	decrease	the	tissue-sparing	
benefits	 expected	of	 the	Mohs	procedure.	 Inac-
curate	 preoperative	 assessment	 of	 the	 clinical	
margins	of	the	tumor	can	lead	to	excessive	sur-
gical	 margins.	 Epithelial	 structures	 mimicking	
tumor	 may	 mislead	 the	 Mohs	 surgeon	 to	 carry	
out	unnecessary	additional	stages.

Finally,	Mohs	micrographic	surgery	is	typically	
performed	with	the	patient	under	local	anesthe-
sia.	Since	the	Mohs	surgeon	only	learns	the	true	
extent	 of	 the	 tumor	 intraoperatively,	 periocular	
tumors	may	be	found	to	involve	deeper	structures	
that	the	surgeon	cannot	resect	under	local	anes-
thesia	[38].	Tumors	located	in	the	medial	canthus	
may	be	at	particularly	high	risk	of	intraorbital	or	
bony	 invasion	 undetected	 preoperatively	 [38].	
If	preoperative	assessment	 reveals	 restriction	of	
the	extraocular	muscles	or	proptosis,	or	if	bony	
or	 intraorbital	 invasion	 is	 suspected,	 then	 pre-
operative	 imaging	 studies,	 including	 computed	
tomography	 and	 magnetic	 resonance	 imaging,	
are	mandatory.	Mohs	micrographic	surgery	may	
not	be	the	most	suitable	treatment	option	in	such	
instances	[32].

Since	 many	 shortcomings	 of	 the	 technique	
can	 result	 from	 human	 error,	 the	 success	 of	
Mohs	 micrographic	 surgery	 depends	 highly	 on	
the	skill	of	the	Mohs	surgeon	and	the	Mohs	his-
totechnologists.	Referring	doctors	should	ensure	
that	 the	 Mohs	 surgeon	 they	 utilize	 has	 had	 ap-
propriate	training	to	maximize	the	likelihood	of	
competency.	 Since	 1983,	 the	 American	 College	
of	 Mohs	 Micrographic	 Surgery	 and	 Cutaneous	
Oncology	 (ACMMSCO)	 has	 mandated	 official	
requirements	for	a	Mohs	surgery	fellowship	with	
a	 minimal	 duration	 of	 1	year.	 Currently,	 more	
than	 50	 standardized	 fellowships	 are	 accredited	
by	 the	 ACMMSCO.	 These	 fellowships	 include	
intensive	 training	 in	 frozen	 section	 dermatopa-



thology,	cutaneous	oncology,	and	reconstructive	
surgery	 [15].	 To	 maximize	 quality	 control	 and	
patient	care,	fellowship	training	sponsored	by	the	
ACMMSCO	is	advisable,	though	not	mandatory,	
for	any	physician	practicing	Mohs	micrographic	
surgery	[15].	

Summary for the Clinician
The	disadvantages	of	Mohs	surgery	are:
■	 Discontiguous	 or	 multifocal	 tumor	

growth	 defies	 the	 accuracy	 of	 micro-
scopic	margin	control.

■	 Falsely	negative	margins	result	in	higher	
rate	of	tumor	recurrence.

■	 Inaccurate	 preoperative	 assessment	 of	
the	 clinical	 margins	 of	 the	 tumor	 can	
lead	to	excessive	surgical	margins.

■	 Since	the	Mohs	surgeon	only	learns	the	
true	extent	of	the	tumor	intraoperatively,	
periocular	 tumors	 may	 be	 found	 to	 in-
volve	deeper	structures	that	the	surgeon	
cannot	resect	under	local	anesthesia.

		

2.6 Periocular Tumors: Indications 
for Mohs Micrographic Surgery

2.6.1 Choosing a Management Plan 
Based on Risk Assessment 
of the Periocular Malignancy

While	 substantial	 data	 support	 the	 efficacy	 of	
Mohs	micrographic	surgery	to	achieve	excellent	
cure	 rates	 and	 maximize	 tissue	 sparing,	 mul-
tiple	 treatment	 modalities	 can	 be	 used	 to	 treat	
periocular	malignancies,	 including	cryotherapy,	
curettage,	 topical	 chemotherapy,	 radiation,	 or	
standard	 excision	 with	 intra-	 or	 postoperative	
margin	 evaluation.	 Review	 of	 these	 therapeutic	
options	lies	beyond	the	scope	of	this	chapter.

In	general,	 if	 the	 tumor	characteristics	 carry	
a	 low	 risk	 of	 recurrence	 or	 metastasis,	 the	 use	
of	medical	or	ablative	treatment	modalities	may	
be	considered.	Ablative	treatments	do	not	allow	
assessment	 of	 pathologic	 margins.	 Therefore,	
the	 only	 confirmation	 of	 efficacy	 is	 absence	 of	
tumor	recurrence.	When	high-risk	tumor	factors	

predominate,	 excisional	 modalities	 with	 either	
post-	 or	 intraoperative	 margin	 assessment	 are	
recommended.	Excision	with	intraoperative	fro-
zen	sections	or	Mohs	micrographic	surgery	has	
become	the	standard	of	care	for	treating	periocu-
lar	tumors	[22].	

In	general,	Mohs	micrographic	surgery	is	in-
dicated	 primarily	 for	 high-risk	 periocular	 ma-
lignancies.	 “Risk”	 refers	 to	 the	 likelihood	 of	 re-
currence	or	metastasis.	Risk	factors	that	predict	
a	 higher	 likelihood	 of	 recurrence	 or	 metastasis	
derive	 from	 the	 clinical	 history,	 physical	 exam,	
and	tumor	pathology.	Excellent	resources	review	
treatment	algorithms	based	on	the	assessment	of	
the	 risk	 of	 recurrence	 or	 metastasis	 of	 a	 tumor	
[52].	This	section	will	summarize	common	indi-
cations	 for	 Mohs	 micrographic	 surgery,	 includ-
ing	 high-risk	 basal	 and	 squamous	 cell	 cancers,	
sebaceous	carcinoma,	and	lentigo	maligna.	

2.6.2 Mohs Micrographic 
Surgery for Basal Cell 
and Squamous Cell Cancers

Basal	cell	carcinoma	is	the	most	common	malig-
nant	 periocular	 tumor,	 accounting	 for	 80–90%	
of	 eyelid	 malignancies	 [21].	 The	 tumor	 most	
frequently	causes	morbidity	due	to	local	growth	
and	 invasion;	 however,	 metastasis	 rarely	 occurs	
[29,	68].	Some	authors	cite	mortality	rates	from	
basal	cell	carcinomas	ranging	from	2	to	11%	[75].	
Overall,	5-year	cure	rates	exceeding	89.9%	have	
been	reported	for	surgical	excision,	curettage	and	
electrodesiccation,	 radiation	 therapy,	 and	 cryo-
therapy	of	basal	 cell	 carcinomas	 [61].	However,	
these	high	cure	rates	may	not	apply	to	periocular	
tumors.	Recurrence	 rates	 for	periocular	 tumors	
treated	 by	 unmonitored	 surgical	 excision	 and	
destructive	modalities	are	high,	 ranging	 from	5	
to	100%	[40].	Mohs	micrographic	surgery	offers	
cure	rates	of	99%	for	primary	basal	cell	cancers	
and	94%	for	recurrent	basal	cell	cancers,	and	 is	
recommended	by	some	authors	as	the	treatment	
of	choice	for	periocular	basal	cell	carcinoma	[42,	
61,	62].

Squamous	cell	carcinoma	is	the	second	most	
common	 malignant	 periocular	 tumor	 [41].	
Squamous	cell	 carcinoma	causes	morbidity	due	
to	local	growth	and	invasion	and	may	cause	mor-
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tality	from	metastasis.	Overall,	the	rate	of	metas-
tasis	 for	squamous	cell	carcinoma	of	the	skin	is	
2–6%	[64].	Mohs	micrographic	surgery	can	offer	
a	5-year	cure	rate	exceeding	98%	for	periocular	
squamous	 cell	 carcinoma	 [47].	 Some	 authors	
have	recommended	Mohs	micrographic	surgery	
as	 the	 treatment	 of	 choice	 for	 periocular	 squa-
mous	cell	carcinoma	[22,	41].

For	 both	 basal	 cell	 and	 squamous	 cell	 carci-
nomas,	certain	risk	factors	predict	the	likelihood	
of	recurrence	or	metastasis.	This	section	reviews	
these	risk	factors,	which	may	also	serve	as	indica-
tions	for	Mohs	micrographic	surgery.	

2.6.2.1 Recurrent Versus 
Primary Tumors

Cure	 rates	 achieved	by	any	 treatment	modality,	
including	 Mohs	 micrographic	 surgery,	 decline	
when	 treating	 recurrent	 versus	 primary	 tumors	
[61–63].	In	general,	Mohs	micrographic	surgery	
of	primary	basal	cell	carcinoma	achieves	a	5-year	
cure	 rate	 of	 99%	 [61],	 compared	 with	 a	 5-year	
cure	rate	of	94.4%	when	treating	recurrent	basal	
cell	carcinoma	[62].	Mohs	micrographic	surgery	
of	primary	squamous	cell	carcinoma	achieves	a	
5-year	cure	rate	of	96.9%,	compared	with	a	5-year	
cure	 rate	of	90%	when	 treating	 recurrent	 squa-
mous	 cell	 carcinoma	 [63].	 Compared	 with	 all	
other	 treatment	modalities,	Mohs	micrographic	
surgery	 produces	 statistically	 higher	 cure	 rates	
when	treating	recurrent	tumors	[62,	63].	

2.6.2.2 History of Prior Irradiation
Tumors	arising	within	a	field	of	prior	radiother-
apy	carry	a	higher	risk	of	recurrence	or	metastasis	
[52].	Ablative	therapies	are	not	recommended.

2.6.2.3 Immunosuppressed Patient
Squamous	 cell	 carcinoma	 has	 a	 significantly	
greater	incidence	of	metastasis	in	immunosup-
pressed	 versus	 immunocompetent	 hosts	 [52].	
Only	 anecdotal	 reports	 support	 an	 increased	
risk	of	recurrence	or	metastasis	of	basal	cell	car-
cinomas	arising	 in	an	immunosuppressed	host	

[52].	The	increased	risk	of	recurrence	and	me-
tastasis	is	an	indication	for	Mohs	micrographic	
surgery.		

2.6.2.4 Additional Historical 
Risk Factors

Mohs	 micrographic	 surgery	 is	 indicated	 if	 tu-
mors	 arise	 within	 a	 site	 of	 chronic	 scarring,	 if	
they	 exhibit	 preoperative	 symptoms	 and	 signs	
suggestive	of	perineural	spread	(e.g.,	pain,	burn-
ing,	 stinging,	 anesthesia,	 paresthesia,	 facial	 pa-
ralysis,	 diplopia,	 and	 blurred	 vision),	 or	 if	 they	
exhibit	rapid	growth	[52].

2.6.2.5 Size and Location
Location	 and	 size	 are	 well-established	 risk	 fac-
tors	 for	 recurrence	 and	 metastasis	 [52].	 The	
mask	area,	or	“H-zone,”	of	the	face	is	considered	
a	high-risk	location	[52].	Arising	in	part	of	this	
mask	 area,	 periocular	 tumors	 predictably	 dem-
onstrate	a	high	 risk	of	 recurrence	or	metastasis	
[8].	Within	the	periocular	region,	tumors	located	
in	 the	medial	canthus	 tend	to	carry	 the	highest	
risk	of	recurrence	[5].	Determination	of	risk	by	
size	 is	 arbitrary;	 however,	 periocular	 tumors	
measuring	 6	mm	 or	 more	 in	 diameter	 are	 con-
sidered	high-risk	[52].	Regardless	of	the	size	and	
exact	 location	 within	 the	 periocular	 region,	 ill-
defined	clinical	margins	 increase	 the	 likelihood	
of	recurrence	or	metastasis.

2.6.2.6 Histologic Subtypes
In	 certain	 histologic	 subtypes	 of	 basal	 cell	 and	
squamous	cell	cancer	there	is	a	greater	likelihood	
of	recurrence	or	metastasis.	In	general,	high-risk	
histologic	 subtypes	 of	 basal	 cell	 and	 squamous	
cell	 cancers	 exhibit	 small	 infiltrative	 islands,	
strands,	 or	 single	 cells	 of	 tumor	 that	 may	 not	
have	a	sufficient	burden	in	the	dermis	to	manifest	
visible	changes	at	the	skin	surface.	Consequently,	
for	 these	tumors	there	 is	a	greater	 likelihood	of	
extensive	subclinical	spread.	

High-risk	 histologic	 subtypes	 for	 basal	 cell	
carcinoma	 include	 micronodular,	 infiltrative,	



sclerosing,	and	morpheaform	(or	desmosplastic)	
patterns	[52].	Nodular	and	superficial	basal	cell	
carcinomas	are	considered	to	carry	a	 lower	risk	
of	recurrence	or	metastasis.	In	the	periocular	re-
gion,	however,	nodular	and	superficial	basal	cell	
carcinomas	 may	 also	 be	 considered	 high-risk,	
since	 they	 tend	 to	 have	 substantial	 subclinical	
spread.	 Up	 to	 85%	 of	 basal	 cell	 carcinomas	 of	
any	 histologic	 subtype	 tend	 to	 have	 subclinical	
spread	 requiring	 wider	 excisions	 than	 expected	
by	clinical	examination	[19].	

With	 regard	 to	 squamous	 cell	 cancer,	 mod-
erately	and	poorly	differentiated	cancers	carry	a	
higher	risk	of	recurrence	or	metastasis	compared	
with	well-differentiated	 tumors	 [19,	52,	55,	63].	
Squamous	 cell	 carcinomas	 with	 an	 adenoid	 (or	
acantholytic),	 adenosquamous	 (or	 mucin-pro-
ducing),	basosquamous,	or	desmoplastic	pattern	
also	carry	an	increased	risk	of	recurrence	or	me-
tastasis	[43,	52,	55].	Finally,	squamous	cell	can-
cers	 that	 invade	deeply	are	more	 likely	 to	recur	
[52,	55].

2.6.2.7 Perineural Involvement
Perineural	 involvement	 poses	 an	 increased	 risk	
of	 recurrence	 of	 both	 basal	 cell	 and	 squamous	
cell	cancers,	and	an	increased	risk	of	metastasis	
in	cases	of	squamous	cell	cancer.

2.6.3 Mohs Micrographic Surgery 
for Sebaceous Carcinoma 

Periocular	 sebaceous	 carcinoma	 is	 a	 potentially	
aggressive	malignancy	that	arises	from	the	abun-
dant	 sebaceous	glands	of	 the	periocular	 region,	
including	the	meibomian	glands	of	the	tarsus,	the	
Zeis	 glands	 of	 the	 eyelashes,	 and	 the	 sebaceous	
glands	of	the	caruncle.	The	sebaceous	carcinoma	
has	various	clinical	and	pathologic	presentations	
and	can	be	mistaken	for	basal	cell	or	squamous	
cell	carcinoma,	both	clinically	and	histologically	
[22].	Delayed	diagnosis	may	increase	the	risk	of	
orbital	invasion,	which	occurs	in	6–45%	of	cases,	
and	the	likelihood	of	metastasis	to	regional	lymph	
nodes,	which	can	occur	in	17–28%	of	cases	[22].	
Clinical	 and	 pathologic	 features	 that	 indicate	 a	
poor	prognosis	include:

•	 Involvement	of	both	the	upper	and	lower	eye-
lids

•	 Tumor	diameter	exceeding	10	mm
•	 Duration	 of	 symptoms	 of	 longer	 than	

6	months
•	 Previous	treatment	with	radiation
•	 Vascular,	lymphatic,	or	orbital	invasion
•	 Multicentric	origin
•	 Highly	infiltrative	pattern
•	 Pagetoid	invasion	of	the	conjunctival	epithe-

lium	of	the	globe	or	eyelids	[17]

Although	 radiation	 therapy	 and	 cryotherapy	
have	 been	 advocated	 in	 the	 treatment	 of	 seba-
ceous	 carcinoma,	 surgery	 remains	 the	 primary	
treatment	 modality	 [69].	 Historically,	 standard	
excision	 with	 recommended	 surgical	 margins	
of	 5–6	mm	 results	 in	 local	 recurrence	 rates	 ap-
proaching	30%	[69].	Due	to	high	recurrence	rates	
with	 standard	 therapies,	 Mohs	 micrographic	
surgery,	or	 excision	with	 frozen	 section	control	
combined	 with	 conjunctival	 map	 biopsies,	 is	
the	 treatment	of	choice	 [22].	With	any	excision	
modality,	 conjunctival	map	biopsies	are	 recom-
mended	to	help	detect	intraepithelial	(pagetoid)	
spread,	 to	 help	 determine	 appropriate	 surgical	
margins,	 and	 to	 identify	 patients	 who	 may	 re-
quire	exenteration	[22,	57].

In	 contrast	 to	 the	 wealth	 of	 data	 supporting	
the	use	of	Mohs	micrographic	surgery	for	basal	
cell	and	squamous	cell	cancer,	only	small	retro-
spective	case	reports	support	the	use	of	Mohs	mi-
crographic	surgery	 for	 sebaceous	carcinoma.	 In	
the	largest	case	series,	Spencer	et	al.	used	Mohs	
micrographic	surgery	with	the	fresh	tissue	tech-
nique	 to	 treat	18	patients	with	 sebaceous	carci-
noma	of	the	eyelid	[69].	All	patients	underwent	
four	quadrant	conjunctival	biopsies	before	Mohs	
surgery.	In	all	cases,	Mohs	micrographic	surgery	
achieved	tumor-free	margins,	and	the	defect	was	
immediately	repaired	by	an	oculoplastic	surgeon.	
After	an	average	follow-up	of	37	months	(range	
6–142	months),	16	patients	remained	tumor-free	
with	 no	 evidence	 of	 local	 recurrence	 or	 metas-
tasis.	The	tumor	recurred	in	2	patients	(11.1%),	
1	 with	 orbital	 extension	 and	 parotid	 gland	 me-
tastasis	at	9	months	and	1	with	local	recurrence	
at	19	months.	Although	their	recurrence	rate	of	
11%	 is	 favorable	 compared	 to	 30%	 recurrence	
rates	 associated	 with	 wide	 excision,	 longer	 fol-
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low-up	may	lead	to	an	increase	in	the	number	of	
recurrences.	

Snow	 et	 al.	 reported	 9	 cases	 of	 periocular	
sebaceous	 carcinoma	 treated	 with	 Mohs	 mi-
crographic	 surgery	 and	 the	 frozen	 tissue	 tech-
nique	[67].	One	patient	had	a	local	recurrence	at	
1.5	years	 after	 Mohs	 micrographic	 surgery.	 The	
remaining	8	patients	were	free	of	recurrence	with	
a	 follow-up	 period	 ranging	 from	 1	 to	 14	years	
(mean	 3.2	years).	 Snow	 et	 al.	 also	 reviewed	 the	
literature	to	compile	40	additional	cases	of	peri-
ocular	 sebaceous	 carcinoma	 treated	 with	 Mohs	
micrographic	surgery.	Including	their	own	series	
of	9	patients,	the	overall	local	cure	rate	following	
Mohs	surgery	was	87.8%	[6,	17,	19,	43,	53,	57,	67]	
with	a	mean	follow-up	of	3.1	years.

In	summary,	due	to	the	high	recurrence	rates	
associated	 with	 wide	 excision,	 either	 Mohs	 mi-
crographic	 surgery	or	wide	excision	with	 intra-
operative	 frozen	 sections	 combined	 with	 con-
junctival	map	biopsies	 is	recommended	to	treat	
periocular	sebaceous	carcinoma	[22].

2.6.4 Mohs Micrographic 
Surgery for Melanoma

Primary	 malignant	 melanoma	 of	 the	 skin	 near	
the	eye	constitutes	1%	or	less	of	all	malignant	eye-
lid	tumors	[22].	Although	melanoma	comprises	
only	a	small	percentage	of	cancers	of	all	regions	
of	the	skin,	it	accounts	for	more	deaths	than	any	
other	skin	cancer.	Multiple	studies	have	investi-
gated	 prognostic	 factors	 associated	 with	 mela-
noma.	For	localized	melanoma,	tumor	thickness	
and	ulceration	are	the	two	most	powerful	prog-
nostic	indicators	[6].	Since	there	are	no	effective	
treatments	 for	 metastatic	 melanoma,	 complete	
surgical	excision	of	localized	melanoma	remains	
the	treatment	of	choice.	

Recommended	surgical	margins	vary	accord-
ing	 the	 thickness	 of	 the	 melanoma	 [53].	 For	 in	
situ	melanoma,	 recommended	surgical	margins	
are	0.5	cm;	for	melanomas	with	a	Breslow	depth	
of	≤1.0	mm,	recommended	surgical	margins	are	
1.0	cm;	 for	 melanomas	 with	 a	 Breslow	 depth	
ranging	 from	 1.01–2.0	mm,	 recommended	 sur-
gical	 margins	 are	 1–2	cm;	 and	 for	 melanomas	
with	 a	 Breslow	 depth	 >2.0	mm,	 recommended	
surgical	margins	are	2.0	cm	[53].	The	routine	use	
of	1-	to	2-cm	margins	on	the	eyelid	would	yield	

large	surgical	defects.	Consequently,	the	custom-
ary	approach	is	to	conserve	tissue	by	using	either	
Mohs	micrographic	surgery	or	narrow	(4–5	mm)	
margins	examined	by	a	well-trained	and	experi-
enced	pathologist	[22].	Although	debate	contin-
ues	about	the	best	method	of	treating	periocular	
melanoma	 [22],	 growing	 evidence	 supports	 the	
use	of	Mohs	micrographic	surgery	[2,	10,	13,	51,	
76].	This	section	will	focus	briefly	on	lentigo	ma-
ligna,	 an	 in	 situ	 form	 of	 melanoma	 most	 com-
monly	treated	with	Mohs	micrographic	surgery.	

Lentigo	 maligna	 is	 an	 in	 situ	 form	 of	 mela-
noma	 that	 occurs	 primarily	 on	 the	 head	 and	
neck	of	middle-aged	to	elderly	 individuals	with	
heavily	 sun-damaged	 skin.	 The	 lesion	 typically	
presents	as	an	irregular,	 ill-defined	macule	with	
variegated	colors	ranging	from	tan	to	black.	The	
background	sun-damage	makes	it	very	challeng-
ing	to	determine	the	adequacy	of	both	the	clini-
cal	and	pathologic	margins.	

Because	 lentigo	maligna	can	evolve	into	 len-
tigo	 maligna	 melanoma,	 an	 invasive	 subtype	
of	 melanoma,	 surgical	 excision	 is	 the	 standard	
treatment	[53].	A	standard	surgical	margin	with	
0.5	cm	of	clinically	normal	skin	results	in	recur-
rence	rates	of	8–20%	[37].	To	improve	cure	rates,	
multiple	 investigators	 have	 treated	 lentigo	 ma-
ligna	with	Mohs	micrographic	surgery	or	varia-
tions	of	staged	excisional	 techniques	employing	
rigorous	 intra-	or	postoperative	margin	evalua-
tion	prior	to	repair	[2,	4,	10,	13,	16,	37,	76].	These	
techniques,	 whose	 explanation	 lies	 beyond	 the	
scope	of	this	chapter,	have	been	summarized	in	
excellent	 review	articles	 [37].	Although	 there	 is	
debate	about	the	accuracy	of	interpreting	mela-
nocytes	on	frozen	sections	[7,	79],	rapid	immu-
nostains	for	frozen	sections	substantially	enhance	
the	 reliability	 of	 Mohs	 micrographic	 surgery	
to	 treat	 melanoma	 [2,	 10,	 12,	 13,	 76].	 Multiple	
authors	show	cure	rates	superior	to	excision	with	
standard	margins	using	frozen	section	Mohs	mi-
crographic	 surgery	 with	 and	 without	 rapid	 im-
munostains	[10,	80].

A	 uniform	 theme	 among	 the	 various	 tech-
niques	 employing	 rigorous	 pathologic	 margin	
evaluation	is	that	standard	excision	with	0.5-cm	
margins	is	insufficient	in	more	than	50%	of	cases	
of	 sizeable	 lentigo	 maligna	 [10].	 Bricca	 et	 al.	
demonstrated	that	excision	with	6-mm	margins	
is	 insufficient	 for	 complete	 tumor	 removal	 in	
17%	of	cases	[13].	Due	to	the	high	incidence	of	



subclinical	 spread,	 Mohs	 micrographic	 surgery	
or	mapped	serial	excision	with	rigorous	intra-	or	
postoperative	margin	evaluation	 should	be	em-
ployed	 to	 treat	 periocular	 lentigo	 maligna	 [39].	
Application	 of	 these	 techniques	 to	 lentigo	 ma-
ligna	of	 the	eyelid	can	 improve	cure	rates	com-
pared	with	standard	excision.	

2.7 Reconstruction of Periocular 
Defects after Mohs 
Micrographic Surgery

2.7.1 Preoperative Considerations
Careful	 preoperative	 assessment	 of	 the	 patient	
and	meticulous	inventory	of	intact	anatomy	op-
timizes	the	reconstructive	plan.	For	tumors	and	
defects	at	or	near	 the	eyelid	margin,	 the	oculo-
plastic	 surgeon	 can	 preoperatively	 identify	 pa-
tients	at	greatest	risk	of	lid	malposition.	With	the	
patient	seated	and	in	primary	gaze	(i.e.,	looking	
straight	 ahead	 with	 the	 head	 in	 a	 normal	 hori-
zontal	 position),	 the	 lower	 eyelid	 should	 over-
lie	the	inferior	 limbus	by	about	1	mm.	Exposed	
sclera	inferior	to	the	limbus	signals	an	increased	
risk	of	eyelid	laxity	and	potential	lid	malposition	
[11].	A	“snap-back	test”	or	lid	retraction	test	can	
further	assess	the	degree	of	lower	lid	laxity	[11].	
With	the	patient	in	a	seated	position,	the	surgeon	
grasps	 the	 skin	of	 the	 lower	eyelid	between	 the	
thumb	 and	 forefinger	 and	 pulls	 the	 eyelid	 infe-
riorly	away	from	the	globe.	An	ability	to	stretch	
the	 lid	8	mm	or	more	away	from	the	surface	of	
the	 globe	 signals	 excessive	 lid	 laxity	 [11].	 Slow	
recoil	 after	 release	 of	 the	 lid	 or	 a	 return	 to	 the	
globe	surface	only	after	blinking	or	manipulation	
also	 indicates	 an	 increased	 risk	 of	 lid	 malposi-
tion.	 Intraoperatively,	 the	 surgeon	 can	 have	 the	
patient	perform	maneuvers	 in	either	the	supine	
or	seated	position	to	determine	the	effect	of	the	
reconstruction	on	lid	position.	To	place	maximal	
downward	 tension	on	 the	 lower	 lid,	 the	patient	
should	open	the	eyes	widely,	gaze	superiorly,	and	
simultaneously	 open	 the	 mouth	 widely	 [11].	 If	
the	 lid	does	not	 remain	 snug	against	 the	globe,	
ectropion	may	result.

In	the	medial	canthus,	the	reconstructive	sur-
geon	 must	 inspect	 the	 surgical	 defect	 to	 assess	
the	 integrity	 of	 the	 medial	 canthal	 tendon	 and	
lacrimal	 drainage	 system	 prior	 to	 reconstruc-

tion.	Similarly,	 the	 surgeon	must	 inspect	 lateral	
canthal	 defects	 to	 assess	 integrity	 of	 the	 lateral	
canthal	tendon.

2.7.2 Periocular Reconstruction
Reconstruction	 of	 periocular	 defects	 requires	
thorough	 knowledge	 of	 the	 region’s	 complex	
anatomy,	normal	eyelid	 function,	and	 the	 lacri-
mal	production	and	drainage	systems.	Excellent	
references	 study	 these	 topics	 more	 extensively	
[77,	 78].	 Whenever	 possible,	 the	 reconstructive	
surgeon	should	preserve	intact	periorbital	anat-
omy,	 restore	 defective	 structures,	 and	 optimize	
cosmesis.	 In	 the	 periocular	 region,	 functional	
and	cosmetic	outcomes	frequently	correlate.	For	
example,	sound	reconstruction	of	the	eyelid	mar-
gin	 not	 only	 restores	 a	 normal	 appearance,	 but	
also	 preserves	 tear	 flow	 and	 protects	 the	 globe	
from	 injury.	 As	 the	 periocular	 region	 serves	 as	
a	 focal	point	 for	 the	visual	perception	of	an	 in-
dividual’s	 face,	 the	 aesthetic	 implications	 of	 the	
periocular	 reconstruction	 cannot	 be	 overstated	
[44].	Malposition	of	the	free	margins	of	the	eye-
lids	or	bulky	flaps	and	tight-webbed	closures	that	
ablate	the	subtle	concavities	around	the	eye	im-
part	a	markedly	abnormal	appearance.

A	 complete	 review	 of	 reconstructive	 tech-
niques	 for	 periocular	 tumors	 lies	 beyond	 the	
scope	of	this	chapter.	Several	review	articles	ad-
dress	periocular	reconstruction	more	extensively	
[11,	 30,	 50,	 70].	 Some	 general	 points	 deserve	
mention.	 Goals	 of	 periocular	 reconstruction	
include	 protection	 of	 the	 globe,	 specifically	 the	
cornea,	preservation	of	eyelid	function,	mainte-
nance	of	 lacrimal	drainage	 system	patency,	and	
optimization	 of	 cosmesis.	 Local	 flaps	 provide	
reliable	 survivability,	 due	 to	 their	 rich	 intrinsic	
vascular	 supply,	 and	 superior	 cosmetic	 results,	
due	to	excellent	matching	of	skin	color	and	tex-
ture.	Although	the	lack	of	intrinsic	blood	supply	
may	make	them	less	reliable,	careful	application	
of	full-thickness	skin	grafts	can	produce	satisfac-
tory	 cosmetic	 outcomes	 and	 low	 complication	
rates	[34].

Table	2.1	lists	common	reconstructive	options	
and	salient	references	for	the	reader	desiring	fur-
ther	 study.	 Figures	2.2–2.13	 illustrate	 a	 number	
of	reconstructive	options	for	repairing	periocular	
defects	after	Mohs	micrographic	surgery.	
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Table 2.1.	Common	reconstruction	options	for	periocular	defects

Region and defect Closure option Indication

Eyelids

	Partial	thick-
ness	(anterior	
lamellar)

Second	intention	[36]

Primary	closure

Local	skin	and	myocutaneous	flap	[11]

Full-thickness	skin	graft	[34]

Full-thickness	 Second	intention	[25,	36]

Primary	closure Defects	<15	mm	or	
<25%	of	lid	margin

Primary	closure	+	lateral	canthotomy	+	cantholysis Defects	25–50%	
of	lid	margin

Tenzel	semicircular	flap	[72] Defects	of	50–75%	
of	lid	margin

Hughes	tarsoconjunctival	flap	+		
full-thickness	skin	graft	or	local	flap	[33]

Lower	eyelid	defects	
>75%	of	lid	margin

Cutler-Beard	technique	[23] Upper	eyelid	defects	
>75%	of	lid	margin

Free	graft	for	posterior	lamella	+	local	flap	for	anterior	lamella Defects	>75%	
of	lid	margin

Mustarde	rotating	cheek	and	opposing	lid	flaps Large	lid	defects	>75%

Composite	lid	grafts	[73] Defects	<8	mm	
of	lid	margin

Medial canthus Second	intention	[36,	49]

Local	flaps	(e.g.,	nasoglabellar	transposition	flap)

Paramedian	forehead	flap	[56]

Full-thickness	skin	grafts

Combination	of	above

Lateral canthus Second	intention

Local	flaps

Full-thickness	skin	grafts



2.7.3 Eyelid Reconstruction

2.7.3.1 General Principles 
of Eyelid Reconstruction

For	defects	of	 the	eyelid,	reconstructive	options	
vary	according	to	the	thickness	of	the	defect	(i.e.,	
partial	 or	 anterior	 lamellar	 defects	 versus	 full-
thickness	defects)	and	the	breadth	of	the	defect.	
Full-thickness	 defects	 involving	 the	 lid	 margin	
may	pose	a	greater	reconstructive	challenge	com-
pared	 with	 anterior	 lamellar	 defects.	 Similarly,	
surgical	wounds	 involving	 the	 loose	skin	of	 the	
preseptal	eyelid	frequently	prove	less	challenging	
than	defects	of	 the	pretarsal	 lid	and	lid	margin.	
In	 general,	 full-thickness	 eyelid	 defects	 require	
reconstruction	of	both	the	anterior	and	posterior	
lamellae,	at	least	one	of	which	must	have	an	in-
trinsic	vascular	supply.	Tension	vectors	should	be	
oriented	parallel	 to	 the	 lid	margin	to	avoid	dis-
traction	of	the	lid	from	the	globe.	

2.7.3.2 Upper Eyelid Reconstruction

2.7.3.2.1 Primary Wound Closure 
for Small to Moderate 
Defects of the Upper 
Lid Margin

Defects	involving	less	than	25%	of	the	upper	lid	
margin	can	be	closed	primarily,	usually	without	
cantholysis	 (Fig.	2.2)	 For	 larger	 defects	 involv-

ing	up	to	50%	of	the	upper	lid	margin,	primary	
closure	with	use	of	a	canthotomy	and	cantholysis	
will	usually	suffice,	particularly	in	older	patients	
with	lax	tissue	(Fig.	2.3).	Defects	involving	more	
than	50%	of	the	upper	lid	margin	usually	require	
some	form	of	sliding	or	rotating	flap.	The	Tenzel	
semicircular	flap	works	well	with	moderate	de-
fects	[25].	

As	demonstrated	in	Fig.	2.4,	the	Mohs	resec-
tion	has	permitted	preservation	of	a	significantly	
greater	amount	of	normal	tissue	than	would	have	
resulted	 from	 a	 routine	 resection	 taking	 wide	
margins.	Resection	of	this	defect	may	appear	less	
challenging	at	first.	It	is	important	to	recognize,	
however,	that	despite	the	preservation	of	tarsus,	
a	small	marginal	defect	is	present	that	will	man-
date	a	wedge	resection.	Use	of	a	cantholysis	and	
a	small	Tenzel	type	of	semicircular	flap	provides	
an	aesthetic	and	functional	result.	

An	A	to	T	design	(bilateral	advancement	flap)	
to	reconstruct	the	anterior	lamellar	portion	of	this	
type	of	defect	avoids	formation	of	a	“dog	ear”	and	
preserves	the	contour	of	the	skin	of	the	upper	lid.	
After	repair	of	the	posterior	lamella,	the	surgeon	
makes	a	horizontal	incision	at	the	position	of	the	
normal	 lid	crease	and	advances	the	cut	edges	of	
the	skin	medially.	Conservative	horizontal	resec-
tion	of	any	excess	skin	overlapping	the	lid	crease	
restores	 the	 normal	 contour	 of	 the	 preseptal	 lid	
and	allows	the	surgeon	to	hide	the	horizontal	scar	
in	the	lid	crease.	The	“dog	ear”	on	the	pretarsal	lid	
can	be	 excised	and	 repaired	with	a	vertical	 scar	
equal	to	the	height	of	the	tarsal	plate.	

Fig. 2.2  Repair	of	upper	lid	marginal	defect:	3-suture	technique.	a	A	6-0	silk	is	placed	in	the	Gray	line	for	stability	
with	7-0	silks	placed	anterior	in	the	lash	line	and	posterior	in	the	meibomian	gland	orifices.	5-0	vicryl	interrupted	
sutures	are	used	to	reapproximate	the	tarsus.	b	The	ends	of	the	margin	sutures	are	tied	into	one	of	the	vertical	6-0	
silk	skin	sutures
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2.7.3.2.2 Sliding or Rotating 
Flaps for Large Defects 
of the Upper Lid Margin

For	 defects	 involving	 75%	 or	 more	 of	 the	 upper	
lid	 margin	 a	 Cutler-Beard	 bridge	 flap	 (Fig.	2.5)	
[72]	or	a	Mustarde	 lid-sharing	flap	rotated	 from	

the	opposing	lid	(Fig.	2.6)	[49]	proves	useful.	The	
advantage	of	the	latter	 is	the	possibility	of	trans-
ferring	lower	lid	lashes	to	the	reconstructed	upper	
lid.	Both	flaps	have	the	disadvantage	of	occluding	
the	visual	axis	for	several	postoperative	weeks	to	
ensure	adequate	vascularization	of	 the	flap	prior	
to	 separation	 of	 the	 pedicle.	 The	 surgeon	 must	

Fig. 2.3  Canthotomy	and	cantholysis.	a	Canthotomy	incision	with	scalpel	or	sharp	scissors.	b	Cantholysis	com-
pleted	by	releasing	 the	 lower	arm	of	 the	canthal	 tendon	from	its	periosteal	attachment	 to	Whitnall’s	 tubercle.	
c	The	cut	margin	of	the	lower	eyelid	is	secured	with	a	4-0	vicryl	suture	that	passes	vertically	through	the	tarsus	
and	both	arms	are	passed	through	the	periosteum	at	the	 lateral	orbital	 tubercle.	d	The	lateral	canthal	angle	 is	
reformed	with	a	5-0	suture	passed	from	gray	line	to	gray	line	in	a	buried	fashion.	The	skin	wound	is	closed	with	
interrupted	6-0	sutures



take	care	 to	maximize	 the	vascular	supply	at	 the	
base	of	the	Cutler-Beard	or	Mustarde	lid-sharing	
flap.	 In	 either	 case,	 the	 surgeon	 should	 allow	 at	
least	4	mm	of	vertical	height	from	the	lid	margin	
to	the	horizontal	lid	incision	with	either	technique	
in	order	to	minimize	the	risk	of	lid	margin	necro-
sis.	The	surgeon	usually	divides	the	pedicle	of	the	
Cutler-Beard	 bridge	 flap	 at	 4	weeks.	 With	 this	
type	 of	 flap,	 separation	 requires	 careful	 estima-
tion	of	the	amount	of	tissue	necessary	to	prevent	

lid	retraction.	There	must	be	sufficient	 tissue	 for	
both	the	upper	and	lower	lid.	The	lower	lid	bridge	
is	replaced	after	freshening	the	lateral	and	medial	
edges	and	then	closing	all	three	exposed	sides	in	
three	 layers:	 tarsus,	 orbicularis,	 and	 skin.	 In	 the	
upper	lid,	some	debulking	may	be	necessary.	Care	
must	 also	 be	 taken	 to	 advance	 the	 conjunctiva	
slightly	with	a	running	suture,	such	as	7-0	catgut,	
in	order	to	avoid	corneal	irritation	from	the	fine	
hairs	at	the	keratinized	skin	margin	(Fig.	2.5).

Fig. 2.4  Primary	 wedge	 resection	 repair	 post-Mohs	
with	 semicircular	 flap.	 a	 Basal	 cell	 carcinoma	 of	 the	
right	upper	lid.	b	Post-Mohs	fresh	tissue	resection	has	
preserved	tarsus,	but	the	margin	defect	requires	wedge	
resection.	c	T-shaped	wound	outlined,	lid	crease	exten-
sion	as	the	top	of	the	T	provides	relaxation	of	supratar-
sal	tissue	to	avoid	a	“dog	ear”	angled	scar.	d	Canthot-
omy	and	cantholysis	with	small	semicircular	(Tenzel)	
flap;	 canthal	 tendon	 attachment	 reestablished	 with	 a	
4-0	mattress	suture	and	interrupted	6-0	sutures	for	the	
skin	(see	Fig.	2.3).	e	Patient	1	week	postoperatively
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Fig. 2.5  Sliding	bridge	flap	repair	(Cutler-Beard).	a	Patient	with	lesion	of	the	right	upper	lid	pre-biopsy.	b	After	
in-office	shave	biopsy.	c	Post-MOHS	defect	>50%;	Cutler-Beard	sliding	flap	is	prepared.	d	Flap	is	secured	with	
layered	closure.	e	Six	weeks	post-first-stage	bridge	flap	repair.	f	Bridge	flap	separated.	g	Reconstructed	upper	lid	
is	debulked	as	needed;	care	is	taken	to	advance	the	conjunctiva	slightly	using	a	7-0	catgut	running	suture	in	order	
to	provide	a	smooth	surface	for	the	cornea.	h	Patient	1	year	postoperatively



The	surgeon	usually	divides	the	rotating	Mus-
tarde	 lid-sharing	 flap	 at	 4–6	weeks.	 When	 the	
base	 is	separated	from	the	rotated	flap,	each	 lid	
margin	 must	 be	 repaired	 in	 standard	 fashion	
to	 avoid	 a	 notch.	 Some	 form	 of	 ptosis	 repair	 is	

often	 required	 and	 can	 be	 performed	 at	 a	 later	
stage	 when	 function	 and	 contour	 can	 be	 more	
adequately	assessed	(Fig.	2.6).

Fig. 2.6  Mustarde	lid-sharing	rotation	flap.	a	Alternative	technique	for	a	large	upper	lid	defect	in	this	patient	
with	a	defect	secondary	to	radiation	therapy	for	a	basal	cell	carcinoma.	b	Close-up	of	the	defect	in	the	left	upper	
lid.	c	Schematic	illustration	of	the	procedure.	d	Rotated	flap	in	position.	e	One	month	post-separation	of	the	lids.	
f	One-year	after	rotation	flap	and	ptosis	repair	with	frontalis	suspension
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2.7.3.3 Reconstruction of Lower 
Lid Defects After Mohs 
Micrographic Surgery

2.7.3.3.1 General Principles of 
Reconstruction of Defects 
of the Lower Lid

In	the	lower	lid,	extramarginal	defects	are	most	
frequently	 repaired	 by	 sliding	 or	 rotating	 myo-
cutaneous	 flaps	 or	 by	 use	 of	 full-thickness	 skin	
grafts	 harvested	 from	 the	 upper	 lid	 or	 retroau-
ricular	 skin.	 Full-thickness	 skin	 grafts	 of	 the	
eyelid	 do	 not	 usually	 require	 bolster	 dressings.	
A	pressure	dressing	for	several	days	will	usually	
suffice,	as	long	as	the	surgeon	has	achieved	me-
ticulous	hemostasis.	Small	pie-crust	perforations	
in	the	graft	can	also	be	used	to	permit	any	drain-
age	from	elevating	the	graft.	In	general,	the	sur-
geon	can	approach	marginal	defects	of	the	lower	
lid	with	reconstructions	analogous	to	those	dis-
cussed	in	the	section	on	upper	lid	reconstruction	
(see	 Sect.	2.7.3.2).	 Table	2.1	 highlights	 common	
reconstruction	techniques,	based	on	the	breadth	
of	the	marginal	defect.	

2.7.3.3.2 Alternatives 
to Reconstruction 
of the Posterior Lamella 
of the Lower Eyelid

Large	 full-thickness	 defects	 in	 the	 lower	 lid	 re-
quire	 reconstruction	of	 the	posterior	 lamella	 to	
prevent	entropion	and	lower	lid	retraction.	Two	
common	options	include	a	lid-sharing	procedure,	
such	as	the	Hughes	flap,	or	a	free	tarsal	graft	har-
vested	from	the	upper	lid.	We	have	found	that	a	
free	tarsal	graft	with	a	hinge	of	attached	conjunc-
tiva	 can	 be	 safely	 harvested	 from	 the	 upper	 lid	
and	used	to	provide	stability	as	a	new	posterior	
lamella,	as	well	as	to	create	an		inferior	cul	de	sac	
and	even	to	line	the	inferior	globe	if	status-post	
bulbar	conjunctival	excision	(Fig.	2.7).	This	tech-
nique	 reliably	 achieves	 excellent	 cosmetic	 and	
functional	 outcomes	 without	 occlusion	 of	 the	
visual	axis,	as	is	required	with	either	the	Hughes	
or	 Mustarde	 lid-sharing	 technique.	 If	 adequate	
tarsus	is	not	available,	other	grafts	such	as	naso-
septal	cartilage	with	nasal	mucosal	lining	can	be	

used	as	alternatives.	If	preserved	donor	dermis	is	
used,	however,	a	conjunctival	flap	is	usually	dif-
ficult	to	mobilize.	Vascular	supply	for	these	free	
grafts	is	mainly	provided	by	the	overlying	skin	or	
skin/muscle	flap.

2.7.3.3.3 Anterior Lamellar 
Replacement

Larger	skin/muscle	defects	can	also	be	repaired	
with	a	semicircular	flap,	although	if	the	lower	lid	
defect	is	much	greater	than	50%,	a	larger	rotating	
cheek	flap	as	described	by	Mustarde	is	preferable	
[49].	Although	temporalis-based	sliding	flaps	or	
mid-forehead	flaps	can	also	be	utilized	for	large	
lower	lid	defects,	we	prefer	the	Mustarde	rotat-
ing	cheek	flap,	which	can	cover	the	lid	and	even	
extend	 to	 the	 medial	 canthus,	 if	 necessary.	 To	
avoid	 paralysis	 of	 the	 superior	 branches	 of	 the	
facial	nerve,	 the	rotating	cheek	flap	in	the	sub-
cutaneous	plane	 lateral	 to	 the	orbital	 rim	must	
be	 lifted.	 Undermining	 below	 the	 orbicularis	
muscle	inside	the	orbital	rim	presents	little	risk	
of	paralysis,	since	its	extensive	nerve	supply	usu-
ally	preserves	enough	sphincter	action	 to	close	
the	eyelids.	

2.7.3.4 Reconstruction of Medial 
Canthal Defects After Mohs 
Micrographic Surgery

2.7.3.4.1 General Principles 
of Medial Canthal 
Reconstruction

The	 concave	 surface	 and	 complex	 anatomy	 of	
the	medial	 canthus	present	multiple	challenges.	
Ablating	the	concave	medial	canthus	with	bulky	
flaps	 or	 webbed	 closures	 that	 impart	 marked	
contour	 deformities	 should	 be	 avoided.	 The	 re-
constructive	 surgeon	 must	 carefully	 inspect	 the	
surgical	 defect	 to	 assess	 integrity	 of	 the	 medial	
canthal	tendon	and	lacrimal	excretory	apparatus.	
If	severed,	the	medial	canthal	tendon	may	be	re-
suspended	in	order	to	recreate	the	proper	curva-
ture	of	the	eyelid	against	the	globe	and	to	prevent	



epiphora	 [31].	 If	 tumor	 resection	 disrupts	 the	
lacrimal	excretory	apparatus,	nasolacrimal	intu-
bation	can	prevent	persistent	epiphora	and	recur-
rent	conjunctival	irritation	[71].	Although	some	
surgeons	prefer	to	delay	reconstruction	of	the	lac-
rimal	drainage	system	for	 fear	of	disseminating	
tumor	cells,	reliable	margins	obtained	after	Mohs	
micrographic	surgery	encourage	many	surgeons	
to	reconstruct	the	lacrimal	drainage	system	im-
mediately	after	tumor	resection	[3].	

2.7.3.4.2 Common Reconstruction 
Options for Medial 
Canthal Defects

Medial	canthal	defects,	if	small,	circular,	and	rel-
atively	shallow,	can	heal	by	secondary	intention.	
Asymmetric	 defects	 can	 create	 unsightly	 con-
tractions,	however	(Fig.	2.8).	Full-thickness	skin	
grafts	 harvested	 from	 the	 upper	 lid	 or	 retroau-
ricular	skin	can	provide	an	excellent	reconstruc-

Fig. 2.7  Lower	 lid	 defect	 repair	 with	 free	 tarsocon-
junctival	 graft.	 a	 Poorly	 defined	 basal	 cell	 carcinoma	
of	the	lower	lid.	b	Full-thickness	defect	after	Mohs	mi-
crographic	surgery.	c	Incision	is	made	through	the	pal-
pebral	 conjunctiva	of	 the	upper	eyelid	approximately	
4	mm	from	the	lid	margin.	d	Harvesting	tarsoconjunc-
tival	graft	prior	to	recessing	Muller’s	muscle.	e	Patient	
3	months	post	graft	and	vertical	skin-muscle	advance-
ment	flap
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tion	option	for	moderate-sized	defects	(Fig.	2.9).	
The	glabella	serves	as	an	excellent	tissue	reservoir	
for	local	flaps	to	repair	small	to	moderate	defects	
in	the	medial	canthus,	particularly	for	defects	su-
perior	to	the	level	of	the	medial	canthal	tendon	

(Fig.	2.10).	 For	 defects	 that	 lie	 mostly	 inferior	
to	 the	 level	 of	 the	 medial	 canthal	 tendon,	 a	 bi-
lobed	flap	can	be	an	effective	solution	(Fig.	2.11).	
For	 larger	 defects,	 a	 combination	 of	 multiple	
flaps	 from	 the	 glabella,	 nasolabial	 fold,	 upper	

Fig. 2.8  Secondary	 intention	 healing	 in	 medial	 can-
thal	 defects.	 Acceptable	 result	 dependent	 on	 the	 size	
and	symmetry	of	the	wound.	Disparity	of	the	vertical	
to	horizontal	dimensions	can	result	in	severe	contrac-
tion,	 as	 observed	 in	 this	 patient	 referred	 6	months	
post-Mohs	resection	because	of	tearing	due	to	poor	lid	
closure	and	lacrimal	outflow	problems

Fig. 2.9  Skin	 graft	 repair	 of	 a	 medial	 canthal	 defect.	
Free	full-thickness	skin	graft	from	the	upper	lid	donor	
site.	If	the	defect	is	deeper,	thicker	retro-auricular	skin	
may	be	used

Fig. 2.10  Sliding	 glabellar	 flap	 for	 a	 medial	 canthal	
defect.	a	Post-Mohs	defect	in	a	basal	cell	carcinoma	le-
sion.	b	Glabellar	frown	line	is	extended	and	a	myocuta-
neous	flap	created.	c	Patient	1	year	postoperatively



lid	crease,	and	lateral	cheek	may	be	necessary	to	
cover	the	defect.	 If	 the	nasolacrimal	system	has	
been	 compromised,	 reconstruction	 with	 silastic	
intubation	 may	 be	 utilized	 (Fig.	2.12).	 Without	
confirmation	 of	 clear	 margins	 by	 Mohs	 micro-
graphic	 surgery	 of	 medial	 canthal	 lesions,	 any	
invasive	surgery	into	the	nose	should	be	deferred	
for	at	least	1	year	to	minimize	the	risk	of	seeding	
residual	tumor	into	the	nasopharynx.

2.7.3.4.3 Reconstruction 
of Combined Medial 
Canthal and Lower 
Lid Defects

Some	extensive	defects	may	require	an	extremely	
large	flap	 that	 is	both	rotating	and	sliding.	This	
type	of	problem	is	more	commonly	encountered	
in	patients	who	have	a	history	of	numerous	skin	

malignancies.	 The	 patient	 in	 Fig.	2.13	 had	 ex-
tensive	malignant	skin	disease	affecting	the	face	
with	multiple	 areas	of	basal	 cell	 carcinoma	and	
a	 history	 of	 squamous	 cell	 carcinoma	 resected	
from	the	leg.	She	had	undergone	a	recent	repair	
following	Mohs	resection	for	a	right	cheek	basal	
cell	 carcinoma	 and	 had	 obvious	 tumor	 involv-
ing	the	left	lower	lid,	cheek,	and	medial	canthus.	
The	Mohs	defect	measured	40	×	40	mm	with	85%	
lower	 lid	 loss;	 the	glabellar,	nasolabial	 fold,	and	
the	 rotating	 cheek	 flaps	 are	 outlined.	 Note	 the	
circled	areas	of	suspected	additional	tumors.	The	
sliding	and	rotating	cheek	flap	is	mobilized,	the	
upper	 lid	 everted	 in	 preparation	 for	 harvesting	
the	 tarsoconjunctival	 graft	 for	 the	 posterior	 la-
mella	of	the	reconstructed	lower	lid,	silastic	tub-
ing	is	 inserted	through	the	upper	punctum	and	
canaliculus	and	through	the	distal	remnant	of	the	
lower	canaliculus,	and	both	ends	are	then	passed	
down	the	nasolacrimal	duct	(see	Fig.	2.7d).	Free	

Fig. 2.11  Bilobed	flap	repair	for	medial	canthal	defect.	a	Post-Mohs	excision	for	basal	cell	carcinoma.	a	Bilobed	
flap	outlined.	b	Flaps	rotated	into	defect	and	incisions	closed.	c	Patient	4	months	postoperatively
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tarsal	graft	 is	harvested	 from	the	everted	upper	
lid.	 The	 tarsal	 graft	 is	 sutured	 in	 place	 and	 the	
sliding	portion	of	the	rotated	flap	is	secured	over	
the	medial	canthal	and	lateral	defect.

This	 scenario	 can	 make	 excision	 extremely	
difficult	 for	 the	 Mohs	 surgeon	 to	 decide	 where	
to	stop	excising	and	when	to	pursue	other	man-
agement	strategies.	Balancing	cure	with	function	
and	appearance	can	be	extremely	difficult	in	these	
cases.	In	truth,	control	of	progression	may	be	the	
only	recourse.	A	multidisciplinary	approach	in-
volving	 dermatology,	 oculoplastic	 surgery,	 and	
oncology	should	be	pursued	in	an	effort	to	offer	
such	patients	the	best	chance	of	survival,	of	pre-
serving	visual	 function,	and	of	minimizing	dis-
comfort	and	unnecessary	expenses.	

2.7.3.4.4 Reconstruction 
of Lateral Canthal 
Defects after Mohs 
Micrographic Surgery

Post-Mohs	 defects	 in	 the	 lateral	 canthal	 region	
are	 most	 often	 extensions	 of	 lower	 lid	 tumors.	
Repair	 of	 these	 defects	 follows	 the	 same	 prin-
ciples	 discussed	 in	 the	 previous	 sections.	 The	
major	reconstructive	concern,	beyond	cure	and	
protection	of	the	globe,	is	to	create	a	sharp	lateral	
canthal	 angle	 with	 sufficient	 support	 in	 the	 re-
constructed	lower	lid	to	avoid	retraction	and/or	
ectropion.	In	severe	instances,	transposition	flaps	
from	upper	to	lower	lid	can	be	helpful	for	canthal	
defects	or	resultant	dystopias,	but	are	usually	left	

Fig. 2.12  Multiple	flap	and	nasolacrimal	repair	for	medial	canthal	defect.	a	Multiple	flap	technique,	outlining	
sliding	glabellar,	nasolabial	fold,	upper	lid	crease,	and	rotating	cheek	flaps	for	repair.	b	Intubation	of	canaliculi	
with	silastic	tubing	to	be	passed	down	the	nasolacrimal	duct.	c	Rotating	cheek	flap	reflected;	dissection	beyond	
the	orbital	rim	must	be	subcutaneous	to	avoid	seventh	nerve	paresis.	d	Patient	1	year	postoperatively;	no	epiphora	
noted	after	removal	of	the	silastic	tubing	6	months	postoperatively



Fig. 2.13  Combined	 sliding	 and	 rotating	 cheek	 flap	
for	a	medial	canthal	and	lower	lid	defect.	a	Patient	with	
extensive	malignant	skin	disease	affecting	the	face	with	
multiple	areas	of	basal	cell	carcinoma.	b	Mohs	defect.	
c	Sliding	and	rotating	cheek	flap	mobilized.	d	Free	tar-
sal	graft	harvested	from	the	everted	upper	lid.	e	Tarsal	
graft	is	sutured	in	place.	f	Patient	3	months	postopera-
tively
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for	secondary	stage	repair	in	severe	cases	of	tis-
sue	loss	or	destruction.	Many	types	of	flaps	have	
been	 described	 for	 lateral	 canthal	 defects,	 but	
variations	 of	 the	 rotating	 Mustarde	 cheek	 flap	
often	provide	the	most	effective	and	aesthetically	
pleasing	results.

2.8 Conclusion
Due	 to	 a	 high	 incidence	 of	 subclinical	 tumor	
spread,	 standard	 excision	 of	 periocular	 malig-
nancies	 and	 common	 techniques	 of	 pathologic	
margin	 evaluation	 result	 in	 high	 rates	 of	 in-
complete	 excision	 and	 tumor	 recurrence.	 Mohs	
micrographic	 surgery	 respects	 the	 principle	 of	
subclinical	tumor	spread	and	uses	100%	micro-
scopic	 margin	 evaluation	 and	 meticulous	 tis-
sue	mapping	to	detect	and	target	all	parts	of	the	
tumor	 and	 spare	 healthy	 tissue.	 The	 complete	
method	 of	 margin	 evaluation	 maximizes	 cure,	
and	 the	 tissue-sparing	 benefits	 enhance	 patient	
function	and	cosmesis.	Strong	evidence	supports	
the	 use	 of	 Mohs	 micrographic	 surgery	 to	 treat	
periocular	basal	cell	 and	squamous	cell	 cancers	
and	 sebaceous	 carcinoma.	 Increasing	 amounts	
of	 data	 support	 the	 use	 of	 Mohs	 micrographic	
surgery	 or	 variations	 of	 the	 technique	 to	 treat	
lentigo	 maligna.	 In	 the	 multidisciplinary	 care	
of	 patients	 with	 periocular	 malignancies,	 Mohs	
micrographic	surgery	increases	the	likelihood	of	
achieving	the	three	primary	goals	of	treating	pa-
tients	with	cancer:
•	 Cure	of	the	tumor
•	 Preservation	of	function
•	 Cosmetic	reconstruction

The	reconstructive	surgeon	can	employ	a	va-
riety	of	options	to	repair	periocular	defects	after	
Mohs	micrographic	surgery.
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Core Messages

■	 Upper	eyelid	retraction	is	best	classified	
as	neurogenic,	myogenic,	and	mechanis-
tic.

■	 Neurogenic	eyelid	retraction	can	be	ac-
quired	or	present	at	birth.

■	 The	acquired	form	can	be	due	to	a	dorsal	
midbrain	problem	or	secondary	to	aber-
rant	regeneration.

■	 Myogenic	retraction	is	most	commonly	
due	 to	 thyroid	 eye	 disease:	 myasthenia	
gravis	 and	 congenital	 eye	 muscle	 fibro-
sis.

■	 Severe	upper	eyelid	retraction	can	cause	
mild	to	severe	corneal	exposure.

■	 Surgical	 approaches	 can	 be	 anterior	 or	
posterior.

■	 Excision	 of	 Muller’s	 muscle	 with	 apo-
neurosis	recession	can	be	performed	via	
a	posterior	approach.

■	 The	 posterior	 approach	 is	 preferred	 for	
mild	 retraction	 (1–2mm)	 and	 for	 the	
A-scan	eyelid.

■	 The	 anterior	 approach	 for	 upper	 lid	
retraction	 is	 reserved	 for	 moderately	
severe	 problems	 and	 involves	 levator	
aponeurosis	 disinsertion	 with	 Muller’s	
muscle	excision.

■	 A	 full-thickness	 blepharotomy	 is	 re-
served	for	severe	cases	of	retraction	that	
have	not	responded	to	prior	surgical	ef-
forts.

		

3.1 Introduction
The	 treatment	 of	 upper	 eyelid	 retraction	 repre-
sents	one	of	the	most	challenging	aspects	of	oph-
thalmic	plastic	 surgery.	This	entity	produces	an	
unnatural	physical	appearance,	often	referred	to	
as	 the	“stare,”	which	can	give	the	 illusion	of	ex-
ophthalmos	(Fig.	3.1).	In	addition,	retraction	can	
lead	to	lagophthalmos	and	exposure	keratopathy	
with	sequelae	that	are	potentially	sight-threaten-
ing.	 Numerous	 surgical	 procedures	 have	 been	
described	 regarding	 the	 correction	 of	 upper	 lid	
retraction,	with	varying	results,	 further	compli-
cating	 the	 treatment	 of	 this	 condition.	 For	 the	
purposes	of	this	review	the	authors	will	focus	on	
the	surgical	correction	of	thyroid-related	retrac-
tion.	

3.2. Differential Diagnosis 
of Upper Lid Retraction 

The	differential	diagnosis	of	upper	lid	retraction	
is	quite	extensive.	In	clinical	practice,	thyroid	eye	
disease	 is	 the	 most	 common	 underlying	 cause,	
and	the	finding	of	retraction	alone	upon	physi-
cal	 examination	 warrants	 work-up	 for	 thyroid	
disease.	Once	this	condition	is	ruled	out,	the	dif-
ferential	becomes	quite	diverse.	Bartley	has	pro-
posed	a	classification	scheme	composed	of	three	
categories	 of	 retraction:	 neurogenic,	 myogenic,	
and	mechanistic	[1,	2].

Neurogenic	eyelid	retraction	can	be	acquired	
or	 present	 at	 birth.	 A	 benign	 conjugate	 down-
ward	gaze	with	upper	eyelid	retraction	has	been	
described	 in	 preterm	 infants	 [9].	 Furthermore,	
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normal	 infants	 may	 elicit	 an	 “eye	 popping”	 re-
flex	 when	 ambient	 light	 levels	 are	 suddenly	 re-
duced	 [12].	 Acquired	 causes	 include	 the	 dorsal	
midbrain	 syndrome	 and	 aberrant	 regeneration,	
among	others.	Unilateral	ptosis	is	commonly	ob-
served	to	cause	a	“pseudoretraction”	of	the	con-
tralateral	upper	lid	[11],	presumably	via	Hering’s	
law	of	equal	innervation.

Myogenic	 eyelid	 retraction	 is	 commonly	
caused	by	thyroid	eye	disease.	In	fact,	retraction	
is	the	most	common	finding	in	patients	with	thy-
roid	orbitopathy,	present	in	approximately	90%	of	
such	patients	at	some	point	in	the	clinical	course	
of	their	disease	[1].	Other	causes	of	myogenic	re-
traction	 include	 congenital	 muscle	 fibrosis	 and	
myasthenia	gravis,	among	others.

Mechanistic	retraction	can	be	due	to	a	plethora	
of	underlying	abnormalities.	Globe	prominence,	
as	seen	in	thyroid	eye	disease,	buphthalmos,	se-
vere	 myopia,	 and	 orbital	 tumors,	 can	 result	 in	
eyelid	retraction.	Cicatricial	processes	including	
scarring	from	infection,	radiation	therapy	or	ag-
gressive	lid	surgery,	eyelid	tumors	or	burns,	can	
also	cause	secondary	retraction.	

Summary for the Clinician

■	 The	 etiology	 of	 upper	 eyelid	 retraction	
is	quite	diverse;	however,	it	is	most	com-
monly	 the	 result	 of	 thyroid-related	 eye	
disease.

■	 Functionally,	upper	eyelid	retraction	can	
lead	 to	 exposure	 keratopathy,	 which	 in	
its	severe	form	can	lead	to	infection	and	
permanent	vision	loss.

		

3.3 Etiology of Thyroid-related 
Upper Lid Retraction 

While	the	exact	etiology	of	upper	eyelid	retrac-
tion	 due	 to	 thyroid	 eye	 disease	 has	 not	 been	
elucidated,	 several	 theories	have	been	proposed	
to	explain	this	common	clinical	finding.	Exoph-
thalmos	 may	 lead	 to	 eyelid	 retraction,	 as	 the	
eyelids	 may	 not	 be	 able	 to	 lengthen	 sufficiently	
to	maintain	coverage	of	the	globe.	This	may	ex-
plain	the	“lateral	flare”	often	seen	in	thyroid	pa-
tients,	 since	 in	 the	 primary	 position	 the	 globes	
are	directed	away	 from	the	orbital	axis,	 thereby	
exposing	 more	 sclera	 temporally	 [10].	 Alter-
natively,	 fibrosis	 of	 the	 lacrimal	 gland	 and	 lat-
eral	levator	aponeurosis	has	been	described	[7],	
which	 potentially	 accentuates	 lateral	 eyelid	 re-
traction.	Histological	examination	of	the	levator	
muscle	has	shown	enlargement	of	muscle	fibers	
in	patients	with	 thyroid	eye	disease	 [16].	Alter-
natively,	primary	hyperactivity	of	the	levator	[8]	
and	excessive	stimulation	of	the	sympathetically	
innervated	Muller’s	muscle	have	been	postulated	
as	mechanisms.	Finally,	fibrosis	and	retraction	of	
the	inferior	rectus	may	cause	over-action	of	the	
levator–superior	 rectus	 complex,	 causing	 upper	
eyelid	retraction.	

3.4 Physical Examination
A	 thorough	 physical	 examination	 is	 required	
prior	to	deciding	upon	a	treatment	algorithm	for	
upper	 eyelid	 retraction	 due	 to	 thyroid	 eye	 dis-
ease.	This	requires	intimate	knowledge	of	eyelid	
and	orbital	anatomy.	Variables	such	as	age,	level	
of	alertness,	and	direction	of	gaze	can	alter	mea-
surements.	Examinations	 should	be	 repeated	as	

Fig. 3.1  Eyelid	retraction



necessary	to	ensure	reliable,	reproducible	results.	
Photographs	 should	 be	 obtained	 to	 document	
eyelid	positions	and	confirm	stability.

In	 adults,	 the	 average	 palpebral	 fissure	 mea-
sures	10	mm	in	height.	Normally,	there	is	no	vis-
ible	sclera	between	the	edges	of	 the	cornea	and	
the	eyelid	margin.	The	upper	lid	contacts	the	cor-
nea	approximately	2	mm	below	the	upper	limbus	
in	primary	gaze.	The	lower	lid	contacts	the	cor-
nea	at	the	level	of	the	lower	limbus.	The	distance	
from	the	limbus	at	the	12	o’clock	position	to	the	
eyelid	 margin	 should	 be	 measured	 with	 a	 ruler	
while	 having	 the	 patient	 look	 in	 primary	 gaze.	
It	is	important	to	understand	that	this	measure-
ment	 may	 be	 quite	 variable.	 Occasionally,	 the	
upper	lid	may	change	position	during	the	actual	
process	 of	 taking	 a	 measurement.	 This	 may	 be	
due	 to	 squinting	 in	 response	 to	 the	 proximity	
of	 the	 ruler,	 or	 due	 to	 further	 retraction	 of	 the	
eyelid.	The	authors	have	found	the	use	of	a	trans-
parent	 ruler	 useful	 in	 decreasing	 the	 squinting	
response	of	the	patient	[13].

In	patients	with	thyroid	eye	disease,	additional	
critical	components	of	the	physical	examination	
include	visual	acuity,	extraocular	motility,	pupil-
lary	 examination,	 color	 vision,	 confrontational	
visual	 fields,	 Hertel	 exophthalmometry,	 pres-
ence	 of	 lagophthalmos	 and	 Bell’s	 phenomenon,	
and	 slit	 lamp	 and	 fundus	 examination.	 Finally,	
while	blepharoptosis	 is	 relatively	uncommon	 in	
patients	with	thyroid	eye	disease,	it	is	important	
to	rule	out	the	“pseudoretraction”	phenomenon	
that	may	be	present	with	unilateral	ptosis.

3.5 Sequelae of Upper 
Lid Retraction

Thyroid-related	 upper	 lid	 retraction	 can	 cause	
both	 functional	 and	 cosmetic	 problems.	 The	
most	 severe	 consequence	 involves	 exposure	
keratopathy,	which	is	related	to	the	degree	of	lag-
ophthalmos.	In	its	mildest	form,	this	can	lead	to	
symptoms	of	ocular	irritation	and	blurred	vision.	
This	 can	 be	 worsened	 in	 the	 setting	 of	 a	 poor	
Bell’s	phenomenon	and	poor	reflex	tearing,	and	
in	extreme	situations	can	 lead	 to	corneal	ulcer-
ation,	potential	perforation,	and	permanent	loss	
of	vision.	Additionally,	special	clinical	situations	
warrant	 particular	 mention.	 Glaucoma	 patients	

with	filtering	blebs	are	predisposed	to	desiccation	
and	infection	of	the	blebs	secondary	to	exposure.	
Also,	 patients	 with	 peripheral	 iridotomies	 may	
report	monocular	diplopia	if	the	retracted	upper	
lid	 exposes	 the	 iridotomy	 site.	 Finally,	 patients	
with	exophthalmos	and retraction	may	be	more	
prone	to	spontaneous	globe	subluxation,	particu-
larly	 patients	 with	 the	 lipogenic	 variant	 of	 thy-
roid	orbitopathy	[14].

Cosmetically,	 upper	 lid	 retraction	 gives	 the	
appearance	of	prominent	globes,	 sometimes	re-
ferred	to	as	a	“stare.”	In	patients	with	thyroid	eye	
disease,	this	is	often	compounded	by	pre-existing	
globe	proptosis,	producing	a	very	abnormal	ap-
pearance.	

Summary for the Clinician

■	 Cosmetically,	 it	 can	cause	an	unnatural	
appearance,	which	is	often	worsened	by	
underlying	exophthalmos.

		

3.6 Medical Management 
of Thyroid-related Upper 
Lid Retraction

Whenever	 possible,	 symptomatic	 upper	 lid	 re-
traction	should	initially	be	treated	medically.	This	
is	 especially	 true	 for	 patients	 newly	 diagnosed	
with	thyroid	disease,	and	those	who	demonstrate	
a	high	degree	of	variability	in	lid	measurements.	
Typically,	the	authors	advocate	at	least	6	months	
of	 documented	 examination	 stability	 prior	 to	
considering	surgical	intervention.	In	the	interim,	
various	medical	treatments	are	available	to	treat	
the	ocular	irritation	and	exposure	keratopathy.	

Artificial	 tears	 and	 tear	 gels	 or	 ointments	
should	 be	 used	 aggressively	 to	 prevent	 expo-
sure	 keratopathy.	 During	 sleep,	 patients	 should	
be	counseled	on	taping	the	upper	 lids	closed	to	
address	nocturnal	 lagophthalmos.	Alternatively,	
moisture	chambers	such	a	swim	goggles	may	be	
worn	while	asleep	to	prevent	excessive	evapora-
tion	of	tears.	These	can	be	used	in	combination	
with	tear	gel	or	ointment.	

Other	 medications	 have	 been	 used	 to	 treat	
retraction.	Use	of	topical	guanethidine,	an	alpha-
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adrenergic	blocker,	has	been	described	in	patients	
with	thyroid-related	retraction	[4].	However,	this	
medication	has	many	side	effects,	including	mio-
sis,	conjunctival	injection,	punctate	keratitis,	and	
ocular	pain	upon	instillation.	Use	of	botulinum	
toxin	 (Botox)	 injections	 into	 the	 upper	 lid	 has	
also	been	described	in	several	prospective	series,	
with	promising	results	[15,	17].	Side	effects	of	this	
treatment	 include	 possible	 ptosis	 and	 diplopia.	
In	addition,	the	temporary	nature	of	botulinum	
toxin	makes	it	less	ideal	for	long-term	treatment	
of	eyelid	 retraction.	 In	our	experience,	we	have	
found	this	modality	to	be	of	little	benefit.

If	exposure	keratopathy	and	ocular	irritation	
are	severe	or	refractory	to	medical	management,	
temporary	 eyelid	 closure	 via	 a	 suture	 tarsor-
rhaphy	 may	 be	 undertaken.	 This	 procedure	 is	
quickly	 and	 easily	 performed,	 and	 is	 also	 re-
versible.	The	authors	prefer	a	double	armed	5-0	
nylon	suture	passed	in	mattress	fashion	from	the	
lateral	 third	of	 the	 lower	 lid	 to	 the	correspond-
ing	position	of	the	upper	lid	and	tied	over	foam	
bolsters.	It	is	critical	to	place	the	sutures	through	
the	tarsus,	to	achieve	greater	stability	and	mini-
mize	“cheese-wiring”	the	suture.	This	procedure	
may	also	be	useful	 for	 temporary	prevention	of	
globe	subluxation.	In	general,	permanent	tarsor-
rhaphies	are	cosmetically	unappealing	and	when	
used	 in	 our	 practice	 are	 small	 (<5	mm)	 and	 as	
an	adjunct	to	lateral	canthoplasty	or	more	rarely,	
upper	lid	recession.

3.7 Important Considerations 
Before Addressing Surgery 
for Upper Lid Retraction

In	general,	the	authors	advocate	documenting	at	
least	 6	months	 of	 clinical	 stability	 before	 enter-
taining	any	surgical	intervention	in	patients	with	
thyroid	eye	disease.	In	addition,	any	patient	who	
is	 being	 considered	 for	 repair	 of	 eyelid	 retrac-
tion	should	first	be	evaluated	for	orbital	decom-
pression.	Significant	proptosis	often	exacerbates	
eyelid	retraction,	and	recession	alone	in	such	pa-
tients	can	yield	a	cosmetically	unappealing	result	
(Fig.	3.2).	The	authors	have	previously	 reported	
that	bony	decompression	alone	may	significantly	
reduce	lid	retraction,	lateral	flare,	and	ocular	sur-

face	exposure	(Fig.	3.3)	 [5].	With	 lesser	degrees	
of	 proptosis,	 recession	 alone	 may	 mask	 the	 ap-
pearance	of	prominent	globes.	There	is	no	rigid	
cut-off	 value	 for	 the	 amount	 of	 exophthalmos	
that	 warrants	 decompression	 first.	 Rather,	 the	
clinical	appearance	of	the	patient,	the	changes	in	
patient	appearance	relative	to	their	baseline,	pre-
thyroid	state,	and	surgical	experience	of	the	cli-
nician	should	dictate	management.	We	advocate	
consideration	of	bony	decompression	when	Her-
tel	measurements	surpass	approximately	24	mm.	
If	possible,	old	photographs	should	be	obtained	
prior	 to	 surgery	 in	 order	 to	 assess	 the	 baseline	
appearance	 of	 the	 patient	 and	 discuss	 realistic	
expectations.	Obviously,	close	consultation	with	
the	 patient,	 taking	 into	 consideration	 each	 of	
these	factors,	permits	a	customized,	collaborative	
treatment	plan.	

Simultaneous	orbital	decompression	and	cor-
rection	of	upper	lid	retraction	has	also	been	de-
scribed,	 as	 it	 may	 decrease	 the	 total	 number	 of	
surgical	 procedures	 for	 the	 patient	 [3].	 We	 feel	
that	 the	 introduction	 of	 an	 additional	 variable	
such	 as	 decompression	 surgery	 increases	 the	
degree	of	difficulty	of	obtaining	a	satisfactory	re-
sult.	In	our	hands,	the	best	results	of	upper	lid	re-
cession	surgery	are	achieved	when	performed	in	
a	 cooperative,	 awake	patient	 to	permit	 intraop-
erative	adjustment.	The	authors	feel	that	there	is	
little	advantage	to	be	gained	from	this	combina-
tion	surgery,	especially	if	patients	are	undergoing	
sizeable	bony	decompressions	simultaneously.	

3.8 Basic Principles for Surgical 
Correction of Retraction

Recession	of	the	upper	eyelid	is	a	very	challeng-
ing	oculoplastic	procedure.	A	spectrum	of	con-
stantly	 evolving	 techniques	 has	 been	 described,	
each	with	individual	pros	and	cons.	In	our	expe-
rience,	 this	 procedure	 has	 a	 relatively	 high	 rate	
of	re-operation	(i.e.,	“enhancements”)	necessary	
to	 achieve	 satisfactory	 eyelid	 height	 and	 con-
tour.	 The	 patient	 should	 be	 properly	 educated	
regarding	this	fact	prior	to	entertaining	surgery.	
Realistic	goals	should	also	be	set	regarding	sur-
gery,	namely	decreasing	symptoms	of	exposure,	
maintaining	 symmetry	 between	 both	 eyes,	 and	



improvement	of	 the	cosmetic	appearance	of	re-
traction.	Returning	a	patient	completely	to	their	
pre-disease	appearance	is	unrealistic	and	will	un-
doubtedly	lead	to	patient	dissatisfaction.

In	 general,	 correction	 of	 upper	 lid	 retrac-
tion	can	be	performed	via	an	anterior	approach	
through	 the	 skin,	 or	 via	 a	 posterior	 approach	
through	the	conjunctiva.	The	anterior	approach	
allows	superior	visualization	of	anatomic	struc-
tures	and	better	control	of	eyelid	contour,	while	
the	posterior	approach	has	the	benefit	of	no	vis-
ible	skin	scar.	

We	 advocate	 several	 general	 principles	 re-
garding	 surgery	 for	 upper	 lid	 retraction.	 First,	
when	 operating	 via	 the	 anterior	 approach,	 skin	
excision	should	be	avoided.	Any	removal	of	skin	
could	 shorten	 the	 anterior	 lamella,	 potentially	

counteracting	 the	 lid	 lengthening	 goal	 of	 sur-
gery.	Second,	pre-aponeurotic	fat	that	is	typically	
encountered	in	the	anterior	approach	should	not	
be	excised.	Postoperatively,	this	fat	may	act	as	a	
barrier	between	the	orbicularis	and	the	levator–
Muller’s	complex	preventing	adhesions	and	pro-
ducing	 unsatisfactory	 results.	 If	 fullness	 of	 the	
upper	lid	persists,	this	fat	can	be	removed	later	in	
a	staged	fashion,	and	some	conservative	skin	ex-
cision	is	possible.	Third,	spacer	grafts	do	not	play	
a	role	in	the	repair	of	upper	lid	retraction.	Grafts	
such	as	donor	sclera,	fascia	lata,	and	acellular	der-
mis	have	been	used	to	lengthen	the	upper	lid	and	
separate	 the	 levator–Muller’s	 complex	 from	 the	
upper	border	of	tarsus.	Unlike	lower	lid	surgical	
recession	gravity	assists	the	surgical	recession	of	
the	upper	lids.	The	authors	have	not	found	grafts	

Fig. 3.2  a	Significant	retraction	
exacerbated	by	exophthalmos.	
b	Following	recession	alone,	the	
cosmetic	results	are	suboptimal	
despite	normalization	of	the	
palpebral	fissure	heights,	as	the	
proptotic	globes	still	result	in	
prominent	pre-tarsal	platform	
that	is	not	consistent	with	the	
patient’s	pre-morbid	appear-
ance.	In	such	cases,	we	advocate	
strong	consideration	of	orbital	
decompression	in	advance	of	
eyelid	surgery.
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to	be	necessary	in	upper	lid	surgery.	Finally,	we	
have	evolved	to	avoid	the	use	of	traction	sutures	
postoperatively.	In	rare	cases,	where	the	upper	lid	
does	not	lower	as	much	as	anticipated	intraoper-
atively,	we	have	used	a	pressure	patch	to	place	the	
upper	lid	in	a	fully	closed	position	for	24–48	h	to	
establish	 the	desired	anatomic	alignment	of	 the	
upper	lid	retractors.

Summary for the Clinician

■	 The	treatment	of	thyroid	eye	disease	en-
compasses	 both	 medical	 management	
and	surgical	repair.

■	 Repair	of	upper	lid	retraction	represents	
an	 evolving	 process,	 with	 many	 tech-
niques	available	to	achieve	the	same	re-
sults.

		

3.9 Preoperative Medication
Surgery	 for	 eyelid	 retraction	 is	 typically	 per-
formed	in	an	ambulatory	setting	under	local	an-
esthesia.	As	such,	patients	can	often	be	quite	anx-
ious.	 Following	 appropriate	 patient	 counseling,	
we	advocate	the	use	of	a	 low-dose,	short-acting	
anxiolytic	medication	preoperatively	(alprazolam	
0.25	mg;	1–2	tablets	po	30	min	prior	to	surgery).

Blood	 pressure	 should	 also	 be	 checked	 rou-
tinely	before	 surgery.	Patients	may	have	a	 tran-
sient	increase	in	pressure	prior	to	surgery,	likely	
due	 to	 anxiety.	 Also,	 patients	 with	 a	 history	 of	
hypertension	may	not	be	well	controlled	or	may	
forget	to	take	their	medication	on	the	day	of	sur-
gery.	Proper	control	of	perioperative	blood	pres-
sure	 can	 reduce	 the	 risk	 of	 both	 intraoperative	
and	postoperative	hemorrhage.	We	advocate	the	
use	of	antihypertensive	medication	when	systolic	
blood	 pressure	 exceeds	 115	mmHg	 (clonidine	
0.1	mg	po	30	min	prior	to	surgery).

Fig. 3.3  Bony	orbital	decom-
pression	alone	can	reduce	upper	
lid	retraction	and	lateral	flare,	as	
the	lid	peak	is	shifted	nasally	(re-
produced	from	Chang	et	al.	[5])



Finally,	 proper	 patient	 counseling	 should	 be	
performed	 regarding	 cessation	 of	 blood	 thin-
ning	 medications.	 We	 provide	 a	 complete	 list	
of	 drugs,	 including	 vitamins	 and	 supplements,	
to	be	avoided.	These	should	be	stopped	10	days	
prior	 to	 surgery	 and	 may	 be	 restarted	 4–5	days	
postoperatively.	Appropriate	medical	evaluation	
should	 be	 performed	 for	 patients	 on	 long-term	
anticoagulation,	including	acquisition	of	coagu-
lation	profiles.

3.10 Surgical Recession: 
Posterior Approach

The	posterior	(transconjunctival)	approach	to	lid	
recession	is	generally	preferred	for	mild	degrees	
of	retraction,	typically	measuring	1–2	mm.	Also,	
Asian	patients	benefit	from	this	technique	since	
the	anterior	anatomy	of	 the	eyelid	crease	 is	not	
altered.	In	this	patient	population,	the	final	cos-
metic	 appearance	 is	 superior	 via	 the	 transcon-
junctival	technique	(Fig.	3.4).	

The	 upper	 lid	 and	 eyelid	 margin	 is	 anesthe-
tized	with	local	2%	lidocaine	containing	epineph-
rine	1:100,000	and	a	corneal	shield	is	placed	on	
the	eye.	Next,	a	4-0	silk	traction	suture	is	placed	
through	the	lid	margin	and	the	lid	is	everted	over	
a	Desmarres	retractor.	Additional	anesthetic	can	

now	be	injected	under	the	palpebral	conjunctiva.	
With	 the	 use	 of	 toothed	 forceps	 and	 Westcott	
scissors,	 the	conjunctiva	 is	 incised	 just	superior	
to	the	upper	border	of	tarsus	and	a	plane	is	iden-
tified	 between	 Muller’s	 muscle	 and	 the	 levator	
aponeurosis.	Another	4-0	silk	 traction	suture	 is	
placed	through	the	cut	edge	of	the	conjunctiva–
Muller’s	 complex.	 Gentle	 downward	 pressure	 is	
placed	 on	 this	 suture	 and	 complete	 dissection	
of	 Muller’s	 muscle	 from	 the	 underside	 of	 the	
levator	 is	performed.	This	can	be	accomplished	
with	a	combination	of	blunt	dissection	with	cot-
ton-tipped	applicators	and	sharp	dissection	with	
Westcott	 scissors.	 Light	 bipolar	 cautery	 may	 be	
used	for	hemostasis.	

Next,	Muller’s	muscle	must	be	dissected	away	
from	 the	 conjunctiva.	 With	 continued	 gentle	
downward	pressure	on	the	traction	suture,	local	
anesthetic	is	injected	into	Muller’s	muscle,	thereby	
hydrodissecting	 it	 away	 from	 the	 underlying	
conjunctiva.	 Fine-toothed	 forceps	 are	 used	 to	
pull	Muller’s	muscle	away	from	the	conjunctiva,	
and	Stevens	scissors	are	used	 to	 initiate	a	plane	
between	the	two	structures.	Through	a	combina-
tion	of	both	sharp	and	blunt	dissection	starting	at	
the	superior	border	of	Muller’s	muscle,	the	con-
junctiva	and	Muller’s	muscle	are	separated,	and	
the	latter	is	completely	excised.	In	selected	cases	
just	 the	 lateral	portion	of	Muller’s	muscle	 is	ex-

Fig. 3.4  a	Preoperative	and	
b	postoperative	photos	of	inter-
nal	recession	surgery	on	an	Asian	
patient.	The	anatomy	of	the	lid	
crease	is	not	altered	and	the	cos-
metic	results	are	satisfactory
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cised.	Care	should	be	taken	to	minimize	button-
holing	or	damage	to	the	conjunctiva.	Again,	light	
bipolar	cautery	can	be	used	for	hemostasis.	It	is	
important	to	remove	as	much	Muller’s	muscle	as	
possible.	

Intraoperatively,	the	patient	should	be	placed	
in	the	sitting	position	 in	primary	gaze	to	assess	
the	eyelid	height	and	contour.	Some	finesse	is	re-
quired,	as	the	presence	of	anesthetic	in	the	lid	at	
the	 time	 of	 surgery	 may	 alter	 its	 final	 position.	

The	 conjunctival	 incision	 need	 not	 be	 sutured,	
and	 patients	 are	 prescribed	 a	 topical	 antibiotic/
steroid	such	as	Tobradex	four	times	per	day	for	
1	week,	at	which	time	eyelid	height	and	contour	
are	evaluated.	Generally,	if	revision	is	required	it	
should	 be	 performed	 within	 3	weeks.	 Typically,	
under-corrections	do	not	improve	greatly	in	the	
postoperative	 period,	 while	 over-corrections	
may	improve	as	swelling	and	ecchymosis	subside	
(Fig.	3.5).

Fig. 3.5  The	posterior	(trans-
conjunctival)	approach	to	upper	
eyelid	recession.	a	A	4-0	silk	
traction	suture	is	placed	in	the	
upper	lid,	which	is	everted	over	a	
Desmarres	retractor;	additional	
anesthesia	is	then	given.	b	The	
conjunctiva–Muller’s	complex	
is	incised	superior	to	the	upper	
border	of	tarsus.	c	(see next page)



Fig. 3.5  (continued)	The	poste-
rior	(transconjunctival)	approach	
to	upper	eyelid	recession.	c	A	
4-0	silk	traction	suture	is	placed	
through	the	conjunctiva/Muller’s	
complex.	d	Hydrodissection	
of	Muller’s	muscle	from	the	
conjunctiva	with	local	anesthetic.	
e	Muller’s	muscle	is	excised,	leav-
ing	the	conjunctiva
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3.11 Surgical Recession: 
Anterior Approach

Correction	 of	 retraction	 via	 the	 anterior	 ap-
proach	 is	 reserved	 for	 patients	 with	 moderate	
to	severe	degrees	of	retraction	(typically,	greater	
than	2	mm)	that	mullerectomy	alone	would	not	
correct.	 A	 skin	 incision	 is	 required,	 but	 is	 well	
hidden	within	the	eyelid	crease,	yielding	accept-
able	 cosmetic	 results.	 We	 discuss	 two	 surgical	
techniques:	 levator	 disinsertion/mullerectomy	
and	 full-thickness	 blepharotomy.	 We	 routinely	
perform	 the	 former	 as	 the	 initial	 procedure,	
whereas	the	latter	is	reserved	for	severe	cases	that	
are	refractory	to	prior	surgery.

3.11.1 Levator Disinsertion/
Mullerectomy

The	upper	eyelid	crease	is	marked	with	a	surgi-
cal	 marking	 pen	 and	 the	 lid	 is	 injected	 locally	
with	 2%	 lidocaine	 with	 epinephrine	 1:100,000.	
Next,	a	skin	 incision	 is	made	along	the	marked	
area	with	a	No.	15	Bard-Parker	blade.	The	orbi-
cularis	is	tented	up	with	two	fine-toothed	forceps	
and	 dissection	 is	 carried	 down	 to	 the	 orbital	
septum	 with	 Westcott	 scissors.	 The	 septum	 is	
then	opened	wide	with	the	Westcott	scissors	for	
the	 entire	 length	 of	 the	 incision.	 Hemostasis	 is	
achieved	with	bipolar	cautery.	

Having	opened	 the	 septum,	 the	pre-aponeu-
rotic	 fat	 can	 be	 identified	 overlying	 the	 levator	
aponeurosis.	As	previously	mentioned,	 excision	
of	this	fat	should	be	avoided	in	order	to	prevent	
potential	adhesions	of	the	anterior	and	posterior	
lamellae.	A	Desmarres	 retractor	can	be	used	 to	
retract	 this	 fat	 superiorly.	 Westcott	 scissors	 are	
then	used	to	sharply	dissect	the	levator	aponeu-
rosis	from	the	anterior	superior	portion	of	tarsus.	
This	sharp	dissection	is	continued	so	that	the	le-
vator	 is	 separated	 from	 the	 underlying	 Muller’s	
muscle.	

Muller’s	muscle	must	then	be	separated	from	
the	conjunctiva.	With	the	aid	of	an	assistant	plac-
ing	downward	traction	on	the	eyelid,	local	anes-
thetic	is	injected	under	Muller’s	muscle,	thereby	
hydrodissecting	 it	 from	 the	 conjunctiva.	 Fine-
toothed	forceps	can	then	be	used	to	lift	the	muscle	
fibers	away	from	the	conjunctiva	and	Steven	scis-
sors	can	be	used	to	bluntly	dissect	in	this	plane.	

Muller’s	muscle	is	then	excised	as	completely	as	
possible,	as	described	for	the	anterior	approach.	
Examination	 of	 the	 patient	 in	 the	 sitting	 posi-
tion	and	primary	gaze	can	be	performed	at	this	
time	 in	order	 to	gauge	 the	amount	of	 recession	
induced	thus	far.

Next,	the	lateral	horn	of	the	levator	is	identi-
fied	and	cut	in	a	lateral	to	medial	direction	with	
Westcott	 scissors.	 Care	 should	 be	 taken	 not	 to	
damage	 the	 lacrimal	 ductules	 during	 this	 step.	
This	 maneuver	 helps	 reduce	 the	 prominent	 lat-
eral	 flare	 often	 associated	 with	 thyroid-related	
retraction.	 The	 distal	 edge	 of	 the	 lateral	 levator	
is	then	transposed	medially	and	sutured	in	mat-
tress	fashion	to	the	remnants	of	Muller’s	muscle	
centrally	with	a	double	armed	6-0	Vicryl	suture.	
The	 suture	 is	 tied	 temporarily	 and	 the	 patient	
is	 placed	 in	 the	 sitting	 position	 to	 evaluate	 lid	
height	and	contour.	When	these	are	judged	to	be	
satisfactory,	 the	 suture	 is	 tied	permanently,	 and	
supporting	 sutures	 are	 placed	 both	 medial	 and	
lateral	to	the	initial	suture.	

The	 skin	 incision	 is	 closed	 with	 interrupted	
6-0	 nylon	 sutures.	 As	 previously	 mentioned,	
spacer	grafts	and	traction	sutures	are	not	neces-
sary,	 and	 skin	 excision	 should	 be	 avoided.	 Pa-
tients	are	re-evaluated	in	1	week	for	eyelid	height	
and	 contour	 and	 for	 suture	 removal.	 Erythro-
mycin	 ophthalmic	 ointment	 is	 placed	 over	 the	
incision	 three	 times	per	day.	 If	 re-operation	 for	
over-	or	under-correction	is	anticipated	it	should	
be	performed	during	the	early	postoperative	pe-
riod,	 typically	 within	 3	weeks	 of	 the	 initial	 sur-
gery.	At	this	stage,	the	wound	can	be	easily	teased	
open	and	the	levator	repositioned	without	much	
difficulty	(Fig.	3.6).

3.11.2 Graded Full-Thickness 
Anterior Blepharotomy

This	 technique	 has	 been	 attributed	 to	 Koorn-
neef	 and	 well	 described	 by	 Elner	 [6].	 Although	
some	advocate	 its	use	as	 the	primary	 treatment	
for	 upper	 lid	 retraction,	 in	 our	 experience	 it	 is	
reserved	 for	 severe	 upper	 lid	 retraction	 that	 is	
refractory	 to	 previous	 recession	 surgery.	 The	
upper	 eyelid	 crease	 is	 marked	 with	 a	 surgical	
marking	pen,	and	2%	lidocaine	with	epinephrine	
1:100,000	is	injected	locally	into	the	lid.	The	mark	
should	be	centered	over	the	lid	peak.	



A	4-0	silk	traction	suture	is	placed	in	the	mar-
gin	of	 the	upper	 lid.	Next,	a	No.	15	Bard-Parker	
blade	is	used	to	make	an	incision	over	the	marked	
area	 through	 skin	 and	 orbicularis.	 This	 incision	
should	be	made	over	the	relevant	portion	(central,	
medial,	 lateral)	of	 the	marked	crease.	Dissection	
with	Westcott	scissors	and	fine-toothed	forceps	is	
performed	in	order	to	expose	the	levator	aponeu-

rosis	near	the	superior	border	of	the	tarsal	plate.	
Downward	traction	on	the	marginal	suture	should	
be	 performed	 to	 facilitate	 this	 step.	 The	 levator,	
Muller’s	 muscle	 and	 the	 underlying	 conjunctiva	
are	incised	with	Stevens	scissors	at	the	upper	tar-
sal	border,	 completing	 the	blepharotomy.	This	 is	
performed	 in	 the	 region	 of	 greatest	 retraction.	
Hemostasis	can	be	maintained	with	the	use	of	bi-

Fig. 3.6  Levator	disinsertion/
mullerectomy	for	correction	of	
upper	eyelid	retraction.	a	A	lid	
crease	incision	is	made	and	the	
orbital	septum	is	opened	wide.	
b	The	levator	is	exposed,	disin-
serted	from	tarsus	and	separated	
from	the	underlying	Muller’s	
muscle.	c	The	lateral	horn	of	the	
levator	is	cut.	d (see next page)
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polar	cautery.	The	patient	is	then	examined	in	the	
sitting	position	in	primary	gaze	to	assess	lid	height	
and	contour.	The	incision	can	be	extended	medi-
ally	or	laterally	as	needed	in	order	to	control	these	
parameters.	In	cases	of	prominent	temporal	flare,	
dissection	can	be	carried	out	laterally	and	the	lat-
eral	horn	of	the	levator	can	be	cut.	This	maneuver	

should	be	performed	carefully	so	as	to	avoid	dam-
age	to	the	lacrimal	gland	ductules.	If	over-correc-
tion	or	contour	flattening	is	encountered,	the	dis-
tal	edge	of	the	levator	aponeurosis	can	be	sutured	
to	the	upper	border	of	tarsus	with	a	6-0	Vicryl	su-
ture	in	mattress	fashion.	Skin	is	then	closed	with	
interrupted	6-0	nylon	sutures	(Fig.	3.7).

Fig. 3.6  (continued) Levator	
disinsertion/mullerectomy	
for	correction	of	upper	eyelid	
retraction.	d	Muller’s	muscle	is	
hydrodissected	away	from	the	
conjunctiva	with	local	anesthetic.	
e	Muller’s	muscle	is	excised	as	
completely	as	possible.	f	The	cut	
edge	of	the	levator	is	transposed	
medially	and	sutured	to	the	rem-
nants	of	Muller’s	muscle



Fig. 3.7  Graded	anterior	full-
thickness	blepharotomy	for	
correction	of	upper	lid	retrac-
tion.	a	A	skin	incision	is	made	
over	the	relevant	portion	of	the	
upper	lid	crease.	b	The	levator	
aponeurosis	is	exposed	near	its	
insertion	at	the	superior	border	
of	tarsus.	c	The	levator,	Muller’s	
muscle,	and	conjunctiva	are	cut.	
This	can	be	extended	medially	or	
laterally	as	needed.	d	Skin	alone	
is	closed	with	interrupted	6-0	
nylon	sutures	when	sufficient	
recession	is	achieved
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Erythromycin	 ointment	 is	 placed	 over	 the	
incision	three	times	per	day	and	sutures	are	re-
moved	at	1	week.	As	before,	assessment	of	height	
and	contour	are	made	at	this	time	and	if	re-op-
eration	 is	 necessary	 this	 should	 be	 performed	
within	 3	weeks	 of	 surgery.	 Again,	 spacer	 grafts	
and	traction	sutures	are	not	necessary	and	skin	
excision	should	be	avoided.

3.12 Conclusion
The	etiology	of	upper	eyelid	retraction	is	quite	di-
verse;	however,	it	is	most	commonly	the	result	of	
thyroid-related	eye	disease.	Functionally,	retrac-
tion	can	lead	to	exposure	keratopathy,	which	in	
its	severe	form	can	lead	to	infection	and	perma-
nent	vision	loss.	Cosmetically,	it	can	cause	an	un-
natural	appearance,	which	is	often	worsened	by	
underlying	exophthalmos.	The	treatment	of	this	
entity	 encompasses	 both	 medical	 management	
and	surgical	repair,	the	latter	representing	an	ex-
tremely	challenging	task	for	the	oculoplastic	sur-
geon.	 Intimate	 knowledge	 of	 eyelid	 anatomy	 is	
necessary	prior	to	undertaking	this	task.	Even	so,	
repair	of	upper	lid	retraction	is	an	evolving	pro-
cess,	with	many	 techniques	available	 to	achieve	
the	 same	 results.	 Each	 of	 the	 described	 proce-
dures	as	well	as	others	may	be	effective;	however,	
it	is	important	for	each	surgeon	to	customize	and	
evolve	their	own	treatment	algorithm	to	achieve	
increasingly	better	results.	Nevertheless,	even	in	
the	most	experienced	hands,	there	is	a	relatively	
high	 re-operation	 rate	 inherent	 to	 this	 process.	
As	a	result,	proper	patient	counseling	is	essential	
to	establish	realistic	goals	and	to	set	patient	ex-
pectations	at	the	appropriate	level.	

Summary for the Clinician

■	 It	is	important	for	each	surgeon	to	evolve	
their	own	treatment	algorithm	to	achieve	
increasingly	better	results.

■	 A	relatively	high	re-operation	rate	is	in-
herent	to	this	process.

■	 Proper	patient	counseling	is	essential	to	
establish	realistic	goals.
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Core Messages

■	 Eyelid	retraction	is	a	multifactorial	prob-
lem.

■	 A	 thorough	 history	 and	 examination	
are	needed	to	best	define	the	underlying	
pathophysiology.

■	 Be	sure	to	evaluate	all	 three	 lamellae	of	
the	 lower	 eyelid	 in	 localizing	 the	 etiol-
ogy.

■	 Surgery	 should	 be	 tailored	 toward	 the	
disease	process	 in	a	graded	 fashion	de-
pending	on	the	severity	of	the	lid	retrac-
tion.

■	 The	goal	of	surgery	is	to	restore	the	bal-
ance	between	the	horizontal	and	vertical	
forces	acting	on	the	eyelid.

		

4.1 Introduction
The	eyelids	are	a	critical	structure,	paramount	in	
maintaining	the	health	of	the	eye	and	ocular	sur-
face.	Malpositioning	of	 the	eyelid	 leads	to	a	va-
riety	of	problems	that	leaves	the	patient	uncom-
fortable	 and	 often	 seeking	 intervention.	 When	
addressing	lid	malpositioning,	there	are	two	pri-
mary	goals:	first,	to	maintain	or	restore	function,	
and	 second,	 to	 achieve	 this	 in	 an	 aesthetically	
pleasing	manner.	The	two	are	intertwined	as	sur-
gery	is	approached	for	functional	or	for	cosmetic	
purposes.	

The	etiology	of	lid	retraction	is	multifactorial	
(Table	4.1)	and	can	occur	for	a	variety	of	reasons	
[1].	The	most	common	reasons	include	thyroid-
related	 ophthalmopathy,	 facial	 nerve	 paralysis	

and	 cicatricial	 scarring,	 either	 from	 trauma	 or	
surgery	 (Fig.	4.1).	 In	 addition,	 inflammatory	
disease	 of	 the	 skin	 or	 conjunctiva	 may	 lead	 to	
contraction,	 retraction,	 and	 frank	 ectropion	 or	
entropion.	Pseudoretraction	can	also	be	seen	in	
cases	of	proptosis	or	pseudoproptosis.

The	 approach	 to	 patients	 with	 lid	 retraction	
requires	a	good	history,	a	thorough	examination,	
and	proper	surgical	planning.	Certainly,	patients	
should	 be	 questioned	 about	 any	 systemic	 dis-
eases	like	Graves	disease,	and	further,	a	review	of	
symptoms	that	might	point	toward	undiagnosed	
thyroid	 issues.	 Thyroid	 disease	 mainly	 causes	
upper	 lid	 retraction,	 but	 lower	 lid	 changes	 are	
encountered	as	well.	Any	history	of	facial	trauma	
and	prior	surgery	is	also	important	and	should	be	
explored.	Recent	and	remote	problems	that	may	
be	linked	to	facial	nerve	palsy	should	be	sought.	
In	addition,	chronic	ocular	diseases	and	topical	
eye	drop	usage	 should	be	queried.	When	ques-
tioning	 patients,	 the	 duration	 of	 the	 problem,	
along	with	its	severity	or	other	associated	factors,	
can	be	helpful.

4.2 Over-action of the Upper 
Lid Retractors

The	 upper	 eyelid	 has	 three	 retractors:	 the	 leva-
tor	 palpebrae,	 Muller’s	 muscle,	 and	 the	 fronta-
lis	muscle	(see	Chapter	3).	Over-action	of	these	
retractors	 may	 induce	 lid	 retraction.	 This	 can	
be	 seen	 in	 unilateral	 ptosis	 where	 the	 frontalis	
muscle	is	recruited	to	open	the	eyelids.	This	may	
help	the	ptotic	side;	however,	the	nonptotic	side	
will	 demonstrate	 some	 degree	 of	 lid	 retraction.	
The	treatment	in	this	situation	is	to	treat	the	eye-
lid	ptosis.	Sometimes,	patients	with	recruitment	
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of	the	frontalis	muscle	will	continue	to	subcon-
sciously	 utilize	 this	 mechanism	 postoperatively.	
If	this	persists,	botulinum	toxin	injections	can	be	
used	[2].

Thyroid-related	 eye	 disease	 is	 a	 significant	
cause	of	upper	 lid	retraction.	A	combination	of	
increased	 sympathetic	 tone	 along	 with	 levator	
inflammation	and	fibrosis	and	proptosis	will	all	
cause	 the	 upper	 eyelid	 to	 retract.	 Patients	 will	
often	note	prominent	eyes	and	may	develop	ex-
posure	issues	from	the	retraction.	There	may	be	
a	 lateral	flare	 to	 the	 lid	 retraction	as	well	 as	 lid	
lag	of	 the	upper	 lid	on	down	gaze	 (Dalrymple’s	
sign,	von	Graefe’s	sign).	The	inability	to	distract	
the	upper	 lid	 inferiorly	 (Grove’s	 sign)	 is	helpful	
in	demonstrating	fibrosis	in	the	upper	lid	when	
planning	surgery.	 In	addition	 to	 the	upper	eye-
lid	changes,	 significant	proptosis	can	also	cause	
lower	 lid	 retraction.	 When	 treating	 thyroid-re-
lated	eye	disease,	 it	 is	optimal	for	the	condition	
to	be	stable	for	6	months	before	intervening	with	
surgery.	In	cases	of	proptosis,	the	orbital	disease	
should	 be	 treated	 before	 planning	 treatment	 of	
the	 lid	position.	However,	a	recent	study	out	of	
UCLA	found	that	upper	eyelid	retractor	surgery	
can	 usually	 be	 successfully	 added	 at	 the	 end	 of	
an	 orbital	 decompression	 procedure	 and	 speed	
up	the	timetable	to	restoring	the	normal	eye	ap-
pearance	[3].

In	 treating	 thyroid-related	 upper	 eyelid	 re-
traction	 the	 goal	 is	 bring	 the	 lid	 back	 in	 to	 a	
more	natural	position.	This	 is	done	 in	a	graded	
approach	depending	on	the	extent	of	retraction.	
Multiple	 procedures	 have	 been	 described	 over	
the	years	 that	are	geared	 toward	weakening	 the	
retracting	forces	of	the	levator	or	Muller’s	muscle,	
or	both	[4–6].	In	cases	with	3	mm	of	retraction	or	
less,	often	Muller’s	muscle	excision	alone	or	with	
a	 levator	 tenotomy	 can	 be	 performed.	 In	 more	
significant	cases,	a	 levator	recession	is	added	to	
Muller’s	excision.	Either	an	external	or	an	inter-
nal	 approach	 to	 Muller’s	 muscle	 or	 the	 levator	
muscle	can	be	utilized.	In	the	external	surgery,	a	
standard	lid	crease	incision	is	made	and	the	dis-
section	is	taken	through	the	septum	to	the	levator	
aponeurosis.	The	aponeurosis	is	disinserted	from	
the	tarsal	plate,	exposing	Muller’s	muscle.	Mull-
er’s	 muscle	 should	 be	 sufficiently	 weakened	 via	
excision.	Depending	on	the	extent	of	retraction,	
the	levator	aponeurosis	is	weakened	and	recessed	
at	the	time	of	surgery	as	well.	It	is	important	to	

thoroughly	 release	 the	 levator	 and	 surrounding	
fibrotic	tissue	to	obtain	a	good	result.	An	inter-
nal	 incision	 can	 accomplish	 the	 same	 thing	 in	
reverse	order,	especially	if	surgery	is	geared	only	
toward	weakening	Muller’s	muscle.	The	lower	lid	
will	be	covered	below.

4.3 Facial Palsy and Lid Retraction
Facial	 nerve	 paralysis	 secondary	 to	 idiopathic	
Bell’s	palsy	 is	 the	most	common	cause	of	 facial	
weakness;	however,	this	is	a	diagnosis	of	exclu-
sion	 [7].	 The	 thorough	 clinician	 will	 consider	
other	causes	like	infection,	neoplasia,	or	trauma.	
Herpes	zoster	infection	of	the	ear,	Ramsay	Hunt	
syndrome,	can	cause	facial	nerve	paralysis	as	can	
Lyme’s	 disease.	 Cutaneous	 malignancies,	 espe-
cially	squamous	cell	carcinoma	with	perineural	
spread,	as	well	as	mass	lesions	along	the	course	
of	the	nerve	may	cause	compression,	which	will	
lead	 to	 nerve	 dysfunction.	 Obviously,	 the	 un-

Table 4.1.	 Causes	of	lid	retraction

Neuropathic Facial	nerve	palsy

Supranuclear
(e.g.,	dorsal	mid-
brain	syndrome)

Midbrain	tumor

Myopathic Thyroid-related	orbitopathy

Iatrogenic	surgical	scarring		
of	upper	or	lower	lid

Trauma	with	cicatrix

Hepatic	cirrhosis

Inflammatory	 Pemphigoid

Chronic	dermatitis/
cutaneous	disease

Pseudoretraction Orbital	tumor	with	proptosis

High	myopia

Shallow	orbit



derlying	cause	of	the	facial	weakness	should	be	
addressed.	 However,	 the	 secondary	 problems	
associated	with	 the	paralysis	must	also	be	con-
sidered.	

The	ophthalmologist	 is	most	concerned	with	
protecting	the	ocular	surface,	which	will	be	com-
promised	by	upper	and	lower	lid	retraction,	es-
pecially	 in	 older	 patients	 with	 soft	 tissue	 laxity.	
In	 the	upper	eyelid	 the	eyelid–brow	continuum	
should	be	examined.	Weakness	of	the	orbicularis	
muscle	 will	 cause	 uninhibited	 action	 of	 the	 lid	
retractors	and	thus	lid	retraction.	However,	brow	
ptosis	from	paralysis	of	the	frontalis	muscle	will	
also	be	present.	In	older	patients	with	redundant	
tissue	this	mechanical	weight	on	the	eyelid	may	
minimize	 the	 lid	 retraction.	 Paralytic	 upper	 lid	
retraction	is	best	treated	with	a	loading	procedure	
to	weigh	down	the	eyelid	and	aid	in	closure.	

At	 this	 time,	gold	weight	 implants	constitute	
the	 standard	 treatment	 of	 upper	 lid	 retraction	
from	 paralysis	 [8].	 External	 lid	 weights	 can	 be	
applied	 to	 treat	 patients	 early	 in	 the	 paralysis,	
especially	 those	 with	 the	 potential	 for	 reversal.	
In	irreversible	paralysis,	gold	weights	can	be	uti-
lized	earlier.	An	external	weight	is	applied	to	the	
eyelid	 to	 estimate	 the	 appropriate	 size	 needed.	
A	balance	should	be	created	in	reducing	the	lid	
retraction	 and	 lagophthalmos	 without	 being	 so	
heavy	as	to	induce	mechanical	ptosis.	The	weight	
is	placed	through	a	small	central	lid	crease	inci-
sion.	The	pretarsal	orbicularis	is	dissected	off	the	
tarsus	to	create	a	pocket	just	large	enough	for	po-
sitioning	of	the	weight.	Once	in	the	pocket,	there	
should	be	no	tension	on	the	wound.	If	 there	 is,	
the	 pocket	 should	 be	 expanded.	 Once	 in	 posi-

tion,	the	weight	is	fixated	to	the	tarsus	with	three	
sutures.	Either	absorbable	or	nonabsorbable	su-
tures	 may	 be	 used.	 If	 a	 nonabsorbing	 suture	 is	
utilized,	the	knots	should	be	rotated	to	the	pos-
terior/deep	side	of	the	gold	weight	to	prevent	the	
knot	from	eroding	the	superficial	tissue	anterior	
to	the	weight.	After	the	weight	is	secured,	the	lid	
crease	incision	is	secured	in	two	layers.	As	for	the	
lower	lid,	a	graded	approach	is	utilized	to	correct	
the	position	of	the	eyelid.

4.4 Lower Lid Retraction
The	 lower	 lid	 is	 much	 less	 forgiving	 than	 the	
upper	 eyelid.	 There	 are	 multiple	 vertical	 and	
horizontal	 forces	that	determine	the	position	of	
the	lower	lid,	which	normally	sits	just	above	the	
lower	 limbus.	When	 lid	malpositioning	 is	pres-
ent,	it	is	because	these	forces	are	out	of	balance.	
In	 particular,	 there	 are	 four	 areas	 for	 concern:	
the	horizontal	strength	of	the	eyelid,	the	vertical	
pull	of	the	anterior	lamella,	the	vertical	forces	on	
the	 orbital	 septum,	 and	 the	 vertical	 pull	 of	 the	
posterior	 lamella.	Eyelid	retraction	of	 the	 lower	
lid	is	most	commonly	a	cicatricial	process	in	the	
septum	that	tethers	the	eyelid	to	the	orbital	rim.	
Anterior	lamellar	shortening	will	often	result	in	
ectropion	 and	 posterior	 lamellar	 shortening	 in	
entropion.

The	 approach	 to	 the	 lower	 lid	 starts	 with	 a	
thorough	examination	as	previously	stated.	It	 is	
important	 to	 note	 lid	 position,	 lid	 mobility	 or	
tethering,	 cutaneous	 or	 conjunctival	 scarring,	
and	 orbital	 and	 facial	 skeletal	 changes	 so	 that	

Fig. 4.1  Thyroid-related	lid	
retraction
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the	 severity	 of	 the	 problem	 can	 be	 ascertained	
and	 surgery	 appropriately	 planned.	 When	 the	
lower	 eyelid	 is	 retracted	 inferiorly,	 patients	 will	
develop	dry	eye	symptoms	from	exposure	of	the	
ocular	 surface.	 In	 some	 instances,	 this	 can	 lead	
to	 chronic	 breakdown	 of	 the	 cornea	 (Fig.	4.2).	
Lower	lid	retraction	can	often	have	a	component	
of	ectropion	or	entropion	if	there	is	a	length	dis-
crepancy	between	the	anterior	and	the	posterior	
lamella,	or	in	addition,	there	is	scarring	in	either	
lamella.	In	the	end,	the	goal	is	to	improve	func-
tion	and	cosmesis	such	that	exposure	symptoms	
resolve	and	facial	symmetry	and	harmony	can	be	
achieved.

As	 mentioned	 with	 the	 upper	 eyelid,	 lower	
lid	 retraction	 can	 occur	 from	 thyroid-related	

ophthalmopathy,	facial	palsy,	and	scarring	from	
trauma	or	previous	eyelid	surgery.	These	condi-
tions	 should	be	considered	when	planning	 sur-
gery.	For	thyroid	patients	it	may	be	the	proptosis	
itself	that	causes	lower	lid	retraction.

4.5 Nonsurgical Approaches
Cicatricial	disease	is	a	leading	cause	of	lid	retrac-
tion.	In	this	situation,	the	pathology	occurs	in	the	
anterior,	 middle	 or	 posterior	 lamella.	 Anterior	
and	 posterior	 disease	 from	 inflammatory	 pro-
cesses	 or	 scarring	 as	 well	 as	 middle	 lamella	 dis-
ease	from	trauma	or	surgery	can	often	be	treated	
with	topical	medications	or	injections	of	steroids.	

Fig. 4.2  Patient	shown	20	years	
after	right	facial	fractures	and	lid	
injury	sustained	in	a	car	accident.	
a	Cicatricial	upper	and	lower	lid	
retraction	with	lagophthalmos.	
b Despite	multiple	surgeries	over	
the	years	and	chronic	lubrica-
tion,	she	has	chronic	exposure	
issues	and	intermittent	keratitis	
that	has	left	her	with	a	right	
corneal	scar



Cutaneous	 disease	 such	 as	 atopic	 dermatitis	 or	
conjunctival	diseases	like	pemphigoid	should	first	
be	treated	topically.	For	cutaneous	disease	topical	
steroid	cream	or	ointment,	or	possibly	tacrolimus,	
can	be	applied	two	to	four	times	daily,	which	will	
quieten	down	the	inflammation	[9].	This	often	al-
lows	the	lid	to	relax	and	settle	back	to	its	normal	
position	 and	 function.	 The	 same	 is	 true	 of	 con-
junctival	disease.	Usage	of	any	inciting	medication	
like	glaucoma	medications	should	be	stopped,	and	
the	use	of	anti-inflammatory	medications,	mainly	
steroids,	should	be	instituted.	Finally,	for	internal	
scarring,	 a	 combination	 of	 massaging,	 time,	 and	
intralesional	steroid	injections	are	helpful	in	relax-
ing	scar	tissue,	especially	in	the	first	1–2	months	
after	the	injury	or	surgery	(Fig.	4.3).

Summary for the Clinician

■	 Treat	chronic	dermatitis	or	conjunctival	
disease	 medically	 before	 moving	 on	 to	
surgery.

■	 Topical	steroids	such	as	fluoromethalone	
should	be	applied	to	the	skin	two	to	four	
times	per	day.

■	 Topical	 tarcolimus	 can	 be	 used	 for	
chronic	eczema.

■	 Stop	any	eye	medications	inducing	con-
junctival	 disease	 and	 treat	 with	 topical	
steroid	solutions.

		

Fig. 4.3  Patient	referred	2	weeks	
after	lower	lid	blepharoplasty	for	
left	lower	lid	retraction.	a	Bilat-
eral	subciliary	scars	noted	with	
the	medial	portion	of	the	left	lid	
tethered.	b	The	combination	of	
lid	massage	and	a	20-mg	Kenalog	
injection	into	the	left	lower	lid	
seen	2	weeks	later	with	the	left	
eyelid	cicatrix	resolved
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4.6 Surgical Approaches
Regardless	of	 the	etiology,	 the	approach	 to	cor-
recting	 lower	 lid	 retraction	 is	 a	 similar	 and	
graded	algorithm	used	in	each	case.	The	goal	 is	
to	restore	the	harmony	and	balance	between	the	
anterior	and	the	posterior	 lamella,	while	releas-
ing	any	scarring	in	the	orbital	septum,	is	required	
[10].	In	addition,	the	continuum	between	the	lid	
and	 cheek	 should	 be	 addressed	 in	 the	 surgical	
planning.	As	mentioned,	a	stepwise,	graded	ap-
proach	should	be	utilized	depending	on	the	ex-
tent	of	 the	 retraction.	On	 the	conservative	end,	
mild	 cases	 can	 be	 treated	 with	 recession	 of	 the	
lower	 lid	 retractors,	 similar	 to	 the	 procedures	
performed	 on	 the	 upper	 lid.	 In	 more	 extensive	
cases,	a	complex	reconstruction	is	required	to	re-
lease	the	scar	tissue	in	the	middle	lamella	of	the	
lid	and	anterior	orbit	around	the	lower	lid	retrac-
tors	combined	with	a	subperiosteal	cheek	lift	and	
spacer	graft	to	restore	balance	between	the	ante-
rior	and	the	posterior	portion	of	the	eyelid.	Note,	
that	 in	 the	 setting	of	 true	retraction,	horizontal	

tightening	 alone	 will	 be	 inadequate	 to	 treat	 the	
eyelid.	That	stated,	any	horizontal	laxity	or	scar-
ring	that	is	contributing	to	the	retraction	should	
be	addressed	during	surgery.

4.7 Recession of Retractors
In	 mild	 cases	 of	 retraction,	 a	 simple	 approach	
from	 the	 conjunctival	 side	 of	 the	 eyelid	 can	 be	
utilized	to	recess	the	lower	lid	retractors	to	treat	
the	retraction.	Recessing	the	lower	lid	retractors	
3–5	mm	 will	 allow	 elevation	 of	 the	 lid	 margin	
about	 1–2	mm,	 which	 can	 make	 a	 subtle	 but	
important	 difference.	 The	 surgery	 is	 performed	
as	 follows:	 a	 transconjunctival	 incision	 is	 made	
1–2	mm	below	the	 inferior	border	of	 the	 tarsus	
and	the	posterior	lamella	is	dissected	and	freed.	
This	horizontal	 incision	runs	medially	from	the	
edge	of	the	caruncle	out	to	the	lateral	canthus.	If	
there	is	a	component	of	horizontal	laxity,	a	lateral	
tarsal	 strip	procedure	 is	 incorporated	 (Fig.	4.4).	
A	few	interrupted	sutures	can	be	utilized	to	tack	

Fig. 4.4  a	Patient	with	invo-
lutional	lower	lid	retraction	
secondary	to	laxity,	as	well	as	
upper	lid	ptosis,	complained	of	
chronic	tearing.	b	An	upper	lid	
levator	resection	and	lower	lid	
retractor	recession	combined	
with	a	lateral	tarsal	strip	allowed	
for	repositioning	of	all	four	lids	
and	resolution	of	the	epiphora



down	 the	 conjunctiva–retractor	 flap	 in	 the	 de-
sired	location.	Since	the	natural	tendency	of	the	
eyelid	is	to	move	downward,	a	frost	suture	can	be	
incorporated	to	help	keep	the	lid	in	the	desired	
position	and	splint	the	eyelid,	but	is	not	usually	
necessary	in	mild	cases.

4.8 Spacer Graft
When	 the	 retraction	 becomes	 more	 severe,	 a	
spacer	graft	is	inserted	to	lengthen	the	posterior	
lamella	and	further	stabilize	the	eyelid.	A	variety	
of	 materials	 have	 been	 utilized,	 including	 hard	
palate,	AlloDerm,	nasal	or	ear	cartilage,	and	po-
rous	polyethylene	[11–14].	Each	of	the	materials	
utilized	has	its	own	advantages.	The	gold	standard	
is	a	hard	palate	graft.	The	use	of	a	graft	is	espe-
cially	helpful	for	patients	with	poor	lid	tone,	such	
as	those	with	facial	palsy	and	paralytic	retraction	
or	ectropion.	Bear	 in	mind	that	 the	 lower	 lid	 is	
very	 delicate	 and	 that	 every	 millimeter	 counts.	
Just	 1–2	mm	 of	 under-correction	 will	 leave	 the	
patient	 with	 chronic	 exposure	 issues.	 On	 the	
other	hand,	over-correction	can	potentially	block	
vision,	especially	on	down	gaze.	

Typically	 a	 1×2-cm	 ellipse	 or	 rectangular	
graft	 is	 harvested	 from	 the	 roof	 of	 the	 mouth	
(Fig.	4.5).	Before	the	lid	is	dissected,	attention	is	
given	to	the	mouth	where	an	oral	gag	is	utilized	
to	keep	the	mouth	open.	A	marking	pen	is	used	
to	 demarcate	 where	 the	 graft	 will	 be	 harvested.	
Remember	to	stay	to	one	side	of	the	midline	on	
the	flat	and	 smooth	part	of	 the	palate.	 In	addi-
tion,	the	posterior	soft	palate	must	be	avoided	to	

prevent	 a	 palatal	fistula	 and	 incompetence.	The	
posterior	edge	of	the	graft	should	be	palpated	to	
ensure	the	graft	does	not	include	part	of	the	soft	
palate.	After	the	area	is	marked,	local	anesthetic	is	
injected	into	the	roof	of	the	mouth.	While	vaso-
constriction	is	setting	in,	the	eyelid	dissection	is	
performed.	Once	the	lid	is	freed	up	as	described	
previously,	the	palatal	graft	is	harvested.	It	is	im-
portant	 to	 make	 the	 incision	 from	 posterior	 to	
anterior,	 so	 blood	 does	 not	 obscure	 your	 view.	
After	the	hard	palate	graft	is	harvested,	it	can	be	
sewn	 in	by	first	anchoring	 it	at	 the	 two	ends	of	
the	ellipse	and	then	running	absorbable	sutures	
along	the	superior	and	inferior	border.	The	verti-
cal	height	of	the	graft	should	ultimately	be	about	
1	mm	greater	than	the	space	between	the	edge	of	
the	tarsus	and	the	posterior	lamellar	flap	so	that	
the	lid	heals	in	the	appropriate	position.	

As	mentioned,	other	autogenous	and	alloplas-
tic	 implants	 are	 available.	 AlloDerm	 (Lifecell,	
Branchburg,	 NJ,	 USA),	 processed	 acellular	 ca-
daveric	skin,	has	been	utilized,	mostly	with	suc-
cess	[11,	12].	Its	use	obviates	the	need	for	adding	
a	second	surgical	site	to	the	procedure	and	thus	
increasing	 patient	 morbidity.	 This	 stated,	 there	
is	 some	concern	 that	over	 time	AlloDerm	graft	
loses	some	rigidity	and	support.	Recent	research	
shows	that	the	thick	AlloDerm	(1×2-cm	size)	has	
had	 similar	 success	 compared	 with	 hard	 palate	
grafting	[15].

Cartilage	grafts	are	best	placed	through	a	skin	
incision.	Again,	 these	grafts	harvested	 from	ear	
or	nose	require	a	second	operative	site,	although	
the	morbidity	is	not	as	bothersome	as	that	with	
hard	palate	harvesting	[13].	These	grafts	are	also	

Fig. 4.5  a	A	hard	palate	graft	is	positioned	for	placement	in	the	lower	lid	before	being	trimmed	to	size.	b	The	
palate	is	shown	1	week	after	harvest	and	is	healing	nicely
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more	rigid	and	therefore	must	be	sculpted.	In	ad-
dition,	this	thicker,	more	rigid	tissue	can	be	pal-
pated	and	seen	inside	the	lid.	As	for	the	porous	
polyethylene	graft,	it	is	a	0.4-mm	porous	implant	
that	can	be	sewn	into	the	eyelid	through	an	ante-
rior,	subciliary	incision	[14].	The	inferior	portion	
of	the	implant	can	be	fixated	to	the	orbital	rim.	
Caution	must	be	exercised	with	 this,	as	a	 solid,	
rigid	implant	will	prop	up	the	lid,	but	almost	fix	
in	place	and	block	the	visual	axis	on	down	gaze.

4.9 Midface Surgery
It	is	important	to	recognize	that	the	lower	eyelid	
and	the	cheek	are	a	continuous	structure.	The	soft	
tissues	in	the	lid–cheek	continuum	are	separated	
by	the	orbitomalar	ligament	adjacent	to	the	arcus	
marginalis.	 Elevation	 of	 the	 anterior	 myocuta-
neous	 cheek	 tissue	 will	 effectively	 lengthen	 the	
lower	lid	and	remove	any	anterior	vertical	trac-
tion.	 Often,	 when	 evaluating	 treatment	 options	
for	 lower	 lid	 retraction,	 consideration	 must	 be	
given	to	simultaneous	cheek	elevation,	especially	
in	 cases	 where	 there	 is	 cicatricial	 shortening	 of	
the	 eyelid.	 The	 same	 transconjunctival	 incision	
is	made,	freeing	up	the	posterior	lamella.	When	
significant	cicatricial	disease	is	present,	the	scar	
tissue	 must	 be	 released	 completely.	 This	 often	
entails	dissecting	into	the	anterior–inferior	por-
tion	of	the	orbit	to	release	the	scarring.	Steroids	
or	 5-FU	 can	 be	 applied	 to	 the	 internal	 wound	
to	 help	 minimize	 recurrence.	 Once	 everything	
is	freed	up	and	mobile,	attention	is	given	to	the	
cheek.	By	lifting	the	cheek,	it	directly	takes	weight	
and	retracting	forces	off	the	eyelid.	

The	 dissection	 proceeds	 to	 the	 level	 of	 the	
arcus	marginalis,	where	either	 the	preperiosteal	
or	 the	 subperiosteal	 plane	 can	 be	 entered.	 In	 a	
preperiosteal	dissection,	the	suborbicularis	oculi	
fat	(SOOF)	is	mobilized	and	suspended	to	the	ar-
cus	[16].	Since	the	SOOF	is	continuous	with	the	
superficial	musculoaponeurotic	system	(SMAS),	
this	 will	 help	 lift	 a	 portion	 of	 the	 cheek	 and	 is	
good	for	aesthetic	surgery	when	contouring	the	
cheek–lid	continuum.	However,	SOOF	lifting	 is	
less	 helpful	 in	 severe	 cases	 of	 retraction	 where	
the	lower	lid	needs	significant	lengthening.

The	most	aggressive	 lifting	procedure	entails	
a	subperiosteal	lifting	procedure	combined	with	
some	 of	 the	 aforementioned	 lower	 lid	 proce-
dures.	When	performing	a	full	midface	lift,	verti-
cal	height	is	added	to	the	lower	lid	and	the	un-
derlying	weight	pulling	on	the	eyelid	is	lessened.	
Midface	lifts	can	be	performed	from	a	variety	of	
approaches	 [17].	 In	 planning	 the	 lid	 retraction	
surgery	it	makes	most	sense	to	proceed	with	the	
midface	surgery	via	the	lower	lid	incision	used	for	
releasing	the	retractors	and	scar	tissue	(Fig.	4.6).	
The	arcus	marginalis	is	identified	and	incised	on	
the	anterior	face	of	the	inferior	orbital	rim.	A	suf-
ficient	cuff	of	tissue	must	be	left	behind	to	allow	
for	 suturing.	 The	 subperiosteal	 plane	 is	 entered	
and	the	dissection	is	brought	laterally	toward	the	
masseter	muscle,	medially	toward	the	nose,	tak-
ing	care	not	to	injure	the	infraorbital	nerve,	and	
inferiorly	 toward	 the	 gingival	 sulcus	 (Fig.	4.7).	
The	periosteum	is	incised	and	the	whole	cheek	is	
lifted	superiorly	as	one	myocutaneous	unit.	This	
wide	dissection	allows	 for	a	more	powerful	 lift.	
The	tissue	is	then	secured	at	the	arcus	marginalis	
with	 a	 series	 of	 interrupted	 horizontal	 mattress	

Fig. 4.6. a	A	patient	referred	with	post-blepharoplasty	lower	lid	retraction	unresponsive	to	tarsal	strip	procedures	
and	hard	palate	grafting.	b	Two	months	following	subperiosteal	midface	lift



sutures.	By	obtaining	a	full	release	and	elevation	
of	the	midface,	 the	anterior	 lamella	of	the	 lid	 is	
effectively	 lengthened,	 obviating	 the	 need	 for	 a	
skin	graft.	In	addition,	reducing	the	weight	pull-
ing	the	lid	inferiorly	reduces	the	risk	of	recurrent	
cicatrix	 formation.	 After	 the	 midface	 has	 been	

lifted	 and	 secured,	 the	 spacer	 graft	 is	 placed	 to	
support	 and	 buttress	 the	 middle	 and	 posterior	
lamella.	Finally,	the	lower	lid	is	tightened	and	se-
cured	laterally	in	an	appropriate	position.

Figure	4.8	 demonstrates	 a	 case	 of	 left	 facial	
palsy	in	which	all	of	these	factors	are	in	play	and	

Fig. 4.7. a	Subperiosteal	dissection	over	the	malar	bone	through	a	transconjunctival	incision	in	the	patient	in	
Fig.	4.6.	b	Insertion	of	Mitek	anchors	after	drilling	holes	in	the	malar	rim.	Sutures	from	anchors	used	to	secure	
periosteum	and	lower	lid	in	an	elevated	position	following	relaxing	inferior	periosteal	incision.	Canthal	angle	is	
then	reformed	with	lateral	canthopexy	and	canthoplasty

Fig. 4.8. a	Patient	suffering	from	
left	facial	nerve	palsy	with	upper	
and	lower	lid	retraction	as	well	as	
brow	ptosis	and	midface	descent.	
b	Patient	shown	2	years	after	
direct	brow	lift,	upper	lid	gold	
weight,	lower	lid	retraction	re-
pair	with	suborbicularis	oculi	fat	
lift,	hard	palate	graft,	and	lateral	
tarsal	strip
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a	combination	of	brow,	upper	eyelid,	lower	eye-
lid,	and	cheek	surgery	have	been	utilized	 to	re-
store	the	left	upper	face	brow–eyelid	continuum	
and	 the	 lower	 eyelid–cheek	 continuum.	 Frost	
traction	sutures	between	the	lower	lid	and	brow	
help	splint	the	lower	lid	during	the	first	postop-
erative	week	and	further	contribute	to	a	success-
ful	outcome.

4.10 Lateral Tarsal Strip
Lower	 eyelid	 retraction	 surgery	 is	 typically	 di-
rected	 at	 stabilizing	 or	 lengthening	 the	 vertical	
vectors	 of	 the	 eyelid.	 However,	 the	 horizontal	
forces	 should	 not	 be	 overlooked.	 In	 fact,	 hori-
zontal	laxity	is	often	a	contributing	factor	to	the	
retraction	 itself.	 It	 is	 also	 imperative	 to	 realize	
that	simply	shortening	and	tightening	the	lower	
eyelid	can	often	exacerbate	the	retraction.	Since	
the	globe	 is	a	 sphere,	 shortening	 the	eyelid	will	
force	 the	 lid	 to	 slide	 under	 the	 globe	 and	 thus	
potentially	accentuate	the	retraction	rather	than	
improve	it.	This	is	especially	true	in	patients	with	
shallow,	negative	vector	orbits.	In	these	cases,	any	
lower	lid	horizontal	tightening	should	be	conser-
vative	 and	 often	 the	 lid	 should	 be	 tacked	 on	 a	
more	superior	rather	than	posterior	vector.

The	 lateral	 tarsal	 strip	 is	 the	 most	 versatile	
procedure	 utilized	 for	 tightening	 the	 lower	 lid.	
This	 essential	 oculoplastic	 surgery	 technique	 is	
performed	in	a	variety	of	surgical	situations,	and	
thus	should	be	mastered	by	all	who	perform	lid	
surgery	 [18].	A	 lateral	 canthotomy	and	 inferior	
cantholysis	 are	 performed	 to	 release	 the	 eyelid.	
The	lateral	edge	of	the	eyelid	is	distracted	laterally	
to	the	appropriate	tension	to	reposition	the	eye-
lid.	The	point	where	the	lower	lid	meets	the	lat-
eral	edge	of	the	superior	lid	is	noted	and	marked.	
Next,	 the	superior	mucosa	and	anterior	 lamella	
are	dissected	off	the	tarsus	with	Westcott	scissors.	
The	conjunctival	surface	posterior	can	be	cauter-
ized.	The	strip	of	tarsus	is	trimmed	to	minimize	
redundancy	and	then	a	small	half-circle	cantho-
pexy	needle	 is	used	 to	secure	 the	 tarsal	 strip	 to	
the	lateral	orbital	tubercle.	Typically,	a	4-0	or	5-0	
Vicryl	on	a	P-2	needle	(Ethicon,	Somerville,	NJ,	
USA)	 is	 the	 suture	 of	 choice.	 Two	 interrupted	
stitches	are	placed	to	ensure	stability.

Summary for the Clinician

■	 Lower	 lid	 retraction	 surgery	 should	 be	
graded	depending	on	the	severity	of	the	
retraction.

■	 The	 goal	 is	 to	 restore	 the	 balance	 be-
tween	the	vertical	and	horizontal	forces	
in	the	lid.

■	 Mild	cases	can	often	be	treated	with	re-
cession	of	the	retractors.

■	 Moderate	cases	need	a	spacer	graft.
■	 Severe	 cases	 require	 more	 aggressive	

surgery	 incorporating	 midface	 reposi-
tioning.

■	 A	tarsal	strip	procedure	should	be	incor-
porated	in	any	of	the	above	procedures	if	
there	is	any	laxity.

■	 A	 frost	 traction	 suture	 should	 be	 used	
in	 moderate	 to	 severe	 cases	 to	 help	
splint	 the	 eyelid	 and	 allow	 appropriate	
healing.
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Core Messages

■	 Knowledge	 of	 regular	 orbital	 anatomy	
and	 its	 variations	 is	 important	 in	 per-
forming	orbital	surgery.

■	 Variations	are	frequent,	especially	for	ar-
teries	and	veins.

■	 The	 orbit	 is	 at	 the	 junction	 of	 the	 skull	
and	the	face	.

■	 Three	orbital	walls	are	very	 thin	and	 in	
contact	 with	 the	 sinuses:	 the	 inferior,	
medial,	and	superior	walls.

■	 The	 lateral	 wall	 is	 the	 strongest	 orbital	
wall	.

■	 The	 four	 rectus	 muscles	 with	 their	 fas-
cias	and	their	intermuscular	connections	
limit	a	conical	space,	the	fasciomuscular	
cone.

■	 Inside	 the	cone	we	find	the	optic	nerve	
and	 the	 ophthalmic	 artery;	 intraconal	
surgery	has	more	complications	than	ex-
traconal	surgery.

■	 The	 lacrimal	 gland	 has	 three	 types	 of	
innervation	and	three	types	of	vascular-
ization	and	may	depend	on	the	external	
carotid	system.

■	 The	 eyeball	 is	 located	 at	 the	 anterior	
part	of	the	orbit.	In	the	case	of	enlarge-
ment	of	orbital	structures	(fat	and	ocular	
muscles)	 as	 in	 Graves	 ophthalmopathy,	
proptosis	is	the	first	symptom.

■	 Orbital	fat	fills	all	the	spaces	between	the	
orbital	structures	with	intraconal	fat	and	
extraconal	fat.

■	 The	 ethmoidal	 foramina	 represent	 the	
limit	 between	 the	 cranial	 fossa	 and	 the	
ethmoid	sinuses	and	are	the	upper	limit	
for	orbital	decompression	without	risk	of	
a	leakage	of	cerebrospinal	fluid.

		

5.1 Introduction
A	 perfect	 knowledge	 of	 orbital	 anatomy	 is	 in-
dispensable	 for	 accurately	 diagnosing	 orbital	
diseases	and	for	performing	safe	orbital	surgery.	
During	the	19th	and	20th	centuries,	many	stud-
ies	 and	 many	 dissections	 were	 done	 in	 an	 ef-
fort	 to	produce	 the	actual	conception	of	orbital	
anatomy.	One	characteristic	of	the	human	orbit	is	
the	great	variability	of	the	anatomical	structures	
found,	especially	the	arteries,	which	gives	to	each	
orbit	its	particularities.	Before	the	routine	use	of	
CT	scanning	or	MRI,	it	was	very	difficult	for	an	
ophthalmologist	or	an	orbital	surgeon	to	appre-
ciate	the	arrangement	of	structures	within	the	or-
bit.	However,	it	is	possible	to	give	a	general	view	
of	 the	organization	of	orbital	 anatomy,	describ-
ing	the	main,	well-known	variations.	In	his	book	
Clinical and surgical orbital anatomy	Dutton	said:	
“few	areas	 in	ophthalmology	have	proven	 to	be	
as	elusive	or	difficult	to	teach	as	orbital	anatomy”	
[21].

Situated	 between	 the	 skull	 and	 the	 face,	 the	
orbits	contain	the	visual	apparatus,	especially	the	
eyeball,	and	the	vessels	are	at	the	junction	between	
both	the	internal	and	the	external	carotid	system.	
It	is	useful	to	separate	the	container	(bony	orbit)	
from	the	contents	(several	visual	structures:	eye-
ball,	 ocular	 muscles,	 lacrimal	 gland,	 fat,	 orbital	
arteries,	veins,	and	nerves).

5.2 Bony Orbit
The	bony	orbit	is	a	large	cavity	directed	forward	
and	laterally	with	a	90°	angle	between	the	two	lat-
eral	orbital	walls.

Its	 shape	 is	 roughly	 pyramidal	 and	 there	 are	
describe	 four	 walls	 united	 by	 four	 margins	 (or	
angles).	In	fact,	there	are	four	walls	in	the	anterior	
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orbital	part;	 in	 the	posterior	part	 there	are	only	
three	walls,	with	the	absence	of	the	inferior	one.

5.2.1 Embryology
Bones	of	the	skull	and	face	develop	in	two	ways:	
membranous	ossification	and	endochondral	os-
sification.	In	the	first	case,	there	are	no	cartilagi-
nous	precursors	and	bone	ossifies	directly	from	
the	 connective	 tissue,	 and	 in	 the	 second	 case,	
there	 is	cartilage,	which	develops	first,	and	sec-
ondarily	bone	develops	into	this	cartilage.

The	orbit,	sphenoid,	and	ethmoid	bones	arise	
from	 four	ossification	areas	on	 the	median	 line	
and	 laterally	 the	wings	of	 the	sphenoid	develop	
in	two	cartilages.	The	facial	part	of	the	orbit,	the	
maxillary,	 lacrimal,	 and	 zygomatic	 bones,	 de-
velops	 by	 membranous	 ossification.	 The	 endo-
chondral	ossification	starts	at	about	7	or	8	weeks,	
while	 membranous	 ossification	 is	 slower	 and	
occurs	 between	 the	 6th	 and	 the	 7th	 months	 of	
gestation.

5.2.2 Dimensions of the Orbit
The	great	orbital	axis	is	directed	forward	and	lat-
erally	creates	an	angle	of	23°	with	the	visual	axis,	
which	 is	 strictly	anteroposterior.	This	 is	 a	 char-
acteristic	of	human	orbits,	and	probably	evolved	
to	improve	the	visual	field	of	erect	man.	The	or-
bital	depth	is	variable,	usually	ranging	from	42	to	
50	mm	and	its	volume	is	about	26–29	cm3	[32].	
The	 anterior	 orbital	 rim	 measures	 on	 average	
40	mm	wide	and	35	mm	high.

5.2.3 Description
Seven	bones	contribute	to	the	construction	of	the	
orbit:	the	frontal,	zygomatic,	sphenoid,	ethmoid,	
maxillary,	lacrimal,	and	palatine	bones.	Each	wall	
connects	to	a	sinus	cavity	except	the	lateral	wall.	

5.2.3.1 Upper Orbital Wall 
Also	called	the	orbital	roof,	this	wall	is	triangular	
with	a	posterior	top.	It	consists	of	two	bones:	the	
orbital	nasal	plate	of	the	frontal	bone	anteriorly	

and	the	lesser	wing	of	the	sphenoid	bone	posteri-
orly.	The	frontal	plate	forms	the	orbital	fossa	with	
a	double	concavity:	anteroposterior	and	coronal.	
In	the	anterior	corners	of	 this	bone,	we	can	see	
laterally	 the	 lacrimal	 gland	 fossa	 and	 medially	
the	area	for	the	trochlea	of	the	superior	oblique	
muscle.	

This	 wall	 separates	 the	 orbital	 contents	 and	
the	anterior	cranial	fossa	with	the	frontal	lobe	of	
the	brain;	forward	and	medially	it	separates	the	
orbit	from	the	frontal	sinus,	which	varies	in	size	
according	to	the	age	of	the	individual.	This	wall	
is	 very	 thin,	 and	 may	 present	 spontaneous	 de-
hiscence	and	be	easily	perforated	during	orbital	
surgery.	

5.2.3.2 Lateral Orbital Wall 
Triangular	with	a	posterior	top,	the	lateral	wall	is	
directed	obliquely	 forward	and	 laterally.	 It	 con-
sists	of	three	bones	.	Anteriorly	the	frontal	bone	
is	above	and	the	zygomatic	bone	is	below.	The	zy-
gomatic	bone	is	located	close	to	the	anterior	rim,	
the	Whitnall’s	orbital	tubercle	(lateral	orbital	tu-
bercle).	Posteriorly,	the	lateral	orbital	wall	is	con-
sists	of	the	greater	wing	of	the	sphenoid.

The	 lateral	 wall	 separates	 the	 orbit	 and	 the	
temporal	 fossa	 anteriorly	 with	 the	 temporal	
muscle,	 the	 orbit,	 and	 the	 middle	 cranial	 fossa	
posteriorly	with	 the	 temporal	 lobe	of	 the	brain.	
It	is	the	thickest	and	strongest	orbital	wall,	espe-
cially	at	the	front.	

The	zygomatico-orbital	foramen	is	a	Y-shaped	
foramen	 containing	 the	 zygomatico-orbital	
nerve,	branche	of	 the	zygomatic	nerve,	 and	 the	
zygomatico-orbital	vessels.

5.2.3.3 Inferior Orbital Wall
Also	called	 the	orbital	floor,	 the	 inferior	orbital	
wall	 exists	 only	 in	 the	 anterior	 orbital	 part	 and	
is	triangular	with	an	anterior	base.	It	is	directed	
downward,	 forward,	 and	 laterally.	 Three	 bones	
participate	in	its	formation:	the	orbital	face	of	the	
zygomatic	bone	at	the	front	and	laterally,	the	or-
bital	face	of	the	maxillary	bone	at	the	front	and	
medially,	and	posteriorly	a	very	small	bony	area	
consisting	 of	 the	 orbital	 process	 of	 the	 palatine	
bone.	



The	 infraorbital	 sulcus,	 directed	 toward	 the	
front	and	medially,	runs	over	the	posterior	part	
of	this	wall.	It	arises	from	the	anterior	part	of	the	
inferior	orbital	fissure,	goes	 forward,	and	pene-
trates	 the	 bone	 to	 form	 the	 infraorbital	 canal,	
which	opens	5–6	mm	under	the	infraorbital	rim	
as	the	infraorbital	foramen.	These	structures	con-
tain	 the	 infraorbital	 nerve,	 the	 terminal	 branch	
of	the	maxillary	nerve,	and	the	infraorbital	ves-
sels.	The	infraorbital	nerve	provides	branches	for	
the	teeth	and	the	upper	lip	and	it	may	be	injured	
during	 orbital	 decompression	 with	 secondary	
anesthesia	of	the	cheek	and	the	upper	lip.	

The	inferior	wall	separates	the	orbit	from	the	
maxillary	sinus;	this	floor	is	very	thin,	which	ex-
plains	the	frequency	of	floor	fractures	in	cases	of	
facial	trauma.	

5.2.3.4 Medial Orbital Wall
In	 an	 anteroposterior	 direction,	 the	 medial	
wall	 measures	 about	 45–50	mm	 in	 length	 and	
is	 formed	with	four	bones:	 the	maxillary,	 lacri-
mal,	 ethmoid,	 and	 sphenoid	 bones.	 Anteriorly,		
there	is	the	lateral	face	of	the	frontal	process	of	
the	 maxillary	 with	 the	 anterior	 lacrimal	 crest.	
The	 lacrimal	bone	presents	on	 its	 lateral	 face	a	
vertical	 crest,	 the	 posterior	 lacrimal	 crest,	 and	
between	 the	 two	 lacrimal	 crests,	 anterior	 and	
posterior,	 is	 the	 lacrimal	 sac	 fossa.	 The	 orbital	
septum	 is	 fixed	 on	 the	 posterior	 lacrimal	 crest	
and	the	orbit	starts	from	this	crest	(the	lacrimal	
sac	is	located	in	front	of	the	orbit).	The	lacrimal	
sac	fossa	opens	below	in	the	nasolacrimal	duct.	
Posteriorly,	the	lateral	face	of	the	ethmoid	con-
stitutes	the	major	part	of	the	medial	wall	and	be-
hind	the	lateral	face	of	the	body	of	the	sphenoid	
bone	at	the	orbital	apex.

This	wall	is	very	thin	and	separates	the	orbit	
from	the	nasal	 cavity	at	 the	 front	and	 the	eth-
moidal	 cells	 and	 the	 sphenoidal	 sinus	 posteri-
orly.	Trauma	to	the	face	may	create	a	dehiscence	
of	this	wall,	and	surgically,	the	two	walls,	which	
are	 easy	 to	 destroy	 when	 performing	 orbital	
decompression,	are	the	inferior	and	the	medial	
walls.	During	a	dacryocystorhinostomy,	we	cre-
ate	 an	 aperture	 between	 the	 lacrimal	 sac	 and	
the	 nose,	 through	 the	 maxillary	 and	 lacrimal	
bones.

5.2.4 Orbital Margins or Angles 

5.2.4.1 Superior and Medial Margin
Between	the	medial	and	upper	walls	is	an	angle	
consisting	 of	 the	 fronto-maxillary,	 fronto-lacri-
mal,	and	fronto-ethmoidal	sutures.	The	anterior	
and	posterior	ethmoidal	foramina	are	situated	on	
this	margin.	Knowledge	of	their	location	is	very	
important	surgically	when	performing	exentera-
tion	or	ligation	of	the	anterior	ethmoidal	artery,	
in	case	of	nasal	bleeding.	

The	 anterior	 ethmoidal	 artery	 and	 nerve	 are	
in	the	anterior	ethmoidal	foramen	and	the	poste-
rior	ethmoidal	artery	and	nerve	in	the	posterior	
ethmoidal	foramen.	Furthermore,	the	ethmoidal	
foramina	represent	the	limit	between	the	cranial	
fossa	and	the	orbit	and	we	must	not	go	beyond	
this	limit	during	orbital	decompression.

In	cases	of	 trauma	to	 the	anterior	ethmoidal	
artery,	an	orbital	periosteal	hematoma	may	occur	
and	must	be	treated.	According	to	Kirchner	et	al.	
[33]	 the	 anterior	 foramen	 is	 located	 14–18	mm	
behind	the	orbital	rim;	according	to	Caliot	et	al.	
[6]	11–32	mm	behind	this	rim;	and	according	to	
the	author’s	previous	research	[19]	9–34	mm	be-
hind	the	trochlea	of	the	superior	oblique	muscle.	
The	range	is	usually	between	18	and	22	mm	with	
an	 average	 of	 19.8	mm.	 The	 posterior	 foramen	
is	 located	 10	mm	 behind	 the	 anterior	 foramen	
with	 great	 variation,	 from	 16	 to	 42	mm	 behind	
the	orbital	bony	rim	[6]	and	in	our	study,	15	mm	
behind	the	anterior	foramen	[19].	The	posterior	
foramen	is	located	4–7	mm	in	front	of	the	orbital	
opening	of	the	optic	canal.

According	 to	 Kurihashi	 and	 Yamashita	 [36]	
the	 distance	 between	 the	 superomedial	 margin	
and	the	anterior	cranial	fossa	is	variable	and	may	
be	3	mm	or	less,	which	explains	the	possibility	of	
cerebrospinal	 fluid	 leakage	 during	 a	 dacryocys-
torhinostomy.

5.2.4.2 Inferior and Medial Margin
Between	the	inferior	and	medial	walls,	from	the	
front	to	the	back	is	an	area	formed	by	the	lacri-
momaxillary,	 ethmoidomaxillary,	 and	 spheno-
palatine	sutures;	anteriorly,	we	can	see	the	upper	
aperture	 of	 the	 nasolacrimal	 duct.	 Usually,	 this	
margin	 is	 called	 the	 orbital	 strut,	 and	 for	 some	
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orbital	 surgeons,	 it	 is	 necessary	 to	 preserve	 this	
strut	 during	 orbital	 decompression.	 When	 we	
have	performed	endonasal	decompression	we	can	
destroy	this	strut,	giving	a	more	effective	passage	
of	fat	into	the	maxillary	and	ethmoid	sinuses.

5.2.4.3 Superior and Lateral Margin
Between	 the	 upper	 and	 lateral	 walls	 is	 an	 area	
consisting	of	the	superior	orbital	fissure	posteri-
orly.	This	fissure	varies	considerably	 in	size	and	
shape;	usually,	it	comma-shaped	and	is	directed	
forward,	laterally	and	superiorly.	It	is	situated	be-
tween	the	inferior	face	of	the	 lesser	wing	of	the	
sphenoid	and	the	upper	edge	of	the	orbital	face	of	
the	greater	wing	of	the	sphenoid,	and	limited	me-
dially	by	the	lateral	face	of	the	body	of	this	bone.	
Sharma	[46]	describes	nine	types	of	fissures.	Lo-
cated	 between	 the	 middle	 cranial	 fossa	 and	 the	
orbit,	the	fissure	permits	the	transit	of	numerous	
nerves	and	vessels	from	the	middle	cranial	fossa	
into	 the	 orbit.	 The	 fissure	 is	 divided	 by	 the	 an-
nulus	 of	 Zinn,	 which	 is	 located	 on	 the	 body	 of	
the	 sphenoid	 bone	 and	 serves	 as	 the	 tendinous	
origin	of	the	rectus	muscles.	The	central	opening	
of	this	annulus	permits	the	passage	of	nerves	and	
vessels	 into	 the	 intraconal	 orbital	 space,	 as	 the	
oculomotor	nerve	(III)	with	its	two	parts,	the	su-
perior	and	inferior	divisions,	the	abducens	nerve	
(VI),	and	the	nasociliary	nerve,	a	branch	of	the	
ophthalmic	 nerve.	 The	 other	 structures,	 which	
pass	 through	 the	 superior	 fissure,	 but	 outside	
this	central	opening,	reach	the	extraconal	orbital	
space	as	the	trochlear	nerve	(IV),	the	frontal	and	
the	lacrimal	nerves,	branches	of	the	ophthalmic	
nerve,	branches	of	the	trigeminal	nerve	(V),	and	
the	 ophthalmic	 veins.	 This	 fissure	 is	 in	 fact	 the	
anterior	wall	of	the	cavernous	sinus.

5.2.4.4 Inferior and Lateral Margin
Between	the	inferior	and	lateral	walls	is	an	area	
consisting	at	the	back	of	the	inferior	orbital	fis-
sure	 directed	 forward	 and	 laterally,	 limited	 by	
the	 orbital	 face	 of	 the	 maxillary	 bone,	 and	 the	
inferior	edge	of	the	greater	wing	of	the	sphenoid	
bone.	This	fissure	is	closed	by	the	orbital	perios-
teum	 and	 separates	 the	 orbit	 and	 the	 pterygo-
palatine	fossa.

5.2.5 Orbital Rim
Quadrilateral	and	open	at	its	medial	part,	the	rim	
consists	of	the	anterior	edge	of	the	frontal	bone	
with	the	supraorbital	foramen	at	the	junction	be-
tween	its	medial	third	and	its	lateral	two-thirds.	
In	this	 foramen,	we	find	the	supraorbital	artery	
and	nerve.	A	bony	bridge	can	close	this	foramen	
and	 according	 to	 Webster	 [53],	 reporting	 108	
bony	skulls,	a	bilateral	closed	foramen	was	found	
in	20.93%	of	 the	cases,	and	an	unilateral	closed	
foramen	in	25%	of	the	cases.	Laterally,	the	orbital	
rim	consists	of	 the	edges	of	 the	zygomatic	pro-
cess	 of	 the	 frontal	 bone,	 of	 the	 zygomatic	 bone	
laterally	 with	 the	 lateral	 orbital	 tubercle,	 of	 the	
maxillary	 bone	 inferiorly,	 and	 medially	 by	 the	
posterior	lacrimal	crest	on	the	lacrimal	bone.	The	
orbital	rim	is	very	thick	and	serves	to	protect	the	
eyeball	during	facial	trauma.

5.2.6 Orbital Apex
The	orbital	apex	is	located	at	the	posterior	part	of	
the	superior	orbital	fissure	(Fig.	5.1).	Close	to	it,	
we	find	the	optic	canal.

The	optic	canal,	measuring	6–12	mm	in	length	
and	5–6	mm	in	diameter,	cuts	into	the	lesser	wing	
of	the	sphenoid	bone,	and	is	limited	by	the	body	
of	this	bone	medially.	The	canal	is	directed	down-
ward,	forward,	and	laterally.	It	presents	a	posterior	
endocranial	orifice	with	a	horizontal	oval	 shape	
and	an	anterior	orbital	orifice	with	a	vertical	oval	
shape.	 It	 lies	between	 the	orbit	 and	 the	anterior	
cranial	 fossa	and	allows	 the	optic	nerve	with	 its	
sheets	and	 the	ophthalmic	artery,	which	usually	
crosses	 the	 inferior	 part	 of	 the	 nerve	 into	 the	
canal,	to	pass.	The	medial	wall	of	this	canal	is	in	
touch	with	the	sphenoidal	sinus	and	is	very	thin	
[22]	and	sometimes	absent	(4%).	So	it	is	possible	
to	decompress	the	optic	nerve	using	an	endonasal	
approach,	in	the	case	of	canal	fractures	with	visual	
loss.	The	indications	for	this	decompression	vary	
according	 to	 the	 surgeon	 and	 it	 appears	 to	 give	
better	results	in	cases	of	a	hematoma	in	the	canal	
or	in	cases	of	bony	compression	of	the	nerve.

The	 orbital	 apex	 is	 near	 the	 cavernous	 sinus	
with	 the	 internal	 carotid	artery,	which	gives	off	
the	 ophthalmic	 artery	 over	 the	 roof	 of	 the	 cav-
ernous	sinus	and	then	gives	off	its	four	terminal	
branches	for	the	brain.



In	cases	of	Graves	ophthalmopathy,	compres-
sion	of	the	optic	nerve	or	of	the	ophthalmic	ar-
tery	 may	 produce	 optic	 neuropathy	 with	 visual	
loss	 and	 visual	 field	 diminution	 due	 to	 an	 in-
crease	 in	 the	 muscular	 mass	 at	 the	 apex	 where	
the	structures	are	very	close	to	each	other.

Summary for the Clinician

■	 Three	 orbital	 walls	 are	 in	 contact	 with	
facial	sinuses:	the	upper	with	the	frontal	
sinus,	just	about	developed,	the	inferior	
with	the	maxillary	sinus,	and	the	medial	
with	the	ethmoid	and	sphenoidal	sinus-
es.

■	 All	 these	 walls	 are	 very	 thin	 and	 a	
trauma,	 however	 small,	 may	 cause	 an	
orbital	 fracture	 with	 the	 possibility	 of	
muscular	 incarceration	 (especially	 in	
the	case	of	inferior	orbital	wall	fracture)	
and/or	emphysema	of	the	orbit	with	risk	
of	infection.

		

5.3 Orbital Periosteum 
Around	 the	 orbital	 structures	 and	 close	 to	 the	
orbital	 bones,	 the	 periosteum	 is	 a	 thin	 fibrous	
membrane	that	is	quite	easily	separable	from	the	
bones	except	at	the	optic	canal	and	the	superior	
orbital	 fissure	 where	 it	 continues	 with	 the	 dura	
mater	of	the	optic	nerve	and	the	cavernous	sinus.	
It	 forms	a	real	periosteal	 sac	around	the	orbital	
contents,	perforated	by	the	neurovascular	struc-
tures	 such	as	 the	ethmoidal	arteries.	 It	encloses	
the	inferior	orbital	fissure	with	a	smooth	muscle,	
Muller’s	 muscle.	 In	 a	 forward	 direction,	 it	 con-
tinues	 with	 the	 periosteum	 of	 the	 bones	 of	 the	
orbital	rim.

5.4 Orbital Contents
The	orbital	space	limited	by	the	bony	orbit	with	
the	 orbital	 periosteum	 is	 closed	 at	 the	 front	 by	
the	 orbital	 septum,	 which	 runs	 from	 the	 edges	
of	 the	 tarsal	 plates	 to	 the	 orbital	 rim.	 Medially,	
it	 runs	 along	 the	 posterior	 orbital	 crest,	 which	

Fig. 5.1  Bony	orbit	with	the	orbital	apex:	1	optic	canal,	2	superior	orbital	
fissure,	3	inferior	orbital	fissure,	4	fossa	of	the	lacrimal	sac,	5	frontal	bone,	
6	 greater	 wing	 of	 the	 sphenoid	 bone,	 7	 maxillary	 bone,	 8	 lacrimal	 bone,	
9	ethmoidal	bone
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represents	 the	 anterior	 limit	 of	 the	 orbit;	 later-
ally	 it	 is	fixed	on	the	 lateral	palpebral	 ligament.	
The	orbital	septum	separates	the	intraorbital	fat	
and	the	orbicularis	muscle	[5].	It	is	perforated	in	
its	upper	part	by	 the	 levator	palpebrae	superior	
muscle,	which	leaves	the	orbit	to	reach	the	eyelid	
[39].

5.4.1 Eyeball
With	a	diameter	of	24	mm,	the	eyeball	is	located	
at	 the	anterior	part	of	 the	orbit.	 It	goes	beyond	
the	 anterior	 orbital	 rim	 and	 it	 occupies	 about	
7.5	cm3	in	volume.	The	eyeball	is	nearer	the	lat-
eral	wall	(6	mm)	and	the	upper	wall	(9	mm)	than	
the	 inferior	 and	 medial	 walls	 (11	mm).	 After	
enucleation,	a	spherical	implant	is	usually	placed	
into	 the	 orbit,	 to	 replace	 the	 lost	 volume.	 Most	
orbital	 surgeons	 prefer	 a	 large	 implant	 from	 18	
to	 22	mm,	 which	 replaces	 about	 3–4	cm3	 [21].	
Because	of	 its	orientation	(forward	and	 lateral),	
the	lateral	orbital	wall	does	not	adequately	pro-
tect	the	eyeball	and	in	cases	of	lateral	trauma,	a	
severe	contusion	is	possible.

5.4.2 Optic Nerve
Leaving	the	eyeball	at	its	posterior	part,	the	optic	
nerve	(second	cranial	nerve)	is	not	really	a	nerve,	
but	an	expansion	of	the	central	nervous	system.	
Each	optic	nerve	reaches	the	optic	canal	after	an	
intraorbital	pathway	crossing	the	ophthalmic	ar-
tery	and	penetrating	 the	canal	where	 it	may	be	
injured.	One	optic	nerve	then	reaches	the	other	
to	 form	 the	 optic	 chiasm,	 situated	 over	 the	 hy-
pophysis.	In	the	endocranial	part,	the	optic	nerve	
crosses	 the	 anterior	 cerebral	 artery	 and	 it	 may	
be	 compressed	 by	 a	 vascular	 aneurysm	 or	 by	 a	
tumor	of	the	hypophysis.

In	 the	 orbit,	 the	 optic	 nerve	 starts	 from	 the	
optic	 disc,	 which	 is	 a	 canal,	 and	 cuts	 into	 the	
sclera.	The	optic	disc	has	three	parts:	prelaminar,	
laminar,	and	retro-laminar.

Behind	 the	optic	disc,	 the	optic	nerve	 forms	
the	 axis	 of	 the	 fasciomuscular	 cone.	 Its	 orbital	
length	 is	 about	 2.5	cm	 with	 a	 pathway	 in	 an	
S-shape	with	two	curves,	a	first	convex	laterally	
and	a	second	convex	medially.

In	 the	 optic	 canal,	 the	 nerve	 is	 covered	 by	
sheets	of	fibrous	tissue,	which	are	the	prolonga-
tion	of	 the	cranial	meninges:	 the	pia	mater,	 the	
arachnoid,	and	the	dura	mater.

The	arterial	blood	supply	of	the	optic	nerve	is	
variable.	It	is	provided	at	the	optic	disc	by	the	ar-
terial	circle	of	Zinn-Haller	and	more	posteriorly	
by	 the	 central	 retinal	 artery	 when	 this	 artery	 is	
into	the	optic	nerve	and	more	posteriorly	by	the	
arteries	of	the	optic	nerve,	which	number	2	or	3	
[24].	The	intracanalicular	part	of	the	optic	nerve	
has	a	poor	vascularization	and	that	explains	the	
fragility	of	the	nerve	into	the	canal.

Summary for the Clinician

■	 The	 optic	 nerve	 is	 a	 large	 nerve	 in	 the	
orbit,	but	its	vascularization	is	very	poor,	
especially	 in	 the	 intracanalicular	 part,	
which	 may	 be	 damaged	 during	 orbital	
trauma	or	orbital	compression.

		

5.4.3 Orbital Muscles
In	each	orbit	we	can	find	seven	striated	muscles:	
six	 are	 oculomotor	 and	 fixed	 directly	 onto	 the	
eyeball	and	one	is	the	levator	muscle	of	the	upper	
eyelid.

5.4.3.1 Levator Muscle of the Upper 
Eyelid (Levator Palpebrae 
Superioris Muscle)

Innervated	by	the	upper	branch	of	the	oculomo-
tor	nerve,	the	levator	muscle	permits	the	elevation	
of	the	upper	eyelid.	It	begins	at	the	orbital	apex,	
directly	on	the	orbital	periosteum,	above	and	ex-
tends	a	little	medially	to	the	optic	canal	(Fig.	5.2).	
The	muscle	goes	forward	under	the	orbital	roof,	
just	above	the	superior	rectus;	at	the	anterior	part	
of	the	orbit	the	muscle	is	divided	into	two	parts,	
an	 anterior	 aponeurotic	 part,	 which	 perforates	
the	orbital	septum,	the	levator	aponeurosis,	and	
a	 posterior	 part,	 which	 forms	 the	 superior	 tar-
sal	 Muller’s	 muscle.	 Muller’s	 muscle	 consists	 of	
smooth	muscular	fibers	and	sympathetic	 inner-



vation,	which	responds	to	epinephrine.	This	part	
is	10	mm	long.	The	aponeurotic	part	begins	at	the	
level	 of	 a	 white	 area,	 the	 upper	 transverse	 liga-
ment	or	Whitnall’s	ligament	[38].	The	aponeuro-
sis	goes	forward	and	terminates	below		the	upper	
eyelid,	either	at	the	posterior	part	of	the	skin	or	
at	 the	 anterior	 part	 of	 the	 upper	 tarsal	 plate;	 a	
few	fibers	reach	the	bone	laterally	and	medially.	
The	 lateral	horn,	more	 importantly,	 reaches	 the	
orbital	 tubercle	 and	 divides	 the	 lacrimal	 gland	
into	its	two	lobes,	orbital	and	palpebral.	The	total	
length	of	the	levator	muscle	is	about	56	mm,	the	
length	of	the	aponeurotic	part	is	15–20	mm	with	
a	width	of	30	mm.	Muller’s	muscle	is	innervated	
by	the	autonomic	nervous	system	(sympathetic)	
and	its	injury	may	cause	minor	ptosis,	which	re-
sponds	to	epinephrine.	At	the	inferior	part	of	the	
levator	muscle,	Codère	[7]	describes	white	con-
densation	just	under	Whitnall’s	ligament,	calling	
it	the	inferior	ligament	of	Whitnall.

In	 cases	of	ptosis,	 some	 surgical	possibilities	
may	be	performed	on	the	aponeurotic	part	or	on	
Muller’s	muscle.	In	some	cases	the	only	possibil-
ity	is	to	suspend	the	upper	eyelid	from	the	frontal	
muscle.

5.4.3.2 Oculomotor Muscles
Among	 the	 six	 oculomotor	 muscles,	 we	 can	
distinguish	 between	 four	 rectus	 muscles,	 supe-
rior,	 inferior,	 medial,	 and	 lateral,	 all	 of	 which	
reach	the	eyeball	in	front	of	the	equator,	and	two	
oblique	 muscles,	 superior	 and	 inferior,	 which	
reach	the	eyeball	behind	the	equator.	All	except	

the	 inferior	 oblique	 muscle	 begin	 at	 the	 orbital	
apex.	 They	 are	 innervated	 by	 three	 oculomotor	
nerves,	the	trochlear	nerve	(IV)	for	the	superior	
oblique	muscle,	the	abducens	nerve	(VI)	for	the	
lateral	rectus	muscle,	and	the	oculomotor	nerve	
(III)	for	the	other	muscles.

5.4.3.2.1 Rectus Muscles
Measuring	 an	 average	 4	cm	 in	 length,	 the	 four	
rectus	 muscles	 extend	 from	 the	 orbital	 apex	 to	
the	sclera.	These	muscles,	with	their	connective	
fascias	and	their	intermuscular	septa,	define	the	
orbital	cone	where	the	optic	nerve	and	the	oph-
thalmic	artery	are	located.	

The	four	rectus	muscles	arise	from	Zinn’s	ten-
don.	This	tendon	originates	in	the	greater	wing	of	
the	sphenoid	bone	and	in	the	body	of	the	sphe-
noid	bone.	This	tendon	is	divided	into	four	small	
bands	of	connective	tissue	and	each	rectus	muscle	
originates	 in	two	contiguous	bands.	The	medial	
rectus	 from	the	 superomedial	 and	 inferomedial	
bands,	the	superior	rectus	from	the	superolateral	
and	superomedial	bands,	the	inferior	rectus	from	
the	inferomedial	and	inferolateral	bands,	and	the	
lateral	rectus	from	the	inferolateral	and	supero-
lateral	bands.

From	 this	 posterior	 insertion	 the	 muscular	
body,	 triangular,	 goes	 forward	 following	 its	 or-
bital	wall,	 the	superior	rectus,	 the	superior	wall	
under	 the	 levator	 palpebrae,	 the	 medial	 rectus,	
the	 medial	 wall,	 and	 so	 on.	 Thus,	 three	 rectus	
muscles	(superior,	inferior,	and	lateral)	have	the	
same	axis	as	the	orbit,	which	is	different	from	the	
visual	axis,	while	the	medial	rectus	goes	in	an	an-
teroposterior	direction.

Anteriorly,	 the	 four	 rectus	 muscles	 are	 fixed	
into	 the	 sclera	 by	 a	 tendon	 with	 a	 width	 of	
10	mm.	The	distance	between	the	insertion	and	
the	limbus	is,	according	to	Porter	and	Berard	[2,	
42],	5.5	mm	for	the	medial	rectus,	6.5	mm	for	the	
inferior	 rectus,	7	mm	for	 the	 lateral	 rectus,	 and	
7.75	mm	 for	 the	 superior	 rectus,	 making	 a	 line	
called	the	spiral	of	Tillaux.

Physiologically,	the	horizontal	rectus	has	one	
action,	 abduction	 for	 the	 lateral	 rectus	 and	 ad-
duction	for	 the	medial	rectus.	The	vertical	recti	
have	 an	 action	 with	 three	 components:	 the	 su-
perior	rectus	produces	elevation,	adduction,	and	

Fig. 5.2  Superior	view	of	a	left	orbit:	1	levator	muscle	
of	the	upper	eyelid,	2	main	lacrimal	gland,	3	superior	
oblique	muscle,	4	lacrimal	artery,	5	ophthalmic	artery
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inner	rotation;	the	inferior	rectus	permits	depres-
sion,	adduction,	and	outward	rotation.

5.4.3.2.2 Oblique Muscles

Superior Oblique Muscle
Originating	 in	 the	 orbital	 apex	 and	 the	 orbital	
periosteum,	above	and	medial	to	the	optic	canal,	
the	muscle	goes	forward	along	the	medial	wall	of	
the	orbit,	to	reach	its	trochlea.	The	trochlea	is	a	
fibrocartilaginous	 ring	 situated	 in	 the	 trochlear	
fossa	 [29]	of	 the	 frontal	bone,	 at	 the	anterome-
dial	part	of	the	orbital	roof.	It	is	easy	to	separate	
the	trochlea	from	the	bony	orbit	by	ungluing	the	
periosteum.	After	the	trochlea,	the	oblique	supe-
rior	muscle	becomes	a	tendon	that	goes	obliquely	
backward,	 downward,	 and	 laterally,	 making	 an	
angle	 with	 the	 muscular	 part	 of	 50–54°	 [42].	 It	
crosses	under	the	superior	rectus	and	inserts	di-
rectly	 into	 the	 sclera	 behind	 the	 equator	 of	 the	
eyeball.	 The	 total	 length	 of	 the	 muscle	 is	 about	
50	mm:	 30	mm	 for	 the	 muscular	 body	 and	
20	mm	 for	 the	 tendon.	 Its	 action	 is	 depression,	
abduction,	and	inward	rotation.

Inferior Oblique Muscle
A	single	orbital	muscle	that	does	not	arise	from	
the	orbital	apex,	but	from	the	anteromedial	part	
of	the	orbital	floor,	near	the	superior	foramen	of	
the	 nasolacrimal	 duct.	 It	 measures	 30–35	mm	
in	 length	 and	 its	 muscular	 part	 goes	 backward,	
laterally	and	upward.	It	crosses	over	the	inferior	
rectus	muscle	and	inserts	into	the	sclera	behind	
the	equator	of	 the	eyeball.	 Its	action	consists	of	
elevation,	abduction,	and	outer	rotation.

5.4.3.3 Supernumerary Muscles
Sometimes,	 there	 are	 supernumerary	 muscles	
leading	into	the	orbit.	The	most	frequent	is	the	
levator	muscle	of	the	trochlea,	which	is	between	
the	 levator	 muscle	 of	 the	 superior	 eyelid	 and	
the	 trochlea	 (Sacks	 found	 it	 in	 7	 out	 of	 98	 or-
bits	 [45])	 In	 some	 animals	 (bovids),	 there	 is	 a	
retractor	of	the	eyeball,	a	muscle	rarely	found	in	
humans.

5.4.4 Muscular Fascias 
Around	 the	 eyeball,	 the	 Tenon’s	 capsule	 is	 a	 fi-
broelastic	membrane	that	covers	the	sclera	from	
the	limbus	to	the	optic	nerve	[10].	It	consists	of	
two	laminas.	

The	 six	 oculomotor	 muscles	 perforate	 this	
membrane	 to	penetrate	 the	sclera.	Each	muscle	
has	its	own	fascia	and	each	rectus	muscle	fascia	
is	connected	to	the	other	fascias	by	an	intermus-
cular	 fascia.	 All	 these	 fascias	 permit	 movement	
of	the	eyeball	and	delimit	a	conical	space	behind	
the	eyeball	with	its	top	at	the	orbital	apex,	called	
the	fasciomuscular	cone	(Fig.	5.3).	Membranous	
expansions	 link	the	rectus	muscle	 fascias	 to	the	
other	 muscles,	 the	 levator	 muscle	 of	 the	 upper	
eyelid	and	oblique	muscles.	The	fascias	of	the	su-
perior	rectus	and	the	levator	muscle	of	the	upper	
eyelid	in	particular	are	connected	to	permit	the	
elevation	of	the	upper	eyelid	during	upward	gaze.	
In	the	same	way	the	fascias	of	the	inferior	rectus	
muscle	and	the	inferior	oblique	muscle	are	con-
nected,	 forming	 a	 strong	 adherence,	 known	 as	
Lockwood’s	ligament.

Each	 muscular	 fascia	 provides	 aponeurotic	
expansion	 for	 the	 conjunctiva,	 the	 eyelids,	 and	
the	 orbital	 walls,	 the	 most	 important	 coming	
from	 the	 horizontal	 rectus	 muscles,	 from	 the	
lateral	rectus	to	the	lateral	wall	of	the	orbit	and	
from	the	medial	rectus	to	the	posterior	lacrimal	
crest.	The	inferior	rectus	fascia	also	provides	ex-
pansion	for	the	inferior	orbital	wall	and	for	the	
inferior	edge	of	 the	 tarsal	plate–arcuate	expan-
sion.

Fig. 5.3  Fasciomuscular	cone,	inside:	1	inferior	rectus	
muscle,	2	inferior	oblique	muscle,	3	inferior	branch	of	
the	oculomotor	nerve,	4	inferior	muscular	artery



Previously,	Koornneef	[34,	35]	has	described	
these	fascias	as	“a	locomotor	eyeball	system.”	Ac-
cording	to	him,	these	fascias	consist	of	collagen	
fibers	 containing	 vessels,	 nerves,	 and	 smooth	
muscle	 fibers.	 At	 the	 anterior	 part	 of	 the	 orbit,	
these	fascias	are	principally	circumferential	and	
at	the	posterior	part,	they	are	radiate.

Summary for the Clinician

■	 The	four	rectus	muscles	limit,	with	their	
intermuscular	 fascias,	 the	 fasciomuscu-
lar	cone	in	which	we	find	the	optic	nerve	
and	the	ophthalmic	artery.

■	 In	 orbital	 pathology,	 especially	 in	 the	
case	of	orbital	 tumors,	 it	 is	very	impor-
tant	to	localize	the	tumor	as	being	inside	
or	outside	this	cone.

■	 The	 surgical	 approach	 is	 more	 compli-
cated	and	more	dangerous	in	cases	of	in-
traconal	orbital	tumors.	The	major	com-
plication	of	this	surgery	is	the	definitive	
blindness.

		

5.4.5 Main Lacrimal Gland
Tears	are	 secreted	daily	by	 the	main	and	acces-
sory	 lacrimal	 glands.	 The	 accessory	 glands	 are	
located	 mainly	 in	 the	 conjunctiva	 whereas	 the	
main	 lacrimal	 gland	 is	 situated	 at	 the	 supero-
lateral	part	of	the	orbit.	Firm,	yellowy	red,	with	
a	 lobular	 aspect,	 easily	 separated	 from	 the	 sur-
rounding	 orbital	 fat,	 each	 main	 lacrimal	 gland	
measures	an	average	of	20	mm	in	length,	15	mm	
in	width,	and	5	mm	in	depth.	

In	fact,	the	gland	consists	of	two	parts,	a	pal-
pebral	lobe	and	a	more	voluminous	orbital	lobe.	
These	 two	 lobes	are	 in	contact	with	each	other,	
separated	by	the	lateral	horn	of	the	levator	muscle	
of	the	upper	eyelid.

The	orbital	lobe	is	located	in	the	lacrimal	gland	
fossa,	a	hollow	in	the	horizontal	part	of	the	fron-
tal	 bone.	 The	 lacrimal	 gland	 has	 two	 sides	 and	
two	edges,	a	superolateral	side	in	contact	with	the	
bone	and	an	inferomedial	one	that	is	in	contact	
with	the	anterior	part	of	the	lateral	rectus	and	the	
lateral	part	of	the	levator	muscle,	its	lateral	horn,	
and	the	lateral	orbital	expansion	of	the	superior	

rectus.	The	anterior	edge	of	the	gland	touches	the	
orbital	septum	and	the	posterior	edge	the	orbital	
fat.	At	the	back,	the	gland	receives	a	neurovascu-
lar	pedicle	 consisting	of	 the	 lacrimal	nerve	and	
arteries.	The	main	excretory	ducts	(3	to	5)	open	
in	the	upper	conjunctival	fornix.

Histologically,	 the	 gland	 consists	 of	 acini,	
which	 form	lobes;	 in	each	acinus	we	can	find	a	
basal	 membrane,	 a	 layer	 of	 myoepithelial	 cells,	
and	a	medial	layer	of	secretory	cells.	

5.4.6 Orbital Arteries
The	 arterial	 supply	 of	 the	 orbit	 comes	 mainly	
from	 the	 internal	 carotid	 system	 and	 partly	 via	
the	 branches	 of	 the	 external	 carotid	 system.	
Thus,	 we	 can	 find	 in	 the	 orbit	 anastomosis	 be-
tween	 these	 two	carotid	 systems.	Variations	are	
extremely	 frequent	–	variations	 in	 the	origin	of	
the	 arterial	 branches,	 of	 their	 caliber,	 of	 their	
pathway,	of	their	distribution	–	and	orbital	arte-
rial	systematization	is	very	difficult.

5.4.6.1 Ophthalmic Artery
The	 ophthalmic	 artery	 originates	 in	 the	 cranial	
fossa	from	the	internal	carotid,	leads	to	the	optic	
canal,	and	provides	numerous	collateral	branches	
for	the	eyeball,	the	muscles,	and	the	nasal	cavities	
(Fig.	5.4).	It	leads	out	of	the	orbit	at	an	anterosu-
peromedial	angle.

Fig. 5.4  Ophthalmic	artery:	1	ophthalmic	artery,	2	su-
perior	 oblique	 muscle,	 3	 anterior	 ethmoidal	 artery,	 4	
extraconal	part	of	the	ophthalmic	artery,	5	supraorbital	
artery,	 6	 superior	 rectus	 under	 the	 levator	 muscle	 of	
the	upper	eyelid,	7	posterior	ethmoidal	artery
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5.4.6.1.1 Embryology
Embryology	 of	 the	 ophthalmic	 artery	 was	 de-
scribed	by	Padget	[41].	Before	the	embryo	reaches	
18	mm,	 there	 are	 two	 primitive	 ophthalmic	 ar-
teries,	 one	 dorsal	 and	 one	 ventral.	 These	 two	
branches	 arise	 from	 the	 future	 internal	 carotid	
artery.	 These	 two	 primitive	 ophthalmic	 arteries	
unite	to	form	one	primitive	ophthalmic	artery.

After	the	embryo	has	reached	18	mm,	the	su-
praorbital	branch	of	the	stapedial	artery	goes	into	
the	orbit	and	supplies	two	branches:	a	lateral,	fu-
ture	 lacrimal	 artery	 and	 a	 medial	 artery,	 which	
anastomoses	 with	 the	 primitive	 ophthalmic	 ar-
tery.	This	medial	branch	supplies	the	supraorbital	
and	ethmoidal	arteries.	The	stapedial	artery	is	a	
branch	 of	 the	 external	 carotid	 system	 and	 usu-
ally	the	proximal	part	of	the	supraorbital	branch	
of	the	stapedial	artery	becomes	the	middle	men-
ingeal	artery,	and	the	part	that	goes	through	the	
lateral	wall	of	the	orbit	disappears	into	the	orbit.	
This	 embryology	 explains	 the	 multiple	 arterial	
variations	 found	 and	 the	 possibility	 of	 greater	
participation	of	 the	middle	meningeal	artery	 in	
orbital	vascularization.

5.4.6.1.2 Origin 
Usually,	 the	 ophthalmic	 artery	 is	 a	 collateral	
branch	of	the	cerebral	part	of	the	internal	carotid	
artery.	When	the	internal	carotid	goes	out	of	the	
cavernous	sinus,	it	supplies	the	ophthalmic	artery	
and	 then	 goes	 backward	 to	 terminate	 in	 these	
four	 cerebral	 branches.	 The	 ophthalmic	 artery	
starts	 on	 the	 anteromedial	 side	 of	 the	 internal	
carotid	artery	under	the	anterior	clinoid	process.	

Numerous	variations	of	this	origin	have	been	
described,	e.g.,	the	artery	arising	from	the	inter-
nal	carotid,	but	going	into	the	cavernous	sinus,	or	
having	two	branches.	Sometimes	the	ophthalmic	
artery	arises	 from	the	middle	meningeal	artery.	
According	to	Hayreh	[25],	out	of	170	orbits,	the	
origin	 was	 in	 the	 internal	 carotid	 in	 164	 cases	
and	in	the	middle	meningeal	artery	in	6.	In	Lang	
and	Kageyama’s	report	[37]	the	origin	was	in	the	
internal	 carotid	 with	 location	 in	 the	 cavernous	
sinus	in	18%.	In	our	experience,	out	of	more	than	
100	orbital	dissections,	we	have	always	found	the	
origin	to	be	in	the	internal	carotid	artery.

The	arterial	diameter	at	 its	origin	is	between	
1	and	2	mm:	0.7	to	1.4	mm	according	to	Hayreh	
[25],	1.5±0.27	mm	according	to	Jimenez-Castel-
lanos	[31],	and	1.54±0.4	mm	in	men	and	1.31±0.5	
in	 women	 according	 to	 Lang	 and	 Kageyama	
[37].	

5.4.6.1.3 Course 
The	ophthalmic	artery	has	three	parts,	the	intra-
cranial,	intracanicular,	and	intraorbital	parts.

Intracranial
The	intracranial	part	is	in	the	subdural	space;	this	
part	measures	an	average	of	9	mm,	ranging	from	
4.8	to	15.1		according	to	Hayreh	[27].	The	artery	
reaches	the	optic	canal	in	contact	with	the	infe-
rior	part	of	the	optic	nerve,	located	as	it	is	in	the	
anterior	cranial	fossa.

Intracanicular
The	intracanicular	part	of	the	artery	goes	through	
the	optic	canal	under	the	optic	nerve	and	usually	
crosses	the	nerve	from	the	inside	to	the	outside.	
This	 part	 measures	 7–14	mm	 according	 to	 the	
length	of	the	optic	canal.	At	the	anterior	part	of	
the	canal,	the	artery	is	usually	inferolateral	at	the	
inferolateral	part	of	the	nerve	[37].	

Intraorbital
The	 intraorbital	 part,	 which	 can	 measure	 up	 to	
32.6	mm	[31],	is	divided	into	three	parts.

Latero-optic
A	latero-optic	part	is	at	the	back;	the	artery	is	on	
the	lateral	side	of	the	optic	nerve,	a	little	oblique,	
above	and	forward.	With	the	nerve	it	penetrates	
into	the	fasciomuscular	cone	where	it	crosses	the	
inferior	ophthalmic	vein,	the	inferior	division	of	
the	oculomotor	nerve,	the	nasociliary	nerve,	and	
the	superior	division	of	the	oculomotor	nerve.



Optic
The	artery	crosses	the	optic	nerve	from	outside	to	
inside,	above	or	below.	Usually,	the	artery	crosses	
over	with	two	angulations,	one	called	“angle”	by	
Hayreh	 [28].	The	crossing	 is	usually	13–29	mm	
behind	the	eyeball	(Fig.	5.5)	[13].

Under-crossings	vary	from	5.4	to	28%	in	dif-
ferent	studies,	with	an	average	of	17	to	20%.	The	
lower	rates	are	 found	 in	 the	 Japanese	 literature:	
Taguchi	 5.4%	 [50],	 Adachi	 6.5%	 [1].	 In	 other	
parts	of	the	world,	the	frequency	of	under-cross-
ing	 is	 greater:	 Zuckerland	 15%	 [54],	 Sudake-
vitch	 13.6%	 [49],	 Hayreh	 17.4%	 [28],	 Lang	 and	
Kageyama	18.6%	[37],	Henry	20%	[30],	Hamard	
et	al.	18.6%	[23],	Desantis	28%	[11],	and	in	our	
report	of	a	hundred	orbits,	23%	[13].

At	 the	crossing,	 the	artery	 is	 in	contact	with	
the	nasociliary	nerve,	which	is	usually	above	the	
artery,	 with	 the	 upper	 ophthalmic	 vein	 above	
the	 artery	 and	 the	 ciliary	 ganglion	 located	 on	
the	 lateral	 part	 of	 the	 optic	 nerve	 just	 ahead	 of	
the	crossing.

Medio-optic
After	crossing,	the	ophthalmic	artery	reaches	the	
medial	wall	of	the	orbit,	usually	with	a	large	loop.	
In	this	part	of	its	course,	it	is	crossed	once,	twice	
or	several	times	by	the	nasociliary	nerve.	

After	 this	 loop,	 the	 artery	 usually	 leads	 out	
of	 the	 cone	 passing	 between	 the	 medial	 rectus	
muscle	and	the	superior	oblique	muscle,	an	aver-
age	of	16.5	mm	behind	the	 trochlea.	This	 is	 the	
case	in	76%	of	orbits	[14].	After	crossing	under	
the	 superior	 oblique	 muscle,	 the	 artery	 reaches	
the	anterior	ethmoidal	foramen	where	it	supplies	
the	anterior	ethmoidal	artery	and	 then	 forward	
along	the	medial	orbital	wall,	passing	under	the	
trochlea	of	the	superior	oblique	muscle	and	ter-
minating	its	course	at	the	superomedial	angle	of	
the	orbit.	 In	a	 few	cases,	 the	artery	 stays	 in	 the	
cone,	outside	the	medial	rectus	and	oblique	su-
perior	muscles	(24%	in	our	study).	In	some	cases,	
the	 artery,	 after	 passing	 out	 of	 the	 cone,	 again	
reaches	the	intraconal	space,	crossing	under	the	
superior	oblique	muscle	for	a	second	time.

With	the	artery,	we	find	the	nasociliary	nerve,	
which	 supplies	 its	 two	 terminal	 branches:	 the	

ethmoidal	anterior	nerve,	which	reaches	the	an-
terior	ethmoidal	foramen,	and	the	infratrochlear	
nerve,	which	runs	along	the	terminal	part	of	the	
ophthalmic	artery.

5.4.6.1.4 End
At	the	superior	and	medial	part	of	the	orbit,	the	
artery	perforates	the	orbital	septum	10	mm	above	
the	medial	canthal	tendon	and	terminates	in	one	
or	more	frontal	branches	(usually	two,	one	me-
dial	and	one	lateral)	 for	the	frontal	skin	and	an	
angular	artery,	which	usually	anastomoses	with	
the	nasal	artery,	terminal	branch	of	the	facial	ar-
tery,	a	branch	of	the	external	carotid	system.	At	
its	end,	the	artery	has	a	diameter	measuring	be-
tween	0.5	and	1.5	mm.

5.4.6.1.5 Collateral Branches of the 
Ophthalmic Artery

The	ophthalmic	artery	supplies	numerous	collat-
eral	branches;	only	arteries	with	a	diameter	of	up	
to	0.3	mm	are	relatively	invariable.	The	number	
of	 collateral	 branches	 varies	 from	 10	 to	 19	 per	
orbit.	 They	 arise	 mainly	 from	 the	 intraorbital	
part	of	the	artery	and	from	its	optic	and	medio-
optic	parts	in	particular.	Variations	are	very	fre-
quent	and	depend	in	part	on	the	type	of	crossing	
between	the	artery	and	the	optic	nerve.	Branches	

Fig. 5.5  Superior	view	of	the	orbital	cone	in	cases	of	
crossing	under	the	ophthalmic	artery.	1	superior	rectus	
muscle,	2	ophthalmic	artery,	3	lacrimal	nerve,	4	lateral	
muscular	artery,	5	 lateral	ciliary	trunk.	It	can	be	seen	
that	there	is	no	lacrimal	artery	arising	from	the	oph-
thalmic	artery
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are	 sometimes	absent	or	arise	 from	another	ar-
tery.	Most	frequently,	the	first	branch	is	the	cen-
tral	retinal	artery	or	a	ciliary	artery.

We	can	divide	these	arteries	into	two	groups,	
those	for	the	optic	structures	(central	retinal	ar-
tery,	ciliary	arteries,	arteries	for	the	optic	nerve),	
and	 those	 for	 the	 annexes	 (supraorbital,	 eth-
moidal,	lacrimal,	muscular,	and	palpebral	arter-
ies).

Arteries of the Optic Nerve
Not	 numerous	 and	 small	 in	 size,	 these	 arteries	
originate	in	the	intracanicular	part	of	the	artery	
or	in	its	intraorbital	part.

Central Retinal Artery
Invariable,	 the	central	 retinal	artery	 is	a	branch	
of	the	ophthalmic	artery	in	50%	of	orbits	and	in	
the	other	50%	it	comes	from	another	artery.	Out	
of	100	orbits	[13]	we	found	49	cases	of	the	cen-
tral	retinal	artery	originating	 in	the	ophthalmic	
artery,	37	in	the	medial	ciliary	artery,	8	in	the	in-
ferior	muscular	artery,	and	6	in	the	lateral	ciliary	
artery.	The	central	retinal	artery	is	small,	usually	
with	 a	 diameter	 measuring	 less	 than	 0.5	mm,	
range	0.2	to	0.4	mm	[37].

Often	beginning	above	and	outside	the	optic	
nerve,	 it	 reaches	 the	 inferior	 part	 of	 the	 nerve	
and	runs	along	this	part	for	between	3	to	20	mm.	
Then	 it	 penetrates	 the	 optic	 nerve	 6	 to	 15	mm	
behind	the	eyeball,	goes	into	the	nerve	to	the	pa-
pilla,	where	it	divides	into	its	terminal	branches	
[26].

Posterior Ciliary Arteries
Classically,	 long	 posterior	 ciliary	 arteries	 and	
short	 posterior	 ciliary	 arteries	 have	 been	 de-
scribed.	 The	 first	 participate	 in	 the	 great	 arte-
rial	 circle	 of	 the	 iris	 and	 the	 second	 do	 not.	 In	
fact,	 these	 arteries	 arise	 usually	 from	 two	 or	
three	trunks	of	the	ophthalmic	artery	and	divide	
behind	 the	 optic	 nerve	 before	 penetrating	 the	
sclera.	It	becomes	impossible	to	differentiate	the	
length	 of	 the	 small	 branches	 after	 penetration.	

Therefore,	 the	number	of	 the	 long	ciliary	arter-
ies	varies	according	to	different	authors;	most	of	
them	 describe	 two	 or	 three	 arteries	 [24],	 a	 few	
more,	two	to	five	arteries.	Most	authors	report	15	
to	20	short	ciliary	arteries.

In	fact,	it	would	be	more	logical	to	talk	about	
posterior	 ciliary	 trunks	 that	 supply	 numerous	
branches:	 two	 long	 ciliary	 arteries,	 medial	 and	
lateral,	and	many	short	posterior	ciliary	arteries.

There	are	usually	two	posterior	ciliary	trunks,	
a	medial	and	a	lateral	trunk,	which	is	always	the	
largest.	When	there	is	a	third	trunk,	it	is	often	su-
perior;	rarely,	there	may	be	a	fourth	trunk,	which	
is	lateral	or	inferior	[16].

The	 lateral	 posterior	 ciliary	 trunk	 is	 fixed	
and	 arises	 from	 the	 ophthalmic	 artery	 (in	 92%	
of	 cases),	 from	 its	 latero-optic	 part,	 before	 the	
crossing	with	the	optic	nerve,	or	from	the	optic	
part.	 Sometimes,	 it	 arises	 from	 the	 lacrimal	 ar-
tery.	 Located	 at	 its	 origin	 on	 the	 lateral	 side	 of	
the	optic	nerve,	it	goes	along	this	side	to	the	eye-
ball,	divided	into	numerous	branches:	short	cili-
ary	arteries	and	one	long	lateral	posterior	ciliary	
artery,	 which	 perforates	 the	 sclera	 4	mm	 away	
from	the	papilla.	The	diameter	of	the	trunk	mea-
sures	between	0.3	and	1	mm,	with	an	average	of	
0.56	mm.

The	 medial	 ciliary	 trunk	 is	 more	 variable;	 it	
takes	 its	 origin	 from	 the	 ophthalmic	 artery	 in	
82%	of	cases.	In	17%	of	cases,	its	origin	is	in	the	
inferior	muscular	artery.	Its	course	is	dependent	
on	the	location	of	its	origin.	If	it	starts	inside	the	
optic	nerve	(55%)	 it	goes	along	the	medial	 side	
of	 the	nerve	as	 the	 lateral	 artery,	but	 if	 it	 starts	
outside	 the	 optic	 nerve	 (45%;	 in	 that	 case,	 it	 is	
often	the	first	branch	of	the	ophthalmic	artery),	it	
crosses	the	nerve,	usually	underneath	(87%).	Its	
diameter	is	often	smaller	than	that	of	the	lateral	
trunk	(0.3	to	1	mm	with	an	average	of	0.51	mm)	
[37].

The	short	posterior	ciliary	arteries	arise	from	
the	 posterior	 ciliary	 trunks	 and	 penetrate	 the	
sclera	 around	 the	 optic	 nerve.	 Ducournau	 [20]	
separates	these	arteries	in	two	groups:	those	near	
the	 optic	 nerve	 (paraoptic	 group)	 consisting	 of	
four	to	five	arteries,	and	those	that	perforate	the	
sclera	at	a	distance	from	the	papilla	(distal	group)	
consisting	of	five	to	ten	arteries.

All	 these	 arteries,	 the	 short	 ciliary	 arteries,	
long	posterior	ciliary	arteries,	and	central	retinal	



artery	 form	around	the	optic	nerve,	behind	 the	
papilla,	a	great	neurovascular	bundle.

Lacrimal Artery
There	are	 two	 types	of	 lacrimal	artery:	 classical	
lacrimal	arteries	coming	from	the	ophthalmic	ar-
tery	and	meningolacrimal	arteries	coming	from	
the	external	carotid	system	(Fig.	5.6).	

When	 it	 originates	 in	 the	 ophthalmic	 ar-
tery,	the	lacrimal	artery	is	a	voluminous	arterial	
trunk	measuring	0.3–1.8	mm	in	diameter	(aver-
age	0.99	mm)	[37].	Out	of	100	orbits,	we	found	
83	 lacrimal	 arteries	 arising	 in	 the	 ophthalmic	
artery	[17];	Lang	and	Kageyama	found	the	same	
origin	in	82.5%	of	their	cases	[37].	Usually,	the	
lacrimal	artery	starts	from	the	optic	segment	at	
the	crossing	between	the	ophthalmic	artery	and	
the	 optic	 nerve	 (more	 rarely	 from	 the	 latero-
optic	part).

From	 its	 origin,	 above	 and	 outside	 the	 optic	
nerve,	the	lacrimal	artery	goes	forward	and	later-
ally	and	leaves	the	cone	to	reach	the	lateral	wall	
of	 the	 orbit;	 sometimes	 (in	 54%	 of	 orbits)	 an	
anastomosis	 arises	 from	 the	 middle	 meningeal	
artery	where	the	sphenoidal	artery	joins	the	lac-
rimal	artery.	On	the	lateral	wall	of	the	orbit,	the	
artery	goes	along	the	superolateral	margin,	over	
the	superior	edge	of	the	lateral	rectus	to	the	lacri-
mal	gland.	The	lacrimal	nerve,	which	penetrates	
the	 orbit	 more	 laterally,	 crosses	 over	 the	 artery	
to	 join	 it.	 During	 its	 course	 the	 artery	 supplies	
muscular	branches	 for	 the	 lateral	 rectus	muscle	
(80%),	the	superior	rectus	(69%),	and	the	levator	
muscle	of	the	upper	eyelid	(41%).	The	artery	and	
the	nerve	arrive	at	the	posterior	part	of	the	gland	
where	they	supply	numerous	branches,	and	after	
the	 gland,	 they	 supply	 arterial	 branches	 for	 the	
skin	of	the	temporal	area	and	the	two	lateral	pal-
pebral	arteries,	superior	and	inferior,	and	one	or	
two	 zygomatic	 branches,	 which	 go	 through	 the	
zygomatic	bone	[24].

The	 meningolacrimal	 arteries	 arise	 from	 the	
external	 carotid	 system:	nearly	always	 from	 the	
middle	 meningeal	 artery,	 occasionally	 from	 the	
deep	anterior	temporal	artery.	We	found	27	me-
ningolacrimal	 arteries	 in	 100	 orbits.	 They	 pen-
etrate	 the	 orbit	 through	 an	 isolated	 bony	 aper-
ture,	Hyrtl’s	canal,	and	so	are	more	anterior	and	

lateral	 than	 the	 classical	 arteries.	 These	 arteries	
are	 found	 more	 frequently	 when	 the	 ophthal-
mic	 artery	 crosses	 under	 the	 optic	 nerve.	 Their	
diameter	is	smaller,	ranging	from	0.3	to	1.5	mm	
with	an	average	of	0.73	mm.	They	supply	 fewer	
muscular	branches	for	the	lateral	rectus	(in	4	out	
of	 27	 orbits),	 the	 superior	 rectus	 (2	 out	 of	 27),	
and	the	levator	(8	out	of	27).	They	are	outside	the	
lacrimal	nerve	from	their	origin	to	the	 lacrimal	
gland	and	do	not	usually	cross	it.

We	can	divide	the	vascularization	of	the	lacri-
mal	gland	into	three	types:	type	1	with	only	one	
classical	lacrimal	artery,	from	the	ophthalmic	ar-
tery	(73%);	type	2	with	only	one	lacrimal	artery,	
but	 with	 a	 meningolacrimal	 artery	 (17%);	 and	
type	 3	 with	 two	 lacrimal	 arteries,	 one	 classical	
and	one	meningolacrimal	(17%).	In	those	cases,	
the	gland	is	the	location	of	an	intraorbital	anasto-
mosis	between	the	two	carotid	systems.

Supraorbital Artery
Absent	 in	 12%	 of	 the	 orbits,	 it	 originates	 most	
frequently	in	the	ophthalmic	artery	on	its	medio-
optic	 part,	 more	 rarely	 from	 the	 posterior	 eth-
moidal	artery	or	the	lacrimal	artery.	Its	diameter	
ranges	 from	 0.2	 to	 1.2	mm	 with	 an	 average	 of	
0.57	mm	 [25].	 Lang	 and	 Kageyama	 [37]	 report	
an	 average	 of	 0.71	mm	 for	 men	 and	 0.55	 for	
women.	Starting	in	the	cone,	the	artery	goes	up	
and	 forward,	 out	 of	 the	 cone,	 passing	 between	
the	 superior	 oblique	 muscle	 and	 the	 levator	 of	
the	upper	eyelid,	and	then	runs	along	the	supe-
rior	face	of	the	levator	under	the	orbital	roof.	It	
runs	along	the	medial	edge	of	the	frontal	nerve	
and	 reaches	 the	 supraorbital	 foramen	 with	 the	
supraorbital	branch	of	the	frontal	nerve.	It	sup-
plies	branches	 for	 the	skin	of	 the	 forehead,	and	

Fig. 5.6  Classical	 lacrimal	 artery:	 1	 lacrimal	 gland,	
2	 lacrimal	 artery	 and	 lacrimal	 nerve,	 3	 ophthalmic	
artery
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muscular	branches	for	the	levator	muscle	(80%),	
the	 superior	 oblique	 muscle	 (30%),	 and	 more	
rarely	for	the	superior	rectus	muscle.

Ethmoidal Arteries
The	ethmoidal	arteries	have	a	very	short	intraor-
bital	course	and	reach	the	nose	where	they	pro-
vide	an	important	part	of	the	blood	supply.

Posterior Ethmoidal Artery
Absent	 in	23%	of	orbits	[19]	 it	 is	a	small	artery	
with	an	average	diameter	of	0.4	mm.	It	originates	
most	 frequently	 in	 the	 ophthalmic	 artery	 in	 its	
medio-optic	part	(75%),	sometimes	in	the	supra-
orbital	artery	(17%),	or	in	the	anterior	ethmoidal	
artery	(7%).	Located	at	 its	origin	in	the	cone,	 it	
goes	up	and	medially	 to	come	out	of	 this	cone,	
passing	between	the	superior	oblique	muscle	and	
the	levator	muscle	of	the	upper	eyelid	and	then	
reaches	the	posterior	ethmoidal	foramen,	usually	
crossing	over	the	superior	oblique	muscle	(94%).	
When	it	crosses	the	muscle,	it	crosses	the	troch-
lear	nerve	too,	usually	above	it.	In	the	posterior	
ethmoidal	 foramen,	we	find	with	 the	artery	 the	
posterior	 ethmoidal	 nerve	 (sphenoethmoidal	
nerve	of	Luschka),	a	variable	branch	of	the	naso-
ciliary	nerve.	The	artery	leaves	the	orbit	to	reach	
the	dura	mater	and	the	posterior	part	of	the	nasal	
fossa.

In	the	orbit,	it	supplies	collateral	branches	for	
the	 superior	 oblique	 muscle	 (59%),	 the	 levator	
muscle	 (37%),	and	more	rarely	 for	 the	superior	
and	medial	rectus	muscles.

Anterior Ethmoidal Artery
More	invariable	and	more	voluminous	than	the	
posterior	artery,	the	anterior	ethmoidal	artery	is	
also	fixed	(Fig.	5.7).	According	to	Hayreh,	it	was	
absent	[23]	in	9%	of	cases	of	over-crossing	oph-
thalmic	artery/optic	nerve,	and	20%	in	cases	of	
under-crossing.	 In	our	experience	 it	was	absent	
in	 only	 2%	 of	 orbits	 [19].	 Its	 diameter	 ranges	
from	0.2	to	1.5	mm,	with	an	average	of	0.76	mm.

It	 always	 begins	 in	 the	 medio-optic	 part	 of	
the	ophthalmic	artery,	in	the	anterior	part	of	the	

orbit,	and	it	 is	possible	to	distinguish	two	types	
of	 anterior	 ethmoidal	 arteries,	 according	 to	 the	
course	of	the	ophthalmic	artery.	When	the	oph-
thalmic	 artery	 goes	 out	 of	 the	 fasciomuscular	
cone,	the	anterior	ethmoidal	artery	always	starts	
outside	 the	 cone,	 directly	 in	 the	 anterior	 eth-
moidal	 foramen	 and	 has	 practically	 no	 intraor-
bital	course	(76%).	When	the	ophthalmic	artery	
stays	 in	 the	cone,	 the	anterior	ethmoidal	artery	
originates	 in	 the	 cone	 and	 reaches	 the	 anterior	
ethmoidal	 foramen	 by	 a	 short	 course,	 passing	
under	the	superior	oblique	muscle.	

With	the	anterior	ethmoidal	artery,	we	always	
find	 the	 anterior	 ethmoidal	 nerve,	 the	 terminal	
branch	of	the	nasociliary	nerve.	Both	go	through	
the	 anterior	 ethmoidal	 foramen	 and	 reach	 the	
upper	 part	 of	 the	 ethmoid.	 The	 artery	 supplies	
the	anterior	part	of	the	nasal	fossa	with	two	ter-
minal	 branches,	 a	 medial	 branch	 for	 the	 nasal	
septum	and	a	 lateral	branch	 for	 the	 lateral	wall	
of	the	nasal	cavity.	The	anterior	ethmoidal	artery	
supplies	the	anterior	meningeal	artery.

In	 the	 orbit,	 the	 anterior	 ethmoidal	 artery	
rarely	supplies	the	muscular	branches,	but	rather	
the	superior	oblique	muscle	(in	49%	of	orbits),	or	
less	often,	 the	medial	or	 superior	 rectus,	or	 the	
levator	muscles.

Muscular Arteries
The	muscular	arteries	are	very	numerous:	 there	
are	 muscular	 trunks	 that	 often	 supply	 several	
muscles	 and	 smaller	 branches	 arising	 from	 the	
ophthalmic	artery	or	another	branch	that	supply	
only	one	muscle.

Fig. 5.7  Anterior	 ethmoidal	 artery:	 1	 anterior	 eth-
moidal	artery,	2	ophthalmic	artery,	3	nasociliary	nerve



Muscular Trunks or Arteries
One	artery	is	invariable,	the	inferior	muscular	ar-
tery,	whereas	the	others	are	vary,	i.e.,	the	lateral,	
superior	and	medial	muscular	arteries.

The	inferior	muscular	artery	is	a	constant	and	
fixed	artery.	With	the	lacrimal	artery,	it	is	one	of	
the	two	more	voluminous	branches	of	 the	oph-
thalmic	 artery.	 Its	 diameter	 ranges	 from	 0.8	 to	
1.2	mm.	 It	 originates	 from	 the	 inferior	 part	 of	
the	ophthalmic	artery	in	its	medio-optic	part	just	
after	the	crossing	with	the	optic	nerve.	It	dips	to-
ward	the	orbital	floor,	often	crossing	the	medial	
side	of	the	optic	nerve,	and	rapidly	supplies	two	or	
three	terminal	trunks:	medial,	lateral,	and	some-
times	 posterior.	 Each	 trunk	 supplies	 between	 6	
and	25	collateral	branches	for	the	muscles.	There	
are	always	branches	for	the	medial	rectus	(for	its	
lateral	 side	 and	 its	 inferior	 edge),	 branches	 for	
the	lateral	rectus	(to	its	inferior	edge),	branches	
to	the	inferior	rectus	and	forward	to	the	inferior	
oblique	muscle	when	the	inferior	muscular	artery	
terminates	 at	 the	 posterior	 edge	 of	 this	 muscle.	
With	the	artery	the	inferior	branch	of	the	oculo-
motor	nerve	reaches	the	oblique	inferior	muscle.	
More	rarely,	the	muscular	inferior	artery	supplies	
branches	to	the	superior	rectus	and	rarely	to	the	
levator	muscle	of	the	upper	eyelid.

The	superior	muscular	artery	 is	rarely	 found	
(9%)	[13].	When	it	exists,	it	is	a	small	and	short	
branch	that	supplies	the	superior	rectus,	the	su-
perior	oblique,	and	the	levator	muscle	of	the	up-
per	 eyelid.	 A	 medial	 muscular	 artery	 is	 seldom	
found	(3%).	More	frequently	we	can	find	a	lateral	
muscular	 artery	 (in	 23%	 of	 orbits).	 Most	 often,	
we	 find	 it	 when	 the	 ophthalmic	 artery	 crosses	
under	 the	 optic	 nerve	 and	 when	 the	 lacrimal	
gland	is	supplied	by	a	meningolacrimal	artery.	In	
fact,	this	lateral	muscular	artery	is	a	lacrimal	ar-
tery	that	does	not	reach	the	gland.	It	supplies	the	
lateral	rectus	and	sometimes	the	superior	rectus	
muscles.

Small Muscular Branches
Very	 numerous,	 these	 short	 arteries	 directly	
reach	one	muscle	from	the	ophthalmic	artery	or	
one	of	 its	branches.	They	are	more	 frequent	 for	
the	 medial	 rectus,	 the	 oblique	 superior	 rectus,	
and	sometimes	for	the	lateral	rectus	muscles.

Muscular Vascularization
Each	 muscle	 receives	 several	 arteries,	 which	
nearly	always	reach	it	by	its	ocular	side	and	often	
behind.

Superior Rectus Muscle

The	 superior	 rectus	 muscle	 receives	 muscular	
branches	 from	 the	 ophthalmic	 artery,	 the	 lacri-
mal	artery,	and	less	frequently	from	the	supraor-
bital,	posterior	ethmoidal,	superior	muscular,	or	
lateral	muscular	arteries.	These	pedicles,	between	
one	and	five	for	each	muscle,	were	also	found	by	
Cordier	et	al.	[8].	The	arteries	usually	penetrate	
the	 muscle	 on	 its	 inferior	 side,	 in	 its	 posterior	
third	 (70%).	Frequently,	 these	arteries	 leave	 the	
ophthalmic	 artery	 or	 the	 lacrimal	 artery	 when	
they	 cross	 over	 the	 optic	 nerve,	 just	 under	 the	
superior	rectus.

Medial Rectus Muscle

The	medial	rectus	muscle	receives	branches	from	
the	 ophthalmic	 artery	 (85%)	 for	 its	 lateral	 side	
and	its	superior	edge,	at	their	medial	and	poste-
rior	thirds.	In	a	constant	manner,	it	also	receives	
by	its	inferior	edge	at	its	posterior	third	a	branch	
supplied	by	the	inferior	muscular	artery.	Rarely,	
it	receives	branches	from	the	anterior	ethmoidal	
or	 posterior	 ethmoidal	 arteries,	 superior	 mus-
cular	 or	 medial	 muscular,	 and	 sometimes	 from	
the	supraorbital	arteries.	There	are	usually	five	to	
nine	branches.

Inferior Rectus Muscle

Four	 to	 six	 branches	 of	 the	 inferior	 muscular	
artery	penetrate	the	superior	side	of	the	inferior	
rectus	muscle,	at	its	posterior	third,	and	its	me-
dial	 edge	 at	 its	 medial	 third.	 There	 are	 usually	
four	pedicles	for	each	muscle.

Lateral Rectus Muscle

In	 83%	 of	 cases,	 the	 lacrimal	 artery	 or	 the	 lat-
eral	 muscular	 artery	 provide	 the	 blood	 supply	
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of	the	 lateral	rectus	muscle;	 the	branches	reach	
the	 muscle	 via	 its	 medial	 side	 and	 its	 superior	
edge	 at	 the	 medial	 and	 posterior	 thirds	 [8].	 In	
70%	of	cases,	 the	 inferior	muscular	artery	sup-
plies	one	or	more	branches	to	the	inferior	edge	
of	 the	muscle.	 In	 summary,	 it	 receives	 three	 to	
six	branches.

Superior Oblique Muscle

The	 superior	 oblique	 muscle	 receives	 2–4	
branches	 from	 the	 posterior	 ethmoidal	 artery	
(63%),	 the	 anterior	 ethmoidal	 artery	 (46%),	 or	
the	 ophthalmic	 artery	 (61%)	 [18],	 generally	 via	
its	superior	edge	or	its	lateral	side.

Inferior Oblique Muscle

The	inferior	oblique	muscle	usually	receives	two	
main	branches.	The	inferior	muscular	artery	ter-
minates	in	the	lateral	third	of	the	posterior	edge	
in	98%	of	orbits,	described	by	Henry	[30]	as		the	
“Artery	of	the	petit	oblique”;	it	forms	with	the	ter-
minal	part	of	the	inferior	branch	of	the	third	cra-
nial	 nerve	 an	 invariable	 neurovascular	 pedicle.	
The	 infraorbital	 artery	 supplies	 a	 branch	 at	 the	
bony	insertion	of	the	muscle	in	88%	of	orbits;	the	
infraorbital	artery	is	a	branch	of	the	external	ca-
rotid	system.	We	found	the	two	arteries	together	
in	86%	of	orbits,	a	single	branch	of	 the	 inferior	
muscular	artery	 in	12%,	and	a	 single	branch	of	
the	infraorbital	artery	in	2%.

Cordier	et	al.	[8]	has	demonstrated	that	these	
muscular	 branches	 penetrate	 the	 muscles	 from	
behind	 and	 go	 ahead	 to	 supply	 the	 anterior	
ciliary	arteries	at	 the	anterior	part	of	 the	rectus	
muscle	 (one	 to	 two	per	muscle).	These	anterior	
ciliary	arteries	perforate	the	sclera	in	front	of	the	
muscular	rectus	insertions	and	participate	in	the	
structure	of	the	great	arterial	circle	of	the	iris.

The	 knowledge	 of	 this	 arterial	 disposition	
is	 important	 during	 orbital	 surgery;	 we	 can	 re-
member	 that	 the	 muscular	 branches	 are	 nearly	
all	situated	on	the	intraconal	side	of	the	muscles,	
principally	at	their	posterior	part.

Levator Muscle of the Upper Eyelid 

The	 levator	 muscle	 of	 the	 upper	 eyelid	 receives	
branches	from	the	ophthalmic	and	supra	orbital	
arteries,	and	more	rarely	from	the	lacrimal,	pos-
terior	ethmoidal,	or	superior	muscular	arteries.

Palpebral Arteries
The	 last	 collateral	 branches	 of	 the	 ophthalmic	
artery	are	two	palpebral	arteries,	a	superior	one	
and	 an	 inferior	 one.	 They	 can	 be	 separated	 at	
their	origin	or	have	a	common	trunk.	The	diam-
eter	is	small	0.1	to	0.5	mm.	The	inferior	palpebral	
artery	is	often	larger	than	the	superior	one.	The	
short	 superior	 palpebral	 artery,	 perforates	 the	
orbital	septum	and	supplies	two	branches,	which	
participate	in	the	superior	palpebral	arcades.

The	 inferior	 palpebral	 artery	 crosses	 behind	
the	 medial	 canthal	 tendon	 and	 supplies	 two	
branches	going	into	the	inferior	eyelid	that	par-
ticipate	 in	 the	 inferior	 palpebral	 arcades.	 These	
arcades	are	formed	by	the	anastomosis	between	
the	 palpebral	 arteries	 of	 the	 ophthalmic	 artery	
and	 the	 palpebral	 branches	 of	 the	 lacrimal	 ar-
tery.

5.4.6.2 Infraorbital Artery
A	branch	of	the	maxillary	artery,	itself	a	terminal	
branch	 of	 the	 external	 carotid	 artery,	 the	 infra-
orbital	 artery	 originates	 in	 the	 pterygopalatine	
fossa	and	penetrates	 into	 the	orbit	via	 the	 infe-
rior	orbital	fissure.	With	the	infraorbital	nerve	it	
goes	into	the	infraorbital	canal	to	the	infraorbital	
foramen	[9].	 It	 supplies	branches	on	the	orbital	
floor	that	supply	the	superior	aperture	of	the	na-
solacrimal	duct	and	very	often	(in	88%	of	orbits)	
a	branch	for	the	inferior	oblique	muscle.

5.4.6.3 Anastomosis Between 
the Two Carotid Systems 

The	 ophthalmic	 artery	 is	 a	 branch	 of	 the	 inter-
nal	 carotid	 system.	 The	 infraorbital	 artery	 and	
the	 meningolacrimal	 artery	 are	 branches	 of	 the	
external	carotid	system,	so	it	is	possible	for	anas-



tomosis	to	exist	between	the	two	carotid	systems	
in	the	orbit	[15]:

5.4.6.3.1 Intraorbital Anastomosis
We	 found	 intraorbital	 anastomosis	 at	 the	 infe-
rior	oblique	muscle	 in	86%	of	orbits	and	 in	the	
main	 lacrimal	gland:	 in	10%	of	orbits	 there	are	
two	lacrimal	arteries	arising	from	the	two	carotid	
systems.

5.4.6.3.2 Extraorbital Anastomosis
Extraorbital	anastomosis	is	more	frequent.	In	the	
nasal	 cavities	 and	 in	 the	 cranial	dura	mater	via	
the	 ethmoidal	 arteries,	 which	 anastomose	 with	
branches	of	 the	sphenopalatine	artery,	a	branch	
of	the	maxillary	artery,	and	in	the	periorbital	area	
with	 frequent	 anastomosis	 between	 the	 angular	
artery	and	the	terminal	branch	of	the	facial	artery	
[4].	In	the	eyelids,	anastomosis	exists	between	the	
palpebral	arcades	and	the	facial	arteries.	

5.4.7 Orbital Veins
The	 venous	 drainage	 of	 the	 orbit	 is	 carried	 out	
by	three	veins:	the	superior	ophthalmic	vein,	and	
two	small	and	variable	veins:	the	medial	and	the	
inferior	ophthalmic	veins.	These	three	veins	take	
the	blood	toward	the	cavernous	sinus.	The	special	
organization	 of	 the	 veins	 is	 different	 from	 that	
of	 the	 arteries	 [3].	 Veins	 are	 mainly	 dependent	
on	 the	 septum	 and	 fascias,	 which	 really	 form	 a	
“hammock”	for	the	superior	ophthalmic	vein.

The	venous	orbital	blood	comes	from	the	dif-
ferent	structures	of	the	orbit.	The	drainage	of	the	
eyeball	 is	carried	out	by	the	central	retinal	vein	
and	by	the	four	vortex	veins.	The	orbital	muscles	
and	the	lacrimal	gland	have	their	own	veins	that	
join	one	of	the	three	ophthalmic	veins.

5.4.7.1 Superior Ophthalmic Vein
The	superior	ophthalmic	vein	is	the	main	vein	of	
the	orbit	and	is	invariable;	its	maximal	diameter	
is	estimated	to	be	6.2	mm	[40].	Its	origin	is	in	the	

superomedial	angle	of	the	orbit	and	then	the	vein	
goes	laterally	and	backward	to	reach	the	superior	
orbital	fissure.

Its	origin,	located	under	the	trochlea	of	the	su-
perior	oblique	muscle,	is	made	by	two	roots	that	
join	5–6	mm	behind	the	trochlea.	Its	course	has	
three	parts:	extraconal	at	the	anterosuperomedial	
part	of	the	orbit,	between	the	medial	rectus	and	
the	levator	muscle	of	the	upper	eyelid;	a	second	
part	that	is	intraconal	under	the	superior	rectus	
muscle,	 above	 the	optic	nerve	and	 the	ophthal-
mic	artery;	 and	a	 third	part	 is	 again	extraconal		
and	reaches	the	orbital	superior	fissure.

5.4.7.1.1 Collateral Branches 
of the Superior 
Ophthalmic Vein

The	superior	root	receives	the	veins	from	the	le-
vator	muscle	of	the	upper	eyelid	and	the	oblique	
superior	 muscle,	 and	 the	 inferior	 root	 receives	
the	medial	palpebral	vein,	the	anterior	ethmoidal	
vein,	and	the	lacrimal	sac	vein;	when	the	trunk	is	
constructed,	it	receives	the	veins	of	the	different	
muscles	 and	 the	 voluminous	 lacrimal	 vein	 and	
the	episcleral	veins.	

5.4.7.2 Inferior Ophthalmic Vein
Located	at	 the	 inferior	part	of	 the	orbit,	 the	 in-
ferior	 ophthalmic	 vein	 is	 also	 variable;	 it	 usu-
ally	 consists	 of	 veins	 from	 the	 superior	 oblique	
muscle,	 inferior	 and	 lateral	 rectus	 muscles,	 and	
joins	 or	 does	 not	 join	 the	 superior	 ophthalmic	
vein	to	reach	the	cavernous	sinus.

5.4.7.3 Medial Ophthalmic Vein
A	 medial	 ophthalmic	 vein	 is	 present	 in	 40%	 of	
normal	 individuals	 [21],	 even	 though	 a	 middle	
ophthalmic	vein	described	by	Henry	[30],	which	
is	variable,	usually	arises	 from	the	medial,	 infe-
rior,	 and	 lateral	 rectus	 muscles.	 It	 is	 intraconal	
above	 the	 optic	 nerve	 and	 reaches	 the	 superior	
orbital	fissure	and	joins	or	does	not	join	the	su-
perior	ophthalmic	vein	before	terminating	in	the	
cavernous	sinus.
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5.4.7.4 Organization of Orbital 
Venous Drainage

The	 three	 ophthalmic	 veins	 take	 the	 blood	 to-
ward	 the	 cavernous	 sinus;	 periorbital	 drainage	
toward	 the	 facial	 system	 is	 also	present	via	 the	
angular	vein,	which	receives	the	orbitolacrimo-
facial	vein.	The	angular	vein	joins	the	facial	vein	
and	the	orbit	is	thus	located	in	the	organization	
of	the	veins	as	well	as	in	the	organization	of	the	
arteries	at	the	junction	between	the	endocranial	
drainage	 by	 the	 cavernous	 sinus	 and	 the	 facial	
drainage.

5.4.8 Orbital Lymphatics
The	lymphatic	vascularization	of	the	eyelid,	con-
junctiva,	and	lacrimal	system	is	well	known,	with	
a	lateral	path	for	the	upper	eyelid	and	the	lateral	
part	of	the	inferior	eyelid	that	reaches	the	parotid	
knots,	a	medial	way	for	the	medial	part	of	the	in-
ferior	eyelid,	and	the	medial	canthal	area	to	the	
submandibular	knots.

The	presence	of	lymphatic	vessels	in	the	orbit	
has	been	discussed;	classically,	 there	 	have	been	
no	 reports	 [12],	 but	 recent	 studies	 [47]	 have	
found	in	the	monkey	lymphatic	structures	in	the	
lacrimal	gland,	at	the	orbital	apex,	and	in	orbital	
muscles.

5.4.9 Orbital Nerves
In	the	orbit	we	can	find	motor	nerves	for	the	ocu-
lomotor	muscles	and	sensory	nerves,	branches	of	
the	trigeminal	nerve.

Three	cranial	nerves	give	motor	innervation	
to	 the	 seven	 orbital	 muscles	 The	 oculomotor	
nerve,	 or	 third	 cranial	 nerve,	 innervates	 five	
muscles,	the	superior,	medial,	and	inferior	rec-
tus	muscles,	the	oblique	inferior,	and	the	levator	
muscle	of	the	upper	eyelid;	moreover	it	contains	
parasympathetic	fibers	that	innervate	the	ciliary	
muscle	and	the	sphincter	of	the	iris.	The	troch-
lear	nerve	or	fourth	cranial	nerve	innervates	the	
superior	oblique	muscle	and	the	abducens	nerve	
or	 sixth	 cranial	 nerve	 innervates	 the	 lateral	
rectus	 muscle.	 Only	 one	 nerve,	 the	 trigeminal	

nerve,	 or	 fifth	 cranial	 nerve,	 provides	 sensory	
innervation.

As	with	each	cranial	nerve,	the	orbital	nerves	
have	a	real	origin	(nucleus),	a	visible	origin,	and	
a	course	before	they	penetrate	the	orbit.

The	oculomotor	nerve	has	 its	nucleus	 in	 the	
mesencephalon	in	 front	of	 the	superior	collicu-
lus,	 its	 visible	 origin	 at	 the	 anterior	 face	 of	 the	
mesencephalon	 near	 the	 posterior	 perforated	
space,	 and	 it	 perforates	 the	 roof	 of	 the	 cavern-
ous	 sinus	 and	 goes	 forward	 into	 its	 lateral	 wall	
and	 divides	 before	 penetrating	 the	 orbit	 in	 two	
branches,	superior	and	inferior.

The	trochlear	nerve	also	has	its	nucleus	in	the	
mesencephalon	 near	 the	 inferior	 colliculus,	 its	
visible	origin	in	the	posterior	part	of	the	mesen-
cephalon	(it	is	one	characteristic	of	the	trochlear	
nerve),	 and	 it	 runs	 around	 the	 mesencephalon,	
reaches	the	cavernous	sinus,	where	it	goes	in	the	
lateral	wall,	crossing	the	two	branches	of	the	ocu-
lomotor	nerve.

The	abducens	nerve	has	its	nucleus	in	the	pons	
in	front	of	the	fourth	ventricle,	its	visible	origin	
at	the	anterior	side	of	the	pons,	and	it	penetrates	
the	cavernous	sinus	and	there	it	crosses	the	lat-
eral	side	of	the	internal	carotid	artery.	

The	trigeminal	nerve	divides	into	three	termi-
nal	branches	at	the	trigeminal	ganglion,	i.e.,	the	
mandibular,	 maxillary,	 and	 ophthalmic	 nerves.	
The	ophthalmic	nerve	is	the	sensory	branch	for	
the	 orbit,	 which	 reaches	 the	 lateral	 wall	 of	 the	
cavernous	sinus	and	divides	into	its	three	termi-
nal	branches:	the	frontal,	lacrimal,	and	nasocili-
ary	nerves.

All	 these	 nerves	 penetrate	 the	 orbit	 via	 the	
superior	orbital	fissure	and	at	the	anterior	part	
of	the	lateral	wall	of	the	cavernous	sinus	we	find	
from	the	 top	 to	 the	bottom	the	 lacrimal,	 fron-
tal,	 trochlear,	superior	branch	of	the	oculomo-
tor,	 and	 the	 nasociliary	 and	 inferior	 branche	
of	 the	 oculomotor	 nerve.	 The	 abducens	 nerve	
leads	 into	 the	 cavernous	 sinus.	 In	 the	 orbit,	
some	nerves	reach	the	intraconal	space,	the	two	
branches	 of	 the	 oculomotor	 nerve,	 the	 abdu-
cens,	and	the	nasociliary	nerves,	and	some	are	
extraconical,	the	lacrimal,	frontal,	and	trochlear	
nerves.



5.4.9.1 Intraorbital 
Oculomotor Nerves

5.4.9.1.1 Superior Branch 
of the Oculomotor Nerve

Very	small,	the	superior	branch	of	the	oculomo-
tor	 nerve	 reaches	 the	 superior	 rectus	 and	 sup-
plies	a	branch	to	the	levator	muscle	of	the	upper	
eyelid.

5.4.9.1.2 Inferior Branch 
of the Oculomotor Nerve

Longer	and	larger,	the	inferior	branch	of	the	ocu-
lomotor	 nerve	 	 rapidly	 supplies	 one	 branch	 for	
the	medial	rectus	after	one	branch	to	the	inferior	
rectus,	and	with	the	terminal	part	of	the	inferior	
muscular	artery	it	reaches	the	posterior	edge	of	
the	 inferior	 oblique	 muscle	 where	 it	 terminates	
[44].	 Before	 ending,	 this	 inferior	 branch	 sup-
plies	the	motor	root	of	the	ciliary	ganglion	(short	
root),	 which	 contains	 the	 preganglionic,	 para-
sympathetic	fibers	from	the	third	cranial	nerve.	

5.4.9.1.3 Trochlear Nerve
The	trochlear	nerve	crosses	the	levator	muscle	of	
the	upper	eyelid	and	terminates	 in	the	superior	
oblique	 muscle	 at	 its	 posterior	 third	 of	 its	 su-

perior	edge;	 it	measures	25.1	mm	in	length	and	
penetrates	 the	muscle	at	17.25	mm	of	 its	poste-
rior	 insertion	 [52].	 Usually,	 it	 also	 crosses	 the	
posterior	ethmoidal	artery.

5.4.9.1.4 Abducens Nerve
Very	short,	the	abducens	nerve	terminates	right	
away	in	the	posterior	third	of	the	medial	face	of	
the	lateral	rectus.

5.4.9.2 Intraorbital Branches 
of the Trigeminal Nerve

5.4.9.2.1 Frontal Nerve
The	 frontal	 nerve	 is	 a	 voluminous,	 flat	 nerve	
that	 runs	 along	 the	 superior	 part	 of	 the	 levator	
muscle	of	the	upper	eyelid	under	the	orbital	roof	
(Fig.	5.8).	 It	 joins	 the	 supraorbital	 artery	 and	
about	5	mm	behind	the	superior	orbital	margin,	
it	 divides	 into	 two	 branches,	 the	 supraorbital	
nerve,	 which	 reaches	 the	 supraorbital	 foramen,	
and	 the	 supratrochlear	 nerve,	 which	 reaches	
the	supratrochlear	 foramen	medially.	 In	10%	of	
cases,	the	frontal	nerve	does	not	divide	[51].

These	two	branches	supply	the	sensory	inner-
vation	of	the	forehead,	the	frontal	sinus,	the	me-
dial	two-thirds	of	the	conjunctiva,	and	the	upper	
eyelid.

5.4.9.2.2 Lacrimal Nerve
The	 lacrimal	 nerve	 is	 the	 thinnest	 nerve	 of	 the	
orbit	 (Fig.	5.9).	Extraconical	 (0.5–0.8	mm)	[17],	
it	runs	along	the	superolateral	margin	of	the	or-

Fig. 5.8  Superior	view	of	the	orbit:	1	frontal	nerve,	2	
levator	muscle	of	 the	upper	eyelid,	3	 supraorbital	 ar-
tery,	4	lacrimal	vein

Fig. 5.9  Lacrimal	 handle:	 1	 lacrimal	 nerve,	 2	 zygo-
matic	branch
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bit	over	the	superior	edge	of	the	lateral	rectus.	It	
joins	the	lacrimal	artery	and	with	it,	reaches	the	
lacrimal	gland.	It	may	divide	into	two	branches	
before	the	gland	in	59.5%	of	the	cases	[51].	After	
the	 gland,	 nervous	 branches	 reach	 the	 lateral	
third	of	the	upper	eyelid	and	conjunctiva	and	the	
temporal	skin.	The	secretory	innervation	is	sup-
plied	by	parasympathetic	fibers	arising	from	the	
superior	salivary	nucleus	in	the	pons.	These	pre-
ganglionic	 fibers	 accompany	 the	 facial	 nerve	 to	
reach	the	pterygopalatine	ganglion.	The	postgan-
glionic	fibers	leave	the	facial	nerve	and	reach	the	
maxillary	nerve,	then	the	zygomatic	nerve,	which	
perforates	the	lateral	wall	of	the	orbit	and	reaches	
the	lacrimal	gland.	This	zygomatic	branch	is	con-
stant;	in	15%	of	the	cases,	there	are	two	of	them.	
It	reaches	the	inferior	part	of	the	gland	in	92.5%.	
Classically,	this	branch	anastomoses	with	the	lac-
rimal	 nerve	 before	 the	 gland;	 this	 anastomosis	
is	called	the	lacrimal	handle	and	is	rarely	found.	
Lacrimal	 innervation	 can	 be	 divided	 into	 three	
types	[17],	a	type	1	with	a	lacrimal	handle	before	
the	gland,	joining	the	zygomatic	branch	and	the	
lacrimal	 nerve	 (7.5%),	 a	 type	2	 where	 the	 two	
nerves	reach	the	gland	separately	with	an	anas-
tomosis	macroscopically	visible	in	the	gland	(in	
37.5%),	and	a	type	3	without	anastomosis	into	the	
gland	(55%).	According	to	Trauzettel	and	Jo	[51]	
secretory	fibers	reach	the	gland	without	 joining	
the	lacrimal	nerve	in	80.7%	of	cases.	Ruskell	re-
ports	the	same	observations	in	the	monkey	[43].	

In	the	gland,	there	are	also	sympathetic	fibers	
that	 probably	 arise	 in	 the	 sympathetic	 plexus	
along	the	lacrimal	artery.

Summary for the Clinician

■	 The	 excretory	 nerve	 for	 the	 lacrimal	
gland	 is	not	 the	 lacrimal	nerve,	but	 the	
zygomatic	 nerve,	 which	 reaches	 the	
gland	 through	 the	 lateral	 wall	 of	 the	
orbit,	 arising	 from	 the	 pterygopalatine	
ganglion.

■	 In	 order	 to	 stop	 lacrimal	 secretion,	 it	
is	necessary	to	cut	this	nerve,	as	 is	per-
formed	during	Whitwell	surgery.

		

5.4.9.2.3 Nasociliary Nerve
A	 single	 intraconal	 branch	 of	 the	 ophthalmic	
nerve,	 the	 nasociliary	 nerve	 runs	 forward	 and	
medially,	crossing	over	the	optic	nerve	and	usu-
ally	 the	 ophthalmic	 artery.	 More	 anteriorly,	 it	
crosses	 the	 ophthalmic	 artery	 several	 times	 in	
its	medio-optic	part.	At	the	anterior	third	of	the	
orbit,	 it	 supplies	 its	 two	 terminal	 branches,	 the	
anterior	 ethmoidal	 nerve,	 which	 crosses	 under	
the	 oblique	 superior	 muscle,	 joins	 the	 anterior	
ethmoidal	artery,	goes	through	the	anterior	eth-
moidal	 foramen,	 and	 reaches	 the	 nasal	 cavity,	
and	 the	 infratrochlear	 nerve,	 which	 runs	 along	
the	 terminal	 part	 of	 the	 ophthalmic	 artery	 and	
goes	out	of	 the	orbit	with	 it	 and	 innervates	 the	
medial	canthal	area,	particularly	the	lacrimal	sac,	
the	canaliculus,	and	the	caruncle.	

During	its	course,	the	nasociliary	nerve	sup-
plies	 several	 branches:	 the	 posterior	 ethmoidal	
nerve	 (variably),	 which	 joins	 the	 posterior	 eth-
moidal	 artery,	 the	 two	 long	 ciliary	 nerves,	 me-
dial	and	 lateral,	which	 join	 the	posterior	ciliary	
trunks,	and	the	sensory	root	(long)	of	the	ciliary	
ganglion.

5.4.9.3 Ciliary Ganglion
The	 ciliary	 ganglion	 is	 located	 at	 the	 posterior	
part	of	the	orbit,	about	1	cm	in	front	of	the	optic	
canal	on	the	 lateral	side	of	the	optic	nerve.	It	 is	
separated	 from	 the	 lateral	 rectus	 by	 orbital	 fat	
and	measures	2.5	mm	in	length.

The	 ciliary	 ganglion	 receives	 three	 branches	
or	roots	[48],	the	motor	root	(short)	arising	from	
the	 inferior	 branch	 of	 the	 oculomotor	 nerve,	
containing	 parasympathetic	 fibers	 arising	 from	
the	parasympathetic	nucleus	of	cranial	nerve	III	
(the	Edinger-Westphal	nucleus).	These	fibers	ter-
minate	in	the	ganglion	and	form	a	synapse	with	
the	postganglionic	fibers.	The	sensory	root	(long)	
is	a	collateral	branch	of	the	nasociliary	nerve;	the	
sensory	 fibers	 go	 through	 the	 ganglion	 without	
stopping.	The	third	root	is	the	sympathetic	root;	
it	 contains	 postganglionic	 sympathetic	 fibers,	
the	preganglionic,	arising	from	the	medulla	(C7	
to	 T2).	 From	 the	 anterior	 part	 of	 the	 ganglion,	
9–14	short	ciliary	nerves	emerge,	which	join	the	



short	ciliary	arteries	and	the	long	ciliary	arteries	
and	nerves.	These	short	ciliary	nerves	contain	the	
innervation	for	the	ciliary	muscle,	the	sphincter	
muscle	of	the	iris,	the	dilator	muscle	of	the	iris,	
and	sensory	fibers	for	the	cornea.

5.4.10 Orbital Fat
The	 whole	 space	 located	 between	 the	 various	
structures	described	is	filled	with	orbital	fat.	This	
fat	 consists	 of	 small	 lobes	 limited	 by	 a	 capsule;	
these	lobes	are	separated	by	the	different	septum	
and	 orbital	 fascias.	 We	 can	 separate	 the	 central	
fat,	 intraconal	 fat	 around	 the	 optic	 nerve,	 and	
the	peripheral	extraconal	fat	between	the	rectus	
muscles	and	the	orbital	periosteum.	It	is	particu-
larly	 abundant	 in	 the	 inferior	 part	 of	 the	 orbit.	
In	the	anterior	part	it	reaches	the	orbital	septum	
and	is	organized	behind	the	septum	in	fat	pock-
ets,	 three	 inferior	 (lateral,	 medial,	 and	 median	
with	 the	 passage	 of	 the	 inferior	 oblique	 muscle	
between	 the	 median	 and	 medial	 pockets)	 and	
two	superior	(median	and	medial).	The	septum	
is	 located	 between	 this	 orbital	 fat	 and	 the	 pre-
septal	fat.	

Summary for the Clinician

■	 In	case	of	Grave’s	ophthalmopathy,	to	de-
crease	the	proptosis,	it	is	possible	to	take	
out	extraconal	and	intraconal	orbital	fat.

■	 It	is	in	the	inferior	part	of	the	extraconal	
space	that	we	find	the	largest	amount	of	
the	fat.

		

5.5 Anatomical Orbital Topography
The	 orbital	 surgeon	 needs	 to	 be	 familiar	 with	
the	regular	anatomy	and	variations	in	the	orbital	
anatomy.	We	can	divide	the	orbit	into	two	main	
areas:	the	fasciomuscular	cone	and	the	extraconal	
area.	The	fasciomuscular	cone	is	delimited	by	the	
four	 rectus	 muscles	 and	 their	 fascias,	 the	 inter-
muscular	fascias,	and	the	eyeball	at	the	front.	The	
top	of	the	cone	is	at	the	orbital	apex.	The	extra-

conal	space	can	also	be	divided	 into	 four	areas,	
one	 for	 each	orbital	wall:	 superior,	 lateral,	 infe-
rior,	and	medial.	Some	anatomical	structures	are	
fixed,	i.e.,	the	eyeball,	the	optic	nerve,	the	orbital	
muscles,	 the	nerves,	and	the	periosteum	on	the	
orbital	 walls.	 Others	 are	 more	 variable,	 i.e.,	 the	
veins,	the	fat,	and	mainly	the	arteries.	These	vari-
ations	 are	 rarely	 symmetrical	 and	 do	 not	 have	
predominance	according	to	gender	or	side.

5.5.1 Intraconal Space 
The	intraconal	space	contains:	
•	 The	optic	nerve
•	 The	ophthalmic	artery,	which	in	the	posterior	

part	 of	 the	 orbit	 is	 on	 the	 lateral	 side	 of	 the	
nerve,	 then	 crosses	 over	 it	 and	 runs	 toward	
the	medial	wall.	Crossing	over	is	found	in	77%	
of	orbits	and	crossing	under	in	23%.	The	kind	
of	 crossing	determines	 the	arterial	organiza-
tion	of	the	orbit,	the	absence	of	some	arterial	
branches,	 variations	 in	 origin,	 course,	 and	
distribution	of	the	arterial	branches.	One	very	
common	 association	 is	 crossing	 under	 the	
optic	nerve	and	the	presence	of	a	meningolac-
rimal	artery	and	a	lateral	muscular	artery.	At	
the	anterior	part	of	the	cone,	the	ophthalmic	
artery	 has	 two	 possibilities,	 either	 staying	 in	
the	cone	(24%)	or	going	out	of	the	cone,	pass-
ing	under	the	superior	oblique	muscle	(76%)

•	 The	intraconal	branches	of	the	ophthalmic	ar-
tery	consist	mainly	of	the	central	retinal	artery	
at	the	inferior	side	of	the	optic	nerve	and	the	
long	and	 short	posterior	ciliary	arteries.	The	
posterior	ethmoidal	and	supraorbital	arteries,	
which	originate	in		the	cone,	leave	it	quickly;	
more	 rarely,	 the	 anterior	 ethmoidal	 artery	
arises	 in	 the	 cone	 (in	 cases	 when	 the	 oph-
thalmic	 artery	 stays	 in	 the	 intraconal	 part).	
The	lacrimal	artery	also	leaves	the	intraconal	
space	quickly	to	reach	the	lateral	orbital	wall.	
Finally,	the	muscular	inferior	muscular	artery	
supplies	 two	 or	 three	 trunks	 in	 the	 inferior	
part	of	 the	orbit.	Most	of	 the	muscular	arte-
rial	 branches	 are	 in	 the	 intraconal	 space	 be-
fore	penetrating	the	different	muscles.	Nearly	
all	 these	muscular	arteries	are	 located	 in	 the	
posterior	part	of	the	orbit
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•	 The	nasociliary	nerve	runs	through	the	cone,	
medially	and	forward;	it	crosses	over	the	optic	
nerve	and	often	the	ophthalmic	artery	(58%).	
More	anteriorly,	it	crosses	this	artery	a	second,	
sometimes	a	third	time	and	supplies	two	ter-
minal	branches,	the	anterior	ethmoidal	nerve,	
which	joins	the	anterior	ethmoidal	artery,	and	
the	infratrochlear	nerve,	which	always	stays	in	
the	 cone.	 This	 nerve	 provides	 the	 cone	 with	
the	 posterior	 ethmoidal	 nerve,	 the	 long	 cili-
ary	nerves,	and	the	sensory	root	of	the	ciliary	
ganglion

•	 Other	nerves	in	the	cone	are	the	short	abdu-
cens	nerve	and	the	two	branches	of	the	oculo-
motor	nerve,	the	superior	short	branch,	which	
reaches	the	superior	rectus,	and	the	longer	in-
ferior	branch,	which	joins	the	inferior	muscu-
lar	artery	and	supplies	the	motor	root	of	 the	
ciliary	ganglion

•	 The	superior	ophthalmic	vein	 is	 in	 the	cone;	
it	goes	backward	and	 laterally	over	 the	optic	
nerve,	under	the	superior	rectus

Thus,	we	find	in	the	cone:	
•	 Above	the	optic	nerve,	from	bottom	to	top:	

-	 Ophthalmic	artery
-	 Nasociliary	nerve
-	 Superior	ophthalmic	vein
-	 Superior	branch	of	the	oculomotor	nerve
-	 Variable	superior	muscular	artery
-	 Superior	rectus

•	 Outside	the	optic	nerve:
-	 Ophthalmic	artery	behind
-	 Ciliary	ganglion
-	 Lateral	 long	 and	 short	 ciliary	 arteries	 and	

nerves
-	 Often	the	origin	of	the	lacrimal	artery	
-	 Abducens	nerve	behind
-	 Lateral	rectus

•	 Under	the	optic	nerve:
-	 Central	retinal	artery
-	 Inferior	muscular	artery	and	its	branches
-	 Inferior	branch	of	the	oculomotor	nerve
-	 Inferior	rectus

•	 Inside	the	optic	nerve:
-	 Origin	 of	 the	 posterior	 ethmoidal	 and	 su-

praorbital	arteries	behind
-	 Medial	 long	 and	 short	 ciliary	 arteries	 and	

nerves
-	 Origin	of	the	inferior	muscular	artery

-	 Nasociliary	nerve
-	 Medio-optic	part	of	the	ophthalmic	artery
-	 Medial	rectus

Surrounding	 these	anatomical	 structures,	we	
find	the	intraconal	fat.

5.5.2 Superior Extraconal Space
Between	the	superior	rectus	and	the	orbital	roof	
there	 is	 a	 narrow	 space.	 It	 contains	 the	 levator	
muscle	of	 the	upper	eyelid	along	with	 its	 supe-
rior	face,	the	trochlear	nerve	behind,	the	frontal	
nerve	with	its	two	branches:	the	supraorbital	and	
the	supratrochlear	nerves	at	the	front.	The	supra-
orbital	artery	joins	the	frontal	nerve,	but	it	is	ab-
sent	in	12%	of	cases.	The	superior	branch	of	the	
oculomotor	nerve	innervates	the	superior	rectus	
and	the	levator.

5.5.3 Lateral Extraconal Space
Between	 the	 lateral	 wall	 and	 the	 lateral	 rectus,	
the	 lateral	 extraconal	 space	 contains	 in	 its	 an-
terosuperior	 part	 the	 lacrimal	 gland	 with	 its	
pedicle,	 the	 lacrimal	artery,	vein,	and	nerve.	 In	
some	cases	(27%)	a	meningolacrimal	artery	goes	
into	the	orbit	via	the	Hyrtl’s	canal	and	sometimes	
there	are	two	lacrimal	arteries,	one	arising	from	
the	ophthalmic	artery,	the	other	from	the	middle	
meningeal	artery.	At	the	front,	on	the	lateral	wall	
of	 the	 orbit,	 we	 find	 the	 zygomatic	 branch	 for	
the	inferior	part	of	the	gland,	which	exception-
ally	joins	the	lacrimal	nerve	before	the	gland.	It	
is	this	branch	we	must	cut	to	perform	Whitwell	
surgery	 in	 the	 case	 of	 tearing	 due	 to	 an	 excess	
of	tears.

In	 the	 inferior	 part	 of	 this	 lateral	 extraconal	
space,	there	is	much	fat.

5.5.4 Inferior Extraconal Space
Between	 the	 inferior	 rectus	 and	 the	 inferior	
wall,	there	is	a	wide	area,	crossed	by	the	inferior	
oblique	muscle	and	filled	with	an	abundance	of	
fat.	 On	 the	 orbital	 floor,	 the	 infraorbital	 artery	
usually	supplies	a	branch	for	the	inferior	oblique	



muscle.	At	the	lateral	third	of	the	posterior	edge	
of	this	muscle,	the	inferior	muscular	artery	and	
the	inferior	branch	of	the	oculomotor	nerve	ter-
minate.	In	this	area	it	is	easier	to	perform	retro-
bulbar	anesthesia.	Above	the	orbital	floor,	later-
ally,	we	find	a	wide	area	filled	with	fat,	which	we	
can	remove	to	perform	orbital	decompression	in	
cases	of	Grave’s	ophthalmopathy.

5.5.5 Medial Extraconal Space 
Between	 the	 medial	 rectus	 and	 the	 superior	
oblique	 muscles	 and	 the	 medial	 wall	 of	 the	
orbit,	this	limited	space	contains	many	vascular	
and	nervous	 structures.	Behind	 is	 the	posterior	
ethmoidal	 artery	 with	 the	 variable	 posterior	
ethmoidal	 nerve,	 which	 reaches	 the	 posterior	
ethmoidal	 foramen	 located	 5–7	mm	 in	 front	 of	
the	optic	canal	and	10–15	mm	behind	the	ante-
rior	ethmoidal	 foramen.	The	artery	 is	absent	 in	
20%	of	the	cases	and	when	it	is	present	it	crosses	
the	superior	edge	of	the	oblique	muscle	and	the	
trochlear	nerve.

More	anteriorly,	the	ophthalmic	artery,	when	
it	 becomes	 extraconal,	 passing	 under	 the	 supe-
rior	oblique	muscle,	comes	into	contact	with	the	
medial	 wall	 of	 the	 orbit,	 near	 the	 anterior	 eth-
moidal	 foramen	 and	 supplies	 the	 anterior	 eth-
moidal	artery	there.	This	artery	is	joined	by	the	
anterior	ethmoidal	nerve,	the	terminal	branch	of	
the	nasociliary	nerve,	which	is	always	outside	the	
superior	oblique	muscle	and	crosses	underneath	
it.	The	anterior	ethmoidal	foramen	is	located	an	
average	of	20	mm	behind	the	orbital	rim.

5.6 Conclusions
Orbital	anatomy	is	quite	complicated,	with	many	
components	 that	 cross	 each	 other	 at	 different	
levels.	The	frequent	variations	in	such	structures	
as	arteries,	veins,	etc.,	demonstrate	the	difficulty	
in	giving	a	simple	and	easy-to-learn	view	of	this	
anatomy.	 However,	 it	 is	 possible	 to	 recognize	
some	constant	aspects	and	some	of	the	frequent	
variations	that	are	often	associated,	such	as	cross-
ing	under	ophthalmic	artery-optic	nerve	with	a	
lateral	 muscular	 and	 a	 meningolacrimal	 artery.	
The	recent	developments	in	image-making	now	

permit,	 and	 will	 permit	 more	 and	 more	 in	 the	
future,	 the	 depiction	 of	 the	 location	 of	 the	 or-
bital	components	and	the	possibility	of	 surgical	
difficulties.	All	dissections	were	realised	in	Labo-
ratoire	d’Anatomie	du	CHR	de	Reims	(Pr	JF	DE-
LATTRE,	JB	FLAMENT).
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Core Messages

■	 Capillary	hemangioma	is	the	commonest	
orbital	vascular	anomaly	in	childhood.	

■	 The	etiology	remains	unknown,	although	
studies	 identifying	 placenta-associated	
vascular	 antigens	 in	 hemangiomas	 im-
plicate	 placenta-to-embryo	 emboliza-
tion	or	aberrant	placental	differentiation	
within	the	embryo.

■	 Amblyopia,	 due	 to	 astigmatism,	 visual	
deprivation,	 or	 ocular	 imbalance,	 may	
occur	in	up	to	half	of	all	children	despite	
intervention.

■	 The	period	of	greatest	risk	is	during	the	
first	2	years	of	life,	when	the	lesion	typi-
cally	 enlarges,	 leading	 to	 a	 dispropor-
tionate	volume	effect	within	the	orbit.

■	 Characteristic	features	on	Doppler	ultra-
sonography,	 which	 differentiates	 capil-
lary	 hemangioma	 from	 rhabdomyosar-
coma,	 include	 acoustic	 heterogeneity	
(multiple	 internal	 acoustic	 reflections),	
high	spatial	vessel	density,	and	high	in-
ternal	 blood	 velocity	 –	 sometimes	 as	
high	as	100	cm/s.

■	 The	 decay	 profile	 of	 capillary	 heman-
gioma	 is	 characterized	 by	 early	 prolif-
eration,	followed	by	cycles	of	decay	and	
proliferation.

■	 Erratic	 decay	 profiles	 of	 both	 volume	
and	maximum	internal	velocity	in	many	
children	indicate	a	complex	interplay	be-
tween	factors	influencing	both	prolifera-
tion	and	involution.

■	 Intralesional	 steroid	 treatment	 is	 fol-
lowed	 by	 an	 attenuation	 of	 the	 cyclical	
decay	 profiles	 compared	 with	 lesions	
among	untreated	children.

■	 Among	 treated	 patients,	 delayed	 prolif-
erative	 cycles	 persist	 after	 steroid	 ther-
apy,	 with	 a	 “rebound”	 rise	 in	 volume	
and	 velocity	 occurring	 approximately	
5–20	months	after	treatment.	

■	 Regression	 is	 incomplete	 in	 many	 cas-
es,	 final	 decay	 leading	 to	 a	 fibro-fatty	
residuum.

■	 These	 periodic	 fluctuations	 in	 hem-
angioma	 volume	 and	 internal	 velocity	
should	be	anticipated,	with	intervention	
reserved	 for	 the	 minority	 of	 patients	
either	 with	 evidence	 of	 amblyopia,	 or	
where	 the	 size	or	position	of	 the	 lesion	
is	considered	to	pose	a	significant	risk	to	
visual	development.
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6.1 Introduction
Capillary	hemangioma	is	the	commonest	child-
hood	orbital	vascular	anomaly,	usually	presents	
as	 a	 painless	 swelling	 or	 vascular	 marking	 of	
the	eyelids,	and	typically	enlarges	in	infancy	be-
fore	 undergoing	 spontaneous	 regression	 during	
childhood	[8,	24].	Most	periorbital	hemangiomas	
pose	no	threat	to	visual	development,	but	larger	
lesions	may	result	in	amblyopia	due	to	mechani-
cal	ptosis,	induced	astigmatism,	or	displacement	
of	the	globe	(Figs.	6.1,	6.2).

6.1.1 Etiology
The	 origin	 –	 and	 the	 mechanisms	 controlling	
growth	and	regression	–	of	capillary	hemangio-
mas	 is	 uncertain,	 although	 several	 theories	 ex-
ist	(Table	6.1).	Circumstantial	evidence	suggests	
that	 they	 might	 be	 of	 placental	 origin	 and	 that	
cellular	 growth	 and	 atrophy,	 or	 possibly	 apop-
tosis,	 may	 be	 controlled	 by	 maternal	 vascular	
growth	factors	that	have	crossed	the	placenta	[4,	
7,	 11,	 33].	 The	 early	 growth	 of	 clinically	 mani-
fest	lesions	may	reflect	a	withdrawal	of	maternal	
inhibitory	factors	that	were	able	to	cross	the	pla-
centa	before	birth	and	it	is	probable	that	locally-
derived	growth	factors	affect	the	lesion’s	growth	
and	regression	in	the	first	few	years	of	life.

6.1.2 Investigation
Whilst	capillary	hemangiomas	have	characteris-
tic	features	on	CT	or	MRI,	Doppler	ultrasonog-

raphy	 provides	 an	 ideal	 investigation	 for	 these	
lesions,	giving	a	readily	available	and	repeatable	
estimate	 of	 tumor	 volume	 and	 also	 providing	
characteristics	 of	 internal	 vascularity	 [30,	 40].	
Three	main	characteristics	are	demonstrable	on	
ultrasound	examination:
•	 Acoustic	heterogeneity	within	the	lesion
•	 High	spatial	density	of	vessels	throughout	the	

tumor	(typically	more	than	5/cm2)
•	 High	 velocity	 of	 blood	 flow	 (as	 high	 as	

100	cm/s)	[42]

The	large	number	of	high-flow	vessels	differ-
entiates	 capillary	 hemangiomas	 from	 the	 other	
rapidly-growing	childhood	lesion,	namely,	rhab-
domyosarcoma.	

Several	 ultrasonographic	 methods	 are	 of	
value	in	examining	capillary	hemangiomas	[42],	
and	 include	 estimates	 of	 tumor	 size,	 blood	 ve-
locity	and	flow	direction	that	can	be	elicited	by	
B-Mode	imaging,	color	flow	mapping,	and	spec-
tral	Doppler	techniques.	

B-Mode	imaging	will	confirm	the	presence	of	
an	 orbital	 hemangioma.	 The	 lesion	 is	 assumed	
to	be	ovoid	 in	shape	and	the	volume	calculated	
as	previously	described,	employing	the	radius	in	
each	 of	 the	 three	 orthogonal	 axes	 (“x,”	 “y,”	 and	
“z”	axes)	[37].	

Color	flow	mapping	converts	echo	displace-
ments	 into	velocity	measurements,	 thus	allow-
ing	 blood	 flow	 to	 be	 imaged	 in	 color	 and	 the	
resultant	 image	 superimposed	 on	 a	 B-Mode	
image;	 by	 convention,	 flow	 toward	 the	 probe	
is	coded	in	red,	and	blue	is	used	for	flow	away	
from	the	ultrasound	probe.	Using	similar	prin-
ciples	 to	 color	 flow	 mapping,	 Color	 Doppler	

Fig. 6.2  Mechanical	 ptosis	 secondary	 to	 capillary	
hemangioma	in	the	upper	eyelid	resulting	in	depriva-
tion	amblyopia

Fig. 6.1  Capillary	 hemangioma	 in	 the	 superotempo-
ral	quadrant	of	 the	orbit	causing	displacement	of	 the	
globe



Energy	(CDE)	renders	color	intensity	as	a	func-
tion	of	blood	flow.	A	red	color	scale	is	used,	by	
convention,	with	color	intensity	being	approxi-
mately	 proportional	 to	 the	 number	 of	 moving	
cells	and	the	technique	may	be	used	to	estimate	
the	 density	 of	 blood	 vessels	 in	 hemangiomas	
(Fig.	6.3a).	 Spectral	 Doppler	 examination	 re-

sults	in	a	real-time	graphical	output,	known	as	
a	“spectrogram” or	“spectrograph,”	which	pres-
ents	the	real-time	velocity	of	blood	flow	at	a	par-
ticular	point	within	a	chosen	vessel,	flow	toward	
the	probe	being	displayed	above	 the	 time	axis,	
and	vice-versa	(Fig.	6.3b).

Table 6.1.	Proposed	etiology	for	capillary	hemangioma	(adapted	from	Bauland	et	al.	[3],	and	others)

Theory Proposed pathophysiology

Placental		
origin

Shared	expression	of	the	erythrocyte-type	glucose	transporter	molecule	GLUT-1		
(found	only	on	the	placental	trophoblast,	blood	tissue	barriers,	and	capillary	endo-
thelium	of	hemangiomata),	and	the	expression	of	other	placenta-associated	vascular	
antigens	(e.g.,	Lewis	Y	antigen)	in	hemangiomas,	implicates	either	placenta-to-embryo	
embolization	or	aberrant	placental	differentiation	within	the	embryo	[4,	7,	11,	32,	33]

Angioblast		
theory

It	has	been	proposed	that	hemangiomas	develop	from	sequestrations	of	omnipotent	
angioblasts	since	surface	markers	present	on	both	normal	vascular	endothelium	and	
lymphatic	vessels	are	also	encountered	on	the	endothelium	of	hemangiomas.	This	
suggests	that	capillary	hemangiomas	are	formed	of	immature	vascular	tissue	[14]

Abnormal	
angiogenesis

Folkman	has	suggested	that	hemangiomas	result	from	an	imbalance	between	angio-
genic	and	angiostatic	influences,	with	altered	expression	in	hemangiomas	of	VEGF,	
basic	fibroblastic	growth	factor	(bFGF),	E-selectin	and	other	angiogenic	molecules	
including	TIE2,	angiopoietin	2	and	insulin-like	growth	factor	2	[9,	21,	28,	38,	47]

Fig. 6.3  Doppler	ultrasonography	methods	to	investigate	capillary	hemangioma.	a	Color	Doppler	echo	image	in	
the	horizontal	plane	(velocity	range	+3	to	–3	cm/s).	Note	multiple	vessels	identified	in	this	range.	b	Spectrogram	
derived	from	color	flow	mapping,	in	this	case	employing	high	velocity	gates,	identifying	a	vessel	with	a	systolic	
velocity	of	94	cm/s	
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6.1.3 Management
The	threat	to	visual	development	from	periocular	
hemangiomas	is	greatest	in	the	first	year	or	two	
of	life,	this	threat	being	due	to	induced	astigma-
tism,	visual	deprivation	due	to	ptosis,	or	ocular	
imbalance	 [35].	 Even	 if	 objective	 measures	 of	
vision	are	unobtainable	in	an	infant,	medical	or	
surgical	intervention	is	indicated	where	a	lesion	
is	considered	to	pose	a	risk	to	visual	development	
(Table	6.2).	 Despite	 prompt	 intervention,	 how-
ever,	over	half	of	affected	children	may	become	
amblyopic	[34].	Whilst	glucocorticoids	form	the	
mainstay	 of	 treatment,	 other	 therapies	 include	
surgical	 excision,	 systemic	 interferon	 or	 intral-
esional	laser	ablation	(Table	6.2)	[6,	39].

Glucocorticoids	have	long	been	known	to	has-
ten	 the	 regression	 of	 superficial	 capillary	 hem-
angiomas	 [15,	 36,	 43,	 46]	 and,	 with	 ultrasono-
graphic	guidance,	have	also	been	used	for	deeper	
lesions	within	the	orbit	[31].	A	common	regime	
for	 treating	 periocular	 hemangiomas	 combines	
intralesional	 and	 perilesional	 injections	 of	 ste-
roids,	 typically	40	mg	of	depot	methylpredniso-
lone	slowly	injected	into	the	center	of	the	lesion	
and	4	mg	of	soluble	dexamethasone	around	the	
lesion;	if	the	hemangioma	shows	evidence	of	re-
gression,	the	injections	may	be	repeated	another	
two	or	three	times,	at	6-weekly	intervals.	Despite	
the	 accepted	 value	 of	 steroid	 therapy,	 however,	
there	is	a	small	risk	of	both	local	[13,	17,	18,	41]	
and	systemic	complications	[23].

Adverse	side	effects	of	intralesional	steroid	in-
jections	include:
•	 Eyelid	necrosis	[37]
•	 Subcutaneous	fat	atrophy	[16]
•	 Central	 retinal	 artery	 spasm	 and	 occlusion	

(presumed	 secondary	 to	 retrograde	 flow	 of	
the	drug,	under	high	injection	pressures,	into	
the	ophthalmic	artery)	[17,	18]

•	 Adrenal	suppression	[22]

Compared	with	other	tissues,	there	is	a	high	
density	 of	 glucocorticoid	 receptor	 expression	
on	 cutaneous	 hemangiomas,	 and	 this	 is	 even	
greater	in	proliferating	lesions	[27],	possibly	ac-
counting	for	their	sensitivity	to	steroid	therapy.	
Although	 the	 intracellular	 effects	 of	 glucocor-
ticoid	 receptor	 activation	 are	 well	 understood	
[44],	 the	 mechanism	 by	 which	 the	 growth	 of	
capillary	 hemangiomas	 is	 suppressed	 –	 and	
the	duration	of	 this	effect	–	remains	uncertain.	
Candidate	 pathways	 include	 the	 production	 of	
α-fibroblast	 growth	 factor,	 vascular	 endothelial	
growth	 factor	 (VEGF),	 and	 proliferating	 cell	
nuclear	antigen	[2,	25,	29].	Recent	in	vitro	work	
indicates	 that	 steroids	 reduce	 the	 transcription	
of	 three	 specific	 genes	 in	 capillaries,	 namely,	
the	clusterin/apolioprotein	(an	apoptotic	gene),	
mitochondrial	cytochrome	b,	and	interleukin	6	
[25].	These	effects	are	greatest	in	the	case	of	tri-
amcinolone	and	dexamethasone,	and	least	with	
hydrocortisone.

Table 6.2.	Treatment	options	for	capillary	hemangiomas

Intervention Treatment modality

Glucocorticoids Intralesional	injections	[34,	36]

Topical	(clobetasol	propionate)	[19]

Sub-Tenon’s	injections	[12]

Systemic	steroids	(oral,	pulsed	parenteral)	[15,	45]

Interferon	α-2b Daily	subcutaneous	injections	(3	months)	[20,	26]

Surgical	resection Early	surgical	resection	in	selected	cases	[1,	35,	38]

Intralesional	laser Nd:YAG,	KTP	or	CO2	[6]



Summary for the Clinician

■	 Capillary	hemangioma:	
-	 Is	the	most	common	orbital	vascular	

anomaly	in	childhood.	
-	 Typically	 enlarges	 before	 spontane-

ously	regressing.
-	 May	be	complicated	by	amblyopia	in	

up	to	half	of	cases,	this	being	caused	
by	astigmatism,	visual	deprivation,	or	
ocular	imbalance,	typically	occurring	
within	the	first	2	years	of	life.

■	 Doppler	 ultrasonography	 identifies	 le-
sions	 with	 acoustic	 heterogeneity,	 high	
spatial	density	of	vessels,	and	high	inter-
nal	blood	velocity.

■	 The	etiology	remains	unknown,	although	
circumstantial	evidence	implicates	either	
placenta-to-embryo	embolization	or	ab-
errant	 placental	 differentiation	 within	
the	embryo.

■	 Treatment	 options	 include	 glucocorti-
coids	and/or	surgical	excision.

		

6.2 New Insights into the Natural 
History of Periorbital Capillary 
Hemangiomas

Pediatric	 capillary	 hemangiomas	 are	 character-
ized	by	an	early	growth	period	and	a	later	involu-
tional	phase	[24].	The	proliferative	phase	is	due	to	
a	rapid	division	of	both	immature	vascular	endo-
thelium	[14]	(this	division	is	thought	to	be	influ-
enced	by	an	abnormal	proliferation	of	mast	cells	
[22])	and	adjacent	pericytes,	which	continue	 to	
proliferate	in	the	postpartum	period.	Involution	
of	 the	 hemangioma	 leads	 to	 a	 fibro-fatty	 resid-
uum,	with	recent	evidence	implicating	a	persis-
tence	of	mesenchymal	stem	cells	within	the	hem-
angioma,	these	later	forming	adipocytes	[45].	

Although	 the	 literature	 frequently	 describes	
periocular	capillary	hemangiomas	as	lesions	that	
gradually	 regress	 following	 an	 initial	 period	 of	
growth,	 new	 evidence	 suggests	 that	 their	 pro-
liferation,	 involution,	 and	 variations	 in	 internal	
blood	velocity	may	be	more	complex	than	once	
thought.	

6.2.1 How Long and How 
Significant is the Growth 
Phase of Capillary 
Hemangiomas?

Using	 more	 objective	 measures,	 the	 natural	
history	 for	 a	 large	 cohort	 of	 pediatric	 perior-
bital	 capillary	 hemangiomas	 has	 recently	 been	
reported	 for	 the	first	 time	 [42].	A	series	of	 re-
peated	ultrasonographic	assessments	(a	median	
of	 seven	 assessments)	 was	 made	 in	 a	 group	 of	
infants	 in	 whom	 neither	 medical	 nor	 surgical	
intervention	was	required.	Using	Doppler	ultra-
sonography	(Sect.	6.1.2),	 the	estimated	volume	
and	maximum	internal	blood	velocity	was	 fol-
lowed	in	a	cohort	of	24	children,	of	whom	ex-
actly	one	half	were	boys.	Although	involvement	
of	 the	 upper	 and	 lower	 eyelids	 was	 the	 same,	
there	was	a	left-sided	predominance	(17	out	of	
24	lesions).	

The	 lesion	 became	 clinically	 apparent	 at	 the	
age	 of	 2.1	months	 (range	 0–14	months),	 and	
the	 average	 age	 at	 last	 visit	 (when	 the	 lesion	
had	markedly	regressed,	so	as	to	pose	no	threat	
to	 visual	 development)	 was	 44.4	months	 (range	
10–100	months).	 The	 maximum	 estimated	 size	
of	the	capillary	hemangioma	in	this	group	varied	
between	0.92	ml	and	8.98	ml	(mean	4.12	ml)	and	
was,	 therefore,	 larger	than	the	developing	globe	
in	many	cases.

Periocular	capillary	hemangiomas	have	been	
historically	 described	 as	 undergoing	 involu-
tion	 after	 an	 early	 period	 of	 growth,	 and	 this	
study	confirmed	 that	 there	 is,	 indeed,	an	 initial	
rise	 in	 volume	 in	 most	 children	 (20	 out	 of	 24).	
The	phase	of	expansion	would,	however,	appear	
longer	than	the	traditionally	accepted	period	of	
12–18	months,	 with	 the	 age	 of	 greatest	 volume	
being	as	 late	as	60	months	 in	one	child	and	oc-
curring	at	an	average	of	20	months.	Over	three-
quarters	 of	 hemangiomas	 assessed	 within	 the	
first	year	of	life	had	increased	in	size	after	the	first	
measurement	(Fig.	6.4a).	On	average,	a	doubling	
of	volume	in	the	first	year	of	life	occurred,	with	
the	 greatest	 change	 observed	 being	 a	 four-fold	
increase.	During	the	first	18	months	after	birth,	
the	hemangiomas	increased	by	up	to	nine	times	
the	initial	volume	(4–930%).	
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In	practical	terms,	most	children	will	show	a	
marked	 expansion	 of	 periocular	 hemangiomas	
and	this	will	typically	continue	for	up	to	2	years,	
but	 may	 be	 ultrasonographically	 detectable	 be-
yond	the	child’s	7th	birthday	(Fig.	6.4b).	The	rel-
ative	volume	effect	of	 such	 late	 expansion(s)	 is,	
however,	reduced	by	growth	of	the	orbital	cavity	
during	the	same	period.

6.2.2 What is the Nature 
of Involution for Capillary 
Hemangiomas?

Longitudinal	 studies	 in	 an	 untreated	 group	 of	
children	 have,	 for	 the	 first	 time,	 allowed	 a	 de-
scription	 of	 the	 decay	 patterns,	 or	 profiles,	 for	
these	lesions	[42].	In	contrast	to	the	traditionally	
held	 view	 that	 capillary	 hemangiomas	 undergo	
a	gradual	involution,	it	would	appear	that	many	

Fig. 6.4  Ultrasonographic	studies	of	volume	(B-mode	scan)	and	internal	blood	velocity	(color	flow	mapping,	
color	Doppler	energy,	and	spectral	Doppler	techniques).	Profiles	of	velocity	(solid line)	and	volume	(dotted line)	
are	given	as	a	proportion	(%)	of	the	maximum	value	recorded	for	each	child.	a	Cyclical	rises	occur	in	both	volume	
and	velocity	profiles,	there	being	a	close	correlation	between	the	two	parameters	in	many	children.	b	Capillary	
hemangiomas	do	not	decay	exponentially.	In	certain	patients,	there	may	even	be	a	late	rise	in	volume:	in	this	child,	
relatively	late	proliferative	phases	were	detected	at	50	and	85	months	of	age.	c	(see next page)



of	 these	 lesions	 demonstrate	 a	 series	 of	 cyclical	
changes	in	volume	and	blood	velocity,	these	tak-
ing	the	form	of	damping	oscillations	around	an	
exponential	pattern	of	decay	(Fig.	6.4a).

In	 children	 with	 5	 or	 more	 datasets,	 three-
quarters	 showed	 two	 or	 more	 volume	 “peaks,”	
half	 had	 three	 or	 more	 volume	 peaks,	 and	 two	

children	showed	four	clearly	defined	oscillations	
during	their	follow-up.	Two	features	of	these	vol-
ume	oscillations	were	described.	First,	there	ap-
peared	to	be	a	sequential	decrease	in	size	(“damp-
ing”)	of	the	peaks	and,	second,	for	each	child	the	
interval	between	peaks	increased.	For	the	whole	
group,	the	average	first	interval	(between	the	first	

Fig. 6.4  (continued)	Ultrasonographic	studies	of	volume	(B-mode	scan)	and	internal	blood	velocity	(color	flow	
mapping,	color	Doppler	energy,	and	spectral	Doppler	 techniques).	Profiles	of	velocity	 (solid line)	and	volume	
(dotted line)	are	given	as	a	proportion	(%)	of	the	maximum	value	recorded	for	each	child.	c	A	marked	volume	
loss	is	seen	following	the	proliferative	phase.	d	Steroid	therapy	may	cause	a	significant	“damping”	of	the	cyclical	
changes,	with	a	disproportionate	effect	on	the	volume.	(Note	the	comparatively	large	volumes	in	d	and	e).	e	(see 
next page)
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and	second	volume	peaks)	was	8	months,	this	be-
ing	significantly	shorter	than	the	second	interval	
(18	months)	and	the	third	interval	(15.5	months;	
occurring	 in	 just	 2	 patients).	 One	 interpreta-
tion	of	 these	findings	 is	 that	natural	 involution,	
resulting	in	an	exponential	profile,	is	masked	by	
periods	of	episodic	growth,	these	growth	phases	
being	pronounced	early	in	life,	with	the	“height”	
of	 subsequent	 peaks	 being	 a	 function	 both	 of	
residual	 tissue	volume	 in	 the	preceding	 trough,	
and	the	intensity	and	duration	of	the	proliferative	
phase.	 Whether	 involution	 –	 possibly	 by	 apop-
tosis	–	increases	in	response	to	the	proliferative	
phase	 (the	volume	 loss	after	proliferation	being	
marked	in	some	children;	Fig.	6.4c)	is	uncertain,	
but	 it	 is	 interesting	 to	 note	 that	 these	 volume	
peaks	were	never	sustained	for	more	than	two	or	
three	consecutive	measurements.	

Several	children	in	this	“natural	history”	group	
show,	 however,	 an	 erratic	 decay	 profile	 –	 some	
with	a	final	volume	measurement	(as	late	as	3	years	
of	age)	similar	to,	or even higher	than,	 the	initial	
measurement.	 These	 observations	 further	 sup-
port	the	concept	of	a	complex	and	dynamic	bal-
ance	between	proliferation	and	involution,	which	
–	not	being	limited	to	the	early	postpartum	period	
–	may	continue	beyond	the	5th	year	of	life.	

Less	 is	known	about	 time-related	changes	 in	
blood	 velocity	 within	 pediatric	 hemangiomas:	
peak	 velocities	 as	 high	 as	 100	cm/s	 have	 been	
recorded,	 greater	 than	 that	 within	 the	 aorta	
(~50	cm/s)	or	normal	capillary	beds	(~0.1	cm/s)	
[42].	 In	 many	 cases	 the	 periodicity,	 and	 overall	
pattern,	 of	 the	 velocities	 correlates	 closely	 with	
that	of	the	volume	profiles	–	suggesting	that	the	
proliferation	and	involution	of	mesenchymal	and	
endothelial	tissues	may	run	in	parallel	(Fig.	6.4a).	
The	ages	at	which	these	peak	velocities	were	re-
corded	 reflect	 that	 of	 volume	 measurements,	
ranging	from	3	to	52	months.	Finally,	late	veloc-
ity	 spikes	 were	 observed	 in	 over	 a	 third	 of	 pa-
tients	–	further	evidence	that	the	natural	behav-
ior	of	capillary	hemangiomata	remains	dynamic	
for	several	years	after	birth	(Fig.	6.4b,	c).		

6.2.3 Do Capillary Hemangiomas 
Undergo Complete 
Involution?

In	contradistinction	to	the	traditional	view	that	
capillary	 hemangiomas	 undergo	 complete	 re-
gression,	 ultrasonographic	 studies	 by	 the	 cur-
rent	authors	suggest	that	capillary	hemangiomas	

Fig. 6.4  (continued)	Ultrasonographic	studies	of	volume	(B-mode	scan)	and	internal	blood	velocity	(color	flow	
mapping,	color	Doppler	energy,	and	spectral	Doppler	 techniques).	Profiles	of	velocity	 (solid line)	and	volume	
(dotted line)	are	given	as	a	proportion	(%)	of	the	maximum	value	recorded	for	each	child.	e	A	“rebound”	increase	
in	both	parameters	may	occur	approximately	15	months	after	steroid	injections



may	not	regress	completely,	with	persistent	tissue	
identifiable	ultrasonographically	in	many	patients	
after	clinical	resolution	of	the	lesion	[42],	this	tis-
sue	 being	 in	 the	 form	 of	 a	 fibro-fatty	 residuum	
[48].	Indeed,	in	the	natural	history	group,	a	final	
volume	of	less	than	10%	of	the	maximum	was	re-
corded	in	only	a	quarter	of	children	and	in	only	
one-sixth	of	children	was	the	lesion	undetectable	
on	ultrasound	examination	–	this	being	at	an	av-
erage	of	72	months	(range	53–100	months)	[42].	
In	8	children	in	whom	there	was	complete	clini-
cal	 regression	of	 the	hemangioma	–	all	at	more	
than	4	years’	follow-up	–	the	lesion	could	still	be	
detected	ultrasonographically	in	4	children	[42].	

Summary for the Clinician

■	 Recent	Doppler	ultrasonography	studies	
indicate	that:
-	 The	natural	history	of	capillary	hem-

angiomas	is	one	of	early	postpartum	
growth	 followed	 by	 cycles	 of	 decay	
and	proliferation.

-	 A	doubling	of	hemangioma	size	may	
occur	within	the	first	year	of	life.

-	 The	 peaks	 and	 frequency	 of	 volume	
expansions	 typically	 decrease	 over	
time.

-	 Lesions	 may	 not	 regress	 completely,	
final	decay	leading	to	a	fibro-fatty	re-
siduum.

■	 Several	 children	 showed	 erratic	 decay	
profiles,	suggesting	a	complex	biological	
equilibrium	 between	 proliferation	 and	
involution,	 which	 may	 persist	 beyond	
the	seventh	year	of	life.

		

6.3 Changes in Capillary 
Hemangiomas After 
Local Steroid Therapy

The	natural	history	group	of	children	with	hem-
angiomas	has,	for	the	first	time,	recorded	the	ul-
trasonographic	 characteristics	 for	 these	 lesions	
and	this	has	facilitated	a	comparison	with	those	
of	 children	 who	 required	 local	 steroid	 therapy	
for	maintenance	of	visual	development.	A	group	

of	9	children	were	followed	after	using	a	regime	
of	intralesional	and	perilesional	steroid	injection	
(Sect.	6.1.3).	

6.3.1 Hemangioma Characteristics 
Associated with Need 
for Intervention

Nine	children	received	local	steroid	therapy	and	
one	 of	 the	 children	 also	 had	 surgical	 resection	
of	 the	 hemangioma.	 Infants	 requiring	 treat-
ment	presented	at	a	significantly	earlier	age	than	
the	natural	history	group,	all	attending	within	a	
month	of	birth,	and	the	mean	duration	of	follow-
up	was	significantly	 longer	 in	the	treated	group	
(mean	 65	months;	 range	 26–105)	 than	 in	 the	
natural	history	group.	

Unlike	the	equal	sex	distribution	in	the	natu-
ral	history	group	[42],	8	of	the	9	treated	children	
were	 girls	 –	 this	 reflecting	 the	 1.5	 female	 pre-
dominance	 reported	 elsewhere	 [5,	 24],	 and	 the	
3.2:2	ratio	for	all	patients	managed	by	the	current	
author	(GER).	The	cause	of	this	female	prepon-
derance	within	the	treated	group	remains	uncer-
tain,	but	might	reflect	 the	 influence	of	different	
hormones	 or	 local	 cytokines	 on	 the	 vascular	
endothelium,	pericytes	or	mesenchyme	of	these	
childhood	hemangiomas.	

The	 average	 maximum	 size	 in	 the	 treated	
children	was	8.9	ml,	over	twice	the	size	of	that	in	
the	untreated	group,	and	the	maximum	internal	
velocity	in	these	larger	lesions	(mean	63.8	cm/s)	
tended	 to	 be	 greater	 than	 that	 in	 the	 untreated	
hemangiomas	(mean	52	cm/s).

6.3.2 Involutional Changes 
in Volume and Velocity 
After Steroid Therapy

The	 changes	 in	 volume	 and	 velocity	 during	 in-
volution	of	steroid-treated	hemangiomas	show	a	
similar	cyclical	pattern	to	that	in	the	natural	his-
tory	group,	but	with	some	notable	differences.	At	
the	 time	 when	 steroid	 therapy	 was	 given,	 early	
variations	in	size	and	velocity	were	typically	less	
extreme	compared	with	those	in	untreated	chil-
dren.	 Steroid	 therapy	 causes	 a	 significant,	 and	
sometimes	prolonged,	“damping”	of	the	cyclical	

 6.3 Changes in Capillary Hemangiomas After Local Steroid Therapy 107



 108 Periocular Capillary Hemangioma: New Concepts in Natural History and Response to Glucocorticoids

6

changes	(Fig.	6.4d)	–	often	with	the	effect	on	vol-
ume	estimates	being	more	marked	than	that	on	
flow.	There	is	a	tendency	for	a	“rebound”	increase	
in	both	volume	and	flow	at	about	5–20	months	
after	 steroid	 injections	 –	 a	 relative	 delay	 com-
pared	 to	 the	 cyclical	 changes	 of	 the	 untreated	
hemangioma.	 Subsequent	 “oscillations”	 of	 vol-
ume	 and	 flow	 appear	 to	 be	 similar	 to	 those	 of	
untreated	 lesions	 and,	 contrary	 to	 expectation,	
most	treated	hemangiomas	attained	their	great-
est	volume,	or	showed	subsequent	volume	rises,	
after steroid	therapy	(Fig.	6.4e).	

All	 9	 children	 had	 persistent	 hemangiomas,	
detectable	on	ultrasonography,	after	steroid	ther-
apy,	with	8	children	 followed	beyond	5	years	of	
age.	One	child,	followed	up	until	8	years	of	age,	
had	a	 residual	 lesion	with	an	estimated	volume	
of	1.6	ml.	

Summary for the Clinician

■	 Lesions	 in	 female	 patients	 tend	 to	 be	
larger	than	those	in	male	patients.	

■	 Treatment	 with	 intralesional	 steroid	 is	
followed	 by	 attenuation	 of	 the	 cyclical	
variations	in	size	and	velocity,	compared	
with	lesions	among	untreated	children.

■	 This	effect	is	often	more	marked	on	vol-
ume	estimates	than	on	velocity.

■	 Approximately	 5–20	months	 following	
treatment,	 a	 “rebound”	 increase	 in	 vol-
ume	and	velocity	may	occur.

■	 Most	 treated	 hemangiomas	 had	 signifi-
cant	 proliferative	 phases	 after steroid	
therapy.

		

6.4 Conclusion
Serial	ultrasonographic	examination	has	allowed	
a	better	definition	of	the	growth	and	involutional	
phases	of	periocular	capillary	hemangiomas,	with	
most	 children	 showing	 an	 early	 rise	 in	 volume	
and	remarkably	high	internal	blood	velocities	in	
many	lesions.	The	cyclic	changes	in	volume	and	
flow	 estimates	 suggest	 that	 –	 unlike	 the	 clearly	
defined	“proliferative”	and	“involutional”	phases	
described	 in	 the	previous	 literature	–	 these	 two	

processes	might	occur	as	a	dynamic	equilibrium,	
with	a	slowly	damping	oscillation	in	volume	and	
blood	 flow.	 The	 influences	 responsible	 for	 this	
behavior	 remain	 unknown;	 although	 maternal	
growth	factors	have	been	proposed	as	a	driving	
stimulus	for	hemangioma	growth	[31],	 they	are	
unlikely	 to	 persist	 for	 any	 significant	 time	 and	
would	 not	 explain	 our	 observation	 of	 increas-
ing	 size	 up	 to	 4	years	 of	 age.	 The	 typical	 oscil-
latory	 profile	 in	 most	 lesions	 (both	 treated	 and	
untreated)	 suggests	 that	 neonatal	 endothelium	
and	pericytes	may	persist	 in	these	tumors,	with	
episodic	proliferation	occurring	against	a	back-
ground	 of	 on-going	 involution	 (or	 apoptosis).	
The	frequent	occurrence	of	ultrasonographically	
detectable	 lesions	at	beyond	5	years	of	age	con-
curs	 with	 the	 suggestion	 that	 involution	 is	 in-
complete	in	many	of	these	lesions	[46].	

The	significance	of	the	velocity	profiles,	whilst	
similar	 to	 volume	 profiles,	 are	 interpreted	 less	
readily	 because	 velocity	 is	 a	 function	 both	 of	
vessel	 caliber	 and	 perfusion	 pressure	 –	 neither	
of	 which	 are	 measured	 using	 the	 current	 tech-
niques.	 Nevertheless,	 the	 cyclical	 behavior	 of	
maximal	 internal	 velocity	 also	 suggests	 a	 dy-
namic	 relationship	 between	 the	 lesion	 and	 its	
feeder	 (or	 shunt)	 vessels,	 which	 might	 persist	
well	into	the	first	decade	of	life.	Whether	changes	
in	blood	velocity	precede	changes	in	volume	–	or	
whether	 the	 metabolic	 demands	 of	 an	 actively	
growing	 lesion	 influence	 the	vessels	 that	 supply	
the	mass	–	cannot	be	determined	from	these	ob-
servations.

With	 rapid	 growth	 of	 the	 bony	 orbit	 during	
the	first	3	years	[10],	 the	volume	of	the	heman-
gioma	–	compared	with	the	total	orbital	volume	
–	 becomes	 relatively	 less	 significant.	 The	 ultra-
sound	profiles	for	steroid-treated	lesions	suggest	
that	this	drug	exerts	a	moderately	prolonged	sup-
pression	 of	 the	 cyclical	 changes	 in	 volume,	 this	
suppression	being,	therefore,	of	particular	value	
early	in	childhood,	when	a	child	is	also	at	greatest	
risk	of	amblyopia.	

From	a	clinical	perspective,	these	new	insights	
into	 periocular	 capillary	 hemangiomas	 indicate	
that	 about	 three-quarters	 of	 lesions	 will	 more	
than	 double	 in	 size	 during	 the	 first	 year	 of	 life.	
A	similar	proportion	will	show	cyclical	changes	
in	size	that,	with	time,	become	less	marked	and	
occur	 at	 greater	 intervals.	 Parents	 can	 be	 reas-



sured	that	periodic	changes	in	size	and	internal	
velocity	are	normal	and	do	not,	per	se,	form	an	
indication	 for	 clinical	 intervention	 –	 the	 latter	
being	 restricted	 to	 reducing	any	 factors	 leading	
to	impairment	of	visual	development.

Summary for the Clinician

■	 Serial	 ultrasonographic	 studies	 have	
identified	 a	 complex	 profile	 of	 prolif-
eration	and	decay	 in	pediatric	 capillary	
hemangioma,	 these	 two	 processes	 oc-
curring	as	a	dynamic	equilibrium.

■	 The	 correlation	 in	 many	 cases	 between	
volume	and	velocity	indicates	a	dynamic	
relationship	 between	 the	 hemangioma	
and	 its	 vascular	 supply,	 persisting	 for	 a	
number	of	years.

■	 About	 three-quarters	 of	 hemangiomas	
will	increase	in	size	during	the	first	year	
of	life,	this	change	being	up	to	four-fold	
in	magnitude.

■	 The	 clinician	 may	 reassure	 the	 parents	
that,	while	visual	development	is	normal,	
periodic	changes	in	size	and	velocity	are	
to	be	expected,	and	are	not	a	reason	for	
clinical	intervention.
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Core Messages

■	 Lymphangiomas	 are	 more	 accurately	
called	 venous-lymphatic	 malformations	
(VLM).

■	 VLM	are	congenital	malformations.
■	 They	may	be	mostly	solid	or	have	 large	

cystic	components.
■	 MRI	is	best	for	VLM.
■	 Solid	VLM	can	mimic	hemangiomas.
■	 Solid	VLM	are	more	amenable	to	resec-

tion	whereas	cystic	VLM	are	more	easily	
drained.

■	 Sclerotherapy	 remains	 an	 alternative	 to	
surgery.

		

7.1 Introduction
Vascular	anomalies	of	the	orbit	include	venous-
lymphatic	malformations	(VLM).	These	lesions,	
often	 referred	 to	 as	 lymphangioma,	 are	 consid-
ered	congenital	and	most	commonly	present	 in	
childhood.	 Approximately	 one-third	 are	 iden-
tified	 in	 the	 first	 weeks	 of	 life	 [17].	 VLM	 rep-
resented	 4%	 of	 1,264	 orbital	 tumors	 in	 Shields’	
series	[35]	and	3%	of	600	in	Iliff	and	Green’s	se-
ries	 [20].	 The	 most	 common	 presenting	 sign	 is	
painful	unilateral	proptosis	resulting	from	spon-
taneous	hemorrhage	(Fig.	7.1a).	Less	commonly,	

VLM	may	enlarge	slowly	(Fig.	7.2a,	b).	Anterior	
lesions	can	be	visible	as	a	red,	fleshy	mass	below	
the	 conjunctiva	 that	 can	 bleed	 spontaneously	
(Fig.	7.3).	The	lack	of	distention	of	VLM	with	val-
salva	distinguishes	this	entity	from	orbital	varix.	
VLM	 can	 enlarge	 in	 association	 with	 upper	 re-
spiratory	tract	or	facial	infections.	The	lesions	are	
unencapsulated	 and	 do	 not	 obey	 tissue	 planes,	
thereby	 presenting	 particular	 challenges	 when	
surgical	resection	is	considered.	They	can	occur	
anywhere	in	the	orbit	and	associated	adnexa.	In-
tracranial	extension	has	been	documented	rarely.	
The	 more	 extensive,	 posterior-based	 lesions	 are	
also	likely	to	extend	to	the	palate,	a	helpful	diag-
nostic	feature	if	present.

There	 is	 disagreement	 as	 to	 whether	 the	 le-
sions	 are	 isolated	 lymphatic	 anomalies	 or	 part	
of	 a	 continuum	 of	 venous	 malformations	 with	
orbital	 varices	 at	 one	 end	 of	 the	 spectrum	 and	
lymphatic	malformations	with	or	without	venous	
tissue	at	the	other	[27].

The	purpose	of	this	chapter	is	to	review	more	
recent	advances	in	the	diagnosis	and	treatment	of	
venous-lymphatic	malformations.	

7.2 Classification
The	 classification	 of	 orbital	 vascular	 anomalies	
has	undergone	numerous	revisions.	Redenbacher	
first	described	lymphatic	malformations	in	1828.	
In	 1982	 Mulliken	 and	 Glowacki	 distinguished	
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Fig. 7.1  a	 A	 10-year-old	 boy	 with	 sudden	 painful	
proptosis	 of	 the	 left	 eye.	 b	 T2-weighted	 MRI	 shows	
large	 orbital	 venous-lymphatic	 malformation	 (VLM)	
with	multiple	cysts.	c	Anterior	orbitotomy	for	subtotal	
resection	 to	 relieve	 proptosis	 and	 pain.	 d	 H&E	 stain	
(×20)	 of	 lesion	 consistent	 with	 VLM.	 e	 Two	 weeks	
postoperatively

Fig. 7.2  a	A	16-year-old	girl	with	gradual	proptosis	of	
the	 right	eye.	b	Right-sided	proptosis.	c	T2-weighted	
MRI	shows	a	large	VLM	extending	to	the	orbital	apex	
that	is	mainly	solid	(a	small	cyst	is	visible	posteriorly)



infantile	hemangiomas,	which	are	typically	small	
and	absent	at	birth	and	ultimately	involute,	from	
vascular	 malformations	 which	 are	 present	 at	
birth	and	do	not	involute	[28].	This	classification,	
however,	 does	 not	 recognize	 the	 more	 recently	
described	 non-involuting	 form	 of	 congenital	
hemangioma	[4].

The	 International	 Society	 for	 the	 Study	 of	
Vascular	 Anomalies	 (ISSVA)	 has	 subdivided	
vascular	 anomalies	 into	 tumors	 and	 malforma-
tions	 (Table	7.1)	 [10].	 VLM	 fall	 into	 the	 latter	
category.	Rootman	et	al.	described	orbital	VLM	
clinically	by	their	location	in	the	orbit.	They	were	
categorized	as	 superficial,	deep,	 combined	 [32],	
and	 complex	 (associated	 with	 intracranial	 mal-
formations)	[22],	and	later	as	part	of	a	hemody-
namic	spectrum	of	vascular	malformations	[31].	
In	 1999	 the	 Orbital	 Society	 adopted	 this	 latter	

classification	system	in	which	VLM	are	typically	
associated	with	type	1	(no	flow)	[16].

There	is	support	in	the	radiology	literature	for	
use	of	the	term	venous-lymphatic	malformation,	
as	 opposed	 to	 lymphangioma	 [5].	 This	 is	 really	
an	extension	of	the	classification	by	Wright	et	al.	
in	 which	 these	 lesions	 are	 considered	 to	 repre-
sent	an	abnormality	of	the	orbital	venous	system	
[48].	Whether	or	not	VLM	and	varices	represent	
a	spectrum	of	venous	malformations,	or	are	re-
ally	 separate	entities	has	not	as	yet	been	settled	
[16].	VLM	most	commonly	have	distinctive	cys-
tic	elements	that	predominate	or	are	exclusive	of	
any	apparent	solid	components.	However,	 there	
is	a	small	 sub-group	of	VLM	that	are	predomi-
nantly	 solid	 and	 well-circumscribed.	 The	 latter	
group	can	be	mistaken	on	both	clinical	and	ra-
diographic	examination	for	capillary	hemangio-

Table 7.1.	The	current	classification	set	by	the	International	Society	for	the	Study	of	Vascular	Anomalies	[1,	10]

Tumors Malformations

Simple Combined

Slow flow High flow Slow flow High flow

Infantile	hemangiomas	(Glut-1+) Capillary Arterial VLM AVM

Congenital	hemangiomas	(NICH,	RICH) Venous CVLM CAVM

Pyogenic	granuloma Lymphatic

Tufted	angioma

Kaposiform	hemangioendothelioma

Hemangiopericytoma

AVM	arteriovenous	malformation,	CAVM	capillary	arteriovenous	malformation,	CVLM	capillary	
venous	lymphatic	malformation,	VLM	venous	lymphatic	malformation,	NICH	noninvoluting	
congenital	hemangioma,	RICH	rapidly	involuting	congenital	hemangioma

Fig. 7.3  A	6-year-old	boy	with	recurrent	hemorrhage	
of	 orbital	 VLM	 (this	 patient	 had	 already	 undergone	
subtotal	resection)

 7.2 Classification 115
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mas	in	children,	and	as	cavernous	hemangiomas	
in	 adults,	 but	 can	 be	 distinguished	 histopatho-
logically.

7.3 Imaging

7.3.1 Magnetic resonance imaging
Magnetic	 resonance	 imaging	 is	 the	 standard	
method	 of	 studying	 vascular	 abnormalities.	
When	combined	with	MR	angiography,	it	is	also	
possible	to	define	the	hemodynamic	characteris-
tics	of	these	lesions.	MR	images	of	VLM	can	show	
large	blood-containing	cysts	or	tiny	serpiginous	
channels	(Fig.	7.1b)	[25].	They	show	partial	con-
trast	enhancement	with	the	most	vivid	enhance-
ment	 corresponding	 to	 intralesional	 venous	
channels,	which	most	likely	represent	the	source	
of	hemorrhage	[6].	When	combined	with	MRA,	
MRI	can	be	used	to	differentiate	slow-flow	from	
high-flow	 vascular	 malformations,	 which	 dem-
onstrate	a	characteristic	flow	void	on	MR	pulse	
sequences	[44].

7.3.2 Computed Tomography
When	 imaged	 using	 CT,	 VLM	 typically	 appear	
as	 irregular	 heterogeneous	 tumors	 that	 are	 not	
confined	by	fascial	planes.	It	can	occasionally	be	
difficult	to	distinguish	VLM	from	hemangiomas,	

particularly	when	 they	are	more	solid	and	pos-
teriorly	 located	 in	 the	orbit.	Rootman	et	al.	de-
scribed	 5	 cases	 in	 a	 series	 of	 85	 that	 mimicked	
cavernous	hemangioma	on	CT	[36].	CT	angiog-
raphy	 can	 identify	 feeding	 vessels	 in	 orbital	 tu-
mors	and	should	be	considered	if	orbital	sclero-
therapy	 is	 being	 contemplated	 as	 a	 therapeutic	
option	[18].	However,	it	has	been	our	experience	
that	 the	vascular	supply	 to	even	the	most	hem-
orrhagic	VLM	fails	 to	be	 identified	by	even	 the	
higher	resolution	trans-arterial	angiography.	

7.4 Histology
Microscopic	 inspection	 of	 lymphangioma	 usu-
ally	demonstrates	an	unencapsulated	mass	with	
ectatic	vascular	channels	separated	by	connective	
tissue	septae	(Fig.	7.1d).	There	is	often	evidence	
of	both	new	and	old	hemorrhage	as	well	 as	ac-
cumulations	 of	 lymphocytes.	 Some	 histologic	
studies	 have	 supported	 the	 concept	 that	 VLM	
are	of	venous	origin.	Wright	et	al.	examined	57	
lymphangioma	specimens	and	found	two-thirds	
to	have	venous	connections	[48].	Previously,	in-
tralesional	hemorrhage	made	it	difficult	to	distin-
guish	lymphatic	malformations	and	venous-lym-
phatic	malformations	[13].	The	new	monoclonal	
antibody	D2-40	is	a	highly	sensitive	and	specific	
marker	 of	 lymphatic	 endothelium,	 which	 can	
now	 aid	 in	 identifying	 VLM	 and	 distinguish	
these	tumors	from	hemangioma	(Fig.	7.4)	[1].

Fig. 7.4  a	Same	patient	as	in	Fig.	7.3.	Low	power	micrograph	demonstrating	gaping	vascular	spaces	in	the	super-
ficial	dermis,	separated	by	fibrous	septae	and	lined	by	flattened	endothelium.	Scattered	red	cells	are	present	within	
these	 spaces,	 consistent	 with	 previous	 hemorrhage	 (H&E,	 ×100).	 b	 Immunohistochemistry	 for	 D2-40	 reveals	
strong	positivity	(brown	staining)	within	the	cytoplasm	of	the	endothelial	cells	lining	the	dilated	vascular	spaces,	
a	finding	consistent	with	lymphatic	endothelium	(D2-40,	×200).



7.5 Treatment

7.5.1 Treatment Overview
Given	the	risk	of	hemorrhage	and	the	challenges	
to	surgical	resection,	the	majority	of	authors	rec-
ommend	 supportive,	 non-surgical	 management	
for	 most	 orbital	 and	 adnexal	 venous-lymphatic	
malformations	[17].

7.5.2 Systemic Steroids
Systemic	steroids	have	mixed	results	in	the	man-
agement	of	orbital	VLM.	A	brief	 course	of	oral	
corticosteroids	 can	 be	 helpful	 in	 cases	 of	 acute	
hemorrhage	 or	 when	 a	 URI	 results	 in	 lesion	
expansion	 due	 to	 lymphoid	 hypertrophy.	 Cor-
ticosteroids	can	also	be	used	prior	to	surgery	in	
an	effort	to	shrink	the	mass.	However,	no	study	
has	suggested	that	steroids	alone	can	more	com-
pletely	 reverse	 the	 proptosis	 resulting	 from	 en-
largement	of	VLM	than	that	occurring	spontane-
ously	[39,	42].

7.5.3 Surgery
Surgical	resection	of	orbital	VLM	is	challenging	
due	 to	 the	 lack	 of	 encapsulation,	 transgression	
of	 tissue	 planes,	 and	 propensity	 to	 hemorrhage	
both	 intraoperatively	 and	 in	 the	 postoperative	
period.	Indications	for	surgery	include	compres-
sive	optic	neuropathy,	exposure	keratopathy,	and	
untreatable	amblyopia.	Surgical	planning	has	to	
include	 a	 consideration	 of	 the	 location	 and	 the	
nature	 of	 the	 lesion.	 Cystic	 VLM	 are	 typically	
drained	 through	 an	 open	 orbitotomy	 to	 relieve	
the	 mass	 effect	 of	 the	 lesion	 (Fig.	7.1).	 One	 au-
thor	has	used	intralesional	fibrin	glue	(Tisseel)	to	
aid	dissection	and	achieve	more	complete	tumor	
resection	[7].	Since	recurrence,	regardless	of	the	
extent	of	the	resection,	is	the	norm,	care	should	
be	given	to	avoid	injury	to	vital	structures	in	an	
effort	 to	 complete	 the	 resection.	 Alternatively,	
decompression	 of	 the	 hemorrhagic	 cyst	 may	 in	
some	cases	be	achieved	by	image-guided	needle	
aspiration.	 Orbital	 bone	 decompression,	 either	
alone	 or	 combined	 with	 tumor	 debulking,	 has	
also	been	used	for	proptosis	reduction	[19].

Venous-lymphatic	 malformations	 that	 are	
radiographically	 more	 solid,	 featuring	 smaller	
channels,	and	producing	compressive	optic	neu-
ropathy	 as	 a	 consequence	 of	 apical	 location	 or	
large	bulk	are	more	amenable	 to	surgical	resec-
tion.	These	lesions	are	typically	more	adherent	to	
the	surrounding	tissues	and	have	a	greater	pro-
pensity	to	hemorrhage	than	the	cystic	variant.	As	
a	consequence	complete	removal	may	be	imprac-
tical	when	attempting	to	preserve	vision	[23].

Subtotal	resection	to	accomplish	the	surgical	
goals	may	be	aided	by	use	of	the	carbon	dioxide	
laser	 [21].	 Recently,	 Gündüz	 et	 al.	 reported	 18	
patients	who	underwent	total	or	subtotal	resec-
tion	of	orbital	VLM.	These	authors	found	that	the	
surgically	well-delineated	extraconal	lymphangi-
omas	can	be	resected	totally	without	recurrence	
at	short-term	follow-up	(average	of	20.4	months).	
In	 this	 series,	 recurrence	 was	 noted	 in	 2	 out	 of	
13	 cases,	 with	 subtotal	 resection	 at	 a	 mean	 fol-
low-up	 of	 29.4	months.	 Both	 of	 these	 lesions	
had	 cystic	 components	 [15].	 These	 findings	 are	
in	contrast	to	Tunç	et	al.,	who	reported	a	higher	
recurrence	rate	of	58.3%	at	a	mean	follow-up	of	
9.2	years	in	their	series	of	26	patients.	These	find-
ings	highlight	the	need	to	follow	patients	over	an	
extended	period	of	time	and	the	potentially	sig-
nificant	chance	of	recurrence	[43].	

7.5.4 Laser Treatment
The	CO2	laser	has	been	used	for	subtotal	excision	
of	VLM.	Advantages	of	 this	 instrument	 include	
good	 hemostasis	 from	 tissue	 vaporization	 and	
less	 surgical	 trauma	 to	surrounding	 tissue.	This	
laser	 has	 also	 been	 anecdotally	 effective	 with	
anterior	 lesions,	 specifically	 with	 conjunctival	
involvement.	Complications	from	the	CO2	laser	
include	 corneal	 anesthesia,	 papillary	 dilation	
from	 ciliary	 nerve	 damage,	 and	 symblepharon	
formation	[21,	24,	45].

7.5.5 Sclerotherapy 
The	goal	of	any	sclerosing	agent	is	to	close	a	ves-
sel	lumen,	either	through	direct	vessel	emboliza-
tion	or	through	incited	inflammatory	reactions,	
which	 lead	 to	 gross	 vessel	 wall	 destruction	 and	

 7.5 Treatment 117



 118 Venous-lymphatic Malformations (Lymphangioma) of the Orbit: Diagnostic and Therapeutic Challenges

7

subsequent	 lesion	 shrinkage.	 Many	 agents	 have	
been	 used	 outside	 of	 the	 orbit.	 Few	 have	 been	
used	intraorbitally,	however,	due	to	the	risk	of	vi-
sion	loss	resulting	from	vascular	compromise	of	
the	optic	nerve	and	globe.	

7.5.5.1 OK-432
OK-432	 is	 a	 newer	 agent	 that	 has	 shown	 some	
promise	in	the	treatment	of	lymphangioma.	Pici-
banil	(OK-432)	was	introduced	in	Japan	in	1975	
as	an	anticancer	agent.	This	drug,	 isolated	from	
Streptococcus pyogenes	 culture,	 has	 been	 shown	
to	augment	anticancer	immunity	through	the	in-
duction	of	cytokine	release	and	activation	of	im-
munologic	cell	activity	[33].	This	agent	was	first	
used	to	 treat	VLM	via	 intralesional	 injection	 in	
1986	by	Ogita	et	al.	[30].	It	has	since	been	used	
in	numerous	studies	to	treat	lymphangioma	with	
success	rates	showing	50%	or	more	reduction	in	
67%	of	the	patients	reported	[26,	30].

Although	 there	 are	 no	 long-term	 follow-up	
data,	a	report	on	the	intralesional	injection	of	OK-
432	in	a	14-year-old	boy	with	proptosis	resulted	in	
a	5-mm	reduction	of	the	proptosis	and	complete	
visual	 recovery	 [41].	Greene	et	 al.	 also	 reported	
the	 successful	use	of	OK-432	 in	a	cohort	of	pa-
tients	(17	were	treated	with	sclerotherapy,	but	the	
number	 treated	with	OK-432	was	not	specified)	

[14].	One	theory	of	the	mechanism	of	OK-432	in	
sclerotherapy	 is	 through	 induced	 inflammation	
from	 the	 destruction	 of	 lymph	 duct	 endothelial	
cells	 [29].	Some	evidence	 indicates	 that	OK-432	
has	a	greater	application	in	macrocystic	VLM,	but	
is	less	promising	with	microcystic	disease	[2].

Side	 effects	 of	 this	 medication	 include	 tem-
porary	fever	and	local	inflammation	[29],	as	well	
as	increased	intraocular	pressure	[41].	Given	the	
limited	use	of	OK-432	in	the	orbit	to	date,	more	
clinical	trials	are	suggested	to	more	fully	evaluate	
its	safety	and	effectiveness	in	the	management	of	
orbital	VLM.

7.5.5.2 Sodium Morrhuate
Sodium	morrhuate	has	been	used	extensively	as	a	
sclerosing	agent	for	esophageal	varices.	This	agent	
has	been	shown	to	directly	damage	vessel	endo-
thelium	 and	 red	 cells	 [40].	 Recently,	 Schwarcz	
et	 al.	 reported	 intralesional	 sodium	 morrhuate	
injection	 in	 6	 patients	 with	 orbital	 VLM.	 Three	
of	the	6	patients	had	poor	vision.	An	average	of	
2.6	 injections	 were	 used	 for	 anterior	 presenting	
lesions,	either	under	direct	visualization	or	under	
radiographic	guidance.	Complications	in	this	se-
ries	ranged	from	intralesional	hemorrhage	(which	
resolved	spontaneously)	to	mild	pain.	There	was	
no	incidence	of	further	vision	loss	(Fig.	7.5)	[34].

Fig. 7.5  a	Preoperative	photo	of	a	patient	with	a	 left	
orbital	VLM	extending	into	the	subconjunctival	space.	
b	Intraoperative	injection	of	sodium	morrhuate.	c	Four	
weeks	post-injection.	(Courtesy	of	Raymond	Douglas,	
Jules	Stein	Eye	Institute)



Another	 concern	 with	 any	 sclerosing	 agent	
injected	 into	 the	 orbit	 is	 the	 risk	 of	 distant	 em-
bolization.	While	this	has	not	been	reported	as	a	
complication	in	the	small	series	of	patients	treated	
with	orbital	injections	reported	thus	far,	there	have	
been,	however,	reports	of	this	problem	occurring	
in	animal	models	following	injection	for	esopha-
geal	varices	[8,	12,	40].	Such	concerns	should	raise	
a	 red	 flag	 of	 caution,	 particularly	 for	 the	 patient	
with	 a	 posterior	 tumor,	 and	 further	 underscores	
the	need	for	better	radiographic	studies	to	identify	
feeder	vessels	with	this	type	of	VLM.

7.5.5.3 Other Agents
Alcohol,	 in	 varying	 concentrations,	 has	 long	
been	established	as	a	sclerosant	in	VLM.	Ethanol	
causes	endothelial	denudation	and	 leads	 to	 im-
mediate	 thrombosis	 at	 the	 site	 of	 the	 injection.	
If	used	in	the	orbit,	this	carries	a	significant	risk	
of	thrombosis	for	the	ophthalmic	vein	[38].	Ethi-
bloc	contains	60%	alcohol	and	when	 in	contact	
with	 blood	 creates	 an	 embolism	 that	 induces	
thrombosis	 and	 fibrosis	 [9].	 Sodium	 tetradecyl	
sulfate	 (Sotradecol)	 containing	 2%	 alcohol	 has	
also	 been	 used	 in	 orbital	 lymphangioma,	 but	
with	only	moderate	success	[47].	Other	available	
agents,	though	not	reported	for	orbital	injection	
of	 lymphangioma,	have	 included	bleomycin	 [3]	
and	acetic	acid	[46].

7.5.5.4 Image-guided 
Sclerotherapy

One	of	the	greatest	risks	to	orbital	sclerotherapy	
is	ophthalmic	vein	 thrombosis,	which	can	 lead	
to	 an	 orbital	 compartment	 syndrome,	 vision	
loss,	and	cavernous	sinus	thrombosis.	To	prop-
erly	 treat	 orbital	 VLM,	 it	 is	 critical	 to	 first	 es-
tablish	a	pre-procedural	characterization	of	 the	
lesion,	both	to	plan	the	approach	and	to	identify	
venous	 drainage	 pathways.	 Next,	 needle	 guid-
ance	with	X-ray	fluoroscopy,	MRI,	or	CT	 is	an	
important	aid	to	achieving	a	more	accurate	 in-
jection	 technique.	 Lastly,	 real-time	 monitoring	
of	 the	 sclerosing	 agent	 is	 useful	 for	 identifying	
the	rate	and	the	distribution	of	the	agent	in	the	
orbit	[11,	25].

Summary for the Clinician

■	 Venous-lymphatic	 malformations	 are	
congenital	 anomalies	 of	 the	 orbit	 that	
should	 be	 differentiated	 from	 tumors	
such	as	hemangioma.

■	 VLM	are	often	 referred	 to	as	 lymphan-
gioma;	however,	the	term	VLM	more	ac-
curately	describes	the	origin	and	natural	
history	of	this	type	of	lesion.

■	 VLM	can	be	mostly	solid,	and	thus	more	
amenable	 to	 surgical	 resection,	 or	 have	
large	 cystic	 components,	 which	 can	 be	
drained.

■	 Given	 the	 high	 rate	 of	 recurrence	 and	
spontaneous	 hemorrhage	 any	 interven-
tion	must	be	carefully	plotted.

■	 Sclerotherapy	remains	a	viable	treatment	
modality	 that	 needs	 further	 investiga-
tion.

		

7.6 Future Treatment Modalities
Recent	 histologic	 evidence	 obtained	 from	 the	
examination	of	persistent	VLM	lesions	suggests	
a	possible	role	 in	future	treatment	[37].	Sidle	et	
al.	report	higher	expression	of	angiogenic	factors	
in	 what	 they	 defined	 as	 recurrent	 tumors	 com-
pared	with	nonrecurrent	specimens.	Specifically,	
specimens	identified	as	recurrent	lymphangioma	
stained	 more	 avidly	 with	 pigment	 epithelium-
derived	 factor	 (PEDF)	 and	 vascular	 endothelial	
growth	 factor	 (VEGF)	[37].	This	study	suggests	
the	potential	for	the	use	of	anti-VEGF	agents	as	
an	alternative	to	sclerotherapy	in	surgically	deb-
ulked	VLM.
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Core Messages

■	 The	 potential	 for	 immune	 response	 to	
thyrotropin	 (TSHR)	 and	 insulin-like	
growth	 factor-1	 receptor	 (IGF-1R)	 par-
ticipating	in	disease	pathogenesis	of	thy-
roid	associated	orbitopathy	(TAO).

■	 The	unique	biosynthetic	and	proinflam-
matory	 properties	 of	 orbital	 fibroblasts	
are	central	to	TAO.

■	 TAO	is	characterized	by	distinct	clinical	
stages	 that	 may	 reflect	 site-specific	 im-
mune	mechanisms.

■	 Adipogenic	and	 infiltrative	disease	may	
reflect	 the	 unique	 properties	 of	 orbital	
fibroblasts.

		

8.1 Introduction
Graves’	disease	(GD)	is	a	systemic	autoimmune	
disease	 that	 targets	 the	 thyroid,	orbit,	 and	skin.	
Thyroid-associated	orbitopathy	(TAO)	describes	
the	orbital	and	periorbital	manifestations	of	the	
disease	[33,	34,	159].	Several	important	concepts	
have	 emerged	 in	 the	 pathogenesis	 of	 TAO	 that	
potentially	explain	the	manifestations	of	the	dis-
ease.	Immune	recognition	of	“foreign”	and	“self ”	
is	predicated	upon	molecular	recognition	of	tar-
get	structures.	The	mechanisms	of	immune	rec-
ognition	and	discrimination	of	 self	 and	nonself	
is	 beyond	 the	 scope	 of	 this	 chapter,	 but	 several	
important	 epitopes	 or	 molecular	 targets	 have	
emerged	that	may	prove	relevant	to	the	pathogen-
esis	of	TAO	and	GD.	It	is	increasingly	clear	that	

a	single	target	may	not	fully	explain	the	diverse	
systemic-	and	anatomic-specific	disease	manifes-
tations.	Rather	analogous	 to	other	autoimmune	
diseases,	immune	recognition	of	multiple	disease	
epitopes	may	be	fundamental	to	the	development	
of	TAO	and	GD	[57,	107,	117,	134].

Another	 emerging	 concept	 is	 recognition	
that	 orbital	 fibroblasts	 are	 unique	 and	 medi-
ate	 site-selective	 manifestations	 of	 GD	 [177,	
180,	 181].	 The	 unique	 properties	 of	 these	 sen-
tinel	cells	may	underlie	 the	predilection	of	 the	
orbit	 to	 disease	 and	 explain	 the	 inflammation,	
fibrosis,	and	hyaluronan	accumulation	that	are	
hallmarks	of	TAO	[99,	180].	Finally,	genetic	and	
environmental	 factors	 appear	 to	 represent	 de-
terminants	of	immune	responses.	Identification	
of	these	factors	may	lead	to	the	development	of	
practical,	 broad-based	 treatment	 and	 preven-
tion	strategies.

8.2 Immunologic Characterization 
of Disease Stages

8.2.1 Inflammation and Hyaluronan 
Accumulation

The	initial	phase	of	TAO	is	marked	by	robust	or-
bital	and	periorbital	inflammation,	including	the	
extraocular	muscles,	and	orbital	and	periorbital	
fat	 (Fig.	8.1)	 [152,	 154].	 An	 intense	 infiltrate	 of	
T	cells,	mast	cells	and	other	mononuclear	cells	is	
localized	in	the	interstitium	between	extraocular	
muscle	 fibers	 and	 in	 connective	 adipose	 tissue	
with	relative	paucity	near	adipocytes	[199,	200].	
Immunohistochemical	 studies	 demonstrate	 the	
presence	 of	 cytokines	 including	 IFN-γ,	 TNF-α,	
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and	 IL-1α	 in	 the	 connective	 tissues	 associated	
with	T	cell	infiltration	[82].	The	T	cell	infiltrate	is	
predominantly	CD4+	and	expresses	an	activated,	
memory	 phenotype	 [83].	 It	 is	 unclear	 whether	
these	 cytokines	 are	 produced	 by	 infiltrating	
mononuclear	cells	or	by	fibroblasts.	Notably	IL-
1α,	a	proinflammatory	cytokine,	is	produced	by	
several	 cell	 types,	 including	monocytes,	macro-
phages,	and	fibroblasts.	Cytokines	have	also	been	
detected	in	areas	devoid	of	mononuclear	infiltra-
tion,	 suggesting	 the	 possibility	 that	 they	 derive	
from	fibroblasts	[82].	

Edema	of	 the	orbital	structures	derives	 from	
hyaluronan,	a	complex	carbohydrate	with	rheo-
logic	properties,	including	extraordinary	hydro-
philicity	[94,	190].	Its	accumulation	in	the	inter-
stitial	tissues	can	lead	to	muscle	cell	dysfunction	
and	 correlates	 with	 clinical	 orbital	 expansion,	
congestion,	 and	 edema.	 Hyaluronan	 accumula-
tion	is	a	hallmark	of	TAO	and	is	present	through-
out	the	disease	course	[92,	124,	141,	173].

8.2.2 Resolution of Inflammation
The	second	phase	involves	the	resolution	of	active	
inflammation	 with	 lessening	 of	 clinical	 disease	
manifestations	[32,	34,	35].	The	self-limited	reso-
lution	of	inflammation	is	peculiar	to	TAO	among	
autoimmune	diseases	and	the	basis	for	it	is	criti-
cal	to	our	understanding	of	the	disease.	Gradual	
decline	of	autoantigen	abundance,	production	or	

presentation	may	explain	these	phenomena.	An-
other	factor	may	relate	to	the	absence	of	orbital	
lymphoid	neogenesis	[11,	58].	In	many	autoim-
mune	diseases,	novel	 lymphoid	 structures	 form	
in	 target	 tissues	 [95,	 123,	 161].	 In	 rheumatoid	
arthritis,	highly	specialized	 lymphoid	 tissue	de-
velops	in	the	synovial	tissue,	which	sustains	an-
tigen	presentation,	 lymphocyte	maturation,	and	
homing	 [50,	115,	122,	189].	 In	GD,	 the	 thyroid	
gland	 undergoes	 lymphoid	 neogenesis	 and	 in-
tense	immune-provoked	disruption	of	follicular	
thyrocytes	 [18,	 19,	 87,	 206].	 While	 the	 mecha-
nism	for	a	self-limited	immune	process	in	TAO	
remains	unclear,	it	is	a	critical	component	of	the	
immunopathogenesis.

8.3 Autoimmune Target Epitopes

8.3.1 Thyrotropin Receptor
The	 autoantigen	 epitope(s)	 targeted	 in	 TAO	
remain(s)	an	open	question.	For	decades	the	thy-
rotropin	receptor	(TSHR)	has	been	firmly	estab-
lished	as	an	autoantigen	responsible	 for	 the	hy-
perthyroidism	associated	with	GD.	Formation	of	
autoantibodies	to	the	receptor	is	nearly	universal	
and	results	in	endocrinologic	consequences	[54,	
116,	138,	155].	However,	emerging	evidence	in-
dicates	 that	a	single	autoimmune	target	such	as	
the	 TSHR	 fails	 to	 explain	 the	 pathogenesis	 of	
TAO.	 In	 other	 autoimmune	 diseases,	 multiple	

Fig. 8.1.  Top:	patient	with	characteristic	
findings	of	severe	inflammatory	thyroid-
associated	orbitopathy	(TAO),	including	soft	
tissue	inflammation,	congestion,	exoph-
thalmos,	and	visual	loss	caused	by	optic	
neuropathy.	Bottom:	patient	after	a	course	of	
oral	steroid	therapy



molecular	 targets	 have	 been	 identified,	 each	 of	
which	may	play	a	distinct	pathogenic	role.	

Autoantibodies	 are	 generated	 to	 the	 TSHR,	
which	leads	to	receptor	activation	[138,	149,	163,	
198].	 The	 role	 of	 TSHR	 in	 TAO	 is	 less	 clear.	 It	
is	expressed	at	low	levels	in	most	normal	tissues	
thus	 far	 examined	 and	 no	 convincing	 evidence	
exists	for	meaningfully	higher	expression	in	TAO	
[39].	Almost	all	GD	patients	express	antibodies	
to	 the	TSHR,	but	only	40%	have	TAO.	A	small	
group	of	patients	present	with	clinically	obvious	
TAO	 before	 the	 emergence	 of	 endocrine	 mani-
festations.	Autoantibody	formation	has	also	been	
inconsistently	 linked	 to	 orbital	 disease	 severity	
[69,	72,	101,	103,	118].	Any	role	of	TSH	or	TSHR	
autoantibodies	in	orbital	fibroblast	activation	also	
remains	to	be	demonstrated.	Treatment	of	orbital	
fibroblasts	 with	 anti-TSHR	 antibodies	 or	 TSH	
results	 in	vanishingly	 little	 response	 [25].	Thus,	
TSHR	 activation	 of	 fibroblasts	 fails	 to	 explain	
localized	orbital	involvement	in	TAO,	including	
inflammation	and	production	of	hyaluronan.	

While	there	is	currently	no	animal	model	of	
GD	 or	 TAO,	 various	 transgenic	 mouse	 models	
have	been	developed.	These	 included	 the	over-
expression	of	TSHR	in	all	tissues	to	generate	an	
immune	 response	 characterized	 by	 anti-TSHR	
autoantibodies	 and	 variable	 hyperthyroidism	
[113,	135,	148,	172].	However,	these	models	have	
failed	to	produce	TAO.	Thus,	the	role	of	TSHR	in	
the	pathogenesis	of	TAO	remains	an	open	ques-
tion.

Summary for the Clinician

■	 The	TSHR	as	a	 single	 target	of	autoim-
mune	activation	fails	to	explain	the	mani-
festations	 of	 TAO,	 including	 inflamma-
tion	and	the	production	of	hyaluronan.

		

8.3.2 Insulin-like Growth 
Factor-1 Receptor

Fibroblasts	 from	 patients	 with	 GD	 have	 been	
examined	 extensively	 in	 culture	 for	 their	 po-
tential	 to	 respond	 to	 specific	 IgGs	 generated	 in	
the	 disease	 [158].	 Sera	 and	 IgGs	 from	 patients	
with	 GD	 can	 provoke	 the	 expression	 of	 IL-16	

and	RANTES	by	GD	orbital	fibroblasts,	but	not	
those	from	control	donors	[150].	IL-16	has	been	
implicated	 in	a	number	of	human	autoimmune	
diseases,	including	rheumatoid	arthritis	[42,	93,	
98,	109,	201],	inflammatory	bowel	disease	[128,	
165,	 166],	 and	 lupus	 erythematosis	 [108,	 110,	
167].	It	binds	to	CD4	T	cells	and	induces	T	cell	
migration,	 while	 RANTES	 is	 a	 potent	 chemo-
kine	 with	 more	 generalized	 proinflammatory	
properties.	 RANTES	 has	 also	 been	 implicated	
in	autoimmunity.	Moreover,	it	has	been	detected	
in	the	thyroid	gland	of	patients	with	GD	[70,	71,	
100].	The	specificity	of	 this	 IgG	 in	GD	patients	
(GD-IgG)	 is	 to	 the	 insulin-like	 growth	 factor-1	
receptor	(IGF-1R),	which	is	overexpressed	on	the	
surface	of	fibroblasts	from	patients	with	the	dis-
ease.	 The	 GD-IgG/IGF-1R	 interaction	 mediates	
the	proinflammatory	response	[181].	In	addition,	
these	autoantibodies	to	the	IGF-1R	also	promote	
production	 of	 hyaluronan	 by	 GD	 orbital	 fibro-
blasts	 [150,	 151,	 182].	 It	 is	 as	 yet	 unclear	 what	
role	 autoimmune	 reactivity	 to	 the	 IGF-1R	 will	
play	in	TAO,	but	autoantibodies	promote	proin-
flammatory	 cytokine	 production	 in	 addition	 to	
hyaluronan	production.	

Summary for the Clinician

■	 IGF-1R	 is	 overexpressed	 in	 fibroblasts	
from	GD	patients.

■	 Autoantibodies	to	this	receptor	mediate	
production	 of	 proinflammatory	 cyto-
kines	 (IL-16	 and	 RANTES)	 and	 accu-
mulation	of	hyaluronan.

		

8.3.3 Additional Autoantigens
Additional	 autoantigens	 have	 been	 proposed	
largely	based	upon	detection	of	serum	autoanti-
bodies,	but	the	vast	majority	display	few	patho-
genic	properties	[1,	2,	4–9,	17,	20,	38,	45,	74–76].	
Caution	must	be	heeded	when	interpreting	au-
toantibody	and/or	T	cell	autoimmune	reactivity,	
which	appears	 to	play	 little	mechanistic	 role	 in	
the	 disease.	 An	 immune	 response	 often	 gener-
ates	antibody	and	T	cell	specificities	that	are	not	
directed	 to	 a	 self-	 or	 a	 relevant	 antigen	 [112,	
164].	For	example,	in	vivo	data	demonstrate	that	
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an	immune	response	is	primed	and	generated	to	
a	specific	antigen	will	also	generate	T	cell	speci-
ficities	 to	 various	 nonpathogenic	 viral	 and	 en-
vironmental	 antigens	 [57,	192].	This	 can	occur	
through	 several	 mechanisms	 including	 epitope	
spread.	This	has	been	noted	extensively	 in	dia-
betes	and	multiple	sclerosis,	where	diverse	anti-
bodies	and	T	cell	clones	are	generated	in	a	pre-
dictable	fashion	[63,	117,	134,	139].	These	clones	
may	play	little	role	in	disease	initiation,	but	may	
provide	 a	 marker	 or	 even	 promote	 subsequent	
inflammation.	

Summary for the Clinician

■	 The	role	of	other	autoantigens	is	unclear	
since	most	are	nonpathogenic.

		

8.4 Central Role 
of Orbital Fibroblasts

The	 unique	 properties	 of	 orbital	 fibroblasts	 ap-
pear	to	underlie	the	site-specific	immune	infiltra-
tion	and	volume	expansion	of	TAO.	Many	of	the	

pathologic	features	of	TAO	are	mediated	by	mul-
tiple	cytokines	and	small	molecule	mediators,	as	
is	evident	 in	the	immunohistochemical	analysis	
of	affected	orbital	tissues.	

8.4.1 Inflammation 
The	response	to	several	inflammatory	mediators	
is	 characteristic	 of	 orbital	 fibroblasts,	 especially	
those	 from	 TAO-derived	 tissues	 (Fig.	8.2).	 IL-
1β,	 leukoregulin,	 and	 CD154	 lead	 to	 increased	
production	 of	 the	 proinflammatory	 cyclo-oxy-
genase,	 prostaglandin	 endoperoxide	 H	 syn-
thase-2	 (PGHS-2),	 also	 known	 as	 COX-2	 [47,	
49,	 197,	 207].	 The	 increased	 activity	 is	 due	 to	
both	 increased	 mRNA	 synthesis	 and	 enhanced	
transcript	 stability	 [47].	Through	 the	activity	of	
PGHS-2,	 these	 cytokines	 preferentially	 induce	
prostaglandin	 E2	 (PGE2)	 production	 in	 orbital	
fibroblasts	[105,	179,	181].	PGE2	in	turn	can	bias	
naïve	T	cell	development	toward	the	Th2	pheno-
type	[40].	These	are	potent	immunoregulatory	T	
cells,	which	when	activated	produce	IL-4,	IL-10,	
and	 IL-13,	 but	 not	 IFN-γ.	 Several	 autoimmune	
diseases	 with	 prominent	 fibrotic	 characteristics	
generate	 a	 Th2-dominant	 immune	 response	

Fig. 8.2.  Schematic	of	the	complex	interaction	between	bone	marrow-derived	cells	and	orbital	fibroblasts



[78,	 147,	 157].	 T	 cells	 isolated	 from	 orbital	 tis-
sue	in	TAO	demonstrate	a	Th2	predominance	in	
advanced	disease	stages,	 in	contrast	to	a	Th1	or	
IFN-γ-dominant	 response	 early	 in	 the	 disease	
[14].	The	transformation	of	a	cytokine	response	
during	 a	 disease	 stage	 may	 be	 critical	 to	 the	
regulation	of	inflammation,	fibrosis,	and	disease	
resolution.	 In	 fact,	 shifting	 Th1-dominant	 im-
mune	responses	toward	Th2	can	abrogate	disease	
pathogenesis	 [3,	111,	126,	140,	178,	191].	Thus,	
responses	of	fibroblasts	to	proinflammatory	mol-
ecules	 may	 be	 critical	 for	 T	 cell	 activation	 and	
bias	the	immunity	occurring	in	the	orbit.

Orbital	fibroblasts	may	condition	proinflam-
matory	responses	by	their	low-level	expression	of	
the	IL-1	receptor	antagonist	(IL-1ra)	[132,	133].	
IL-1ra	represents	a	natural	inhibitor	of	IL-1α	and	
IL-1β activity.	Since	IL-1	can	be	detected	in	TAO	
and	 appears	 to	 exert	 several	 proinflammatory	
actions	 in	 orbital	 fibroblasts,	 failure	 to	 express	
IL-1ra	could	amplify	the	actions	of	this	cytokine	
family.	 In	 addition,	 the	 effects	 of	 other	 proin-
flammatory	molecules,	such	as	leukoregulin	and	
CD154,	 are	 mediated	 through	 IL-1	 expression	
[47,	49,	170].

Summary for the Clinician

■	 The	response	to	proinflammatory	medi-
ators	by	orbital	fibroblast	is	exaggerated.	
These	properties	may	be	critical	for	pro-
inflammatory	 responses	and	 the	orbital	
predilection	toward	TAO.

		

8.4.2 Extracellular Matrix 
and Volume Expansion

Orbital	 fibroblast	 cultures	 demonstrate	 marked	
differences	in	accumulation	of	extracellular	ma-
trix	(ECM)	in	response	to	proinflammatory	cy-
tokines.	This	attribute	may	underlie	increased	or-
bital	volume	in	TAO.	Orbital	fibroblasts	produce	
basal	levels	of	hyaluronan	that	can	be	increased	
in	 response	 to	 IL-1β	 and	 leukoregulin	 more	
dramatically	 than	 similarly	 treated	 dermal	 fi-
broblasts	[92,	185].	In	addition,	hyaluronan	syn-
thesis	 rates	 are	 increased	 by	 GD-IgGs	 through	

binding	 and	 activation	 of	 the	 IGF-1R	 [182].	 In	
both	 circumstances	 increased	 hyaluronan	 syn-
thesis	by	orbital	fibroblasts	can	be	inhibited	with	
steroids,	 but	 basal	 levels	 are	 steroid-insensitive,	
unlike	hyaluronan	production	in	dermal	cultures	
[183,	185,	188].	

Maintenance	 of	 the	 extracellular	 matrix	 re-
sults	from	a	delicate	balance	between	production	
of	 macromolecules	 and	 remodeling	 by	 proteo-
lytic	processes.	While	orbital	fibroblasts	generate	
increased	levels	of	hyaluronan,	they	also	produce	
antagonists	to	proteolytic	processes,	thus	enhanc-
ing	the	net	accumulation	of	protein	constituents	
of	 the	 ECM.	 When	 activated	 by	 IFN-γ,	 IL-1β,	
and	TGF-β,	they	express	increased	levels	of	plas-
minogen	 activator	 inhibitor	 type	 1	 (PAI-1)	 and	
tissue	inhibitors	of	metalloproteinases	(TIMPs),	
resulting	in	retardation	of	ECM	degradation	[48,	
88,	184].	These	findings	suggest	that	in	response	
to	 inflammatory	 mediators,	 orbital	 fibroblasts	
might	promote	ECM	accumulation.	

Summary for the Clinician

■	 The	 unique	 responses	 of	 orbital	 fibro-
blasts	 to	 proinflammatory	 mediators	
may	promote	accumulation	of	hyaluro-
nan.

		

8.4.3 Surface Molecule Expression
IL-1β	and	TNF-α	 increase	orbital	fibroblast	 ex-
pression	of	surface	molecules	such	as	intercellular	
adhesion	molecules	(ICAMs),	thereby	enhancing	
cellular	interactions	[81].	Serum	levels	of	several	
adhesion	molecules	are	elevated	in	GD	and	these	
levels	may	be	mudulated	by	steroid	therapy	[84].	
Orbital	 fibroblasts	 also	 display	 an	 ability	 to	 di-
rectly	interact	with	T	cells	through	expression	of	
CD40	 and	 CD154,	 members	 of	 the	 TNF-α	 and	
the	TNF-β	receptor	families	[96,	97].	CD40	is	ex-
pressed	 by	 B	 cells	 and	 antigen-presenting	 cells,	
while	its	ligand,	CD154	is	typically	expressed	by	
activated	 T	 cells	 [142].	 The	 CD40–CD154	 mo-
lecular	 bridge	 promotes	 coordinate	 costimula-
tion	between	T	and	B	cells	[160].	In	an	analogous	
manner,	this	molecular	interaction	may	promote	
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effective	 costimulation	 between	 T	 and	 B	 cells	
with	 orbital	 fibroblasts	 [168,	 169].	 Engagement	
of	CD40	on	orbital	fibroblasts	 increases	PGHS-
2	 expression	 and	 PGE2	 synthesis,	 and	 involves	
intermediate	production	of	IL-1α	[211].	Engage-
ment	of	CD40	also	enhances	hyaluronan	produc-
tion	and	the	synthesis	of	IL-6	and	IL-8	by	orbital	
fibroblasts	 [170].	 The	 unique	 expression	 and	
functional	 attributes	 of	 CD40–CD154	 interac-
tions	 in	 TAO	 may	 promote	 site-selective	 mani-
festations	of	the	disease.

Summary for the Clinician

■	 Surface	 molecules	 expressed	 by	 orbital	
fibroblasts	may	promote	T	and	B	cell	co-
stimulation	and	the	site-selective	mani-
festations	of	the	disease.

		

8.4.4 Unique Capacity 
to Differentiate

Orbital	fibroblasts	 also	exhibit	 a	distinct	 capac-
ity	to	differentiate	and	this	may	contribute	to	the	
clinical	presentation	of	TAO.	The	clinical	course	
of	TAO	diverges	from	adipogenic	predominance	

to	 infiltration	 of	 extraocular	 muscle	 leading	 to	
their	 expansion	 and	 fibrosis	 (Figs.	8.3,	 8.4)	 [13,	
136,	143].	In	the	former,	fat	expands,	but	whether	
increased	number	and/or	volume	of	 adipocytes	
occur(s)	is	unresolved.	The	mechanisms	of	these	
extremes	in	presentation	remain	speculative.	

Thy-1	is	a	surface	marker	expressed	by	most	
human	 fibroblasts.	 In	 the	 orbit,	 Thy-1	 display	
among	fibroblasts	appears	heterogeneous.	While	
the	 function	 of	 Thy-1	 is	 not	 known,	 its	 expres-
sion	 defines	 functionally	 distinct	 fibroblast	
populations	[105,	106].	Thy-1+	orbital	fibroblasts	
can	 differentiate	 into	 myofibroblasts	 expressing	
smooth	muscle	actin	after	treatment	with	TGF-β.	
Myofibroblasts	are	critical	participants	in	wound	
repair	and	fibrosis.	In	contrast,	Thy-1-	fibroblasts	
can	 differentiate	 into	 adipocytes	 under	 condi-
tions	that	elevate	intracellular	cAMP	[187,	193].	
The	 expression	 of	 Thy-1	 by	 orbital	 fibroblasts	
also	 defines	 fibroblasts	 with	 distinct	 profiles	 of	
cytokine	production	[146,	175,	186].

Summary for the Clinician

■	 Orbital	fibroblasts	 exhibit	 a	distinct	 ca-
pacity	to	differentiate	into	adipocytes	or	
myofibroblasts.

		

Fig. 8.4.  Patient	 with	 adipogenic	 predominant	 TAO	
exhibiting	 exophthalmos	 with	 increased	 orbital	 fat	
volume	 and	 minimal	 extraocular	 muscle	 expansion.		
Axial	 CT	 scan	 of	 a	 patient	 with	 7	mm	 of	 proptosis.	
The	equator	of	the	globe	is	anterior	to	the	lateral	or-
bital	rim

Fig. 8.3.  Patient	 with	 infiltrative	 disease	 of	 the	 non-
tendinous	 portion	 of	 the	 extraocular	 muscles.	 Axial	
CT	image	demonstrates	unilateral	infiltration	and	the	
equator	 of	 the	 globe	 is	 anterior	 to	 the	 lateral	 orbital	
rim,	indicating	proptosis.	Muscle	expansion	and	infil-
tration	can	be	secondary	to	hyaluronan	accumulation,	
edema,	and	fibrosis



8.5 Impact of Environmental 
and Genetic Factors 

Evidenced	factors	including	genetic	background,	
age,	 and	 gender	 contribute	 to	 disease	 suscep-
tibility.	 As	 is	 the	 case	 with	 other	 autoimmune	
disorders	 and	 evidenced	 by	 the	 relatively	 low	
concordance	 rates	 among	 monozygotic	 twins,	
environmental	factors	play	a	key	role.	

8.5.1 Genetics 
Increased	incidence	of	GD	among	family	mem-
bers	 suggests	 that	 genetic	 factors	 might	 con-
tribute	 to	 susceptibility	 [51,	 68,	 89].	 Monozy-
gotic	 twin	 studies	 demonstrate	 concordance	 of	
30–60%	 when	 the	 other	 twin	 is	 affected	 [156,	
176].	Several	studies	have	demonstrated	that	al-
tered	 expression	 of	 specific	 HLA	 haplotypes	 is	
associated	with	disease	[26,	90,	209,	210].	In	ad-
dition,	orbital	fibroblasts	dramatically	upregulate	
HLA	expression	in	response	to	proinflammatory	
signals	 such	 as	 IFN-γ	 [85].	 It	 remains	 unclear	
how	 these	 gene	 products	 may	 enhance	 disease	
susceptibility.	

A	number	of	reports	have	suggested	that	poly-
morphisms	of	 the	cytotoxic	T	 lymphocyte	anti-
gen	 (CTLA-4)	 may	 be	 associated	 with	 GD	 [10,	
24,	52,	61,	104].	CTLA-4	is	expressed	by	activated	
T	cells	and	can	act	to	dampen	immune	responses,	
by	direct	signaling	and/or	interactions	with	other	
co-stimulatory	molecules	expressed	by	antigen-
presenting	cells	[52].	CTLA-4	competes	for	bind-
ing	to	CD80	and	CD86,	which	are	costimulatory	
molecules	expressed	by	antigen-presenting	cells.	
Binding	of	these	molecules	by	CTLA-4	prevents	
further	costimulation	and	dampens	an	immune	
response.	 It	 remains	 unclear	 how	 the	 polymor-
phisms	 associated	 with	 GD	 may	 alter	 immune	
response.	

Summary for the Clinician

■	 Several	 immunologic	 genetic	 markers	
are	 important	 in	 TAO	 including	 HLA	
and	CTLA-4;	however,	 the	mechanisms	
are	unclear.

		

8.5.2 Environment
Cigarette	smoking	has	been	considered	by	some	
the	 strongest	 environmental	 risk	 factor	 for	 de-
veloping	 TAO	 [27–30,	 119,	 153,	 ].	 The	 odds	
ratio	relative	to	controls	has	been	reported	to	be	
as	high	as	20.2	 for	current	 smokers	and	8.9	 for	
current	 and	 ex-smokers,	 suggesting	 both	 a	 di-
rect	and	immediate	effect	of	smoking	[77,	144].	
In	addition,	among	patients	with	TAO,	smokers	
have	more	severe	eye	disease	[30,	60].	Smoking	
can	also	worsen	other	autoimmune	diseases,	in-
cluding	rheumatoid	arthritis	and	Crohn’s	disease,	
but	the	mechanisms	remain	unclear	[46,	79,	80,	
174].	Serum	cytokine	levels	are	not	substantially	
different	in	smokers	and	nonsmokers	with	TAO	
[31,	162,	194,	196].	However,	hypoxia	and	con-
stituents	of	tobacco	may	increase	production	of	
glycosaminoglycans,	 adhesion	 molecules,	 IL-1	
and	HLA-DR	display	by	orbital	fibroblasts	[119,	
127,	130,	195].	These	in	vitro	findings	suggest	po-
tential	local	mechanisms	for	increasing	suscepti-
bility	to	TAO.

Infectious	 factors	 remain	 suspects	 since	 on-
set	 of	 disease	 exhibits	 seasonal	 and	 geographic	
variations	 [12,	129,	205].	 Infectious	agents	may	
influence	 the	 breakdown	 of	 tolerance	 or	 pro-
motion	of	autoimmunity	in	GD	[55,	145].	Most	
notably,	Yersinia enterocolitica	may	play	a	role	in	
the	 induction	 of	 GD,	 potentially	 by	 molecular	
mimicry	[36,	37,	53,	114].	A	high	proportion	of	
GD	patients	express	measurable	antibodies	to	Y. 
enterocolitica	[21,	171].	The	organism	binds	TSH	
and	 antibodies	 isolated	 from	 patients	 with	 GD	
can	inhibit	this	binding	[86,	171,	202–204,	208].	
To	 date,	 a	 causal	 relationship	 between	 Yersinia	
infection	and	the	development	of	GD	or	TAO	has	
not	been	established.

Summary for the Clinician

■	 By	far	the	most	important	environmental	
factor	 contributing	 to	 disease	 develop-
ment	and	severity	is	cigarette	smoking.

■	 While	the	mechanism	is	unclear,	smok-
ing	 appears	 to	 enhance	 local	 cytokine	
and	surface	molecule	production.
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8.6 Therapeutic Implications 
Many	hurdles	confound	drug	discovery	and	the	
introduction	of	new	therapies	 to	 the	clinic.	 Im-
plementation	of	a	standardized	clinical	and	labo-
ratory	 assessment	 of	 TAO	 that	 reflects	 disease	
activity	could	greatly	 facilitate	 the	evaluation	of	
therapies	[131].	Despite	these	limitations,	thera-
pies	 that	specifically	 target	 the	 immune	mecha-
nisms	 of	 the	 disease,	 could	 make	 a	 significant	
impact	(Fig.	8.5).

8.6.1 Immune Subset Depletion 
Approaches	 using	 cell	 depletion	 have	 proven	
successful	 in	 the	 treatment	of	autoimmune	dis-

ease	[41,	59,	73,	102].	Given	the	diverse	functions	
of	T	and	B	cells,	depleting	these	populations	sig-
nificantly	 dampens	 the	 immune	 response	 [23,	
43].	 Recent	 observations	 suggest	 that	 normal	
immune	regulation	 is	dependent	upon	a	highly	
specialized	group	of	T	lymphocytes	or	regulatory	
T	cells	[44,	137].	In	murine	models,	regulatory	T	
cells	comprise	1–4%	of	the	T	cell	population	and	
can	 limit	 immune	 responses	 [125].	 If	 the	 regu-
latory	 T	 cell	 population	 is	 diminished	 or	 func-
tionally	impaired,	an	aberrant	immune	response	
can	 develop.	 Conversely,	 when	 this	 population	
is	 sufficient,	 autoimmune	 responses	 are	 modu-
lated	[59,	91].	T	cell	depletion	therapies	may	en-
hance	 the	 function	and	frequency	of	regulatory	
T	 cells.	 In	 several	 human	 diseases,	 decreased	
regulatory	 T	 cells	 are	 associated	 with	 increased	

Fig. 8.5.  The	etiology	of	thyroid	and	orbit	involvement	in	Graves’	disease	is	complex	and	likely	interdependent	
upon	several	factors.		TAO	may	be	dependent	upon	an	aberrant	systemic	immune	response	and	unique	orbital	
fibroblast	responses	to	several	inflammatory	mediators.		Targeting	the	specific	mediators	of	TAO	may	offer	novel	
and	specific	treatment	alternatives



severity.	 After	 treatment,	 the	 regulatory	 cell	
population	expands	and	the	disease	remits	[102].	
Studies	 on	 the	 complexity	 of	 regulatory	 T	 cells	
continue	 to	unfold	and	have	generated	promis-
ing	results.

8.6.2 Cytokine Therapies
Several	classes	of	drugs	are	currently	available	for	
treatment	of	autoimmune	disorders.	These	inter-
fere	with	immune	cell	activation	at	various	levels	
[22,	 56,	 62,	 65,	 66,	 120,	 121].	 Some	 inhibit	 the	
production	or	action	of	cytokines.	

Investigation	 into	 the	 applicability	 of	 these	
agents	in	TAO	hinges	on	an	effective	method	of	
clinical	 evaluation.	 For	 example,	 investigation	
of	 rheumatoid	 arthritis	 has	 demonstrated	 that	
TNF-α	plays	an	important	role	in	disease	patho-
genesis	[15,	16,	64,	67,	212].	Therapies	were	de-
veloped	using	neutralizing	monoclonal	antibod-
ies	 that	 specifically	 limit	 the	 immune	 response	
[213].	

Summary for the Clinician

■	 Specific	 treatment	 approaches	 include	
immune	 subset	 depletion,	 and	 neutral-
izing	cytokine	actions
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Core Messages

■	 In	 thyroid-related	 orbitopathy	 (TRO)	
disfigurement	and	functional	deficits	de-
pend	on	raised	intraorbital	pressure.

■	 Decompression	 surgery	 is	 aimed	 at	 re-
ducing	 raised	 intraorbital	 pressure	 by	
means	of	enlargement	of	the	bony	orbit	
and/or	orbital	fat	removal.

■	 Decompression	 surgery	 can	 be	 used	 to	
address	 dysthyroid	 optic	 neuropathy	
and	is	the	mainstay	therapy	for	the	treat-
ment	of	stable	typical	disfiguring	altera-
tions,	 and/or	 symptoms	 of	 the	 disease.	
Recently,	however,	it	has	been	linked	to	
reactivation	of	stable	orbitopathy.

■	 The	 multifaceted	 nature	 of	 the	 disease,	
the	different	indications	for	decompres-
sion	 surgery,	 surgeon	 preferences	 and	
expertise,	variations	in	orbital	osteology,	
and	 patients’	 expectations	 and	 attitude	
toward	 intervention	 and	 possible	 com-
plications,	imply	the	use	of	many	differ-
ent	surgical	techniques.

■	 Most	 of	 the	 techniques	 currently	 used	
seem	 to	 be	 effective	 in	 reversing	 or	 re-
storing	optic	nerve	dysfunction,	eye	po-
sition,	 and/or	 congestive	 symptomatol-
ogy	and	disfigurement;	nevertheless,	an	
unbiased	 analysis	 of	 the	 current	 litera-
ture	in	terms	of	effectiveness	versus	safe-
ty	is	extremely	difficult	due	to	the	great	
heterogeneity	of	the	patients	included	in	
the	published	studies	and	variations	ap-
plied	to	surgical	techniques.

■	 Fibrosis	 due	 to	 long-lasting	 orbital	 dis-
ease	 or	 possible	 consequence	 of	 retro-
bulbar	 irradiation	 administered	 in	 the	
early	phase	of	TRO	has	been	questioned	
as	being	a	possible	cause	of	poor	disten-
sibility	 and	 plasticity	 of	 the	 orbital	 soft	
tissues	 leading	 to	 diminished	 effective-
ness	of	orbital	expansion	surgery.	Recent	
investigations	do	not	confirm	this.

■	 Consecutive	 strabismus	 may	 compli-
cate	any	decompression	procedure.	The	
pathogenesis	 of	 this	 complication	 is	
multifaceted	and	not	completely	under-
stood.
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9.1 Introduction
The	 autoimmune	 process	 at	 the	 root	 of	 thyroid	
orbitopathy	 (TRO)	 leads	 to	 accumulation	 of	
complex	 carbohydrates	 called	 glycosaminogly-
cans	and	collagen	within	the	extraocular	muscles	
and	 orbital	 fat.	 The	 consequent	 edema	 and	 fi-
brosis	lead	to	marked	swelling	of	the	soft	tissues	
confined	within	the	boundary	of	the	bony	orbit	
with	an	increase	in	intraorbital	pressure.	Rarely,	
the	 increased	 intraorbital	 pressure	 is	 a	 cause	 of	
potentially	 sight-threatening	conditions	 such	as	
optic	 neuropathy	 or	 exposure	 keratopathy,	 but	
more	 frequently	 it	 leads	 to	 different	 degrees	 of	
venous	 congestion,	 strabismus,	 eyelid	 swelling,	
retraction,	and	exophthalmos.	The	latter	four	are	
principally	 responsible	 for	 the	 major	 aesthetic	
changes	affecting	patients	with	TRO.	

In	 current	 clinical	 practice,	 besides	 strong	
recommendations	to	give	up	direct	smoking,	or	
to	avoid	passive	smoking,	prompt	restoration	of	
stable	 euthyroidism	 and	 immunosuppression,	
when	 necessary,	 are	 used	 as	 a	 first-line	 treat-
ment.	This	aids	in	decreasing	the	duration	of	the	
early	 dynamic,	 active,	 inflammatory	 phase	 of	
the	orbitopathy	and	in	reversing	its	tendency	to	
progress	 toward	 more	 severe	 symptomatology	
[7,	43,	44,	52].	 In	 such	a	phase,	when	medical	
therapy	 fails,	 sight-threatening	 complications	
can	benefit	from	functional	orbital	decompres-
sion,	which	is	commonly	performed	by	means	
of	enlargement	of	the	bony	orbit	[52].		

Decompression	surgery,	by	means	of	enlarge-
ment	of	the	bony	orbit	or	by	orbital	fat	removal,	is	
also	the	mainstay	therapy	for	the	rehabilitation	of	
patients	with	TRO	affected	by	stable	disfiguring	
alterations,	and/or	symptoms	such	as	retro-ocu-
lar	pressure	and/or	grittiness	due	to	mild	corneal	
exposure	that	can	typify	the	inactive	postinflam-
matory	 phase	 of	 the	 disease.	 In	 addition,	 or	 as	
an	alternative	to	orbital	decompression,	surgical	
rehabilitation	 of	 patients	 with	 TRO	 may	 need	
other	interventions	namely	strabismus	and	func-
tional	and	aesthetic	eyelid	surgery,	which	should	
be	performed	in	this	order,	since	each	preceding	
step	can	influence	the	step	that	follows.	What	is	
to	be	expected	from	functional	and	rehabilitative	
orbital	 decompressions	 and	 various	 unresolved	
issues	related	to	this	type	of	surgery	will	be	dis-
cussed	in	this	chapter.	

9.2 Orbital Decompression: 
No Technique Fits All

Since	 the	 beginning	 of	 the	 last	 century,	 orbital	
decompression	has	been	used	 for	 the	 treatment	
of	patients	with	TRO	[12,	34].	Through	the	years	
there	have	been	many	proposed	techniques	and	
many	variations.	This	has	been	largely	due	to	the	
multifaceted	 nature	 of	 the	 disease,	 the	 different	
indications	 for	 decompression	 surgery,	 surgeon	
preferences	 and	 expertise,	 variations	 in	 orbital	
osteology,	 and	 patients’	 expectations	 and	 at-
titudes	 toward	 intervention.	 Furthermore,	 the	
constant	attempt	to	implement	the	beneficial	ef-
fects	of	this	type	of	surgery,	while	simultaneously	
decreasing	the	aesthetic	impact	of	surgical	scars,	
the	convalescence	periods	and	risks	of	iatrogenic	
complications	 in	 general,	 and	 of	 consecutive	
strabismus	 in	 particular,	 has	 further	 extended	
the	case	scenario.	

Independent	 of	 the	 specific	 technique,	 the	
basic	 principle	 underlying	 all	 decompression	
surgeries	 remains	 to	 reduce	 the	contribution	of	
mechanical	factors	to	the	development	of	the	dis-
ease	in	the	active	phase,	and	to	minimize	their	ef-
fects	in	the	subsequent	inactive	phase.	Mechani-
cal	factors	play	a	crucial	role	in	both	active	and	
inactive	TRO.	In	the	active	phase,	together	with	
immunological	 and	cellular	processes,	mechan-
ical	 factors	 contribute	 to	 the	 positive	 feedback	
circle,	 which	 results	 in	 the	 progression	 of	 orbi-
topathy	[2].	Later,	during	the	post-inflammatory	
phase,	these	factors	become	the	cause	of	the	typi-
cal	signs	and	symptoms	of	the	disease.	

Despite	 years	 of	 study,	 the	 exact	 mechanism	
causing	the	autoimmunity	alterations	of	TRO	still	
remains	 obscure.	 Specific	 medical	 therapy	 does	
not	yet	exist	and	the	effect	of	nonspecific	immu-
nosuppressive	treatments	on	stable	disease	depen-
dent	alterations	is	minimal	[7,	42,	54].	As	a	conse-
quence,	raised	intraorbital	pressure,	depending	on	
expansion	of	the	fat	and/or	the	extraocular	muscle	
compartments,	 together	 with	 the	 infiltration	 of	
the	lacrimal	gland,	continues	to	be	surgically	ad-
dressed	by	expansion	of	the	bony	orbital	bound-
ary	and/or	by	fat	removal.	These	two	possibilities,	
although	 developed	 separately,	 should	 no	 longer	
be	considered	alternatives,	but	rather	complemen-
tary	 approaches	 to	 tailoring	 the	 most	 adequate	
treatment	to	the	specific	patient’s	needs	[30].	



Summary for the Clinician

■	 In	 thyroid-related	 orbitopathy,	 orbital	
decompression	 attained	 by	 means	 of	
enlargement	 of	 the	 bony	 orbit	 or	 of	 fat	
removal	 is	 an	 accepted	 method	 of	 ad-
dressing	sight-threatening	conditions	or	
disfigurement.

■	 Surgery	should	be	tailored	to	the	specific	
patient’s	needs.

		

9.3 State of the Art 
and Unresolved Issues

9.3.1 Decompression 
for Functional Reasons

For	optic	neuropathy	or	 for	exposure	keratopa-
thy	 refractory	 to	 local	 measures	 and/or	 minor	
eyelid	surgeries,	orbital	decompression	has	been	
widely	used.	Eyeball	subluxation,	which	may	be	a	
possible	cause	of	acute	optic	neuropathy	and	ex-
posure	keratopathy	[46],	and	choroidal	folds	due	
to	deformation	of	the	eyeball	secondary	to	extra-
ocular	muscle	swelling,	can	also	be	addressed	by	
means	 of	 orbital	 decompression.	 However,	 the	
true	 effectiveness	 of	 this	 surgical	 intervention	
as	a	first-line	treatment	for	the	severe	functional	
implications	of	TRO	remains	uncertain.	

In	 a	 recent	 large	 retrospective	 study,	 84	 pa-
tients	 with	 dysthyroid	 optic	 neuropathy	 (DON)	
treated	with	transantral	orbital	decompression	as	
primary	 treatment	 showed	 an	 improvement	 in	
visual	acuity	and	visual	field	defects	in	74%	and	
71%	of	the	cases	respectively	at	follow-up	exami-
nation	after	≤182	days.	A	follow-up	questionnaire	
mailed	to	the	patients	a	median	of	17.4	years	after	
decompression,	 however,	 revealed	 that	 among	
those	who	responded	to	 the	questionnaire,	after	
the	first	decompression,	21%	required	further	de-
compression	surgery,	7%	radiotherapy,	7%	gluco-
corticoids,	 and	58%	squint	 surgery.	The	authors	
concluded	that	decompression	surgery	can	offer	
a	 rapid	 solution	 to	 dysthyroid	 optic	 neuropathy	
with	 an	 acceptable	 list	 of	 adverse	 effects.	 They	
also	 advocate,	 however,	 the	 necessity	 of	 further	
investigations,	 to	 determine	 whether	 surgery	 or	
medical	treatment	is	preferable	[48].

Recently,	 we	 compared	 surgical	 and	 medi-
cal	 decompression	 as	 a	 first-line	 treatment	 for	
dysthyroid	optic	neuropathy	by	means	of	a	ran-
domized	controlled	clinical	 trial.	We	concluded	
that	 immediate	 decompression	 surgery	 did	 not	
result	in	a	better	outcome	in	terms	of	increased	
visual	acuity,	and	therefore	intravenous,	followed	
by	oral	glucocorticoids	appeared	to	be	the	first-
choice	therapy	[52].

In	 line	 with	 our	 conclusions	 it	 resulted	 the	
trend	of	clinicians	 from	three	European	profes-
sional	organizations	involved	in	the	treatment	of	
patients	with	TRO,	namely	the	European	Thyroid	
Association,	 the	 European	 Society	 of	 Ophthal-
mic	Plastic	and	Reconstructive	Surgery	and	the	
European	Association	of	Nuclear	Medicine,	who	
answered	a	questionnaire	 sent	by	 the	European	
Group	on	Graves’	Orbitopathy	(EUGOGO)	[14,	
41].	In	the	case	of	DON,	steroids	in	some	form	
(oral,	IV,	subconjunctival/retrobulbar)	were	rec-
ommended	 by	 the	 vast	 majority	 (90.5%)	 of	 the	
responders,	while	surgical	decompression	(alone	
or	in	combination	with	other	treatments)	by	only	
20.9%	[41].

Compression	 and	 stretching,	 vasculopathy,	
and	inflammation	have	been	quoted	as	being	pos-
sible	 causes	 of	 optic	 nerve	 dysfunction	 in	 TRO	
[30],	although	the	latter	remains	purely	theoreti-
cal	speculation	that	has	never	been	confirmed	by	
post-mortem	histopathological	 studies	 [24].	 In-
dependently,	if	optic	nerve	dysfunction	is	caused	
by	enlargement	of	the	extraocular	muscles	or	of	
the	 orbital	 fat	 compartment	 or	 by	 enlargement	
of	both,	it	has	been	hypothesized	that,	when	the	
volume	of	the	soft	tissues	is	reduced	by	means	of	
fat	removal	or	the	volume	of	the	bony	orbit	is	ex-
panded	by	any	type	of	osteotomy,	critical	relief	of	
pressure	 at	 the	 apex	 may	 be	 achieved.	 Data	 are	
available	 to	 support	 this	 idea	 [12,	24].	The	pre-
dominant	trend	for	addressing	surgically	dysthy-
roid	optic	neuropathy	is,	however,	to	remove	the	
medial	 orbital	 wall	 [30].	 In	 particularly	 severe	
cases,	 the	 removal	 of	 the	 lateral	 wall	 including	
its	rim	may	result	convenient	in	order	to	provide	
more	room	for	reaching	the	orbital	apex.	Forces	
exerted	by	retractors	in	the	attempt	to	reach	the	
deepest	part	of	the	medial	orbit	can	increase	the	
already	 high	 retrobulbar	 pressure	 up	 to	 critical	
levels	for	optic	nerve	fibers	and	vasculature.	The	
preventive	removal	of	the	lateral	orbital	wall	per-
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mits	better	access	 to	 the	orbital	apex,	 reducing,	
in	fact,	the	risk	of	adding	an	iatrogenic	compo-
nent	 to	 the	 pathologically	 high	 orbital	 pressure	
associated	 with	 dysthyroid	 optic	 neuropathy.	
Of	the	various	options	for	removing	the	medial	
orbital	wall,	 the	 transconjunctival	 routes	via	ei-
ther	 a	 transcaruncular	 or	 transinferior	 fornix	
approach,	 which	 offer	 an	 adequate	 exposure	 of	
the	surgical	site	and	leave	no	scars,	are	currently	
preferred	[27,	31].	The	endoscopic	transnasal	ap-
proach,	described	first	and	relatively	recently	by	
Kennedy	[25],	addressing	the	orbital	apex	with-
out	 any	 substantial	 increase	 in	 the	 intraorbital	
pressure,	can	also	be	a	valid	alternative.	

In	 TRO	 exophthalmos,	 increased	 palpebral	
fissure	width,	blink	rate	alterations,	 lid	 lag,	 lag-
ophthalmos,	deficit	of	elevation,	and	poor	Bell’s	
phenomenon	 can	 all	 be	 potentially	 associated	
with	drying	of	the	ocular	surface.	In	the	case	of	
active	 TRO,	 ocular	 surface	 damage	 correlates	
significantly	with	reduced	tear	secretion,	but	not	
with	 increased	 ocular	 surface	 or	 impaired	 up	
gaze	[13].	The	lacrimal	gland	physiologically	ex-
presses	the	TSH	receptor	(TSHR),	which,	in	ac-
tive	 TRO,	 can	 bind	 with	 circulating	 anti-TSHR	
autoantibodies,	 contributing	 in	 fact	 to	 lacrimal	
gland	impairment	[13].

In	 contrast	 with	 these	 findings,	 Gilbard	 and	
Farris	[15]	reported	that	the	damage	to	the	ocular	
surface	depends	principally	on	a	widened	palpe-
bral	fissure	that	leads	to	increased	ocular	surface	
evaporation	resulting	in	an	elevated	tear	film	os-
molarity	 similar	 to	 that	 of	 kerato-conjunctivitis	
sicca.	In	their	series	of	TRO	patients,	exophthal-
mos,	lid	lag,	and	lagophthalmos	did	not	correlate	
with	 ocular	 surface	 damage,	 and	 tear	 secretion	
measured	 by	 the	 Schirmer	 test	 was	 normal.	 It	
is	 interesting	 to	 note	 that	 although	 the	 patients	
studied	had	TRO	for	only	a	short	duration,	it	was	
not	clear	whether	they	were	or	not	in	the	phase	
of	the	disease.

We	recently	reported	the	influence	of	decom-
pression	rehabilitative	surgery	on	increased	eye-
lid	aperture.	We	found	a	decrease	in	eyelid	aper-
ture	based	equally	on	decreased	upper	and	lower	
lid	 displacement	 in	 about	 50%	 of	 our	 patients	
who	 presented	 preoperatively	 with	 increased	
eyelid	aperture.	All	of	these	patients	underwent	
decompression	by	means	of	a	three-wall	coronal	

approach,	which	left	the	upper	and	lower	lid	re-
tractors	undisturbed	[4].

The	 literature	 concerning	 ocular	 surface	 al-
teration	occurring	in	TRO	is	not	extensive,	and	
the	 effect	 of	 decompression	 surgery	 on	 severe	
corneal	damages	has	never	been	specifically	ad-
dressed.	 To	 date,	 no	 technique	 has	 been	 advo-
cated	primarily	for	correction	of	dysthyroid	cor-
neal	exposure,	and	although	most	of	the	studies	
dealing	 with	 orbital	 decompression	 do	 indeed	
report	a	reduction	in	symptoms	associated	with	
exposure	keratopathy,	at	least	one	case	of	a	severe	
corneal	 ulcer	 refractory	 to	 decompression	 sur-
gery	in	TRO	has	also	been	published	[21].

Eyeball	 subluxation	 is	 another	 complication	
of	TRO	that	requires	urgent	referral	to	a	special-
ist	 center	 [55].	 This	 complication,	 however,	 has	
not	 gained	 much	 attention	 in	 the	 ophthalmic	
literature,	probably	due	to	its	rarity	(0.1%)	[46].	
In	 affected	 patients,	 however,	 it	 is	 a	 recurrent	
complication	 that	 represents	 a	 potential	 cause	
of	visual	 loss.	Eyeball	 subluxation	occurs	 in	 the	
type	 I	 “lipogenic”	 variant	 of	 TRO	 as	 described	
by	Nunery,	and	never	in	the	type	II	“myopathic”	
variant.	Globe	 subluxation	 requires,	 in	 fact,	 ex-
tensibility	of	the	extraocular	muscles	[38,	46].	It	
would	appear	that	definitive	treatment	for	globe	
subluxation	 would	 be	 achieved	 by	 either	 bony	
and/or	 orbital	 fat	 decompression.	 Studies	 ad-
dressing	 this	 specific	 issue,	 however,	 have	 not	
been	reported.

Organized	choroidal	 folds	due	 to	 eyeball	 in-
dentation	 secondary	 to	 enlarged	 extraocular	
muscles	 had	 been	 thought	 to	 be	 refractory	 to	
any	orbital	decompression,	regardless	of	surgical	
technique	[36].	Recently,	however,	a	positive	re-
sponse	of	this	complication	to	bony	decompres-
sion	surgery	has	been	reported	[23].

Summary for the Clinician

■	 The	 current	 trend	 for	 addressing	 surgi-
cally	 dysthyroid	 optic	 neuropathy	 is	 to	
remove	the	medial	orbital	wall,	although	
critical	relief	of	pressure	at	the	apex	can	
also	 be	 achieved	 with	 any	 type	 of	 oste-
otomy	or	fat	removal.

		



9.3.2 Decompression 
for Rehabilitative 
Cosmetic/Psychosocial, 
and Symptomatic Reasons

9.3.2.1 Why Rehabilitative  
Surgery?

More	 than	 800	years	 ago,	 before	 Caleb	 Parry	
(1786),	 Giuseppe	 Flajani	 (1802),	 Antonio	 Giu-
seppe	Testa	(1810),	Robert	James	Graves	(1835),	
and	Karl	Adolph	von	Basedow	(1840),	the	Per-
sian	 physician	 Sayyid	 Ismail	 Al-Jurjani,	 de-
scribed	the	association	of	goiter	and	exophthal-
mos	in	the	Thesaurus of the Shah of Khwarazm,	
the	most	famous	of	his	five	books,	and	the	major	
medical	 dictionary	 of	 his	 time	 [28].	 Long	 be-
fore	 this	 first	 description	 of	 TRO	 in	 the	 medi-
cal	 literature,	however,	 the	 typical	constellation	
of	signs	that	characterize	the	staring	expression	
of	patients	with	TRO,	its	association	with	goiter,	
and	 psychotic	 behavior	 which	 may	 be	 related	
with	 hyperthyroidism	 should	 no	 doubt	 have	
been	a	source	of	criticism	and	prejudices	result-
ing	 in	 social	 isolation	 for	 the	 affected	 patients.	
Traces	of	this	can	be	detected	as	early	as	in	the	
fourth	century	BC	in	Etruscan	civilization	where	
demonic	creatures	were	given	the	appearance	of	
patients	affected	by	TRO	[29].	

Visible	 deformity,	 particularly	 involving	 the	
face,	 has	 always	 induced	 society’s	 aversion.	 Pa-
tients	with	facial	disfigurement	suffer	from	intru-
sions	such	as	staring	or	comments.	At	the	root	of	
the	patient’s	distress	 lies	 social	pressure	 to	con-
form	to	an	 idealized	appearance.	The	obsession	
regarding	appearance	devalues	those	who	do	not	
match	the	perceived	ideal	and	stigmatizes	those	
with	visible	disfigurement	[50].

Despite	 the	 long-lasting	 social	 implications	
and	medical	recognition	of	TRO,	its	exact	patho-
genesis	 remains	 unknown.	 While	 waiting	 for	
a	 more	 specific	 and	 elegant	 medical	 approach,	
decompression	surgery	still	remains	an	essential	
cornerstone	in	the	treatment	of	this	functionally	
and	often	aesthetically	disabling	disease.

9.3.2.2 Rehabilitative 
Decompression Surgery 

For	almost	one	century,	decompression	surgery	
has	been	used	to	treat	TRO,	first	only	to	address	
functional	problems,	and,	more	recently,	for	the	
treatment	of	disfiguring	exophthalmos,	which	af-
fects	as	many	as	62%	of	patients	with	TRO	[8].

Orbital	fat	decompression	was	first	described	
by	 Moore	 in	 1920	 [34].	 A	 mean	 exophthalmos	
reduction	 of	 6	mm	 and	 an	 improvement	 in	 ex-
traocular	 eye	 motility	 have	 been	 reported	 by	
Olivari	 in	 a	 large	 series	 of	 patients,	 but	 similar	
results	have	not	been	confirmed	by	other	authors	
[39,	 51].	 Orbital	 fat	 decompression	 has	 never	
achieved	 the	popularity	of	bone	decompression	
due	 to	 the	 possibility	 of	 complications	 (more	
theoretical	 than	 real)	 regarding	 this	 approach	
and	which	can	include	damage	to	the	oculomo-
tor,	 ciliary	and	 lacrimal	nerves,	orbital	vascula-
ture,	 extraocular	 eye	 muscles,	 optic	 nerve,	 and	
the	eyeball	itself	[1].

The	 history	 of	 orbital	 bone	 decompression	
surgery	dates	back	to	1911,	when	Dollinger	first	
proposed	 orbital	 enlargement	 by	 removing	 the	
lateral	 wall	 for	 the	 cure	 of	 exophthalmos	 [12].	
Since	 then,	 various	 types	 of	 osteotomies,	 per-
formed	via	different	routes,	have	been	proposed	
and	 continue	 to	 be	 debated.	 Historically,	 Hirsh	
(1930),	 Naffzinger	 (1931),	 Sewell	 (1936),	 and	
Walsh	 and	 Ogura	 (1957)	 who	 respectively	 pro-
posed	the	removal	of	the	orbital	floor,	roof,	me-
dial	wall,	and	floor	and	medial	wall	are	quoted	as	
the	pioneers	of	bony	decompression	surgery	[22,	
37,	47,	53].

In	the	1980s,	when	the	number	of	rehabilita-
tive	orbital	decompressions	started	to	rise	[32],	
it	 became	 of	 primary	 importance	 to	 balance	 a	
given	technique	 in	 terms	not	only	of	effective-
ness	 in	 reducing	 exophthalmos,	 but	 also	 in	
terms	of	safety	and	morbidity.	At	that	time	an-
tral–ethmoidal	decompression	via	a	transantral	
approach,	as	described	by	Walsh	and	Ogura	in	
1957,	was	the	mainstay	technique	[35,	53].	The	
major	 disadvantage	 reported	 with	 transantral	
surgery	was	a	subsequent	motility	imbalance	as	
high	as	52%	[11],	and	therefore	alternative	pro-
cedures	were	 sought	 in	an	attempt	 to	decrease	
the	risk	of	decompression-induced	diplopia.	In	
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cases	 of	 mild	 exophthalmos,	 trans-lid	 antral–
ethmoidal	decompression	appeared	to	be	a	valid	
alternative,	with	a	risk	of	iatrogenic	diplopia	in	
only	4.6%	of	patients	[53].	For	more	severe	ex-
ophthalmos,	 infero-medial	 decompression	 was	
used	 in	 combination	 with	 lateral	 decompres-
sion.	Such	procedures	were	also	related	to	a	low	
incidence	 of	 secondary	 diplopia	 [35].	 In	 1989,	
Leone	and	co-authors,	in	an	attempt	to	further	
reduce	 post-decompression	 strabismus,	 pro-
posed	balancing	the	decompression	by	remov-
ing	 the	 medial	 and	 lateral	 orbital	 walls	 while	
sparing	 the	 floor	 [26].	 This	 technique,	 which	
theoretically	 should	 have	 minimized	 the	 risk	
of	 iatrogenic	 diplopia,	 later	 appeared	 to	 be	 as-
sociated	with	a	higher	risk	of	this	complication	
compared	 with	 removal	 of	 the	 lateral	 orbital	
wall	alone,	or	with	infero-medial	and	three-wall	
techniques	[20,	40].	

Recently,	 the	 lateral	 orbital	 wall,	 and	 in	 par-
ticular	 its	 deep	 portion,	 has	 been	 promoted	 as	
being	the	region	of	first	choice	for	orbital	decom-
pression.	Its	removal,	which	is	connected	with	a	
low	risk	of	consecutive	diplopia	or	severe	com-
plications,	such	as	cerebrospinal	fluid	 leak,	per-
fectly	fits	the	needs	of	an	increasingly	demanding	
patient	population	[16].	The	effect	of	pure	lateral	
wall	decompression	on	exophthalmos	reduction	
is,	however,	modest	if	not	associated	with	fat	or	
medial	wall	removal.	Recently,	we	reported	that	
the	removal	of	the	deep	lateral	wall	as	part	of	a	
rehabilitative	 coronal-approach	 three-wall	 de-
compression,	 enhances	 reduction	 of	 exophthal-
mos	from	4.9	mm	(SD	=	1.1)	to	7.2	mm	(SD	=	2.3)	
without	increasing	the	risk	of	secondary	diplopia	
[3].	 Interestingly,	 the	 standard	 deviation	 of	 the	
exophthalmos	reduction	in	the	group	of	patients	
treated	with	removal	of	the	deep	lateral	wall	was	
approximately	twice	that	of	the	group	of	patients	
who	 did	 not.	 We	 interpreted	 this	 finding	 as	 a	
manifestation	 of	 the	 known	 [54]	 inter-individ-
ual	variability	of	 the	volume	of	 the	deep	 lateral	
wall.	 Overall,	 our	 findings	 suggest	 regarding	 to	
the	deep	lateral	wall	is	an	effective,	although	not	
always	available,	zone	of	possible	orbital	volume	
expansion	[3,	19].	

Rehabilitative	 decompression	 surgery	 is	 also	
aimed	at	addressing	the	uncomfortable	retroocu-
lar	tension	that	may	characterize	the	post-inflam-

matory	 stage	 of	 TRO.	 When	 used	 for	 this	 pur-
pose	decompression	surgery	may	be	performed	
with	 minimally	 invasive	 techniques	 leading	 to	
minimal,	 if	 any,	 impact	 on	 extraocular	 motility	
or	complications	in	general	[9].	

Most	of	the	techniques	currently	used	seem	to	
be	effective	in	restoring	eye	position	and/or	con-
gestive	 symptomatology	 and	 disfigurement	 of	
the	periorbital	region.	Nevertheless,	an	unbiased	
analysis	of	the	current	literature	in	terms	of	effec-
tiveness	versus	safety	is	extremely	difficult	due	to	
the	great	heterogeneity	of	 the	patients	 included	
in	 the	 published	 studies	 and	 variations	 applied	
to	surgical	techniques.	Furthermore,	it	should	be	
noted	that	the	evidence	in	the	literature	concern-
ing	rehabilitative	decompression	surgery	is	mod-
est,	 being	 based	 mainly	 on	 retrospective	 case	
series.	 In	 order	 to	 estimate	 the	 effectiveness	 of	
various	 surgical	 techniques,	 a	prospective	com-
parison	 of	 different	 treatment	 modalities	 along	
with	 different	 decompression	 surgeries,	 using	
a	 powerful	 tool	 such	 as	 the	 TRO	 quality	 of	 life	
questionnaire	[49],	has	been	advocated	[9],	and	
the	 EUGOGO	 [46]	 consortium,	 which	 repre-
sents	a	natural	forum	for	this	type	of	study,	has	
recently	embarked	on	this	survey.

Fibrosis	due	to	long-lasting	orbital	disease	or	
as	 a	 possible	 consequence	 of	 retrobulbar	 irra-
diation	administered	in	the	early	phase	of	TRO	
has	been	questioned	as	being	a	possible	cause	of	
reduced	 compliance,	 or	 rather	 poor	 distensibil-
ity	and	plasticity	of	 the	soft	orbital	 tissues	 [56].	
Reduced	 orbital	 compliance	 may	 diminish	 the	
effectiveness	of	orbital	expansion	surgery	due	to	
the	fact	that	orbital	soft	tissues	can	fail	to	prolapse	
maximally	into	the	newly	created	spaces	[18].

In	this	respect,	we	recently	found	that	orbital	
irradiation	does	not	adversely	interfere	with	the	
effects	 of	 decompression	 surgery	 and	 that	 early	
rehabilitative	 orbital	 decompression	 does	 not	
improve	surgical	outcome,	but	is	associated	with	
a	higher	risk	of	post-decompression	diplopia	[4,	
6].	However,	on	the	basis	of	 these	 latter	results,	
and	 being	 aware	 of	 the	 elevated	 emotional	 dis-
tress	of	patients	disfigured	by	TRO,	we	had	never	
thought	to	recommend	delaying	decompression	
surgery.	Our	results	are	supportive	of	proposing	
surgery	in	patients	seeking	rehabilitative	decom-
pression	late	after	the	onset	of	TRO	[4].	



Regarding	 bony	 decompression,	 it	 should	
also	be	pointed	out	 that,	 in	spite	of	 theoretical	
expectations,	 severe	 complications	 are	 actually	
rare	 in	 clinical	 practice.	 Common	 complica-
tions	 of	 this	 surgical	 approach	 are	 secondary	
strabismus,	infraorbital	hypoesthesia	and	sinus-
itis	 [10],	 lower	 lid	 entropion	 [17],	 and	 eyeball	
dystopia	 [45].	 Leakage	 of	 cerebrospinal	 fluid,	
infections	involving	the	central	nervous	system,	
damage	to	the	optic	nerve	or	its	vasculature,	ce-
rebral	 vasospasm,	 ischemia,	 and	 infarction	 are	
rare	events	[33].	Recently,	we	described	an	ap-
parent	 reactivation	 of	 TRO	 after	 rehabilitative	
bony	orbital	decompression	in	3	out	of	239	pa-
tients	not	treated	with	perioperative	glucocorti-
coids.	This	phenomenon	occurs	in	the	onset	of	
typical	signs	and	symptoms	of	active	TRO	with	
radiologic	 evidence	 of	 extraocular	 muscle	 en-
largement	a	few	weeks	after	surgery	and	follow-
ing	 a	 normal	 convalescence	 period.	 Based	 on	
its	clinical	characteristics,	we	proposed	naming	
our	observation	delayed	decompression-related	
reactivation	or	DDRR.	Although	the	incidence	
of	DDRR	appeared	to	be	 to	 the	order	of	1.3%,	
and	 could	 be	 controlled	 with	 systemic	 immu-
nosuppression	or	retrobulbar	irradiation,	it	is	a	
complication	that	deserves	to	be	recognized	by	
physicians	 and	 should	 be	 mentioned	 to	 those	
patients	 undergoing	 rehabilitative	 decompres-
sion	surgery	[5].

Diplopia	 has	 a	 considerable	 impact	 on	 the	
quality	 of	 life	 of	 patients	 with	 TRO	 and	 is	 a	
feared	 complication	 that	 often	 causes	 patients	
and	physicians	to	refrain	from	undertaking	de-
compression	 rehabilitative	 surgery.	 In	 light	 of	
the	 current	 literature,	 strabismus	 subsequent	
to	 decompression	 surgery	 has	 been	 linked	 to	
mechanical	and	neurological	implications	con-
nected	with	the	“lipogenic	or	myopathic”	types	
of	TRO	[38].	The	surgical	 route,	 the	extension	
and	 location	 of	 the	 osteotomy,	 and	 respecting	
structures	such	as	the	maxillary	ethmoidal	strut	
or	 the	anterior	periorbita	can	all	play	a	role	 in	
reducing	 this	 complication.	 Differing	 types	 of	
motor	and/or	sensory	capacities	for	compensat-
ing	for	 induced	muscle	 imbalance	may	also	be	
contributing	factors	[4]

Summary for the Clinician

■	 Deep	lateral	wall	decompression	has	re-
cently	been	promoted	as	an	elective,	safe	
area	for	rehabilitative	orbital	decompres-
sion.	However,	due	to	anatomical	varia-
tions,	it	is	not	always	available	as	a	zone	
of	 possible	 orbital	 volume	 expansion.	
Associated	fat	removal	from	the	inferior	
lateral	orbital	quadrant	can	enhance	the	
rehabilitative	 effect	 of	 lateral	 bone	 de-
compression.

■	 Secondary	 strabismus	 has	 been	 a	 more	
frequent	complication	of	decompression	
surgery.

■	 Until	a	more	specific	and	elegant	medi-
cal	 therapy	 becomes	 available,	 orbital	
decompression	 remains	 a	 very	 valuable	
tool	in	improving	impaired	visual	func-
tion,	comfort,	and	appearance	of	patients	
with	TRO.

■	 A	better	understanding	of	the	pathogen-
esis	 of	 strabismus	 secondary	 to	 orbital	
decompression	would	be	desirable.
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Core Messages

■	 Children	suffering	from	congenital	clini-
cal	anophthalmos	or	microphthalmos	re-
quire	prolonged	and	complicated	socket	
management.

■	 Since	 1997	 a	 novel	 therapeutic	 concept	
with	 highly	 hydrophilic	 self-expanding	
hydrogel	expanders	has	been	available.

■	 Injectable	 self-inflating	 hydrogel	 pel-
let	expanders	are	suitable	for	minimally	
invasive	 volume	 augmentation	 in	 con-
genital	and	aquired	orbital	volume	defi-
ciency.

		

10.1 Introduction
Children	 suffering	 from	 congenital	 clinical	 an-
ophthalmos	 or	 microphthalmos	 require	 pro-
longed	 and	 complicated	 socket	 management,	
and	this	is	more	difficult	when	the	globe	is	not	
clinically	 apparent	 [19].	 Therapeutic	 options	
include	 the	 use	 of	 rigid	 conformers	 [6,	 7],	 low	
hydrophilic	[8]	or,	more	recently,	highly	hydro-
philic	 self-expanding	 hydrogel	 expanders	 [23,	
28].	

Since	1997	our	team	in	Rostock	has	been	de-
veloping	 a	 therapeutic	 concept	 with	 highly	 hy-
drophilic	self-expanding	hydrogel	expanders	for	

use	 in	 patients	 with	 congenital	 anophthalmos	
[23,	28].	To	date,	60	children	have	been	treated	
with	this	type	of	expander.

The	expander	is	made	of	a	highly	hydrophilic	
hydrogel	 consisting	 of	 N-vinyl	 pyrrolidone	 and	
methyl	methacrylate	[30].	It	automatically	takes	
up	water	by	osmosis	and	is	therefore	self-inflat-
ing.	 The	 amount	 of	 expansion	 (swelling	 capac-
ity)	can	be	engineered	up	to	50-fold.	In	the	dry	
state	the	expander	is	hard	and	can	be	produced	
in	any	desired	shape.	In	the	hydrated	state	after	
about	 1–2	days,	 the	 dimensions	 increase	 to	 the	
final	 volume	 and	 the	 expander	 becomes	 softer.	
Consistency	 is	 dependent	 on	 swelling	 capacity;	
the	 greater	 the	 swelling,	 the	 softer	 the	 implant.	
The	recommended	swelling	capacity	ranges	from	
6.7-	to	a	maximum	of	12.8-fold.

This	technique	has	recently	been	reviewed	by	
Mazzoli	 et	 al.	 [23]	 and	 now	 appears	 to	 be	 well	
accepted.	Offering	the	benefit	of	predictable	and	
controllable	 self-expansion,	 hydrogel	 expanders	
has	become	an	alternative	therapy	to	the	early	re-
habilitation	of	the	contracted	socket.

At	 the	 congress	 of	 the	 American	 Society	 of	
Ophthalmic	 Plastic	 and	 Reconstructive	 Surgery	
(ASOPRS)	in	2003,	Li	et	al.	[20]	suggested	using	
injectable	 hydrogel	 implants	 made	 of	 the	 same	
material	 as	 a	 technical	 modification	 to	 achieve	
volume	 augmentation	 in	 adults	 with	 acquired	
anophthalmic	enophthalmos.	We	have	reported	
this	method	for	congenital	microphthalmos	and	
preliminary	results	were	promising	[27].
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Dermatologists,	 craniofacial	 surgeons,	 ENT,	
and	plastic	surgeons	also	use	this	technology	to	
fill	 volume	 defects,	 usually	 a	 temporary	 mea-
sure	before	removing	the	expanders	and	replac-
ing	them	with	other	materials	(P.	Lohse	[osmed	
GmbH,	 Ilmenau,	 Germany],	 personal	 commu-
nication).	Mischkowski	and	Kübler	[24]	recently	
reported	inserting	eight	pellets	into	the	nasal	tip	
and	supratip	region	to	prepare	for	successful	cor-
rection	with	cartilage	4	weeks	later	in	congenital	
nasal	hypoplasia	associated	with	Kallmann	syn-
drome	in	a	20-year-old	patient.

This	 chapter	 describes	 the	 aspects	 of	 orbital	
volume	augmentation	with	injectable	self-inflat-
ing	 hydrogel	 pellet	 in	 congenital	 and	 aquired	
orbital	volume	deficiency	and	our	own	practical	
approach	to	the	technique.	We	have	reviewed	the	
notes	of	all	patients	who	have	been	treated	in	our	
department	to	date.

10.2 Compensation for Orbital 
Volume Deficiency 
in Congenital Disease 

10.2.1 Congenital Blind 
Microphthalmos

10.2.1.1 Symptoms
Congenital	 microphthalmos	 is	 said	 to	 be	 more	
common	 than	 congenital	 anophthalmos	 and	
has	a	prevalence	rate	of	between	1.2	and	1.8	per	
10,000	births	in	white	populations	[35].	It	is	as-
sessed	as	being	present	if	the	age-adjusted	axial	
diameter	 is	below	the	95th	percentile	 [39].	Ac-
cording	 to	 the	 classification	 proposed	 by	 War-
burg,	 the	condition	described	in	this	chapter	 is	
simple	 total	 microphthalmos	 –	 a	 visible	 globe	
when	 opening	 the	 lid	 fissure	 [39].	 All	 patients	
included	 in	 this	 series	 were	 without	 light	 per-
ception	 in	 the	 microphthalmic	 eye.	 We	 do	 not	
recommend	 expandable	 implants	 in	 an	 orbit	
containing	a	seeing	eye.

When	 the	 eyeball	 is	 reduced	 in	 volume	 it	 is	
deeply	set	in	a	small	orbit.	The	palpebral	fissure	is	
usually	narrowed,	and	in	most	cases	there	may	be	
a	fairly	deep	socket	present	with	proper	fornices	
(Fig.	10.1).	In	such	circumstances	it	is	much	eas-

ier	to	fit	an	artificial	eye	compared	with	congeni-
tal	 anophthalmos	 where	 the	 lid	 fissure	 is	 much	
shorter	and	fornices	are	usually	missed.	

In	 the	 case	 of	 a	 small	 microphthalmos	 with	
an	 axial	 length	 that	 differs	 significantly	 from	
the	 healthy	 side	 or	 from	 normal	 values,	 an	 or-
bital	volume	deficit	results	[19,	29].	The	smaller	
the	presentation	of	the	microphthalmic	eye,	the	
more	significant	this	becomes.	While	such	an	or-
bital	volume	deficit	can	be	partially	compensated	
for	 with	 a	 prosthesis,	 the	 degree	 of	 adjustment	
from	 the	 patient’s	 perspective	 is	 determined	 by	
the	 lid	 fissure	 width,	 which	 limits	 the	 size	 and	
shape	of	any	prosthesis	that	can	be	placed	in	the	
conjunctival	 sac.	 Therefore,	 even	 with	 the	 best	
fitting	artificial	eye,	there	may	be	some	residual	
volume	 deficit	 that	 appears	 as	 enophthalmos.	
Consequently,	 there	 is	 often	 a	 need	 to	 supple-
ment	orbital	volume.

Fig. 10.1  a	Tight	blind	microphthalmos:	the	fornices	
are	well	developed;	therefore,	a	prosthesis	may	be	in-
serted. b	MRI	of	the	same	patient	



10.2.1.2 Method 

10.2.1.2.1 Ophthalmic Evaluation
Ophthalmic	evaluation	must	initially	determine	
the	presence	or	absence	of	any	visual	potential.	
Depending	 on	 the	 patient’s	 age	 and	 degree	 of	
pathology,	tests	were	used	to	assess	for	fixation,	
ability	 to	 follow	 moving	 objects	 or	 preferential	
looking.	 Visual	 evoked	 potentials	 (VEP)	 were	
additionally	 determined	 in	 all	 patients.	 Oculo-
plastic	rehabilitation	was	only	started	once	it	was	
established	that	there	was	no	visual	potential	in	
the	microphthalmic	eye.

Specific	 concerns	 for	 oculoplastic	 evaluation	
were	 first	 directed	 toward	 the	 microphthalmic	
socket	 in	 unilateral	 cases,	 but	 the	 status	 of	 the	
contralateral,	 hopefully	 healthy	 side	 was	 exam-
ined	very	precisely	to	exclude	any	accompanying	
pathology.	

10.2.1.2.2 Expander Data
The	 pellet	 expander	 (Fig.	10.2)	 is	 made	 of	 the	
same	highly	hydrophilic	hydrogel.	In	the	dry	state	
the	pellet	expander	is	8	mm	in	length	and	2	mm	
in	diameter	with	a	volume	of	0.025	ml.	In	vitro,	
in	the	hydrated	state	after	about	1	day,	these	di-
mensions	increase	to	15	mm	in	length	and	4	mm	
in	diameter,	with	a	final	volume	of	0.24	ml.	The	
swelling	capacity	is	therefore	9.6-fold.

10.2.1.2.3 Expander Implantation
The	first	step	was	to	insert	a	custom-made,	usu-
ally	 double-walled	 glass	 prosthesis	 (Fig.	10.3).	
The	size	of	the	volume	deficit	was	calculated	by	
injecting	sterile	saline	solution	or	local	anesthetic	
(Fig.	10.4).	The	fluid	was	injected	through	a	stand-
ard	retrobulbar	needle	until	symmetry	with	the	
healthy	 side	 was	 achieved,	 as	 monitored	 using	

Fig. 10.2  a	Pellet	expanders. b	Trocar	needle	system	for	implantation. c	Pellet	expanders,	before	(bottom)	and	
after	(top)	in	vitro	swelling	in	0.9%	sodium	chloride. d	In	vitro	swelling	curve	in	0.9%	NaCl	solution
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intraoperative	 Hertel	 measurements.	 The	 vol-
ume	 injected	 was	 divided	 by	 the	 potential	 final	
expander	volume	of	0.24	ml	to	yield	the	number	
of	pellets	needed	 for	 injection.	The	pellets	were	
injected	via	the	same	cutaneous	approach	using	
a	customized	trocar	and	were	placed	behind	the	
microphthalmic	 globe	 directed	 into	 the	 intra-
conal	space	(Fig.	10.5).	The	skin	was	closed	with	
a	single	suture	only.

10.2.1.3 Results
To	 date,	 13	 patients	 with	 unilateral	 microph-
thalmos	 have	 been	 treated	 with	 injectable	 pel-
let	expanders	made	from	self-inflating	hydrogel	
(Figs.	10.6–10.8,	 Table	10.1).	 Eleven	 had	 unilat-
eral	 anophthalmos	 and	 a	 healthy	 seeing	 fellow	
eye.	Two	had	unilateral	microphthalmos	and	an-
ophthalmos	in	the	fellow	orbit,	which	was	treated	

with	regular	hydrophilic	expanders	[30].	All	pa-
tients	were	otherwise	healthy	and	 there	was	no	
family	history	of	malformations.	

All	patients	experienced	improved	orbital	vol-
ume	 after	 injection.	 The	 main	 volume	 increase	
was	noticeable	within	the	first	24	h	and	was	com-
pleted	within	2	days.	This	finding	was	confirmed	
by	ultrasonography	and	MRI	(Figs.	10.6–10.8).	

As	 far	 as	 we	 have	 been	 able	 to	 judge,	 these	
young	 patients	 experienced	 no	 significant	 pain	
during	 the	 expansion	 period.	 Three	 patients	
needed	no	specific	medication	 for	pain	relief,	8	
patients	 received	 one	 paracetamol	 suppository	
on	the	evening	after	implantation,	and	2	patients	
received	 one	 paracetamol	 suppository	 daily	 for	
3	days.

Preoperatively,	 all	 microphthalmic	 eyes	
showed	 some	 motility	 in	 all	 directions	 of	 gaze.	
Pellet	implantation	did	not	appear	to	affect	mo-
tility	in	any	of	the	cases.

Fig. 10.3  a	Right-sided	enophthalmos	due	 to	congenital	microphthalmos.	b	First	prosthesis	before	 insertion.	
c	Prosthesis	is	fitted,	enophthalmos	with	the	prosthesis	is	reduced,	but	still	significant.	d	No	symmetry	with	the	
prosthesis	alone



Fig. 10.4  a	Local	anesthetic	with	a	regular	retrobulbar	needle	for	injection	for	volume	calculation. b	Patient	from	
Fig.	10.3	with	a	prosthesis	inserted. c	Volume	injection	starts. d	Volume	deficit	calculation,	symmetry	is	achieved	
after	3.5-ml	local	anesthetic	injection

Fig. 10.5  Expander	injection.	Trocar	needle	is	placed	into	the	retrobulbar	tissue	in	the	intraconal	space,	the	pel-
let	expander	is	inserted	and	pushed	into	the	tissue	
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In	each	case	the	prosthesis	was	subsequently	
replaced	with	a	larger	size,	as	dictated	by	the	clin-
ical	 impression.	So	 far	no	re-injection	has	been	
necessary,	 except	 in	 the	 very	 first	 patient	 who	
received	an	 injection	of	 less	 than	the	calculated	
volume	 for	 safety	 reasons.	 To	 date,	 none	 of	 the	
patients	 has	 experienced	 expander	 prolapse	 or	
extrusion.	 No	 inflammatory	 signs	 or	 other	 side	
effects	have	been	observed.

10.2.2 Congenital Clinical 
Anophthalmos

Thus	far,	two	patients	have	been	treated:
A	 6-year	 old	 boy	 with	 unilateral	 anophthal-

mos	 and	 a	 healthy	 fellow	 eye	 was	 treated	 with	

the	 regular	 socket	 and	 orbital	 expanders	 [30]	
until	 a	3-ml	 spherical	orbital	 expander	was	 in-
serted	 in	 July	 2002,	 which	 is	 still	 in	 place.	 To	
treat	an	orbital	volume	deficit	five	pellet	expand-
ers	were	injected	transconjunctivally	behind	the	
orbital	expander	in	August	2004.	This	technique	
was	 preferred	 to	 increasing	 the	 3-ml	 spheri-
cal	 expander	 to	 4	ml	 because	 of	 the	 very	 short	
anesthesia,	which	was	needed	due	to	the	severe	
general	medical	problems	he	had	developed	 in	
between.

A	 second	 patient	 is	 a	 4-year	 old	 girl	 with	
unilateral	 anophthalmos.	 The	 fellow	 eye	 had	
sclerocornea	with	 light	perception	only.	On	the	
anophthalmic	 side,	 after	 initial	 implantation	 of	
a	 hemisphere	 conjunctival	 sac	 expander,	 an	 or-
bital	 2-ml	 expander	 was	 later	 used,	 which	 was	

Fig. 10.6  Five-month-old	 boy	 with	 congenital	 microphthalmos.	 a	 Left-sided	 microphthalmos,	 axial	 length	
11	mm.	b	After	injection	of	four	pellets	(2.5	ml),	a	prosthesis	could	be	fitted,	but	significant	enophthalmos	re-
mains.	c	Three	months	later	another	10	pellets	were	injected,	and	enophthalmos	was	fully	compensated.	d	Post-
operative	ultrasound	demonstrates	retrobulbar	expander	placement.	e	MRI
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lost	4	weeks	postoperatively	after	extrusion.	For	
re-implantation	 a	 0.9-ml	 hemisphere	 expander	
(1-ml	 spheres	were	not	yet	 available)	was	used.	
Because	of	the	fear	of	 loss	of	another	expander,	
pellet	expander	were	implanted	twice	(five	pellets	
each	time).	

The	technique	of	implantation	was	similar	to	
that	for	microphthalmos	as	described	above,	and	
the	expander	 injection	was	directed	behind	 the	
orbital	expander	in	place.

10.2.3 Side Effects
No	side	effects	occurred	in	congenital	anophthal-
mic	or	microphthalmic	patients,	despite	the	fact	
that,	 for	 safety	 reasons,	 in	 the	 very	 first	 patient	
ever	treated,	fewer	expanders	were	injected	than	
planned,	and	therefore	this	is	the	only	one	who	
has	had	two	injections	so	far	(Fig.	10.6).

10.3 Compensation for Orbital 
Volume Deficiency 
in Acquired Disease 

10.3.1 Acquired Anophthalmic 
Enophthalmos

10.3.1.1 Patients
So	far	8	orbits	in	7	patients	have	been	treated	(see	
Table	10.2	for	details).

10.3.1.2 Method
The	 3	 children	 were	 treated	 under	 general	 and	
the	 4	 adults	 under	 local	 anesthesia.	 The	 tech-
nique	 was	 similar	 to	 the	 one	 used	 in	 microph-
thalmos	described	above,	with	the	following	dif-
ference.	For	volume	calculation	a	local	anesthetic	

Fig. 10.7  Four-month-old	boy	–	congenital	microphthalmos.	a	Right-sided	microphthalmos,	axial	length	8	mm.	
b	Patient	had	been	treated	with	conformers	before,	but	no	prosthesis	could	be	fitted.	c	Symmetric	situation	with	
ten	pellets	(2.5	ml)	injected	and	a	prosthesis.	d	Postoperative	ultrasound	



was	always	used.	In	the	case	of	a	previously	 in-
serted	 implant	 the	 injection	 was	 placed	 behind	
that	volume	to	aim	for	a	forward	shift	of	the	im-
plant	and	to	avoid	expander	extrusion.	In	the	two	
orbits	with	a	dermis	fat	graft	(1	patient)	and	the	
two	orbits	without	 implant,	 the	expander	 injec-
tion	was	performed	as	deep	as	possible	in	the	soft	
orbital	tissue.

10.3.1.3 Results
All	the	injections	resulted	in	sufficient	treatment	
of	the	enophthalmos	as	clinical	impressions	dic-
tated	 (Figs.	10.9,	 10.10).	 This	 was	 confirmed	 by	
postoperative	Hertel	readings	after	the	final	cus-
tom-made	artificial	eye	was	inserted.	Maximum	
undercorrection	was	1	mm.	There	was	no	notice-
able	overcorrection.

10.3.2 Acquired Enophthalmos 
Due to Phthisis of the Globe

One	orbit	has	been	treated	so	far	with	injection	
of	pellet	expanders	behind	a	phthisical	globe.	The	
technique	was	similar	to	that	 for	anophthalmos	
with	implant	(see	Table	10.2	for	details).

10.3.3 Side Effects
In	 acquired	 anophthalmos	 without	 implant	 the	
first	 orbit	 (which	 showed	 enophthalmos	 after	
dermis	fat	graft)	was	treated	transconjunctivally.	
Two	days	later	some	discharge	from	the	incision	
side	was	seen	with	no	severe	signs	of	 infection.	
Microbiological	testing	was	positive	for	staphylo-
cocci	as	it	is	for	the	regular	skin	flora.	It	remains	
unclear	 whether	 the	 discharge	 resulted	 from	
a	 true	 infection	or	 from	 fat	necrosis	due	 to	 the	

Fig. 10.8  Forty-two-month-old	 girl	 with	 congenital	 microphthalmos.	 a	 Right-sided	 microphthalmos	 (axial	
length	14	mm)	with	facial	asymmetry.	b	Some	of	the	conformers	had	been	fitted	before.	c	After	injection	of	14	
pellets	(3.5	ml)	there	was	a	good	prosthetic	situation.	d	Postoperative	MRI	demonstrates	expanders	filling	the	
orbit
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high	pressure	delivered	by	the	expanders.	All	the	
following	patients	were	treated	transcutaneously	
and	no	similar	second	reaction	was	seen,	even	in	
the	case	of	a	former	dermis	fat	graft.

The	same	patient	also	experienced	the	second	
side	effect	after	treating	the	fellow	orbit	9	months	
later:	 after	 uneventfully	 injecting	 12	 pellets	 a	
complete	 ptosis	 remained.	 In	 accordance	 with	
the	 patient’s	 wish,	 a	 frontal	 sling	 operation	 was	
chosen	7	weeks	later	to	compensate	for	this	and	
instead	of	waiting	for	possible	resolution.	

None	of	the	other	7	patients	experienced	any	
side	effects.

Summary for the Clinician

■	 Results	 with	 the	 patients	 treated	 so	 far	
suggest	that	injectable	hydrogel	expand-
ers	 are	 a	 promising	 way	 to	 compensate	
for	enophthalmos	due	to	orbital	volume	
deficiency	 in	 cases	 in	 which	 the	 condi-
tion	itself	or	previous	surgery	has	result-
ed	in	disturbing	asymmetry.

		

10.4 Discussion

10.4.1 Congenital Microphthalmos
The	degree	of	globe	deformity	determines	which	
oculoplastic	rehabilitating	technique	is	appropri-
ate	for	use.	The	critical	first	step	is	to	rule	out	any	
visual	potential	in	the	microphthalmic	globe.	To	
cover	 an	 eye	 that	 has	 significant	 visual	 poten-
tial	 with	 an	 opaque	 prosthesis	 would	 obviously	
produce	 deprivational	 amblyopia.	 Endangering	
the	 globe	 with	 high	 pressures	 delivered	 by	 an	
expanding	 device	 is	 also	 contraindicated,	 even	
where	visual	acuity	is	limited	to	light	perception.

The	 acceptable	 approach	 to	 prosthetic	 man-
agement	 of	 microphthalmic	 cases	 remains	
controversial,	 and	 no	 uniform	 strategy	 exists.	
Treatment	may	consist	of	observation	only	or	in	
severe	cases	may	involve	surgical	removal	of	the	
blind	globe.	In	cases	with	an	accompanying	or-
bital	cyst	(not	observed	in	the	patients	reported	
here)	therapy	is	characterized	by	the	surgical	ap-
proach	[5].

Mustardé	 [25]	 suggested	 complete	 excision	
of	 the	 rudimentary	 microphthalmic	 eye	 and	
the	 existing	 socket	 lining	 as	 a	 prelude	 to	 re-
placement	 with	 a	 skin-lined	 cavity	 of	 suitable	
size.	For	this	purpose	he	advocated	using	a	skin	

Fig. 10.9  Seven-year-old	 girl	 with	 acquired	 anoph-
thalmos.	a	Left	orbit:	at	 the	age	of	1	year	enucleation	
(due	 to	 retinoblastoma)	 with	 16-mm	 hydroxyapatite	
implant	was	necessary;	6	years	later	enophthalmos	and	
deep	superior	sulcus	were	obvious.	b	Symmetry	3	days	
after	injecting	five	pellets	(1.25	ml),	and	a	new	prosthe-
sis	was	needed
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graft,	with	the	epithelial	surface	inside,	wrapped	
around	a	conformer,	which	was	fixed	with	ex-
ternal	pins	 for	several	weeks.	Despite	 the	need	
for	a	complex	surgical	procedure,	touching	the	
conjunctiva	often	leads	to	significant	shrinkage	
and	may	make	it	difficult	or	even	impossible	to	
fit	a	prosthesis.

Several	clinical	and	experimental	studies	have	
confirmed	 that	 enucleation	 in	 childhood	 com-
promises	orbital	growth	[2,	17].	The	earlier	enu-
cleation	 is	performed,	 the	greater	 the	reduction	
in	 orbital	 bone	 growth,	 especially	 if	 no	 orbital	

implant	is	used	[2].	It	is	believed	that	the	growth	
of	even	a	microphthalmic	globe	might	stimulate	
orbital	growth	much	more	effectively	than	an	ar-
tificial	 implant.	Therefore,	preference	 should	be	
given	to	therapy	that	avoids	enucleation.

Most	authors	suggest	treatment	using	increas-
ingly	 larger	 conformers	 [21],	 but	 this	 method	
necessitates	 very	 intensive,	 sometimes	 weekly,	
treatment	to	gauge	progress.	The	width	of	the	lid	
fissure	 determines	 the	 size	 of	 the	 conformer	 or	
prosthesis,	 thus	 limiting	 the	 amount	 of	 volume	
that	can	be	adjusted	with	a	hard	implant.

Fig. 10.10  Thirty-two-year-old	woman	with	acquired	anophthalmos.	a	Left-sided	postenucleation	socket	syn-
drome	(PESS)	after	enucleation	11	years	ago	with	a	very	small	implant	(exact	material	not	known).	b	Two	days	
after	injection	of	ten	pellets	(2.5	ml).	c	Three	months	later	with	a	new	prosthesis,	some	deep	superior	sulcus	is	left,	
but	the	patient	was	satisfied	with	the	situation	achieved.	d	Postoperative	MRI	and	e	ultrasound	demonstrate	the	
ideal	expander	placement



Dermis	fat	grafts	have	been	proposed,	as	these	
have	the	advantage	of	being	autologous	and	are	
able	 to	 enlarge	 as	 the	 child	 grows	 [13].	 Again	
removal	of	 the	microphthalmic	globe	would	be	
necessary.

The	 concept	 of	 self-inflating,	 highly	 hydro-
philic	hydrogels	for	use	in	patients	with	congeni-
tal	anophthalmos	originated	in	Rostock/Germany	
in	1997	[3,	41].	Experience	with	this	method	has	
now	 been	 gained	 in	 almost	 60	 treated	 children	
[10,	30].	

At	 the	 Congress	 of	 the	 American	 Society	 of	
Ophthalmic	 Plastic	 and	 Reconstructive	 Surgery	
(ASOPRS)	 in	 2003,	 Li	 et	 al.	 [20]	 presented	 a	
modification	 of	 the	 shape,	 leaving	 the	 material	
itself	 unchanged,	 thus	 allowing	 expander	 injec-
tion	 for	 volume	 augmentation	 in	 adults	 with	
acquired	anophthalmic	enophthalmos.	The	first	
application	 of	 this	 approach	 in	 congenital	 mi-
crophthalmos	was	presented	by	our	team	at	the	
Congress	of	the	European	Society	of	Ophthalmic	
Plastic	and	Reconstructive	Surgery	(ESOPRS)	in	
2004	[26].

In	 this	 chapter	 we	 describe	 a	 series	 of	 13	
patients	 who	 have	 been	 followed	 for	 up	 to	
32	months	 after	 injection.	 Orbital	 volume	 aug-
mentation	with	injectable	self-inflating	hydrogel	
expander	pellets	is	a	safe	technique	for	the	treat-
ment	of	an	enophthalmic	appearance	in	congeni-
tal	microphthalmos.	The	volume	required	ranged	
from	1	to	3.5	ml,	with	an	average	of	2.2	ml.	The	
technique	 is	 minimally	 invasive	 and	 quick	 to	
perform.	In	the	first	patient	ever	treated	a	repeat	
injection	was	necessary	due	to	under-correction.	
From	the	second	patient	onward	the	volume	re-
quired	 has	 been	 calculated	 precisely.	 No	 com-
plications	have	been	observed	to	date,	although	
longer	follow-up	is	necessary	to	assess	the	effect	
on	orbital	growth.

Pellet	 implantation	 did	 not	 appear	 to	 affect	
motility	in	the	microphthalmic	patients	reported	
here.	Although	highly	 likely,	 it	 is	not	yet	known	
whether	 the	 microphthalmic	 globe	 fitted	 with	 a	
thin	prosthesis	will	be	able	to	transmit	some	of	this	
movement	to	the	artificial	eye	in	the	long	term.

In	 this	 regard,	 the	 situation	 differs	 consider-
ably	from	that	in	congenital	anophthalmic	sock-
ets	where	parents	have	to	be	informed	that	even	
when	 the	 socket	 is	 well	 supported	 in	 volume	
terms,	there	will	be	virtually	no	prosthesis	motil-
ity	and	in	most	cases	no	lid	motility	[13].	

The	 patients	 described	 in	 this	 paper	 were,	
with	 two	 exceptions,	 very	 young;	 and	 from	 a	
methodological	 standpoint,	 precise	 motility	
measurements	 were,	 therefore,	 almost	 impos-
sible	to	obtain.	In	addition	to	the	age	factor,	the	
significantly	 reduced	 size	 of	 the	 globe	 makes	 it	
far	more	difficult	to	quantify	motility.

Summary for the Clinician

■	 The	 guiding	 principle	 for	 congenital	
microphthalmic	 (blind)	 eyes	 is	 conser-
vative	management	with	solid	conform-
ers/prostheses,	avoiding	surgery	if	at	all	
possible.

		

10.4.2 Acquired Anophthalmos
If	function	is	irreversibly	lost	and	organ	preser-
vation	 is	 impossible	 aesthetic	 demands	 are	 still	
high.	 Numerous	 methods	 and	 techniques	 for	
enucleation	or	evisceration	have	been	described	
in	the	past	few	decades	[12].

If	 no	 implant	 is	 inserted	 –	 which	 should	 be	
avoided	 if	 possible	 [31]	 –	 or	 when	 the	 implant	
is	 too	 small,	 a	 noticeable	 volume	 deficit	 might	
result.	Distress	over	the	visual	loss	is	then	accom-
panied	by	impaired	facial	appearance.	

Tyers	 and	 Collin	 described,	 therefore,	 the	
term	“postenucleation	socket	syndrome”	(PESS)	
[36],	which	is	characterized	by	a	deepened	upper	
lid	 sulcus,	 ptosis,	 lid	 laxity,	 enophthalmos,	 and	
backward	movement	of	the	prosthesis.	This	was	
further	investigated	later	on	by	Smit	et	al.	using	
CT	scans	[33].	Pathogenetically,	the	phenomena	
are	not	only	caused	by	the	deficit	in	volume.	Fur-
thermore,	 a	 downward	 displacement	 of	 the	 le-
vator	 complex,	 atrophy	of	orbital	 fat,	 retraction	
of	muscles	and	Tenon’s	capsule,	and	last	but	not	
least,	the	effect	of	gravity	to	the	prosthesis,	play	
an	important	role	[32].	

For	 compensation	 of	 a	 volume	 deficit	 after	
enucleation	 without	 an	 implant,	 different	 tech-
niques	are	available,	such	as	a	secondary	baseball	
implant	 [9],	 secondary	 hydroxyapatite	 implant	
[22],	secondary	hydroxylapatite	silicone	implant	
[11],	secondary	dermis	fat	graft	as	an	orbital	im-
plant	[15]	or	to	fill	the	superior	sulcus	[37],	and	

 10.4 Discussion 165



 166 Orbital Volume Augmentation with Injectable Selfinflating Hydrogel Pellet Expanders

10

different	 approaches	 to	 placing	 a	 subperiosteal	
orbital	 floor	 implant	 [1,	 34,	 38].	 Silicone	 tissue	
expanders,	 which	 are	 surgically	 implanted,	 and	
filled	multiple	times	with	saline	can	later	be	used.	
These	 are	 eventually	 removed	 and	 replaced	 by	
graft	material	as	described	recently	by	Honda	et	
al.	[16],	but	appear	not	as	effective,	as	stated	by	
Bernardino	[4]	in	a	letter	to	the	editor.	

All	 the	 techniques	 mentioned	 above	 include	
a	 somewhat	 more	 extensive	 amount	 of	 surgery,	
which	 is	 usually	 performed	 under	 general	 an-
esthesia.	 Depending	 on	 the	 kind	 of	 procedure	
there	is	some	hospitalization	time	(which	is	also	
dependent	on	the	patient’s	health	and	insurance	
system)	 and	 also	 involves	 a	 variable	 degree	 of	
pain	for	the	patient.	Using	a	dermis	fat	graft	some	
amount	 of	 donor	 side	 morbidity	 is	 added.	 Last	
but	not	least,	there	is	a	significant	risk	of	extru-
sion	of	an	allogen	implant,	especially	when	used	
as	an	implant	in	a	second	procedure.

Summarizing	 all	 the	 facts	 mentioned	 above	
there	 is	no	wonder	 that	 there	 is	 a	 still	ongoing	
search	for	alternative	approaches.	It	was	Li	et	al.	
[20]	who	first	mentioned	the	use	of	the	material	
developed	by	Wiese	[40]	for	volume	augmenta-
tion	in	acquired	anophthalmos.	This	was	origin-
ally	developed	for	clinical	use	in	our	institution	
for	treating	congenital	anophthalmos	[28,	30].	Li	
et	al.	developed	a	modification	of	the	expander	
shape	 leaving	 the	 chemical	 and	 physical	 quali-
ties	unchanged	to	allow	implantation	through	a	
trocar	needle	with	a	diameter	of	the	inner	lumen	
of	 2	mm	 much	 like	 an	 injection.	 After	 testing	
the	technique	in	two	rabbits	it	was	used	to	treat	
PESS	in	6	adults.	Treatment	was	reported	to	be	
successful	 in	4	out	of	 the	6	patients;	 2	patients	
were	 seen	 with	 expander	 dislocation	 into	 the	
lower	lid.

With	our	experience	of	9	orbits	in	8	patients	
with	 acquired	 anophthalmos	 as	 reported	 here,	
no	such	side	effects	were	noticed.	From	the	or-
bits	reported	here,	4	had	an	alloplastic	 implant,	
2	a	dermis	fat	graft,	2	were	without	any	implant,	
and	1	had	a	phthisical	globe.	One	case	of	infec-
tion	 and/or	 fat	 necrosis	 occurred	 following	 use	
of	a	dermis	fat	graft	orbital	implant,	resulting	in	
some	 discharge.	 After	 giving	 intravenous	 anti-
biotics	and	removing	some	of	the	expanders,	the	
discharge	stopped	immediately.	

A	 second	 complication	 was	 induction	 of	 a	
complete	 ptosis	 in	 a	 patient	 with	 a	 dermis	 fat	
graft	as	well.	It	seems	impossible	to	differentiate	
whether	this	was	due	to	direct	injury	to	the	nerve	
or	pressure-related.

Despite	 the	 specific	 application	 in	 congeni-
tal	 disease	 reported	 in	 the	 former	 chapter,	 the	
technique	may	also	be	useful	for	a	variety	of	in-
dications	 in	 orbital	 reconstructive	 surgery	 due	
to	 acquired	 anophthalmos.	 In	 particular,	 if	 a	
secondary	procedure	is	needed,	it	is	far	easier	to	
place	pellet	expanders	than	to	insert	an	implant	
and	 there	 is	 no	 donor	 site	 morbidity	 as	 with	 a	
dermis	 fat	graft,	which	 is	even	more	difficult	 to	
harvest	and	insert.	If	not	used	in	children	all	the	
procedures	were	performed	under	local	anesthe-
sia,	and	none	took	longer	than	10	min.

Postoperative	pain	 is	minimal,	 even	 in	a	pa-
tient	with	an	 implant	embedded	 in	scars	where	
expander	 expansion	 might	 have	 been	 reasoned	
to	cause	severe	pain.

Summary for the Clinician

■	 In	enucleation	surgery,	an	adequate	im-
plant	 is	 important	 to	prevent	post-enu-
cleation	socket	syndrome.

		

10.4.3 Volume Calculation
The	calculation	of	the	volume	needed	for	achiev-
ing	symmetry	was	done	individually	for	each	pa-
tient.	The	number	of	patients	treated	so	far	seems	
to	be	 too	 small	 for	applying	 statistical	methods	
or	 mathematical	 models	 to	 judge	 the	 influence	
of	 age,	 gender,	 time	 interval	 to	 enucleation	 (if	
performed),	orbital	volume,	axial	length	(in	mi-
crophthalmos	or	phthisis).	

The	amount	of	pellets	required	is	interestingly	
quite	 similar	 in	 both	 the	 anophthalmos	 and	 in	
the	 microphthalmos	 groups;	 it	 does	 not	 differ	
either	in	the	range	or	in	the	mean	number	of	ex-
panders.	This	 is	more	surprising	when	compar-
ing	the	age	(average	1.5	years	in	microphthalmos	
and	19.3	years	in	anophthalmos)	and	keeping	in	
mind	the	well-known	differences	 in	orbital	vol-



ume	and	orbital	growth	between	the	two	groups	
[14,	29].	

All	 patients	 reported	 in	 this	 chapter	 were	
treated	successfully	in	terms	of	enophthalmos	cor-
rection.	This	 is	not	certain	compared	with	other	
approaches,	but	it	is	likely	because	of	the	intraop-
erative	calculation.	Longer	term	follow-up	will	re-
veal	how	many	patients	will	need	secondary	injec-
tions,	which	may	be	due	to	growth	of	the	child	as	
in	the	very	young	microphthalmic	patients	or	due	
to	fat	atrophy	or	other	general	reasons.	

In	 a	 paper	 by	 Koo	 et	 al.	 [18]	 enophthalmos	
is	 reported	 to	 become	 significant	 if	 it	 presents	
greater	than	2	mm.	Patients	within	this	range	are	
observed	as	normal	when	judged	by	independent	
observers.

10.4.4 Possible Risks 
Admittedly,	 experience	 with	 this	 material	 does	
not	extend	beyond	9	years	–	a	circumstance	re-
garded	 by	 Mazzoli	 et	 al.	 [23]	 as	 “the	 fly	 in	 this	
particular	 soup.”	 Those	 authors	 reviewed	 re-
ported	 complications	 due	 to	 the	 lack	 of	 long-
term	 stability	 with	 MIRAGel,	 a	 material	 used	
in	retinal	surgery	in	the	late	1970s,	but	is,	as	far	
as	 is	known,	entirely	unconnected	with	 the	hy-
drogel	used	in	our	patients.	Our	material	differs	
chemically	from	MIRAGel	in	having	a	consider-
ably	more	cross-linked	structure	 that	 renders	 it	
far	more	stable	mechanically.	In	a	material	with	a	
swelling	capacity	of	10-fold,	such	as	was	used	in	
our	patients,	 it	should	also	be	remembered	that	
only	10%	of	the	implant	expander	consists	of	hy-
drogel	–	 in	our	patients	 this	corresponded	only	
to	0.1–0.35	ml	(average:	0.26	ml)	–	while	90%	is	
simple	 water.	 Nevertheless,	 careful	 follow-up	 is	
mandatory	to	monitor	for	any	side	effects.

Potential	 complications	 may	 result	 from	 not	
being	 able	 to	 remove	 all	 the	 expander	 material	
implanted	before.	This	would	most	likely	be	the	
case	with	pellets	injected	behind	a	microphthal-
mic	or	a	phthitic	eye.	Patients	are	informed	that	
we	plan	to	use	the	pellet	expanders	as	a	perma-
nent	implant.	In	the	unlikely	event	of	side	effects	
occurring	 later	 on	 and	 making	 removal	 of	 the	
material	 necessary	 we	 would	 then	 recommend	
enucleation	of	the	globe,	thus	allowing	better	ac-

cess	to	the	expanders	and	replacement	by	a	regu-
lar	and	possibly	muscle-fixed	orbital	implant.	But	
again	this	seems	very	unlikely,	although	it	should	
be	discussed	as	a	possibility	with	the	patient	be-
fore	surgery.

In	acquired	anophthalmos,	with	use	of	a	der-
mis	 fat	 graft	 after	 transconjunctival	 injection	
some	discharge	from	the	incision	side	was	seen.	
It	 remains	 unclear	 whether	 the	 discharge	 re-
sulted	from	a	true	infection	or	from	fat	necrosis.	
All	other	patients	were	treated	transcutaneously	
without	 any	 negative	 consequences.	 The	 trans-
cutaneous	 approach	 appears	 safer	 compared	
with	the	transconjunctival	one	despite	the	small	
skin	incision,	which	in	any	event	does	not	cause	
a	significant	scar.	We	did	not	observe	any	pellet	
extrusion,	although	this	has	been	reported	by	Li	
et	al.	[20].	

Summary for the Clinician 

■	 The	 advantages	 of	 injectable	 pellet	 ex-
panders	are:
-	 The	technique	is	minimally	invasive.
-	 They	are	virtually	custom	made	which	

means	that	the	surgeon	has	the	ability	
to:
·	 Calculate	the	volume	desired	
·	 Determine	 the	 place	 for	 expan-

sion
-	 They	are	reliable:	a	dry	hydrogel	that	

comes	 into	 contact	 with	 water	 will	
swell	and	there	is	no	fear	of	technical	
expander	failure.
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11.1	 Introduction
Hydroxyapatite (HA) orbital implants are made 
from the porous skeleton of a coral species allow-
ing fibrovascular ingrowth, which favors tissue 
integration. HA (coral or synthetic) became one 
of the most commonly used materials for im-
plants in anophthalmic patients in the 1990s and 
at the beginning of this century [9]. Synthetic 
HA is made of the same material, with predeter-
mined size pores, and has become widely used 
in the past few years in the western countries. In 

addition to their numerous advantages, HA im-
plants have significant complication rates involv-
ing exposure, infection, extrusion, and various 
peg problems [10, 19]. Implant exposure is the 
most common complication, occurring in up to 
22% of cases [7, 22].

Many surgical techniques have been described 
to manage such exposure. 

To our knowledge, Carle [2, 16] was the first to 
describe the use of Muller’s muscle to repair a con-
junctival defect in preference to a HA implant. We 
report our experience with autologous grafts and 

Core	Messages

■ Exposure is the most frequent complica-
tion of hydroxyapatite orbital implants.

■ Several surgical approaches can be uti-
lized to repair exposure of hydroxy-
apatite implants, either with autologous 
grafts or with a conjunctiva–Muller's 
muscle pedicle flap.

■ Various autologous grafts can be used 
after an unsuccessful flap procedure: 
upper tarsal plate from the other side, 
temporalis fascia, and fascia lata are first 
choice.

■ Oral mucous membrane, hard palate 
mucosa, and ear cartilage are used as 
second  choice.

■ In cases of conjunctival fornix deficien-
cies, amniotic membrane grafting can be 
added to the previous list of grafts.

■ A Muller's muscle flap can be used in 
three different ways: in the first tech-
nique, the conjunctiva–Muller's muscle 
flap is divided at the superior fornix; 
in the second technique, the Muller's 
muscle flap is divided at the superior 
edge of the tarsal plate; in the third tech-
nique, part of the superior tarsus is in-
cluded with Muller's muscle in the flap. 

■ A second surgical procedure is necessary 
to divide the pedicle.

■ The addition of vascularized tissue im-
proves fibrovascular ingrowth in the 
implant and favors the treatment of re-
current infection often associated with 
orbital implant exposure.
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with three different types of conjunctival Muller’s 
muscle pedicle flap techniques used for secondary 
repair following failure of autologous grafts.

11.2	 Diagnosis	
and	Physiopathology

The diagnosis and management of orbital im-
plant exposure is frequently difficult.

The first step is the diagnosis: epiphora and 
purulent discharge in a patient with a prosthesis 
should be an alert. Orbital pain is a less frequent 
symptom. It is then recommended to remove the 
prosthetic shell and carefully observe the sur-
face of the implant; the exposed area can be seen 
directly when the defect is large, with exposure 
of HA spicules, but frequently, the exposed area 
is covered by exophytic conjunctiva. A broth-
moistened swab placed at the level of the exposed 
area, or a conjunctival biopsy, is inoculated onto 
various culture media: blood agar, chocolate agar, 
Sabouraud agar, and thioglycolate broth.

The second step is to attempt to identify the 
cause of the exposed area. Potential causes in-
clude:
• Soft-tissue destruction, as might occur with 

either infection or chronic inflammation from 
poor biocompatibility of the implant material 
with the patient

• The degree of vascularization of the implant 
(Figs. 11.1–11.4): poorly vascularized implant 
(Figs. 11.5–11.7) or poor soft-tissue viability 
surrounding the implant resulting from post-
traumatic ischemia or crush injury or any 
other cause favors implant exposure

• Decreased effective orbital volume secondary 
to intraorbital hemorrhage, epithelial inclu-
sion cyst

• Systemic conditions that may delay wound 
healing, such as diabetes or collagen vascular 
disorders

• Use of medications, such as steroids, that delay 
wound healing

• Excessive wound tension from an anteriorly 
positioned implant, an implant too large for 
the soft tissue available, or substantial soft tis-
sue edema

• Postsurgical trauma, which may be due to a 
poorly fitting prosthetic shell [6]

Hydroxyapatite exposure is characterized by 
an insufficient amount of vascularized anterior 
orbital tissues. Consequently, simple closure is 
unlikely to be successful unless the defect is small 
(less than 3 or 4 mm) and there is enough vas-
cularized tissue to be mobilized [13]. All three 
current pedicled patch techniques provide new 
vascular tissue, which optimizes conditions for 
repair of exposed HA orbital implants.

Nonetheless, these novel approaches to HA 
implant revision have some drawbacks. A sec-
ondary surgical procedure is necessary to divide 
the pedicle in the first two techniques, the tar-
sorrhaphy used in the tarsoconjunctival pedicle 
approach is technically demanding, and all three 
techniques may be complicated by ptosis. In 
view of these difficulties, the surgical indication 
is reserved for larger exposed areas (greater than 
3–4 mm in diameter).

Summary	for	the	Clinician

■ Small areas of hydroxyapatite exposure 
(less than 4 mm) may occasionally close 
spontaneously, but larger defects require 
correction.

  

Fig. 11.1  Central and large exposed area over a hy-
droxyapatite implant



Fig. 11.7  Magnetic resonance imaging, sagittal sec-
tion, T1 sequence with gadolinium: example of a poor-
ly vascularized implant

Fig. 11.2  Medial and large exposed area over a hy-
droxyapatite implant 

Fig. 11.3  Magnetic resonance imaging, coronal sec-
tion, T1 sequence with gadolinium demonstrating a 
nearly complete vascularized implant

Fig. 11.4  Magnetic resonance imaging, horizontal 
section, T1 sequence with gadolinium: example of a 
nearly complete vascularized implant

Fig. 11.5  Magnetic resonance imaging, axial section, 
T1 sequence with gadolinium: example of a poorly vas-
cularized implant

Fig. 11.6  Magnetic resonance imaging, axial section, 
T1 sequence with gadolinium: example of a poorly vas-
cularized implant
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11.3	 Treatment

11.3.1	 Surgical	Techniques	
for	Repair	of	Hydroxyapatite	
Implant	Exposure

11.3.1.1	 Autologous	Grafts
After freshening the edges of the conjunctiva 
at the level of the exposure various autologous 
grafts can be sutured with 6-0 Vicryl sutures. The 
different grafts are listed in the order of most fre-
quent personal choice of use:
• Tarsal plate from the controlateral eyelid, 

temporalis fascia [18, 21] or fascia lata har-
vested from the lateral part of the leg are first 
choice

• Second choice would be oral mucous mem-
brane, hard palate mucosa (Fig. 11.8), ear car-
tilage (Fig. 11.9), or various other materials, 
such as retroauricular muscle [14, 17] or thin 
dermis fat graft [13]

• Finally, amniotic membrane graft can be used 
in association for the correction of cul de sac 
or fornices deficiencies

11.3.2	 Surgical	Techniques	
for	Muller’s	Muscle	Flap

11.3.2.1	 Conjunctiva–Muller’s	
Muscle	Flap	Technique	1

This first surgical technique is permitted by the 
double source of Muller’s muscle vascularization 
and is based upon dissecting Muller’s muscle 
from its insertion in the levator aponeurosis 
(Figs. 11.10–11.12) [2, 16]. The exposed coralline 
HA implant is thinned on its anterior exposed 
part with a diamond burr on a hand drill.

The Muller’s muscle flap is incised at the level 
of the superior fornix 10 to 12 mm up from the 
superior tarsal border. Two vertical sections 
create a flap that can be rotated downward and 
sutured to the inferior edge of the defect. In a 
second procedure, 4–5 weeks later, the flap is 
divided from its origin and a simple translation 
is made to finally close the defect .The pedicle is 
then applied over the implant exposure, where 

it can be sutured in a straightforward manner. 
Antibiotic dexamethasone ointment is applied, 
the prosthesis is replaced if there is not too much 
tension, and a patch is applied.

11.3.2.2	 Conjunctiva–Muller’s	
Muscle	Flap	Technique	2

Under local or general anesthesia, a 6-0 silk 
traction suture is placed through the central 
upper eyelid margin, and the eyelid is everted 
over a Desmarres retractor (Fig. 11.13). The su-
perior tarsal border is identified and injection 
of approximately 0.3 ml of 1% lidocaine with 
epinephrine is used to separate conjunctiva and 
Muller’s muscle from the aponeurosis and to ac-
celerate hemostasis. With Wescott scissors and 
blunt dissection, the conjunctiva is dissected 
from the superior tarsal border and overlying 
Muller’s muscle. With calipers, the amount of 
Muller’s muscle needed to fill the defect is mea-
sured in its greatest horizontal dimension. Mul-
ler’s muscle is then dissected from the superior 
border of the tarsal plate, and care is taken to 
lyse the overlying loose adhesions to the levator 
aponeurosis.

The dissection is extended superiorly for ap-
proximately 10 or 12 mm. Muller’s muscle re-
mains attached to its levator aponeurosis origin. 
Hemostasis is obtained with careful monopolar 
cautery. Traction sutures with 6-0 silk are used 
to separate the conjunctiva and Muller muscle, 
which is then carefully slid under the existing 
conjunctiva, its proper orientation being main-
tained in such a way that it covers the defect 
without tension. Muller’s muscle placed over the 
exposed HA implant is sewn to the surround-
ing conjunctiva with 5-0 Vicryl sutures. An anti-
biotic dexamethasone ointment is applied to the 
area, and the prosthesis is not replaced to avoid 
tension on the sutures. A patch is applied.

In a second step, the conjunctiva is cut at the 
level of the superior fornix and the flap is finally 
closed over the defect The remaining conjunc-
tiva is returned to its original position above the 
superior tarsal border with running 6-0 fast-ab-
sorbing Vicryl suture passed through the skin 
surface to avoid eyelid malpositioning.



Fig. 11.9  Surgical example of the harvesting of ear 
cartilage

Fig. 11.8  Surgical example of 
the harvesting of hard palate 
mucosa
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Fig. 11.10  Sagittal section through the exposed or-
bital implant and upper eyelid (Muller’s muscle and 
striate fibers of the levator are colored in red)

Fig. 11.11  Cross-sectional diagram showing the 
placement of the Muller’s muscle flap over the hy-
droxyapatite orbital implant defect after the flap is dis-
sected from its origin in the superior fornix and behind 
the levator aponeurosis

Fig. 11.12  Surgical example showing the placement 
of the Muller’s muscle flap over the hydroxyapatite 
orbital implant defect after the flap is dissected from 
its origin in the superior fornix and behind the levator 
aponeurosis

Fig. 11.13  Cross-sectional diagram showing the 
placement of the Muller’s muscle flap over the hy-
droxyapatite orbital implant defect after the flap is dis-
sected from the superior tarsal border



11.3.2.3	 The	Tarsoconjunctival	
Pedicle	Flap

The edges of the conjunctiva are freshened and 
undermined. The exposed coralline HA implant 
is thinned on its anterior exposed part with a dia-
mond burr on a hand drill [3, 15].

A tarsoconjunctival pedicle flap is fashioned 
as follows (Fig. 11.14). The upper eyelid is everted 
and the area required is measured and drawn on 
the conjunctival surface of the upper eyelid. The 
tarsus is incised horizontally at the appropriate 
level and a pedicle of the tarsal conjunctiva is 
undermined superiorly (toward the superior for-
nix) to include the conjunctiva and underlying 
Muller’s muscle. The pedicle is inverted such that 
the deep side faces the defect, and the epithelial 
conjunctival lining faces anteriorly. The flap is 
secured with 6-0 polyglactin suture in the upper 
part of the defect. The flap is divided under local 
anesthesia 4–5 weeks after the intervention. The 
upper part of the sectioned flap is sutured to the 
upper border of the tarsus with 6-0 Vicryl sutures 
and the end of the sutures are passed through the 
orbicularis and the skin and tightened at the level 
of the upper lid crease.

Summary	for	the	Clinician

■ Three surgical approaches to covering 
hydroxyapatite exposure are presented: 
- Various autologous grafts
- A vascularized Muller’s muscle ped-

icle flap, with or without part of the 
tarsus contributing to the patch

- Removal and replacement of the im-
plant in the worst cases

■ The choice among the three surgical ap-
proaches depends in part on the surface 
and position of the orbital conjunctival 
exposure, and in part on the status of the 
implant with regard to the degree of in-
fection, the rate of vascularization, and 
the number of previous surgical proce-
dures.

  

11.3.3	 Removal	and	Replacement	
of	the	Implant

When previous surgery has failed, the best solu-
tion is to remove the implant and its attachments 
to the ocular muscles. The first step is to dissect 
the conjunctiva and Tenon’s capsule from the 
sclera, then to pass 6-0 Vicryl sutures around 
each rectus muscle. Next, the implant and the 
sclera are removed. Five percent povidone iodine 
solution is applied to the cavity. A new implant is 
covered with either fascia lata or temporalis fas-
cia and securely attached with Vicryl sutures. The 
covered implant is implanted in the orbit and the 
rectus muscles are attached with Vicryl sutures to 
its anterior portion.

11.4	 Indications
Various factors can influence the choice of the 
technique:
• The absence or presence of infection: this can 

be demonstrated by several samples and cul-
tures, or by the issue through the pores of the 

Fig. 11.14  Cross-sectional diagram showing the 
placement of the Muller’s muscle flap over the hydroxy-
apatite orbital implant defect after the flap is dissected 
in the middle of the upper tarsus.  The flap is divided 
later on and sutured over the defect. Note the inversion 
of the tarsus and conjunctiva
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implant of mucopurulent debris after pressure 
on the eyelids or during surgery when bury-
ing the implant deeply

• The rate of vascularization of the implant: a 
poorly vascularized implant can be covered 
by a vascularized flap as a first step and is an 
argument in favor of the removal and replace-
ment of the implant as the last step. Therefore, 
MRI should be performed in the preoperative 
assessment (Figs. 11.1–11.5)

• The surface of the exposure: a large surface of 
exposure extending to the upper and lower 
fornices will lead to poor results of grafts

• Pegging has been reported to increase the rate 
of exposure and deep infection in the implant, 
especially in cases of unstable pegging [5, 12]

• The number of operations: an autologous graft 
can easily be indicated as a first-step procedure 
as it is a one-step procedure.  Muller’s muscle 
flap is rather indicated as a second-step pro-
cedure, but the patient should be warned that 
two surgical procedures will be necessary, and 
finally, failure of multiple operations indicates 
removal and replacement of the implant

How should these factors be managed? 
Autologous graft can be the first line of treatment 
if the infection and the surface of the exposed 
area are limited, and if the rate of vascularization 
of the implant is satisfactory.

Muller’s muscle flap can be used in more se-
vere cases.

In the most severe cases with very poor vas-
cularization, severe infection, and failure of pre-
vious surgery, the best choice is to remove and 
replace the implant.

11.5	 Discussion
Since the introduction of porous hydroxyapatite 
implants in the late 1980s, numerous materials 
have been used for patch grafting including fresh 
or preserved sclera, temporalis fascia or fascia 
lata, pedicled conjunctival flaps, hard palate mu-
cosa, conjunctiva, and dermis fat grafts [13].

Regarding the two Muller’s muscle flap tech-
niques, the dissection of Muller’s muscle from the 
superior tarsal border in the second technique is 
more straightforward than in the first. However, 

the first Muller’s muscle flap technique typically 
provides a little larger, more mobile pedicle, and 
is therefore more suitable for severe implant ex-
posure. Furthermore, the latter technique can 
cover very inferior implant exposures by eye-
lid closure because the Muller’s muscle pedicle 
hinges in the superior part of the tarsus. 

These novel procedures for covering HA im-
plant exposures may also be indicated in another 
severe problem, conjunctival defect in the orbital 
cavity previously treated with antimetabolite or 
radiation therapy, considering that the pedicle 
provides new vascularized tissue.

In order to improve the rate of vascularization 
and fibrovascular ingrowth in the porous orbital 
implants, multiple studies have been performed 
that differ mainly with regard to material compo-
sition, size of the pores, and coating.

Bigham [1] demonstrated that 200-µm pores 
were better than 500-µm ones. For the coating 
the following additional substances improve 
the rate of vascularization: recombinant human 
basic fibroblast growth factor (Rh-bFGF) [1], 
osteogenin [23], sucralfate, and basic fibroblast 
growth factor [20]. Insulin-like growth factor 1 
(IGF1) [24] and hepatocyte growth factor (HGF) 
[25] stimulate human fibroblast activity in vitro. 
Plasma and rTGF-beta2 did not significantly alter 
the rate of vascularization of HA implants during 
the first 2 to 3 weeks [8] and calcium metaphos-
phate coatings did not appear to facilitate fibro-
vascular ingrowth [11].

To date, poor vascularization of the implant 
can still be a problem and remains a major factor 
of implant exposure.

Based on a randomized clinical trial [4], 
spherical alloplastic nonporous and nonpegged 
porous enucleation implants provide similar 
implant and prosthetic motility when they are 
implanted using similar surgical techniques. Ac-
cording to Custer et al., there is a widely variable 
incidence of porous implant exposure, but surgi-
cal techniques and the type of wrapping material 
used can reduce the exposure rate [4].

11.6	 Conclusion
Although small areas of HA exposure (less than 
4 mm) may occasionally close spontaneously, 



larger defects cannot, and should be actively man-
aged. Based on our experience, we propose three 
surgical approaches to covering HA exposure: 
various autologous grafts, a vascularized Muller’s 
muscle pedicle flap, with or without addition of 
the tarsus contributing to the patch, and removal 
and replacement of implant in the worst cases

Which of the three surgical approaches to use 
depends in part on the surface and position of 
the orbital conjunctival exposure, and in part on 
the aspect of the implant (the degree of infection, 
the rate of vascularization), and finally on the 
number of previous surgical procedures.
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12.1	 Introduction
A dermis fat implant (dermofat graft, DFG) is 
an autologous transplant consisting of de-epi-
thelialized epidermis with its adjacent subcuta-
neous fat tissue. It can be used as an alternative 
orbital implant to alloplastic implants. Currently, 
it is the only autologous transplant used for this 
purpose in ophthalmic plastic and reconstructive 
surgery. 

This chapter will provide some information 
about the history and development of this surgi-
cal method, describe the technique of dermofat 

grafting and present common indications for this 
technique. The author’s results after primary and 
secondary dermis fat transplantation will also 
be presented, including complications and their 
treatment. Finally, the advantages and disadvan-
tages of dermofat grafting will be discussed.

12.2	 History
The idea of using free fat transplants in surgery 
goes back to the end of the 19th century [22, 
30]. At the beginning of the 20th century, free 

Core	Messages

■ Dermis fat grafts can be used as primary 
or secondary orbital implants.

■ They can provide volume replacement, 
restitution of the orbital soft tissue ar-
chitecture, and additional lining of the 
socket.

■ Primary implantation is indicated after 
enucleation, particularly in young pa-
tients and under difficult conditions, 
such as inflammatory “hot” sockets af-
ter trauma and significant conjunctival 
scarring.

■ Secondary dermis fat implantation is 
indicated in chronically exposed orbital 
implants, empty sockets after extru-
sion of an orbital implant, and for other 
forms of contracted socket. It is an excel-
lent and often the only way to rehabili-
tate difficult sockets.

■ Dermofat-grafted sockets can be aug-
mented with further procedures such as 
secondary alloplastic orbital implanta-
tion or mucous membrane grafting, if 
necessary.

■ Volume stability is better in primary 
than in secondary implants.

■ Significant complications and loss of the 
implant are rare.

■ Minor complications such as hair growth 
and granuloma formation can be easily 
managed.

■ The dermis fat grafted socket with its flat 
surface is very suitable for accepting a 
prosthesis and is preferred by many ocu-
larists.

■ Disadvantages of dermofat grafts are the 
inevitable scar formation at the donor 
site with possible secondary problems 
and an often longer rehabilitative period. 
There is also a tendency toward mild vol-
ume atrophy, particularly in secondary 
implants.

  

Dermis	Fat	Implants
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fat grafting for the maintenance of the acquired 
anophthalmic socket was introduced. Barraquer 
from Mexico first described autologous fat trans-
plantation as an implant following evisceration 
[2], before it was used following enucleation [3, 
21, 27]. Free fat was inserted into the extraocular 
muscle cone and covered with conjunctiva.  Later 
the rectus muscles were sutured across the trans-
planted tissue [3, 27]. Significant postoperative 
atrophy, however, made this technique unaccept-
able [37].

According to Neubauer [29], the first dermis 
fat transplant including fat in conjunction with 
de-epithelialized skin, was introduced by Loewe 
[25] and was extensively utilized by Lexer [23]. 
In Europe, free dermofat grafting was widely 
used in the first decades of the 20th century [8, 
26, 35, 38, 46–48]. Following the development of 
modern alloplastic orbital implants during and 
after the Second World War, dermofat grafting 
fell into oblivion. It was not until 1978 that der-
mis fat implants were resurrected by Smith and 
Petrelli [43] and further propagated by Smith et 
al. in 1982 [45]. Smith originally used the dermis 
fat implant as a secondary orbital implant, but 
then began using it more and more as a primary 
orbital implant [17, 44]. This short excursion 
into medical history demonstrates that dermofat 
grafting is by no means a recent development, 

but, rather, has been used quite successfully for 
more than 100 years.

12.3	 Principle
Autologous tissue consisting of de-epithelialized 
skin with its adjacent subcutaneous fat is used as 
a primary or secondary orbital implant. The graft 
is usually taken from the gluteal region and trans-
planted into the socket with the external dermis 
facing outward. The extraocular rectus muscles 
or adequate orbital soft tissues are sutured to 
the margin of the dermis. The conjunctiva of the 
recipient is fixed onto the surface of the dermis, 
leaving part of it bare for spontaneous re-epithe-
lialization (Fig. 12.1).

12.4	 Surgical	Procedure

12.4.1	 Primary	DFG
As for any other autologous transplantation, 
the surgical procedure involves two steps: first, 
harvesting the transplant, and second, prepara-
tion of the recipient site with implantation of the 
graft. The procedure is performed under general 
anesthesia. The first step is usually the harvesting 

Fig. 12.1  Principle of dermis fat transplant (schematic). De-epithelialized skin with adjacent subcutaneous fatty 
tissue is transplanted from the gluteal region into the socket



of the dermofat graft. The favorite donor site is 
the upper outer quadrant of the gluteal region. 
This is not a weight-bearing area; there is no risk 
of damaging the sciatic nerve, and even a bikini 
will hide the scar. Furthermore, the skin itself in 
this area is thicker compared with other areas, 
and this is advantageous for graft stability. For 
harvesting the graft, it is necessary to place the 
patient in a lateral position on the contralateral 
hip. Any damage to one of the extremities or the 
neck has to be avoided by meticulous use of pad-
ding, which is usually performed with the help 
of the anesthesiologist. After disinfection of the 
region, the dermis fat graft is harvested from an 
area 5 cm below the middle point of a line that 
joins the anterior iliac crest and the sciatic tu-
berosity. Before performing the incision, a circle 
with a maximum diameter of 25 mm is marked 
on the skin. The skin is incised superficially with 
a no. 15 blade, the incision not extending into 
the dermis. Intradermal injection of saline solu-
tion into the demarcated area facilitates the de-
epithelialization of the skin. Using a no. 20 blade, 
which is positioned nearly parallel to the skin 
surface and moved in a rotational manner, helps 
with removing the epidermis (Fig. 12.2a). A 
deep incision is then made perpendicular to the 
surface, through the dermis and into the subcu-
taneous fat. The graft is severed from the donor, 
paying attention not to damage the muscle fascia 
(Fig. 12.2b). The graft is preserved in a gauze pad 
moistened with isotonic saline solution, while 
the donor site is closed with multiple (usually 
three or four) interrupted 2-0 absorbable su-
tures (Vicryl™ 2-0) placed through the fatty and 
subcutaneous tissue. Skin closure is performed 
with 2-0 black silk horizontal mattress sutures. 
Steri-strips™ are placed across the wound, and a 
pressure dressing with eudermic elastic plaster is 
applied. Harvesting of the graft may take about 
15 min.

After moving the patient into a supine posi-
tion, the operation can be continued. In a pri-
mary procedure, enucleation is performed in 
a standard fashion. Applying additional retro-
bulbar local anesthesia with long-acting local 
anesthetics with adrenalin is advisable (bupiva-
caine, 1% with adrenaline 1:200,000, 4–5 ml). 
The conjunctiva is opened along the limbus. As 
much conjunctiva as possible should be saved. 

The rectus muscles are isolated and tagged with 
double-armed 5-0 Vicryl™ sutures. The sutures 
are left long with their needles attached, before 
the muscles are severed. The oblique muscles 
can be severed using bipolar diathermy. The 
globe is mobilized and any adhesions, if present, 
are transsected. Enucleation is performed using 
heavy, but only slightly curved, enucleation scis-
sors. The optic nerve is usually severed about 
10 mm behind the globe. After enucleation of 
the entire globe any hemorrhage is controlled 
by applying pressure for several minutes with 
a moist swab, which is firmly held in a clamp. 
The posterior Tenon’s capsule can be spread 
further with blunt scissors. The graft is then 
implanted within the extraocular muscle cone, 
using malleable retractors and cotton swabs 
(Fig. 12.2c). The dermofat transplant should 
always be treated carefully to minimize dam-
age to the tissue. If necessary, the graft can be 
trimmed to remove excess fat to allow the tissue 
to be transferred into the anophthalmic socket 
bed without undue pressure. The muscles are 
then sutured to the transplant. The first suture 
is passed from below, through the dermis about 
2 mm from its margin at the 12 o’clock posi-
tion, and the remaining sutures at the 3, 6, and 
9 o’clock positions are placed sequentially. At all 
times gentle pressure is maintained on the graft, 
keeping the fat within the orbit. Two additional 
5-0 Vicryl™ sutures in each quadrant are then at-
tached to Tenon’s fascia and passed through the 
dermal margin of the graft. Finally, the margin 
of the conjunctiva is re-approximated to the sur-
face of the dermis with multiple interrupted 6-0 
Vicryl™ sutures.

To maintain deep fornices it is essential not to 
cause undue tension on the conjunctiva. If there 
is sufficient conjunctival lining available, it is pos-
sible to cover the surface of the graft completely. 
Otherwise the conjunctiva can be sutured to the 
margin or onto the surface, leaving a bare part of 
dermis for spontaneous re-epithelialization. 

At the end of the procedure a clear plastic 
shell (conformer) with a rather shallow curva-
ture of appropriate size is inserted into the socket 
behind the eyelids (Fig. 12.2d). Antibiotic eye 
drops with some steroids can be employed before 
a firm dressing of moist and dry pads is applied 
and left for 2–3 days.
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Summary	for	the	Clinician

■ Be careful while positioning the patient 
to avoid damage to joints or nerves.

■ Ablate the epidermis layer completely 
(otherwise there is a risk of a smelly 
socket).

■ Use strong suture material for closing 
the donor site.

■ Do not stuff the graft with pressure into 
the socket.

■ Always use a conformer shell postopera-
tively.

  

12.4.2	 Secondary	DFG
In the case of secondary transplantation, the graft 
is harvested in the same manner. The socket is 
then prepared for the graft. The next steps of the 
procedure are now dependent on the condition 
of the socket. In the case of an eroding or extrud-
ing orbital implant, the conjunctiva is transsected 
in a circle around the extruding part of the allo-
plastic implant. It is mandatory to avoid leaving 
any conjunctival tissue posterior in the orbit in 
order to prevent the development of a conjuncti-
val implantation cyst. The orbital implant is then 
mobilized and finally explanted. 

Usually, bleeding is less than that observed 
in primary procedures and can be controlled by 

Fig. 12.2  Dermis fat transplantation, surgical site. 
a Removal of epidermis with a no. 20 blade. b Ex-
plantation of the dermis fat graft from the donor site. 
c Implantation of the dermis fat graft in the enucleated 
socket in a primary procedure. d Insertion of a clear 
conformer shell at the end of the procedure



applying pressure. If necessary, greater space to 
accommodate the dermofat graft is produced by 
blunt dissection and with gentle spreading of the 
scissors. Any attempt to perform further dissec-
tion in order to expose remnants of the extra-
ocular muscles should be avoided. Preparation 
and dissection in the orbital soft tissues should 
be as atraumatic as possible. Four double-armed 
absorbable 5-0 Vicryl™ sutures are placed superi-
orly, inferiorly, medially, and laterally (at the 12, 
3, 6, and 9 o’clock positions) into any available 
deeper tissue in the socket strong enough to hold 
the sutures.

In the case of a contracted socket, traction su-
tures into the upper and lower eyelid may be ne-
cessary, because retractors cannot be inserted due 
to inadequate fornices. A conjunctival incision is 
usually performed from the caruncle horizon-
tally through the centre to the lateral canthus. A 
few millimeters of the conjunctiva is mobilized in 
a circular fashion by subconjunctival dissection. 
Then a space to accommodate the graft is created, 
again, mainly by blunt dissection with spreading 
of the tissues. However, bands of scarred tissue 
sometimes have to be separated. If there is suf-
ficient space to accept the graft, sutures are then 
placed in the same fashion as that described 
above. The dermofat graft is then inserted into 
the socket, applying only slight pressure. If there 
is a discrepancy between the available space and 
the size of the graft, undue pressure on the graft 
must be avoided. Either the space in the socket 
can be enlarged or the graft must be trimmed. 
The sutures are then passed from below through 
the dermis about 2 mm from its margin at the 12 
o’clock position.  The remaining sutures at 3, 6, 
and 9 o’clock positions are placed sequentially as 
in primary grafting. In the case of a contracted 
socket, the conjunctiva is sutured just to the 
margin of the dermis without overlapping to in-
crease the conjunctival lining in order to create 
adequate fornices.

Again, at the end of the procedure, it is man-
datory to insert a conformer with a rather shal-
low curvature of appropriate size into the socket 
behind the eyelids. This stabilizes the graft and 
helps to maintain the fornices. A pressure dress-
ing is applied for 2–3 days.

Summary	for	the	Clinician

■ Never insert a dermofat graft onto an al-
loplastic implant. 

■ Avoid gratuitous dissecting inside the 
socket. Do not attempt to search for the 
extraocular muscles.

■ Attach the conjunctival layer without 
tension onto the dermis, leaving a raw 
surface as necessary.

■ Always use a conformer shell postopera-
tively.

  

12.5	 Results
At the University Eye Hospital in Munich, 271 
dermis fat transplantations were performed be-
tween 1991 and 2004. One hundred and ninety-
one were primary procedures (I° DFG), and 80 
were secondary dermofat grafts (II° DFG). In 
2005 the results of 255 dermis fat transplanta-
tions were reported (188 primary DFG, 67 sec-
ondary DFG) [39]. 

Indications for enucleation were painful blind 
eyes (102), choroidal melanoma (60), and for 
other reasons, such as buphthalmos, retinoblas-
toma, etc. (26). In patients undergoing secondary 
dermis fat transplantation, the largest group had 
a “contracted socket” (39), 17 had an extruded al-
loplastic orbital implant, and 11 had a post-enu-
cleation socket syndrome. Patients’ age ranged 
from 5 to 89 years (mean 44.4 years). The mean 
follow-up in the I° DFG group was 14.7 months 
(range 2–123 months) and 10.9 months  (range 
2–82 months) in the II° DFG group. 

The results were judged clinically, with regard 
to the relative enophthalmos of the prosthesis, 
the eyelid aperture, motility of the artificial eye, 
and prosthesis fitting. In the I° DFG group, mo-
tility was graded “excellent” in 74%, “reasonable” 
in 25%, and “poor” in 1%, whereas in the II° DFG 
patients motility was significantly worse (“excel-
lent” 34%, “reasonable” 44%, “poor” 18%). There 
was also a difference between the I° DFG and II° 
DFG groups regarding artificial eye fitting (“ex-
cellent”: 81% I° DFG, 49% II° DFG, “reasonable”: 
15% I° DFG, 40% II° DFG, “poor”: 4% I° DFG, 
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10% II° DFG). In the I° DFG group, patients 
rated their satisfaction as “excellent” in 82%, 
“reasonable” in 17%, and “poor” in 1%. In the II° 
DFG group, the corresponding figures were 58%, 
40%, and 2%.

In the group of patients treated for the correc-
tion of a contracted socket, 90% of these sockets 
could be reconstructed with a single secondary 
dermis fat DFG procedure alone.

12.6	 Complications
There are numerous complications that can pos-
sibly occur following implantation of an orbital 
DFG (Table 12.1). The surgeon should carefully 
discuss these possibilities with the patient.  The 
majority of these complications, however, are 
minor. They are usually of no consequence for the 
final result and either resolve spontaneously or 
can be managed easily. There are, however, some 
major complications that can truly jeopardize the 
result or even destroy the surgical efforts.

One of the major complications is loss of the 
transplant due to necrosis, either from infection 
or from an unknown cause. This serious compli-
cation is not common [1, 41]; in our large series 
2.7% occurred in the primary DFG group and 
4.5% in the secondary DFG group. The risk of 
losing a dermofat graft rises dramatically if it is 
inserted onto a pre-existing alloplastic orbital 
implant. This can be avoided by carefully evalu-
ating the indication for a specific circumstance.

Long-term maintenance of dermofat grafts 
is a topic of major concern. Atrophy of dermo-
fat grafts can occur, but it is less common than 
generally assumed. Primary implants do bet-
ter than secondary. Smith et al. [44] reported in 
their series of 118 DFG, that 3 out of 9 patients 
who had received the graft for the correction of a 
contracted socket developed significant atrophy 
of more than 40%. Only 1 out of 51 patients with 
a primary graft developed a comparably signifi-
cant atrophy. 

Five to 10% loss of volume is assumed to be 
normal [44]. However, this is difficult to assess. 
Guberina et al. found that 10 out of 52 DFGs at-
rophied, one of them significantly [10]. They also 
showed the best results in primary implants [10]. 
In our series we found significant and clinically 

evident atrophy in 3.5% of the primary and 6% of 
the secondary implants.

The development of deep subconjunctival 
cysts is a serious complication that can occur 
after secondary dermofat grafting [32]. In re-
ality, however, it is a complication caused by 
long-standing exposure or chronic erosion of 
alloplastic implants with subsequent invasion of 
conjunctival epithelium, which then cannot be 
excised completely. The problem arises from the 
fact that the slow-growing inclusion cyst replaces 
orbital soft tissue including the transplanted 
fat tissue. As the cyst enlarges, the patient (or 
ocularist) notices a proptosis of the prosthesis. 
Complete surgical removal of the cyst is then in-
dicated. Usually, a significant volume deficit re-
mains, which can only be restored with further 
surgery, including another dermofat transplant 
or a tertiary alloplastic orbital implant.

Postoperative hemorrhage can cause signifi-
cant pressure behind the transplant, which can 
be a reason for loss of the transplant. In our series 
the hemorrhage was completely resorbed with-
out any negative sequelae.

Minor complications include pyogenic granu-
lomas, which may develop on the surface of the 
graft around the suture material. They can be 
simply ablated in an office procedure. 

Single growing hairs are mainly seen in adult 
male patients. They can be treated by argon laser 
epilation with a very good success rate. 

Rarely, central ulcerations can develop in the 
graft [1, 18, 41]. These small pits will usually 
granulate spontaneously without intervention 
after several weeks.

Growth of fatty tissue can induce a propto-
sis of the artificial eye. Usually, it is observed in 
patients who have undergone transplantation 
in childhood and later gained significant body 
weight. This is a clear indication of successful in-
tegration of the free dermofat graft. Surplus tissue 
can easily be trimmed under local anesthesia.

It is noteworthy that subjective disturbances 
of the patient caused by the donor site are rare. 
Problems can arise from wound dehiscence, 
prolonged or secondary healing, scar formation, 
and contour deformity. To avoid wound dehis-
cence, it is important to use strong suture materi-
als, which on the one hand should grip enough 
firm subcutaneous tissue, but on the other hand 



should be buried completely. Early postoperative 
exercise and sitz baths should be avoided.

Summary	for	the	Clinician

■ Small areas of central necrosis in the der-
mis are left for spontaneous granulation.

■ Avoid secondary surgery in the first 
6 months postoperatively.

  

12.6.1	 DFG	Placement	
in	the	Upper	Eyelid

Dermofat grafts can be implanted into the upper 
eyelid for the correction of upper eyelid sulcus 
deformity [36]. Usually, the graft is then inserted 
upside down, which means the dermis is fixed 
onto the periosteum of the upper bony orbital 
margin. However, the aesthetic results can be 
rather disappointing, since the implanted fatty 
tissue is not smooth enough to allow a natural 
contour with a regular skin crease. There is also 
a tendency toward excess bulk. While it can be a 
problematic technique for upper sulcus reforma-
tion, it may still be worth a try in selected cases.

12.7	 Indications

12.7.1	 Primary	Dermis	Fat	
Transplantation

Indications for using any primary orbital implant 
after enucleation are the creation of a healthy 
socket suitable for wearing a custom-made artifi-
cial eye and to prevent a post-enucleation socket 
syndrome with a marked volume deficit. This is 
also true of the primary dermis fat transplant.

The indication for primary dermofat grafting 
is enucleation in general. In these cases it can 
be used as an alternative to alloplastic orbital 
implants. However, there are some conditions 
in which dermofat grafting seems to be advan-
tageous to other forms of implants. This is true 
in young patients with a long life expectancy 
(Fig. 12.3) and patients with difficult local preop-
erative conditions. These conditions include eyes 
after multiple ocular surgery procedures or se-
vere trauma with marked conjunctival scars and 
shortened fornices, but also patients with con-
genital or acquired buphthalmic eyes (Fig. 12.4). 
The condition of an inflammatory “hot socket,” 
describing a severely traumatized and blind eye 
with soft tissue damage to eyelids, conjunctiva, 
Tenon’s capsule, and extraocular muscles is also 

Table 12.1. Complications occurring following implantation of an orbital dermofat graft (DFG)

I° DFG (%) II° DFG (%)

Minor complications

Hair growth 6.9 7.5

Subconjunctival cyst  
(superficial)

3.5 1.5

Pyogenic granuloma 4.9 2.9

Fat growth 1.4 0

Donor site dehiscence 0.5 0

Major complications

Necrosis (complete) 2.7% 4.5%

Spontaneous atrophy 3.5% 6.0%

Postoperative hemorrhage 0.7% 0%

Subconjunctival cyst 0% 1.5%
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Fig. 12.3  a Young patient with a phthisical eye, before 
enucleation. b Same patient, 6 years after enucleation 
and primary dermofat graft. c Same patient, 10 years 
after enucleation and primary dermofat graft

Fig. 12.4  a A 22-year-old man with secondary buphthalmos after trauma. b Patient 3 years after enucleation 
and primary dermofat graft. c CT (coronal), 3 years after enucleation and primary dermofat graft. Note viable 
intraconal fatty tissue. d 3D reconstruction of the extraocular muscles, the globe (right) and the dermofat graft 
with artificial eye (left). Note the regular architecture of the extraocular muscle cone and adequate size of the 
dermofat graft



an important indication for a primary dermofat 
graft, if an enucleation is at all indicated.

Congenital anophthalmos represents a rare, 
but extremely complex entity that is very diffi-
cult to manage. Different approaches have been 
advocated to deal with this condition. This in-
cludes more conservative strategies with early 
conformer fitting as well as surgically aggres-
sive concepts [20, 28, 34] and more recently the 
implementation of a combined approach with 
expandable implants and conformers [11] or in-
jectable self-inflating expanders [40]. Implanta-
tion of an autogenous dermis fat transplant is an 
alternative that can provide volume to fill up the 
deep V-shaped socket and can assist in creating 
good fornices for better conformer fitting. The 
DFG will grow in tandem with the child’s overall 
growth, and bony orbital growth can be stimu-
lated with the combination of a DFG and a pros-
thetic shell [13, 15, 19].

12.7.2	 Secondary	Dermis	Fat	
Transplantation

Indications for secondary procedures in general 
include the treatment of post-enucleation socket 
syndrome with predominantly volume deficits, 
the management of dislocated, chronically ex-
posed or extruded orbital implants (Fig. 12.5), 
and all forms of a contracted socket, particularly 
if the stability of the artificial eye is impaired 
(Fig. 12.6). Secondary dermofat grafts can be 
very helpful for the management of these condi-
tions. They can be used for the therapy of pure 
volume deficit alone. However, in an uncompli-
cated socket with good fornices, volume may be 
replaced more easily and securely by inserting an 
adequate alloplastic spherical implant. Secondary 
dermofat grafts do tend to atrophy to a certain de-
gree and carry a risk of more significant volume 
atrophy. Ideally, however, this can be used as the 

Fig. 12.5  a Socket of a young boy with chronically eroded conjunctiva and partially extruded alloplastic orbital 
implant. b Quiet and stabile socket after implant removal and secondary dermis fat transplantation. c Patient with 
artificial eye (left) 2 years after implant removal and secondary dermis fat transplantation. d Same patient 7 years 
after surgery
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procedure of choice to improve the socket condi-
tion in cases of combined pathology. For sockets 
with a chronically eroded surface and in cases of 
recurrent implant erosion or extrusion, dermo-
fat grafting is the only promising procedure cur-
rently available. This includes sockets with signs 
of contraction and reduced conjunctival lining 
combined with a volume deficit. These difficult 
sockets can particularly benefit from dermofat 
grafting. In moderately contracted sockets with 
some volume deficit, dermofat grafting can re-
place mucous membrane grafting and alloplastic 
orbital implant insertion by this single procedure 
in up to 90%. However, if a considerable volume 

deficit persists after a dermofat graft under these 
conditions, either a second dermofat graft or an 
alloplastic orbital implant behind the dermofat 
graft can be inserted after complete healing.

Summary	for	the	Clinician

■ In patients with chronically eroded and 
extruding alloplastic orbital implants, 
implant removal with replacement by a 
secondary dermis fat transplant is rec-
ommended

  

Fig. 12.6  a Middle-aged woman with severely con-
tracted socket and unstable prosthesis, after multiple 
surgical procedures. b Socket without artificial eye. 
Note completely missing lower fornix. c Same patient, 
coronal CT. Note dislocation of an alloplastic orbital 
implant. d Patient after implant removal and second-
ary dermis fat grafting. e Socket without artificial eye 
after implant removal and secondary dermis fat graft-
ing. Note deep inferior fornix and good conjunctival 
lining



12.8	 Essential	Concepts

12.8.1	 Size	of	the	Dermofat	Graft
The correct and adequate size of the dermis fat 
transplant does depend on the implantation site. 
However, there are certain rules that should be 
kept in mind. Published reports vary. They range 
from “as much fat as possible” [24], to a “surface 
of 15×18 mm and a depth from 30 to 40 mm” [1], 
to a “spherical implant of 35 mm diameter” [31] 
or “25×25 mm and an adequate depth” [4, 9]. A 
depth of 10 mm for the fatty part of the graft was 
shown to be insufficient [42]. 

In Munich, we have been using circular grafts 
measuring 25 mm in diameter and about the 
same in depth. This is a suitable size for any pri-
mary procedure involving removal of an average 
eyeball. However, this has to be modified de-
pending on the size of the orbital implantation 
site. In secondary procedures, the graft often 
needs to be smaller, and in congenital anophthal-
mos our smallest implant measured only 12 mm 
in diameter. Again, it is essential, not to push the 
graft into the socket with force. 

12.8.2	 Shape	of	the	Dermofat	Graft
The discoid shape is a stable form with a low risk 
of central ulcerations. Alternatively, narrower 
transplants shaped like a banana have been de-
scribed [7]. Their donor site is easier to close, 
however, since they have to be sutured in order 
to get a discoid shape, they are much more at 
risk of developing central breakdown and ulcer-
ations.

12.8.3	 Donor	Site
The gluteal region is advantageous as the pre-
ferred donor site, because the dermis is stronger 
and the subcutaneous fatty tissue is, according to 
Guberina [9], more robust than in other regions. 
Underwear usually hides the scar. Alternatively, 
tissue can be harvested from the periumbilical 
area [5].

12.8.4	 Avoid	Placement	of	DFG	
onto	Alloplastic	Implants

Inserting a free dermofat graft onto a pre-exist-
ing alloplastic orbital implant carries a consider-
ably high risk of transplant failure. In situations 
in which a dermis fat transplant would appear 
advantageous for the restoration of a difficult 
socket with an alloplastic orbital implant already 
in place, this should be removed and replaced by 
a dermofat graft. If necessary, for greater volume, 
an alloplastic implant can later be inserted be-
hind the DFG.

12.8.5	 Avoid	Compressing	the	DFG	
with	Orbital	Insertion

Any dermofat graft should be handled with care. 
Unnecessary manipulation with instruments has 
to be avoided. In particular, the insertion of the 
graft into the socket should be handled carefully. 
It should not be squeezed into the space, and any 
undue pressure should be avoided; otherwise the 
risk of graft atrophy is enhanced.

12.8.6	 Avoid	Dissection	to	Expose	
Extraocular	Muscles

In secondary implantation, it is advantageous to 
treat the socket as atraumatically as possible. Ex-
tensive dissection, in order to expose and visu-
alize the extraocular muscle, should be avoided. 
Unnecessary manipulation enhances the risk of 
bleeding and late fat atrophy. However, it is im-
portant to anchor the sutures in the best possible 
position, which means deep enough in the socket 
in the region where the rectus muscles are sus-
pected.

12.8.7	 Fornices
A particular advantage of dermofat grafting is 
the fact that good and deep fornices can be cre-
ated, because with wound closure the conjunc-
tiva is minimally shortened. With spontaneous 
epithelialization, the conjunctival lining can be 
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expanded [14]. In our experience, the proportion 
of bare dermis is dependent on the condition of 
the socket and the amount of available conjunc-
tiva available. The smaller the amount of raw der-
mis, the faster wound healing will occur.

12.8.8	 Motility
Motility is usually of great concern to the patient. 
One has to distinguish between the motility 
noted in the socket alone and the motility of the 
artificial eye. Motility of the socket after primary 
dermofat grafting is usually excellent. This can be 
explained by the relatively peripheral insertion of 
the rectus muscles.

In contrast to spherical orbital implants der-
mofat grafts create a flatter surface for fitting an 
artificial eye [33]. Ocularists often prefer the pri-
mary dermofat graft to other implants [16].

The problems of transmission of the socket 
motility onto the artificial eye in integrated orbital 
implants have been pointed out by Guthoff [12]. 
With an adequately fitted prosthesis this trans-
mission of motility in dermofat-grafted sockets 
with a flat surface is very good, resulting in excel-
lent motility of the artificial eye. Quantification of 
the prosthetic motility in dermofat sockets using 
Kestenbaum spectacles showed motility values 
that were comparable to composite implants and 
slightly better than primary baseball implants 
[18]. Bosniak found better socket motility in der-
mofat-grafted patients compared with those with 
alloplastic spherical implants, and a comparable, 
slightly reduced motility for the artificial eye [6]. 
In our experience, however, fine motility of the 
artificial eye is excellent, whereas motility into 
extreme positions is modest.

12.8.9	 Rehabilitation	Following	
DFG	Implantation

It takes 4–6 weeks for full vascular ingrowth and 
re-epithelialization of the graft surface to occur. 
Usually, the conformer is left in place until the 
first artificial eye can be fitted. This should hap-
pen under stable conditions. If necessary, a first 
provisional prosthesis can be fitted after about 
3 weeks. A second artificial eye is then fitted 
3–6 months after the first fitting. The prosthesis 

is custom-made by an experienced ocularist. An 
open-minded exchange of information regarding 
the patient’s situation and concerns of the oph-
thalmic surgeon and the ocularist is extremely 
important for an optimal rehabilitative result.

12.9	 Conclusion
The autologous dermis fat transplant can be 
used as a primary or secondary orbital implant. 
Specific advantages of dermofat grafts are the 
combination of volume replacement, restitution 
of orbital architecture, and augmentation of the 
conjunctival surface without the disadvantages 
of alloplastic implants. The method does not re-
quire preserved sclera, thus excluding, even the-
oretically, a possible transfer of pathogens such 
as viruses or prions in alcohol-preserved sclera. 
Mechanically caused complications, like migra-
tion, exposure, and extrusion, are unknown. As 
a primary graft it is particularly valuable both in 
children and young patients and in patients with 
difficult conditions, e.g., after trauma or chemical 
burn. It provides volume as well as helps to main-
tain the fornices in order to create an adequate 
socket. 

For the management of anopththalmic sockets 
with challenging conditions, such as chronically 
exposed orbital implants, empty sockets after ex-
trusion of an orbital implant and various forms 
of contracted socket, a secondary dermofat graft 
is often the only procedure available for recon-
structing this type of socket with any chance for 
success. 

Volume stability is good, and even better in 
primary implants. The aesthetic and functional 
results are usually reliable. However, a number 
of minor complications, like hair growth, granu-
loma formation, and fat growth can occur with a 
reasonable incidence, but are also easily treated. 
Major complications are relatively rare.  The pa-
tient should be informed, however, particularly 
about graft failure and insufficient volume re-
placement. Moreover, dermofat grafts are cost 
effective compared with most alloplastic orbital 
implants.

Disadvantages are the need for a donor site 
with inevitable scar formation and possible sec-
ondary pathology, as well as a longer rehabilita-
tive period postoperatively.
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Core Messages

■	 Orbital	 exenteration	 is	 a	 radical	 proce-
dure	consisting	of	removal	of	the	orbital	
contents,	 including	orbital	 fat,	conjunc-
tival	sac,	globe,	and	part	or	all	of	the	eye-
lids.	

■	 Since	 orbital	 exenteration	 is	 a	 psycho-
logically	 and	 anatomically	 disfiguring	
procedure,	 some	 modifications	 such	
as	 eyelid-sparing	 techniques,	 retention	
of	 conjunctiva,	 and	 preservation	 of	 the	
periorbita	 have	 been	 introduced	 to	 aid	
in	facial	rehabilitation.

■	 Orbital	 exenteration	 is	 reserved	 for	 the	
treatment	of	potentially	 life-threatening	
malignancies	 or	 relentlessly	 progressive	
conditions	 unresponsive	 to	 other	 treat-
ments.

■	 Cosmetic	 reconstruction	 is	 a	 challenge.	
Satisfactory	 reconstructive	 results	 for	
both	the	physician	and	the	patient	may	
need	multistage	operations	that	are	often	
time-consuming	and	disfiguring.

■	 Since	 the	detection	of	recurrent	disease	
is	 one	 of	 the	 main	 goals	 of	 the	 recon-
struction,	healing	by	granulation	of	 the	
exenterated	 orbit	 may	 be	 indicated	 to	
permit	visualization	of	the	cavity.

■	 A	 variety	 of	 techniques	 have	 been	 de-
scribed	for	replacing	the	orbital	contents	
and	eyelids	in	order	to	permit	the	patient	
to	wear	a	prosthesis.	The	eye	socket	has	
been	 augmented	 by	 a	 variety	 of	 tech-
niques	utilizing	dermal	 fat	grafts,	 carti-
lage	grafts,	bone	grafts,	artificial	materi-
als,	and	local	or	free	flaps.	Conventional	
eyelid	 reconstruction	 techniques	 with	
local	facial	skin	flaps	have	also	been	uti-
lized	in	efforts	to	retain	a	prosthesis.

■	 All	 of	 the	 above-mentioned	 techniques	
may	 be	 suitable	 in	 selected	 cases	 for	
rehabilitation	 of	 the	 exenterated	 orbit.	
However,	 complications	 and	 disadvan-
tages	have	been	demonstrated	with	every	
technique,	 and,	 therefore,	 the	 choice	
must	ultimately	be	based	on	the	experi-
ence	of	the	individual	surgeons.

■	 In	this	chapter	a	new	procedure	will	be	
presented	based	on	the	use	of	a	midline	
forehead	 flap	 using	 a	 modified	 tech-
nique.	 This	 procedure	 has	 been	 devel-
oped	by	the	authors.	

■	 When	the	surgical	reconstruction	of	the	
exenterated	orbit	provides	poor	aesthetic	
results	and	especially	when	involvement	
of	 the	complex	midfacial	 structures	oc-
curs,	the	use	of	an	oculofacial	prosthesis	
may	be	indicated.	In	recent	years,	use	of	
oculofacial	prostheses	has	become	more	
common.	Implants	and	technology	have	
also	been	significantly	 improved	result-
ing	in	expanded	use.
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13.1 Introduction

13.1.1 Basics
Orbital	 exenteration,	 first	 described	 by	 Georg	
Bartisch	 in	 1583	 [2],	 and	 popularized	 in	 the	
modern	 era	 by	 Arlt,	 is	 a	 disfiguring	 operation	
that	 involves	 total	 removal	 of	 the	 orbital	 con-
tents	with	partial	or	total	excision	of	the	eyelids.	
Cosmetic	reconstruction	is	a	major	dilemma	in	
exenterated	 patients,	 especially	 in	 the	 younger	
age	 group.	 Eyelid-sparing	 techniques,	 retention	
of	conjunctiva,	and	preservation	of	the	periorbita	
are	methods	that	have	been	introduced	as	modi-
fications	of	exenteration	in	an	effort	to	aid	facial	
rehabilitation.	 The	 exenteration	 procedure	 can	
be	classified	as	follows:
•	 Subtotal	exenteration:	preservation	of	the	eye-

lids	 (complete:	 preservation	 of	 all	 the	 layers;	
partial:	including	only	the	skin)

•	 Simple	 total	 exenteration:	 complete	 removal	
of	the	eyelids

•	 Radical	 exenteration:	 removal	 of	 the	 bony	
wall	with	varying	degrees	of	extension	to	the	
nearby	structures	such	as	paranasal	sinus,	an-
terior	cranial	fossa,	etc.)

13.1.2 Indications 
Indications	for	exenteration	include:
•	 Malignancies	originating	in	the	paranasal	si-

nuses,	eyelids,	and	adnexal	tissues
•	 Primary	malignant	 tumors	of	 the	orbit	–	 in-

filtrating	malignant	lacrimal	gland	tumors,	or	
different	types	of	sarcomas

•	 Primary	 benign	 orbital	 neoplasms	 and	 in-
flammatory	 processes	 that	 behave	 as	 local	
malignant	 disease	 leading	 to	 uncontrolled	
pain	 and	 compromised	 visual	 function.	 This	
includes	entities	such	as	infiltrative	plexiform	
neurofibromas,	advanced	meningiomas,	idio-
pathic	 orbital	 inflammation	 (pseudotumor),	
fungal	infection

•	 Palliative	procedures	in	the	presence	of	meta-
static	disease

Nonmalignant	 disease	 may	 occasionally	 be	
an	 indication	 for	 orbital	 exenteration,	 but	 the	
vast	majority	of	exenterations	are	undertaken	to	

treat	malignant	disease.	Bartley	[3]	reported	that	
100	of	their	102	exenterated	cases	resulted	from	
malignant	 disease.	 This	 is	 similar	 to	 Levin	 and	
Devin’s	study	(93	of	99	cases)	[14]	as	well	as	that	
of	Rahman	et	al.	[20]	(74	of	77	cases).	Although	
the	value	of	some	of	the	above-mentioned	indi-
cations	is	questioned,	exenteration	has	still	been	
used	 with	 increasing	 frequency	 in	 recent	 years.	
Therefore,	 even	 though	 exenteration	 for	 orbital	
sarcomas	 in	 children	 (especially	 for	 rhabdo-
myosarcomas)	is	now	used	much	less	frequently	
due	to	the	use	of	new	therapeutic	protocols,	the	
reduced	 frequency	 is	balanced	by	an	 increasing	
number	 of	 cases	 of	 secondary	 malignancies	 in-
filtrating	 the	orbit.	 In	a	 recent	study	[15]	based	
on	 13	years’	 experience	 from	 a	 tertiary	 referral	
center,	a	significant	increase	in	the	number	of	ex-
enterations	being	undertaken	for	orbital	invasion	
from	a	basal	cell	carcinoma	(BCC)	was	reported.	
Furthermore,	69%	of	these	patients	had	treatment	
for	 neoplastic	 lesions	 before	 exenteration.	 This	
may	indicate	that	other	factors	are	likely	to	have	
influenced	these	statistics,	including	inappropri-
ate	surgery,	inappropriate	follow-up,	and	neglect	
of	the	lesion	by	the	patient	until	too	late	a	stage	
in	the	disease.	Moreover,	the	improvement	in	the	
survival	rate,	because	of	the	use	of	new	therapeu-
tic	protocols,	has	resulted	in	a	higher	number	of	
patients	with	malignancies	living	longer	than	in	
the	past.	This	has	resulted	in	an	increased	request	
for	cytoreductive	or	palliative	surgery	by	means	
of	exenteration	surgery.

13.2 Rehabilitation
The	main	objective	of	reconstruction	of	an	exen-
terated	 orbit	 is	 to	 restore	 the	 orbital	 cavity	 and	
eyelids	so	that	a	cosmetically	acceptable	prosthe-
sis	can	be	accommodated.

When	 surgical	 ablation	 is	 limited	 to	 the	 or-
bital	 contents,	 reconstruction	 is	 focused	 on	 the	
support	and	retention	of	a	removable	prosthesis.	
However,	when	the	resection	includes	partial	or	
total	excision	of	the	eyelids	and	adjacent	soft	tis-
sues,	 multistage	 operations	 are	 often	 necessary	
and	frequently	do	not	achieve	acceptable	results.	
The	consequent	deformity	is	often	considered	to	
be	complicated	because	of	the	multifocal	nature	
of	reconstruction.	



A	 variety	 of	 techniques	 can	 be	 used	 for	 re-
placing	 orbital	 contents	 with	 well-vascularized	
tissues.	Different	methods	have	been	advocated,	
many	 of	 which	 involve	 several	 stages	 [15]	 and	
most	take	advantage	of	local	or	regional	flaps	[1,	
18,	26].	Options	include	temporalis	muscle	trans-
position	[21],	midline	forehead	flaps	[8],	dermal	
grafts	[16],	dermis	fat	grafts	[25],	split	skin	graft	
[9],	 globe-sparing	 exenteration	 [5],	 eyelid-spar-
ing	 techniques	 [24],	 and	 spontaneous	 granula-
tion	[19].	For	extensive	orbito-cutaneous	defects,	
microsurgical	 flaps	 have	 been	 described	 as	 an	
alternative	[7,	23,	27].	The	facio-cervico-pectoral	
flap	has	been	described	and	is	basically	used	for	
covering	 cutaneous	 defects	 of	 the	 mid-third	 of	
the	face	[11,	13]	or	of	the	lower	eyelid	[6].	

More	natural	eye	socket	and	facial	reconstruc-
tion	necessitates	a	wide	range	of	methods	for	the	
reconstructive	procedures.	Once	performed,	the	
cosmetic	 rehabilitation	 is	 long,	 with	 multiple	
postoperative	visits,	no	matter	which	method	is	
used	to	close	the	orbital	defect.

In	 this	 chapter,	 the	 more	 popular	 surgical	
techniques	 of	 rehabilitation	 such	 as	 temporalis	
and	frontalis	muscle	transfer	will	be	discussed,	as	
well	as	the	use	of	oculofacial	prostheses.	A	new	
procedure	using	the	midline	forehead	flap,	devel-
oped	in	recent	years	by	the	authors,	will	be	also	
presented.

13.2.1 Temporalis Muscle 
Transposition

The	 exenterated	 orbit	 reconstructed	 with	 a	 one-
stage	 technique	 has	 been	 accepted	 as	 the	 most	
satisfactory	 by	 both	 the	 patient	 and	 the	 physi-
cian.	 Among	 the	 regional	 flaps	 used,	 the	 tem-
poralis	 muscle	 flap	 is	 the	 most	 popular	 and	 the	
easiest	 method	 of	 filling	 the	 orbital	 cavity	 after	
exenteration.	However,	in	some	cases,	it	does	not	
provide	sufficient	tissue	to	cover	the	orbital	rims	
completely.	The	technique	is	generally	carried	out	
through	a	skin	incision	made	from	the	lateral	ex-
ternal	canthus	horizontally	for	2–3	cm;	the	dissec-
tion	of	this	skin	can	be	continuous	with	the	skin	of	
the	upper	and	lower	lids.	If	the	exenteration	is	car-
ried	out	first,	the	coronal	incision	provides	a	dif-
ferent	 approach	 (Fig.	13.1).	 Once	 the	 upper	 and	
lower	skin	flaps,	 including	 the	skin	of	 the	upper	

and	lower	lids	and	the	skin	of	the	temporal	region,	
are	 reflected,	 the	 entire	 orbital	 cavity	 is	 exposed	
together	with	a	wide	area	in	the	temporal	region.	
An	incision	is	made	in	the	deep	fascia	along	the	
origin	of	 the	 temporalis	muscle.	The	deep	 fascia	
with	its	underlying	temporalis	muscle	is	reflected	
from	the	temporal	fossa.	The	fascia	is	incised	from	
the	upper	margin	of	the	zygomatic	process	where	
it	is	adherent	(Figs.	13.2,	13.3).	The	muscle	is	dis-
sected	down	under	the	zygomatic	process	to	its	in-
sertion	into	the	coronoid	process	of	the	mandible.	
The	muscle	and	fascia	are	freed	until	they	are	suf-
ficiently	mobile	to	reach	the	orbital	cavity.	Using	
a	bone	saw	or	Burr,	a	round	opening	is	made	in	
the	lateral	wall	of	the	orbit.	Then,	the	temporalis	
muscle	can	be	 transferred	 into	 the	orbital	 cavity	
(Fig.	13.4).	 A	 conformer	 could	 be	 placed	 in	 the	
orbital	cavity	(Figs.	13.5,	13.6)	

13.2.2 Frontalis Muscle Transfer 
As	an	alternative	to	temporalis	muscle	transfer,	a	
technique	conceptually	similar,	but	utilizing	the	
frontalis	muscle,	was	described	by	Bonavolonta	
in	1992	[4].	This	technique	is	particularly	useful	
in	those	patients	with	a	subtotal	exenterated	orbit	
in	whom	the	eyelids	have	been	spared.	The	tech-
nique	involves	approaching	the	frontalis	muscle	
via	 a	 midline	 forehead	 incision	 (Fig.	13.7).	 A	

Fig. 13.1  Coronal	incision	exposes	the	bony	orbit	and	
permits	mobilization	of	the	temporalis	flap,	which	can	
then	be	rotated	through	the	lateral	orbital	wall	to	serve	
as	a	vascular	base	for	soft	tissue	socket	reconstruction
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Fig. 13.2  Mobilization	of	the	
temporalis	flap	for	post-exentera-
tion	socket	reconstruction

Fig. 13.3  Placement	 of	 the	 temporalis	 flap	 through	
the	lateral	wall	of	the	orbit

Fig. 13.4  Schematic	 diagram	 showing	 placement	 of	
the	flap	with	the	conformer	in	place	behind	the	recon-
structed	lids

Fig. 13.6  Closure	of	the	skin	flaps	over	the	conform-
er

Fig. 13.5  Clinical	 example	 of	 the	 conformer	 placed	
over	the	temporalis	flap	prior	to	reconstruction	of	the	
eyelids



rectangular	 muscular	 flap,	 which	 includes	 the	
galea	capitis,	is	undermined,	taking	care	to	pre-
serve	 the	 muscle’s	 blood	 supply,	 which	 derives	
from	 the	 superficial	 temporal	 artery	 (Fig.	13.8).	
The	 flap	 is	 rotated	 anteriorly	 into	 the	 orbital	
opening	 and	 behind	 the	 eyelids;	 it	 remains	 at-
tached	 to	 its	 insertion	 at	 the	 dermis	 under	 the	
eyebrow.	 Its	posterior	 surface	 then	 faces	anteri-
orly.	Next,	the	flap	is	sutured	to	the	periosteum	
of	the	inferior	orbital	margin.	The	skin	is	sutured	
using	3-0	prolene	interrupted	sutures.	At	the	end	
of	the	operation	both	eyelids	lie	over	the	perios-
teum	attached	to	the	muscular	flap	(Fig.	13.9).	A	
sterilized	 symblepharon	 plastic	 ring	 is	 inserted	
into	 this	 restored	 cavity	 to	 maintain	 the	 upper	
and	lower	fornices;	a	temporary	tarsorrhaphy	is	
advisable	(Fig.	13.10).

After	 the	expected	postoperative	contraction	
of	the	muscular	flap	and	the	underlying	tissues	is	
complete,	the	lids	are	opened	and	the	fornices	are	
examined;	if	significant	shrinkage	has	occurred,	
they	can	be	deepened	using	a	free	mucous	mem-
brane	 graft.	 A	 sterilized	 silicone	 conformer	 of	
an	appropriate	size	 is	 inserted	at	 this	stage.	The	
prosthesis	can	be	substituted	 for	 the	conformer	
2	weeks	later	(Figs.	13.11,	13.12).

13.2.3 Midline Forehead Flap 
This	technique	involves	a	two-stage	procedure	in	
which	 the	 frontalis	 muscle	 and	 skin	 flap	 (myo-
cutaneous)	 are	 transposed	 into	 the	 exenterated	
orbit.	 This	 method	 provides	 adequate	 orbital	

Fig. 13.7  Midline	forehead	
incision	to	access	the	frontalis	
muscle	and	its	vascular	supply	
from	the	superficial	temporal	
artery

Fig. 13.8  Placement	of	 the	 frontalis	muscle	flap	 into	
the	orbit	behind	the	preserved	eyelids.	The	base	of	the	
flap	remains	connected	to	the	dermis	of	the	brow	with	
the	posterior	surface	of	the	periosteum	now	lying	be-
hind	the	eyelids	to	create	a	new	lining	to	retain	a	pros-
thetic	conformer
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Fig. 13.12  Cosmetic	 prosthesis	 after	 post-exentera-
tion	socket	reconstruction

Fig. 13.9  Clinical	demonstra-
tion	of	newly	formed	socket	
and	cul	de	sacs	created	from	
the	frontalis	muscle	flap	with	
its	periosteal	lining	now	facing	
anteriorly

Fig. 13.10  Placement	of	the	ring	conformer	into	the	
reconstructed	 socket	 with	 periosteal	 lining	 prior	 to	
tarsorrhaphy

Fig. 13.11  Placement	 of	 an	 oral	 mucus	 membrane	
graft	 to	 repair	 excessive	 shrinkage	 of	 the	 muscle	 flap	
in	 order	 to	 deepen	 the	 fornices	 and	 permit	 eventual	
retention	of	a	cosmetic	prosthesis



space	 for	 retention	of	 an	ocular	prosthesis.	The	
first	 stage	 involves	 transposition	 of	 a	 myocuta-
neous	 midline	 forehead	 flap	 into	 the	 orbit.	 The	
myocutaneous	 pedicle	 is	 first	 outlined	 with	 a	
skin-marking	pen,	taking	into	consideration	the	
extent	of	the	orbital	defect	in	a	such	a	manner	as	
to	 create	 a	 flap	 long	 and	 large	 enough	 to	 reach	
and	cover	 the	 recipient	 site.	The	pedicle	 should	
be	3	mm	wider	than	the	defect	to	allow	for	subse-
quent	tissue	contracture.	The	base	of	the	midline	
forehead	pedicle	will	be	the	glabella	and	it	may	
be	dissected	deep,	right	down	to	the	periosteum,	
in	 order	 to	 create	 a	 thick	 myocutaneous	 flap	
with	 a	 good	 blood	 supply	 from	 both	 the	 fron-
tal	and	supraorbital	arteries	(Figs.	13.13,	13.14).	
Once	the	flap	is	isolated,	it	can	be	gently	rotated	
in	the	orbit	and	first	secured	to	the	 lateral	wall,	
just	 behind	 the	 orbital	 rim.	 The	 pedicle	 should	
be	apposed	to	the	posterior	surface	of	the	eyelid	
if	 present;	 or	 otherwise	 behind	 a	 frontal	 plane	
where	 the	eyelids	 should	be	 located.	The	whole	
deep	portion	of	the	orbit	between	the	rim	and	the	
apex	is	mainly	covered,	more	than	filled,	by	the	
flap	(Fig.	13.15).	Then,	a	deep	fornix	is	created	in	
all	 directions	 using	 the	 anterior	 skin	 surface	 of	
the	pedicle	and	the	posterior	part	of	 the	eyelid.	
If	 insufficient	 lid	 tissue	 is	 present	 because	 of	 a	

total	exenteration,	mobilization	of	any	skin	that	
has	been	covering	the	cavity	can	be	used	or	can	
be	 obtained	 by	 utilizing	 skin	 from	 the	 midline	
forehead	flap	itself.	The	second	stage	is	a	simple	
procedure	that	consists	of	 the	cosmetic	restora-
tion	 of	 the	 glabellar	 portion	 of	 the	 flap,	 which,	
because	of	 the	previous	 transposition,	has	been	
elevated	into	a	fold	(Figs.	13.16–13.18).

13.2.4 Oculofacial Prostheses
Oculofacial	prostheses	present	an	attractive	and	
viable	alternative	when	aesthetic	and	functional	
demands	are	beyond	the	capacity	of	local	recon-
structive	 efforts.	 Several	 materials	 are	 used	 to	
build	an	orbital	prosthesis	such	as	silicone,	rub-
ber,	vinyl	plastic,	and	acrylics.	The	ideal	materials	
should	be	compatible,	translucent,	flexible,	dura-
ble,	light,	easy	to	clean,	chemically	and	physically	
inert,	and	comfortable	for	the	patient.	No	mate-
rial	 in	use	today	fulfills	all	of	 these	criteria.	For	
retention	of	the	prosthesis,	several	methods	have	
been	proposed	such	as	 the	use	of	adhesives,	at-
tachment	to	glasses	frames,	or	straps,	and,	in	the	
last	20	years,	the	use	of	osseointegration	implants	
[12,	17,	22].	

Fig. 13.13  Marking	 of	 mid-forehead	 myocutaneous	
flap	for	reconstruction	of	the	exenterated	socket

Fig. 13.14  Incision	 lines	 for	 the	 mid-forehead	 myo-
cutaneous	flap.	The	dotted lines	represent	areas	where	
the	 overlying	 skin	 will	 be	 dissected	 from	 the	 pedicle	
of	muscle
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Osseointegrated	 implants	 can	 be	 used	 suc-
cessfully	to	support	orbital	prostheses	and	their	
importance	 has	 increased	 in	 recent	 years.	 Basi-
cally,	 the	 techniques	 used	 involve	 a	 two-staged	
procedure.	In	the	first	stage,	three	or	four	bone-
anchored	fixtures	are	placed	into	the	bony	orbital	

rim.	 Skin	 penetration	 and	 abutment	 placement	
are	 performed	 in	 the	 second-stage	 operation,	
performed	 3–6	months	 later.	 More	 recently,	
some	 one-step	 surgical	 procedures,	 which	 have	
been	undertaken	in	order	to	decrease	rehabilita-
tion	time,	have	been	described	[12].

Fig. 13.15  Dissection	of	skin	
from	the	tip	of	the	flap	(dotted 
line	in	Fig.	13.14).	This	will	per-
mit	better	vascularization	of	the	
flap	beneath	the	soft	tissues	at	
the	lateral	canthus.	Note	the	fold	
of	bunched	up	tissue	at	the	base	
of	the	rotated	flap

Fig. 13.16  Bunched	up	fold	of	skin	at	the	base	of	the	
rotated	midline	flap	can	be	carefully	dissected	from	the	
underlying	 muscle	 with	 its	 blood	 supply	 intact.	 This	
will	then	permit	mobilization	of	this	skin	as	a	flap	for	
repairing	the	resulting	midline	defect

Fig. 13.17  Closure	 of	 the	 midline	 flap	 after	 rotating	
the	dissected	base	of	 the	flap	back	 into	a	vertical	po-
sition.	 This	 essentially	 creates	 a	 V	 plasty-type	 repair,	
which	 reduces	 the	 vertical	 length	 of	 the	 midline	 flap	
incision	and	mimics	the	glabellar	frown	line



13.3 Clinical Experience 
with the Described Technique

13.3.1 Temporalis Muscle 
Transposition

Since	 it	was	first	described	by	Ovineer	 in	1898,	
use	 of	 the	 myofascial	 flap	 of	 the	 temporalis	
muscle	 has	 become	 a	 classical	 method	 of	 fill-
ing	 the	 orbital	 cavity	 after	 exenteration.	 It	 has	
been	 criticized	 for	 its	 limitations	 in	 volume,	 as	
in	some	cases	it	is	not	possible	to	completely	fill	
the	orbit.	In	addition,	the	atrophy	following	pri-
mary	 repair	 becomes	 increasingly	 obvious	 [10,	
21,	28].	A	modification	of	this	technique	involves	
additional	 implantation	 of	 costal	 bone	 or	 carti-
lage	grafts	to	provide	a	stable	volume	over	time.	
However,	 these	 methods	 are	 accompanied	 by	 a	
notable	 increase	 in	 the	risk	of	 infection	and	re-
jection,	particularly	in	patients	who	later	receive	
additional	radiotherapy.

Despite	the	disadvantages	described,	transpo-
sition	of	the	anterior	part	of	the	temporalis	mus-

cle	flap	has	become	the	most	popular	technique,	
and	 many	 authors	 consider	 it	 the	 method	 of	
choice,	owing	to	the	simplicity	of	the	dissection,	
its	great	 reliability,	 low	morbidity,	 and	 its	prox-
imity	 to	 the	 operative	 field.	 Some	 authors	 con-
sider	the	depression	created	at	the	donor	site	an	
inconvenience,	 but	 more	 recently,	 this	 problem	
has	been	reduced	by	the	use	of	improved	implant	
materials	[10,	28].	

Summary for the Clinician
The	use	of	 the	anterior	half	of	 the	 tempo-
ralis	 muscle	 with	 the	 multiple	 variants	 of	
the	technique	described	in	the	literature	is	a	
suitable	method	of	filling	the	orbital	cavity	
for	the	following	reasons:
-	 Great	and	long	experience	among	many	

oculoplastic	specialists.
-	 Most	commonly	used	flap.
-	 Great	reliability	and	low	morbidity.
-	 Its	proximity	to	the	operative	field.

However,	some	disadvantages	exist:
-	 To	 transfer	 the	 muscle	 into	 the	 orbit,	 a	

hole	in	the	lateral	wall	is	necessary.	This	
step	is	time-consuming	with	quite	a	long	
manipulation	 of	 the	 flap	 and	 the	 sur-
rounding	tissue.

-	 The	muscle	pedicle	sometimes	does	not	
adequately	 cover	 the	 medial	 portion	 of	
the	orbit,	especially	over	time	because	of	
gradual	contraction.

-	 Need	 for	a	 second	procedure	 to	 restore	
the	 eyelids.	 The	 temporalis	 muscle	 fills	
only	the	orbital	cavity.

-	 Depression	of	the	temporalis	fossa	wors-
ens	over	time.

		

13.3.2 Frontalis Muscle Transfer
The	 authors	 have	 been	 using	 this	 technique	 for	
about	15	years.	The	procedure	was	applied	mainly	
in	cases	in	which	an	exenteration	was	done	using	
an	eyelid-sparing	 technique.	Many	patients	un-
derwent	the	frontalis	muscle	transfer	procedure	
primarily,	filling	the	orbit	during	the	same	opera-

Fig. 13.18  Portions	of	vascularized	muscle	dissected	
from	 the	 skin	 as	 described	 in	 Figs.	13.16	 and	 13.17	
with	dermis	over	the	muscle	retained	in	the	socket	as	
lining	for	a	conformer	shell
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tion	 in	 which	 the	 exenteration	 was	 carried	 out.	
Other	patients	had	had	a	previous	exenteration	
performed	elsewhere	for	malignancy.	

Summary for the Clinician
Advantages:
-	 Frontalis	 muscle	 transfer	 represents	 a	

suitable	 alternative	 technique	 to	 the	
temporalis	 muscle	 technique	 for	 re-
building	a	socket	capable	of	supporting	
a	prosthesis

Disadvantages:
-	 Reduction	of	volume	can	occur	because	

of	the	shrinkage	of	the	flap
-	 Some	 patients	 do	 not	 like	 a	 scar	 in	 the	

frontal	area	even	if	it	becomes	more	ac-
ceptable	with	time

		

13.3.3 Midline Forehead Flap
This	technique	is	suitable	after	either	subtotal	or	
simple	total	exenteration.	It	can	be	used	primar-
ily,	 immediately	 after	 exenteration,	 or	 second-
arily,	 even	 in	 contracted	 sockets	 with	 poor	 or	
absent	 blood	 supply.	 We	 have	 successfully	 used	
this	procedure	in	patients	with	contracted	sockets	
who	have	had	extensive	loss	of	tissue,	few	areas	of	
granulation,	and	poor	bloody	supply.	Usually,	the	
cavity	is	covered	by	a	thick	layer	of	skin.	All	such	
patients	who	have	undergone	this	technique	have	
achieved	a	final	orbital	cavity	with	sufficient	room	
to	accommodate	a	prosthesis.	Although	this	tech-
nique	 is	 a	 two-step	 procedure,	 the	 second	 stage	
is	very	quick	and	can	be	done	under	local	anes-
thesia.	 The	 first	 stage	 of	 the	 procedure	 permits	
management	of	the	deep	orbit	and	the	eyelids	at	
the	same	time.	The	vascularized	flap	can	“cover”	
the	posterior	part	of	the	orbit	and	the	skin	layer	
that	was	previously	 lining	 the	cavity	can	be	uti-
lized	alone	or	with	local	flaps	to	form	the	eyelids.	
In	this	fashion,	the	deep	orbit	is	“covered”	by	the	
flap	(more	than	“filled”)	and	this	is	an	important	
advantage.	Although	the	reduction	in	volume	of	
the	flap	due	to	postsurgical	shrinking	can	occur,	
it	will	not	usually	influence	the	postsurgical	out-

come	 because	 the	 reduction	 in	 volume	 involves	
the	 thickness	 of	 the	 flap	 more	 than	 the	 length,	
thus	leading	to	a	relatively	stable	result.	

Summary for the Clinician
Advantages:
-	 The	 flap	 is	 already	 covered	 by	 the	 skin	

and	 therefore	 “ready”	 to	 accommodate	
the	 prosthesis	 without	 a	 second	 proce-
dure

-	 No	 modification	 of	 the	 volume	 with	
time

Disadvantages:
-	 Scarring	of	the	skin	at	the	donor	site	can	

be	cosmetically	unacceptable
		

13.3.4 Oculofacial Prostheses
Successful	osseointegration	has	been	achieved	in	
about	90%	of	the	patients	reported	and	because	
of	 this	 the	 use	 of	 these	 implants	 has	 increased	
in	recent	years.	 In	cases	of	extensive	resections,	
even	when	less	bone	substance	remains,	applica-
tion	of	these	techniques	is	still	possible	and	usu-
ally	 recommended.	 Another	 advantage	 is	 that	
postoperative	radiation	is	still	possible.	

Summary for the Clinician
Advantages:
-	 High	rate	of	success	with	the	recent	tech-

niques
-	 Favorable	 option	 for	 covering	 large	 de-

fects	
-	 Postoperative	 radiotherapy	 is	more	 fea-

sible	than	with	the	use	of	local	flaps

Disadvantages:
-	 Deterioration	of	the	materials
-	 Expensive	procedure
-	 Unpleasant	 odors	 sometimes	 noticed	

from	the	covered	areas
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Core Messages

■	 Absolute	 dry	 eye	 can	 lead	 to	 bilateral	
blindness	associated	with	severe,	persis-
tent	dry	eye	pain.

■	 Mucous	 membrane	 transplantation	
alone	does	not	provide	sufficient	substi-
tute	lubrication.

■	 Transplantation	of	minor	 labial	salivary	
glands	as	well	as	all	three	major	salivary	
glands	 (parotid,	 sublingual,	 and	 sub-
mandibular)	has	been	used	to	substitute	
tears	in	absolute	dry	eyes.

■	 Similar	to	tears,	saliva	contains	many	nu-
trient	and	microbicidal	factors.	Salivary	
enzymes	are	not	detrimental	 to	healthy	
ocular	 surface	 epithelia.	 The	 osmolal-
ity	 of	 saliva	 is	 substantially	 lower	 than	
that	 of	 tears.	 The	 mixed	 seromucinous	
character	of	saliva	of	the	submandibular	
gland	(SMG)	is	most	similar	in	composi-
tion	to	tears.

■	 Use	 of	 the	 four	 different	 donor	 tissues	
also	involves	principally	different	surgi-
cal	approaches.

■	 Minor	 labial	 salivary	 glands	 are	 trans-
planted	as	a	sheet	of	glands	attached	to	
a	full-thickness	graft	of	labial	mucosa	to	
the	posterior	lamella	of	the	eyelid.	Some	
early	 reports	 suggest	 beneficial	 effects.	
Thorough	 long-term	 follow-up	 of	 the	
procedure	is	lacking.

■	 The	secretory	duct	of	 the	parotid	gland	
is	 transposed	 to	 the	 lower	 conjunctival	
sac	without	altering	the	gland	itself.	Due	
to	the	remaining	innervation	a	gustatory	
reflex	secretion	results.	No	recent	reports	
on	the	use	of	this	procedure	exist.

■	 The	 sublingual	 gland	 is	 used	 as	 a	 free	
graft	 to	 the	 upper	 conjunctival	 fornix	
without	vascular	supply.	Due	to	graft	ne-
crosis	this	procedure	frequently	failed	to	
improve	 ocular	 surface	 lubrication	 and	
is	not	currently	used.

■	 The	SMG	is	used	as	a	free	graft	with	mi-
crovascular	anastomosis	to	the	temporal	
vessels.	Approximately	76%	of	the	trans-
planted	glands	remain	viable	in	the	long	
term.

■	 Viable	SMG	transplants	improve	the	vol-
ume	of	ocular	surface	lubrication,	symp-
toms	and	some	signs	of	dry	eye.

■	 With	 time,	 excessive	 salivary	 tear	 flow	
results.	This	is	frequently	associated	with	
a	temporary	microcystic	corneal	epithe-
lial	 edema,	 which	 –	 if	 left	 unmanaged	
–	 can	 progress	 to	 corneal	 ulceration.	
Corneal	 transplantation	 following	 suc-
cessful	 SMG	 transplantation	 remains	
unsuccessful	due	to	recurrent	immuno-
logic	or	ocular	surface	problems.

■	 The	salivary	tear	flow	from	SMG	trans-
plants	 can	 be	 controlled	 by	 systemic	
parasympathomimetics,	 periglandular	
injections	of	botulinum	toxin	or	surgical	
reduction	of	the	gland.

■	 The	 use	 of	 salivary	 glands	 to	 substitute	
tears	 remains	 limited	 to	 absolutely	 dry	
eyes	with	persistent	discomfort,	despite	
hourly	application	of	artificial	 tear	 sub-
stitutes	and	the	presence	of	a	conjuncti-
valized	ocular	surface.
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14.1 Introduction

14.1.1 Background and Surgical 
Principles

In	absolute	tear	deficiency,	severe	ocular	surface	
damage	can	progress	despite	copious	use	of	arti-
ficial	tear	substitutes,	resulting	in	persistent	pain	
and	permanent	loss	of	vision	[29].	In	this	situa-
tion,	mucous	membrane	grafting	alone	will	not	
provide	 sufficient	 lubrication	 to	 alleviate	 symp-
toms	or	to	enable	successful	ocular	surface	recon-
struction.	Several	studies	have	demonstrated	that	
oral	and	nasal	mucosa	could	successfully	be	used	
to	reconstruct	the	fornices	and	provide	mucin	for	

lubrication.	However,	after	neither	oral	nor	nasal	
mucosal	transplantation	did	lubrication	increase	
to	 a	 level	 sufficient	 to	 sustain	 a	 healthy	 corneal	
graft	[14,	17,	32].

The	 minor	 (labial)	 and	 the	 major	 salivary	
glands	 have	 been	 used	 as	 autologous	 sources	
of	 lubrication	 in	 severe	 dry	 eye	 [2,	 5,	 6,	 7,	 23,	
30].	 The	 surgical	 principles	 reported	 include	
(Fig.	14.1):
•	 Transplantation	 of	 labial	 mucosa	 with	 at-

tached	minor	labial	salivary	glands	to	the	pos-
terior	lamella	of	the	eyelids

•	 Transposition	of	the	excretory	duct	(Stensen’s	
duct)	 of	 the	 parotid	 gland	 to	 the	 lower	 con-
junctival	sac

Fig. 14.1  Surgical	principles	of	the	four	different	approaches	using	salivary	gland	tissue	for	absolute	dry	eyes.	
a	Full-thickness	oral	mucosa	with	attached	minor	salivary	gland	transplantation.	b	Parotid	duct	transposition.	
c	Sublingual	gland	transplantation.	d	Submandibular	gland	transplantation



•	 Free	transplantation	of	the	sublingual	gland	to	
the	upper	conjunctival	fornix	without	micro-
vascular	anastomosis

•	 Free	transplantation	of	the	SMG	with	implan-
tation	of	the	excretory	duct	into	the	upper	lat-
eral	fornix	and	with	microvascular	anastomo-
sis

These	techniques	vary	significantly	in	the	vol-
ume	 and	 quality	 of	 substitute	 lubrication	 they	
provide	(Table	14.1).

14.1.2. Quantitative 
and Compositional 
Differences Between 
Saliva and Normal Tears

The	 total	 volume	 of	 saliva	 secreted	 per	 day	 is	
approximately	103	larger	than	the	total	tear	vol-
ume,	which	is	around	1–2	ml.	The	major	salivary	
glands	account	for	most	of	the	stimulated	secre-
tion.	 Without	 gustatory	 stimulation	 approxi-
mately	 50%	 of	 saliva	 is	 secreted	 by	 the	 minor	
salivary	 glands	 in	 the	 oral	 mucosal	 lining,	 30%	
by	 the	 submandibular,	 15%	by	 the	parotid,	 and	
5%	by	the	sublingual	gland	[25].

Although	not	identical	to	tears,	saliva	has	an	
equally	complex	composition	and	contains	many	

nutrient	and	microbicidal	 factors,	such	as	albu-
min,	 lipids,	 immunoglobulins,	 and	 proteases.	
The	secretion	of	the	minor	salivary	glands	is	pre-
dominantly	mucinous	and	contains	high	concen-
trations	of	antimicrobial	peptides	such	as	IgA	and	
growth	factors	such	as	EGF	[4,	16].	SMG	saliva	is	
seromucinous	(predominantly	serous),	although	
it	has	a	 substantially	higher	viscosity	 than	 tears	
and	 the	 sublingual	 gland	 saliva	 is	 mucoserous	
(predominantly	 mucinous).	 The	 parotid	 gland	
produces	a	serous,	and	hence	less	tear-like,	saliva	
(Table	14.1)	[25].

Relevant	differences	between	tears	and	saliva	
include	 some	 specific	 enzymes	 and	 the	 osmo-
lality.	 In	 patients	 in	 whom	 a	 salivary	 gland	 or	
its	secretory	duct	 is	 transplanted	or	transposed,	
the	quality	of	the	ocular	surface	lubrication	will	
be	identical	or	similar	to	regular	saliva	[8].	Due	
to	 their	 specificity,	 the	 abundance	 of	 salivary	
enzymes	such	as	amylase	has	no	obvious	detri-
mental	effect	on	healthy	human	corneal	epithe-
lium	[2,	9].	However,	while	tears	are	isotonic	to	
serum,	 saliva	 is	 relatively	 hypo-osmolar.	 If	 the	
ocular	surface	is	lubricated	with	large	quantities	
of	hypo-osmolar	salivary	tears	this	can	result	in	
a	clinically	significant,	although	temporary,	cor-
neal	 epithelial	 edema	 [8],	 which	 then	 requires	
surgical	management	to	reduce	the	salivary	tear	
volume.

Table 14.1.	 Comparison	of	surgical	details	with	different	approaches	using	salivary	gland	tissue	for	tear	substitu-
tion

Minor salivary 
glands – 
transplantation

Sublingual gland 
– transplantation

Submandibular 
gland –  
transplantation

Parotid gland – 
duct transposition

Quality of normal  
secretion

Mucinous Mucoserous Seromucinous Serous

Volume of unstimulated 
saliva/daya

~500	ml ~50	ml ~300	ml ~150	ml

Vascularization after 
transplantation

None None Anastomosis Natural

Secretory duct position 
after transplantation

Multiple Unknown Superotemporal		
fornix

Inferotemporal		
fornix

a	Figures	are	estimates	and	refer	to	the	total	volume	of	secretion	from	both	or	all	glands	of	each	type	into	the	
oral	cavity	in	the	normal	adult
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Summary for the Clinician

■	 Mucous	 membrane	 grafting	 does	 not	
provide	sufficient	lubrication	to	alleviate	
severe	 dry	 eye	 symptoms	 or	 allow	 suc-
cessful	corneal	transplantation.

■	 The	 minor	 and	 major	 salivary	 glands	
have	all	been	used	with	different	surgical	
principles	to	substitute	tears.

■	 Saliva	has	an	equally	complex	composi-
tion	and	contains	many	nutrient	and	mi-
crobicidal	factors	also	present	in	tears.

■	 The	 seromucinous	 SMG	 saliva	 is	 most	
similar	to	tears,	although	it	has	a	much	
lower	osmolality.

		

14.2 Minor Labial Salivary 
Gland Transplantation

In	1998	Juan	Murube	was	the	first	to	describe	the	
transplantation	of	minor	labial	salivary	glands	to-
gether	with	their	covering	mucosal	sheath.	In	the	
lip,	these	glands	form	an	almost	compact	submu-
cosal	layer	of	approximately	2	×	2	×	3	mm	lobules,	
with	each	gland	having	a	short	excretory	duct	ex-
iting	onto	the	surface	of	the	oral	mucosa	[25].

14.2.1 Surgical Technique
The	complex	graft	of	labial	mucosa	with	attached	
minor	salivary	glands	 is	usually	 taken	 from	the	
lower	 lip,	 where	 access	 and	 density	 of	 lobules	
per	surface	area	is	highest	[12,	23].	However,	the	
upper	lip	or	buccal	mucosa	can	serve	as	alterna-
tive	donor	sites	if	more	extensive	graft	material	is	
required.	Usually,	an	approximately	1.5	×	2.5	cm	
full	 thickness	 mucosal	 graft	 together	 with	 the	
attached	salivary	glands	is	harvested	(Fig.	14.2).	
Care	should	be	taken	not	to	extend	the	incision	
closer	than	1	cm	to	the	mucocutaneous	junction/
0.5	cm	to	the	midline	of	the	lip,	or	to	damage	the	
underlying	 muscle.	 If	 left	 unsutured,	 the	 labial	
wound	usually	heals	rapidly	by	secondary	inten-
tion	healing	within	2–4	weeks.

The	 recipient	 bed	 is	 prepared	 by	 everting	 the	
upper	or	lower	eyelid	and	separating	the	conjunc-
tiva	from	the	underlying	Muller’s	muscle	with	an	
injection	of	saline	or	anesthetic.	Next,	an	incision	
of	approximately	2.5	cm	is	made	along	the	poste-
rior	edge	of	the	tarsal	plate	and	the	conjunctiva	is	
dissected	 posteriorly	 for	 about	 1.5	cm.	 The	 graft	
is	placed	in	povidone,	cleaned,	and	cut	to	fit	 the	
recipient	bed,	while	carefully	preserving	any	glan-
dular	structures,	before	it	is	sutured	to	the	recipi-
ent	bed	with	7.0	or	8.0	long-acting	absorbable	su-

Fig. 14.2  a	Minor	labial	salivary	glands	attached	to	full-thickness	mucosa.	b	Graft	used	in	lower	fornix	recon-
struction	 in	 a	 patient	 with	 ankyloblepharon	 secondary	 to	 congenital	 lacrimal	 gland	 aplasia.	 The	 transplant	 is	
sutured	to	the	conjunctiva	with	absorbable	6-0	sutures



tures.	To	avoid	damage	to	the	corneal	epithelium	a	
bandage	contact	lens	should	be	applied	until	com-
plete	resorption	of	the	sutures.	A	topical	antibiotic	
ointment	and	a	light	pressure	bandage	are	applied.	
Alternatively,	 the	graft	can	be	held	 in	place	with	
two	 submucosal	 horizontal	 running	 prolene	 su-
tures	along	its	upper	and	lower	end.	For	this	the	
needle	enters	 the	eyelid	 through	 the	skin	on	 the	
temporal	 side	 and	 is	 passed	 in	 the	 tissues	 as	 an	
intramucosal	and	intraconjunctival	suture	until	it	
exits	the	lid	on	the	nasal	side	(Fig.	14.3).	Since	this	
avoids	 irritation	 of	 the	 ocular	 surface	 a	 bandage	
contact	lens	is	not	required	postoperatively.

14.2.2 Clinical Results
During	 the	 first	 postoperative	 month	 the	 upper	
lid	 is	 often	 fairly	 edematous	 and	 should	 not	 be	
everted	to	avoid	damage	to	the	graft.	The	initially	
chemotic	and	avascular	graft	is	usually	revascular-
ized	within	1	week,	which	is	when	patients	begin	
to	 report	 some	 subjective	 improvement.	 After	
2	weeks,	secretion	of	saliva	can	often	be	seen	clin-
ically.	 This	 is	 initially	 fairly	 viscous,	 but	 will	 be-
come	more	serous	by	the	end	of	the	first	month.	

With	 the	 original	 description	 of	 the	 surgical	
technique	 in	 1998,	 Murube	 also	 reported	 the	
results	 of	 6	 patients	 with	 a	 mean	 follow-up	 of	
11	months.	In	these	patients,	1	graft	became	atro-
phic,	but	5	grafts	remained	viable	and	led	to	in-
creased	lubrication	and	a	reduction	of	symptoms	
in	4.	Mean	preoperative	Schirmer	test	results	im-
proved	 from	 5.7±3.8	mm	 to	 11.7±9.5	mm	 [25].	
Guerissi	reported	a	patient	with	a	2-year	history	
of	dry	eye	secondary	to	Sjögren’s	syndrome	and	
severe	 DE	 symptoms	 recalcitrant	 to	 any	 medi-
cal	treatment	who	showed	significant	relief	after	
minor	 salivary	 gland	 transplantation.	 A	 biopsy	
taken	3	months	after	surgery	confirmed	the	pres-
ence	of	viable	salivary	gland	acini	and	ducts	with	
mucin	 content	 [13].	 Soares	 reported	 about	 37	
transplantations	 in	21	patients	with	a	graft	sur-
vival	rate	of	97%.	Most	of	these	patients	(12)	suf-
fered	 from	 Stevens-Johnson	 syndrome-induced	
severe	 dry	 eye	 and	 required	 additional	 surgery,	
such	 as	 amniotic	 membrane	 transplantation,	
symblepharolysis	or	other	procedures	to	correct	
trichiasis.	 Signs	 and	 symptoms,	 including	 the	
need	to	use	artificial	tears,	and	vision	improved	
in	92%	of	the	cases.	These	results	were	found	to	

be	stable	over	a	maximum	follow-up	of	4.5	years.	
Complications	 included	 infection	 (n =	1)	 and	
ptosis	 (n =	3)	 [31].	 Potential	 donor	 site	 compli-
cations	 include	 temporary	 hypesthesia,	 delayed	
wound	healing,	and	a	reduced	volume	of	the	lip.	
More	details	on	the	amount	of	secretion	resulting	
from	this	procedure	and	its	impact	on	the	ocular	
surface	in	the	long	term	are	still	required.

Summary for the Clinician

■	 Sheets	of	minor	salivary	glands	attached	
to	 full-thickness	 labial	 mucosa	 can	 be	
transplanted	as	 free	grafts	 to	 the	poste-
rior	lamella	of	the	eyelids.

■	 A	small	number	of	early	clinical	case	se-
ries	 reported	 beneficial	 effects	 on	 signs	
and	symptoms	of	dry	eye.

		

Fig. 14.3  a	 Two	 horizontal	 sutures	 running	 in	 the	
graft	 and	 subconjunctival	 tissue	 can	 alternatively	 be	
used	to	hold	the	graft	in	place.	b	The	suture	ends	are	
externalized	through	the	skin	and	tied	together
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14.3 Parotid Duct Transposition
The	concept	of	transposing	the	parotid	duct	from	
its	original	premolar	position	in	the	mouth	to	the	
lower	conjunctival	fornix	was	conceived	by	Fila-
tov	and	Chevaljev	in	1951	[5]	and	subsequently	
modified	by	others.

14.3.1 Surgical Technique
The	 initial	 technique	 described	 by	 Filatov	 used	
a	cutaneous	approach	 to	 the	parotid	duct,	until	
Pierce	et	al.	later	described	an	entirely	oral	tech-
nique	[27].	The	direct	approach	uses	a	preauricu-
lar	skin	incision	to	visualize	and	mobilize	the	en-
tire	parotid	duct.	Following	probing,	the	ostium	is	
excised	with	a	small	cuff	of	buccal	mucosa.	From	
the	lower	anterior	end	of	the	incision	a	subcuta-
neous	tunnel	is	created	by	blunt	dissection	to	the	
inferotemporal	conjunctival	fornix	[1].

The	indirect	or	oral	approach	consists	of	 the	
intraoral	dissection	of	a	2	by	approximately	7	cm	
long,	 anterior-posterior	 directed	 strip	 of	 full-
thickness	mucosa	centered	around	and	including	
the	 ostium	 of	 Wharton’s	 or	 Stensen’s	 duct.	 The	
duct	itself	is	probed	and	freed	over	2–3	cm	from	
the	muscle	of	the	cheek	(up	to	the	anterior	bor-
der	 of	 the	 masseter	 muscle).	 The	 mucosal	 strip	
is	 folded	 onto	 itself	 and	 sutured	 over	 a	 tube	 to	
achieve	 a	 total	 length	 of	 7–8	cm	 of	 mobilized	
“ductal	tube.”	This	is	then	passed	through	a	tun-
nel	on	the	periosteum	of	the	zygoma	deep	to	all	
muscles,	vessels,	and	nerves.	 Its	end	enters	 into	
and	 is	 sutured	 to	 the	conjunctiva	of	 the	 infero-
temporal	conjunctival	sac	[4,	27].

Early	surgical	complications	include	disinser-
tion/obstruction	at	the	level	of	the	fornix	or	fis-
tulation	of	the	duct	at	any	position.	Contraction	
or	 lack	 of	 length	 of	 the	 ductal	 tube	 frequently	
resulted	 in	 mechanical	 lower	 lid	 entropion	 or	
ectropion	and	 this	was	more	common	with	 the	
transcutaneous	approach	[4].

14.3.2 Clinical Results
Parotid	duct	transposition	provides	copious	wet-
ting,	but	due	to	a	maintained	innervation	of	the	
parotid	 gland	 it	 is	 associated	 with	 a	 gustatory	
reflex	 epiphora.	 A	 number	 of	 case	 reports	 and	

descriptive	 studies	 exist,	 but	 there	 are	 no	 well-
conducted	 prospective	 studies	 with	 detailed,	
(semi)quantitative	follow-up	data	[2,	4,	27].	This	
can	 lead	 to	 traumatic	keratitis	 since	 the	patient	
frequently	 has	 to	 wipe	 the	 eye	 to	 remove	 ex-
cess	 secretion	 [2].	 Until	 recently,	 the	 technique	
has	been	popular	with	veterinary	ophthalmolo-
gists	who	have	performed	it	in	beagles,	who	fre-
quently	suffer	from	severe	dry	eye.	From	this	we	
know	that	in	addition	to	gustatory	reflex	tearing	
the	postoperative	course	can	be	complicated	by	
blepharitis,	 corneal	 calcifications,	 and	 an	 in-
creased	load	of	colony-forming	bacterial	units	in	
the	conjunctival	sac,	which,	in	addition,	is	altered	
from	 a	 predominantly	 gram-positive	 toward	 a	
more	 mixed	 bacterial	 flora,	 without	 inducing	
overt	ocular	surface	pathology	[11,	26].

Systemic	anticholinergics	and	implantation	of	
a	lacrimal	bypass	tube	were	suggested	to	manage	
salivary	epiphora,	but	these	were	associated	with	
systemic	side	effects	or	were	insufficient	to	drain	
the	excessive	volume	of	ocular	surface	lubrication.	
Also,	parasympathetic	denervation	of	the	gland	is	
impracticable	since	surgical	access	is	difficult	and	
collateral	damage	to	the	facial	nerve	during	such	
maneuvers	 is	 likely.	 Therefore,	 the	 technique	 is	
currently	rarely	practiced	in	humans.

Summary for the Clinician

■	 Due	 to	 the	 remaining	 innervation	 this	
procedure	 results	 in	 gustatory	 reflex	
tearing,	which	is	reportedly	complicated	
by	dermatitis	and	keratitis.

■	 The	procedure	should	currently	be	clas-
sified	as	“historic”.

		

14.4 Sublingual Gland 
Transposition

Murube	was	also	the	first	to	transplant	autologous	
sublingual	gland	tissue	to	the	conjunctival	fornix	
in	rabbits	and	humans.	According	to	Sieg,	salivary	
glands	tolerate	a	maximum	ischemia	of	up	to	one	
and	 a	 half	 hours	 at	 physiological	 temperatures	
[30]	and	without	vascular	anastomosis	sublingual	
grafts	should	become	completely	necrotic	within	
6	h.	From	histological	studies	in	rabbits	Murube	



found	that	the	grafts	first	underwent	partial	atro-
phy	before	some	acinar	tissue	was	regenerated.

14.4.1 Surgical Technique
This	involves	transconjunctival	preparation	of	a	
recipient	 in	 the	 temporal	upper	 fornix.	A	block	
of	sublingual	gland	together	with	overlying	mu-
cosa	measuring	approximately	25	×	1	0	×	6	mm	is	
excised	 and	 then	 fixed	 with	 transpalpebral	 su-
tures	to	the	recipient	bed	and	the	lacrimal	gland.	
Finally,	the	conjunctiva	and	mucosa	are	sutured	
with	interrupted	absorbable	sutures.	The	concept	
of	surgery	was	based	on	the	idea	that	the	grafted	
tissue	would	become	vascularized	from	the	con-
tact	area	in	the	recipient	bed.

14.4.2 Clinical Results
When	 Murube	 performed	 such	 free	 sublingual	
gland	transplants	to	the	superolateral	conjuncti-
val	fornix	of	5	patients	with	severely	aqueous-de-
ficient	dry	eye,	due	to	the	absence	of	any	primary	
vascularization	the	grafted	tissue	apparently	be-
came	necrotic	in	2	patients.	Of	the	remaining	3,	
only	1	showed	a	minimal	increase	in	Schirmer’s	
test	score	from	0	to	2	mm	[23].	Since	the	initial	
report,	 this	 approach	 seems	 to	 have	 been	 com-
pletely	abandoned.

Summary for the Clinician

■	 Due	to	the	absence	of	any	vascular	supply	
sublingual	gland	transplants	become	ne-
crotic	and	offer	little	or	no	improvement	
in	lubrication	and	symptoms	of	dry	eye.

		

14.5 Submandibular Gland 
Transposition

Of	 all	 procedures	 involving	 the	 transplantation	
of	major	salivary	glands	for	severe	dry	eye	–	due	
to	 some	 principle	 advantages	 –	 this	 is	 the	 only	
one	currently	practiced	in	humans.	The	concept	
involves	a	 free	autologous	SMG	transplanted	 to	
the	temporal	fossa.	A	microvascular	anastomosis	

ensures	blood	supply	to	the	graft	and	thus	long-
term	survival	of	the	acinar	tissue	of	the	gland.	The	
secretion	of	the	SMG	is	seromucinous	and	hence	
capable	of	replacing	both	the	mucinous	and	the	
aqueous	components	of	the	normal	tear	film.	The	
flow	rate	of	 saliva	 from	a	normal	SMG	exceeds	
normal	tear	production	by	far.	However,	intraop-
erative	denervation	of	the	graft	reduces	this	and	
in	addition	avoids	the	gustatory	reflex	salivation	
seen	after	parotid	duct	transposition.	In	rats	and	
rabbits	 the	 transplanted	 gland	 remained	 viable	
and	 successfully	 prevented	 corneal	 ulceration	
during	a	follow-up	of	6	months	[18,	19].

14.5.1 Surgical Technique
Prior	to	surgery	it	is	of	obvious	importance	to	en-
sure	that	the	potential	donor	tissue	is	viable	and	
functional.	Minor	labial	salivary	gland	biopsy	is	
an	accepted	reference	tissue	for	excluding	a	de-
structive	 inflammatory	 process	 directed	 against	
salivary	gland	tissue	in	general	by	means	of	his-
tological	 examination.	 More	 direct,	 99m-Tech-
netium	scintigraphy	with	or	without	parasympa-
thomimetic	stimulation	is	capable	of	quantifying	
the	secretory	capacity	of	a	salivary	gland	[20].

Surgery	is	ideally	performed	under	general	an-
esthesia	by	a	collaborative	team	of	maxillofacial	
and	oculoplastic	surgeons.	In	trained	hands,	the	
procedure	requires	5–6	h	of	surgical	time.	First,	
the	 SMG	 and	 its	 vascular	 pedicle	 are	 prepared,	
the	 secretory	 duct	 mobilized	 at	 the	 sublingual	
caruncle,	and	the	parasympathetic	fibers	branch-
ing	out	from	the	lingual	nerve	severed	[6,	7,	22,	
23,	30].	Next,	a	recipient	bed	is	prepared	in	the	
temporal	fossa	by	fenestration	of	the	temporalis	
muscle	 and	 preparation	 of	 the	 superficial	 tem-
poral	artery	and	vein.	The	original	blood	supply	
of	the	SMG	is	then	ligated,	the	graft	transferred	
to	the	recipient	bed,	and	an	arterial	and	venous	
microanastomosis	with	the	temporal	vessels	cre-
ated.	The	secretory	duct	is	passed	subcutaneously	
to	 the	 fornix	 where	 it	 is	 connected	 to	 the	 con-
junctiva	prior	to	skin	closure.

14.5.2 Clinical Results
In	humans,	four	independent	groups	of	authors	
have	published	clinical	results	with	this	procedure	

 14.5 Submandibular Gland Transposition 213



 214 Salivary Gland Transplantation

14

in	severely	aqueous-deficient	dry	eye.	Murube	re-
ported	that	5	out	of	7	such	grafts	remained	viable	
for	 up	 to	 3	months.	 However,	 secretory	 activity	
was	not	clinically	obvious	in	all	cases.	He	there-
fore	had	to	use	amylase	detection	in	the	tear	film	
rather	 than	Schirmer’s	 test	 to	 establish	whether	
the	 graft	 was	 viable	 [23,	 24].	 Later,	 MacLeod	
and	 Robbins	 reported	 12	 successful	 procedures	
in	 8	 patients	 who	 all	 showed	 improvement	 by	
Schirmer	 testing	 and	 an	 increased	 fluid	 menis-
cus,	 but	 no	 detailed	 ophthalmic	 long-term	 fol-
low-up	was	presented	[21].

We	have	transplanted	42	grafts	in	34	patients	
and	completed	a	thorough	ophthalmological	fol-
low-up	for	up	to	7	years	[6,	7,	29].	Based	on	the	
Schirmer	test,	improvement	in	clinical	symptoms	
and	Tc99m	pertechnetate	scintigraphy	32	of	the	
42	 SMG	 grafts	 have	 remained	 viable	 as	 of	 the	
last	follow-up	[20].	Seven	graft	failures	were	ob-
served	due	to	complications	associated	with	the	
vascular	anastomosis,	2	due	to	obstruction	of	the	
secretory	duct,	and	1	due	to	newly	induced	auto-
antibodies	to	salivary	gland	tissue.	In	2004,	Yu	et	
al.	reported	a	group	of	38	patients	in	whom	SMG	
transplantation	–	although	with	undefined	dura-
tion	of	follow-up	–	had	been	performed	success-
fully	in	87%.	Five	grafts	had	to	be	removed	within	
1	week	of	surgery	due	to	early	thrombosis	of	the	
venous	 drainage	 [33].	 Yu	 et	 al.	 confirmed	 that	
from	the	fourth	postoperative	month	onward	pa-
tients	with	viable	SMG	grafts	had	a	substantially	
improved	volume	of	lubrication.	Although	their	
ophthalmic	 data	 analysis	 is	 limited,	 they	 stated	
that	the	patients	could	discontinue	the	use	of	ar-
tificial	tear	substitutes	and	that	vision	improved	
in	6	patients.

Along	 with	 Yu	 et	 al.,	 we	 have	 also	 observed	
a	specific	pattern	of	postoperative	salivary	flow.	
This	 includes	 an	 early	 phase	 of	 hypersecretion	
of	 several	 days’	 duration,	 which	 appears	 to	 be	
due	to	“degeneration	activity”	caused	by	release	
of	neurotransmitters	 from	degenerating	sympa-
thetic	 and	 any	 sectioned	 post-ganglionic	 para-
sympathetic	 terminal	 axons.	 This	 is	 followed	
by	a	period	of	minimal	 secretion	during	which	
time	the	super-sensitivity	of	the	acinar	cells	will	
develop.	Over	the	subsequent	months	and	years	
the	 amount	 of	 secretion	 then	 often	 increases	
until	 –	 contrary	 to	 short-term	 reports	 by	 oth-
ers	 –	 excessive	 salivary	 epiphora	 results	 [7,	 21,	

28].	Although	secretory	flow	did	not	depend	on	
gustatory	stimuli,	it	was	obviously	stimulated	by	
physical	 activity,	 local	 hyperthermia	 or	 caffeine	
ingestion.	 Systemic	 application	 of	 carbachol	 re-
sulted	 in	a	 rapid	 increase	 in	 secretion	 from	the	
graft,	as	documented	by	scintigraphy.	

Histology	specimens	of	the	SMG	taken	prior	
to	 and	 more	 than	 1	year	 after	 transplantation	
showed	 some	 parenchymal	 atrophy.	 However,	
cholinesterase-positive	 nerves	 were	 abundant	
and	in	a	similar	distribution	to	normal,	with	scat-
tered	 positive	 ganglion	 cells.	 Adrenergic	 axons	
were	 also	 detected	 in	 the	 glands,	 but	 were	 less	
numerous	 than	 normal	 and	 irregularly	 distrib-
uted.	 The	 latter	 are	 thought	 to	 have	 originated	
from	 sectioned	 sympathetic	 nerves	 around	 re-
connecting	arteries	and	to	have	grown	by	sprout-
ing	down	mainly	formerly	parasympathetic	glan-
dular	nerves.

In	 a	 prospective,	 controlled	 clinical	 cohort	
study,	we	evaluated	the	long-term	follow-up	after	
autologous	submandibular	gland	transplantation	
in	 the	 most	 demanding	 group	 of	 patients,	 i.e.,	
with	absolute	dry	eye	due	to	cicatrizing	conjunc-
tivitis	 of	 Stevens-Johnson	 syndrome	 or	 ocular	
cicatricial	 pemphigoid.	 We	 recorded	 Schirmer’s	
test	 score,	 fluorescein	 break-up	 time	 (F-BUT),	
degree	of	discomfort,	use	of	pharmaceutical	tear	
substitutes,	visual	acuity,	conjunctival	Rose	Ben-
gal	staining,	and	hyperemia	in	14	eyes	with	a	suc-
cessful	SMG	transplant	and	11	dry	eyes	without	
salivary	 lubrication.	Over	a	mean	postoperative	
period	 of	 3.3	years	 the	 transplantation	 group	
showed	 significant	 improvement	 in	 Schirmer’s	
test	 score,	 F-BUT,	 use	 of	 pharmaceutical	 tear	
substitutes,	discomfort,	and	Rose	Bengal	staining	
up	to	the	last	follow-up	compared	with	the	con-
trol	group	(Fig.	14.4)	[29].	Mean	visual	acuity	did	
not	 improve,	which	was	felt	 to	be	due	to	severe	
preoperative	corneal	scars	as	well	as	microcystic	
epithelial	edema	that	evolved	postoperatively	in	
patients	with	over-secreting	transplants.

14.5.3 Late Complications
Excessive	 salivary	 epiphora	 was	 observed	 in	
24–40%	 of	 eyes	 with	 a	 viable	 graft	 [3,	 33].	
This	 could	 be	 managed	 successfully,	 either	 by	
systemic	 application	 of	 a	 parasympatholytic,	



such	as	oral	benzhexol,	or	periglandular	 injec-
tions	 of	 botulinum	 toxin	 [15].	 Since	 the	 effect	
of	 these	modalities	was	 limited	to	a	maximum	
of	3	months,	some	of	the	grafts	were	surgically	
reduced	[15].	We	also	frequently	observed	mi-
crocystic	 epithelial	 edema	 in	 eyes	 with	 exces-
sive	 salivary	 epiphora,	 which	 was	 temporary	

and	 resolved	 when	 the	 salivary	 epiphora	 was	
controlled.	 Two	 eyes	 with	 microcystic	 edema	
developed	 a	 persistent	 epithelial	 defect,	 which	
healed	 in	 one	 eye	 after	 amniotic	 membrane	
transplantation,	but	went	on	to	perforation	in	a	
second	eye,	later	requiring	repeated	penetrating	
keratoplasty	 (Fig.	14.5).	 Later,	 four	 eyes	 with	 a	

Fig. 14.4.  a,b	Patient	with	absolute	dry	eye	following	
Stevens-Johnson	syndrome	and	bilateral	submandibu-
lar	gland	 transplantation.	The	patient	regularly	wears	
rigid	gas	permeable	contact	lenses	in	both	eyes.	More	
than	6	months	postoperatively,	the	right	transplant	was	
viable,	while	the	left	transplant	had	become	necrotic	in	
the	early	postoperative	phase.	The	eye	with	salivary	lu-
brication	shows	substantially	less	Rose	Bengal	staining

Fig. 14.5  a	Right	eye	with	acute	calcific	precipitates	in	a	persistent	epithelial	defect	6	years	following	success-
ful	submandibular	gland	transplantation.	b	Defect	healed	after	amniotic	membrane	transplantation.	c	Persistent	
conjunctival	hyperemia	due	to	permanently	excessive	salivary	lubrication
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viable	SMG	graft	also	underwent	five	penetrat-
ing	 corneal	 grafts.	 However,	 due	 to	 rejection,	
calcification	or	epiphora-associated	edema	and	
subsequent	 recurrent	 corneal	 ulceration,	 none	
of	these	was	successful	[3].

Summary for the Clinician

■	 Approximately	 76%	 of	 free	 autologous	
SMGs	survive	transplantation	due	to	mi-
crovascular	anastomosis	to	the	temporal	
vessels.

■	 The	 volume	 of	 ocular	 surface	 lubrica-
tion,	 symptoms,	 and	 some	 signs	 of	 dry	
eye	improve	after	successful	SMG	trans-
plantation.

		

Summary for the Clinician

■	 After	1	year	postoperatively,	salivary	tear	
flow	often	becomes	excessive.	This	 sali-
vary	 epiphora	 is	 frequently	 associated	
with	 a	 temporary	 microcystic	 corneal	
epithelial	edema.

■	 If	 left	 unmanaged	 this	 can	 progress	 to	
corneal	ulceration	and	prevent	 success-
ful	corneal	transplantation.

■	 The	 salivary	 flow	 from	 transplanted	
SMGs	 can	 be	 controlled	 by	 systemic	
parasympathomimetics,	 periglandular	
injections	of	botulinum	toxin	or	surgical	
reduction	of	the	gland.

■	 The	indication	for	SMG	transplantation	
remains	limited	to	cases	of	absolute	dry	
eye	 with	 persistent	 discomfort	 despite	
hourly	application	of	artificial	 tear	 sub-
stitutes	and	the	presence	of	a	conjuncti-
valized	ocular	surface.

		

Table 14.2.	 Results	of	techniques	using	different	salivary	glands	as	donor	tissue	to	enhance	ocular	surface	lubri-
cation

Labial salivary  
gland – 
transplantation

Sublingual  
gland – 
transplantation

Submandibular  
gland – 
transplantation

Parotid gland – 
 duct transposition 

Level of evidence	a IV to V V II to V IV to V

Success (= actively 
secreting tissues)

Unknown ?20%? ~80% 100%

Volume	b 
- Unstimulated 
- Stimulated

	
6	mm	
Unknown

	
0–2	mm	
Unknown

	
~10–30	mm	
Up	to	150	mm

	
~10–20	mm	
Unknown

Ocular complications Ptosis,		
Infection,		
Ectropion	(rare)

Persistent	dry	eye	
(very	common)

Secretory	duct	
occlusion	(rare),	
Non-gustatory	
epiphora	
(common)	
→		Microcystic	

corneal	epi-
thelial	edema	

→		Requires	
management

Entropion,		
Ectropion,		
Blepharitis,
Gustatory	epiphora	
(depending	on		
surgical	technique)

a	Levels	of	evidence:	I	=	high	power	RCT;	II	=	low	power	RCT;	III	=	nonrandomized	clinical	trial;	IV	=	case	
series;	V	=	expert	opinion;	case	report

b	Mean	increase	in	Schirmer	test	over	5	min	after	topical	anesthetic



14.6 Conclusion
Transplantation	of	autologous	salivary	glands	to	
provide	 substitute	 lubrication	 in	 severe	 dry	 eye	
clearly	 remains	 limited	 to	 a	 very	 few	 selected	
cases.	 Of	 all	 the	 procedures	 described,	 a	 com-
plex	 graft	 of	 minor	 salivary	 glands	 attached	 to	
labial	or	oral	mucosa	or	a	single	SMG	requiring	
microvascular	 anastomosis	 are	 currently	 used	
in	humans.	While	 it	has	been	shown	that	SMG	
transplantation	 is	 capable	 of	 significantly	 im-
proving	the	volume	of	ocular	surface	lubrication,	
the	symptoms,	and	some	signs	of	dry	eye,	this	re-
mains	to	be	shown	for	minor	labial	salivary	gland	
transplantation.	However,	for	these	few	patients,	
the	 demand	 on	 time	 and	 financial	 resources	 is	
justified	not	only	by	significant	relief	of	signs	and	
symptoms,	 but	 also	 by	 substantial	 gains	 for	 so-
ciety	[10].

Although	saliva	contains	many	factors	bene-
ficial	to	ocular	surface	epithelia	such	as	growth	
and	 microbicidal	 factors,	 its	 aqueous	 compo-
nent	 –	 compared	 with	 normal	 tears	 –	 has	 a	
much	 lower	 osmolality.	 When	 successful	 SMG	
transplantation	results	 in	excessive	flow	of	sali-
vary	tears,	microcystic	corneal	epithelial	edema	
frequently	 occurs.	 Managing	 salivary	 epiphora	
then	 becomes	 mandatory	 in	 order	 to	 prevent	
ocular	surface	complications	such	corneal	ulcer-
ation	and	loss	of	vision	in	the	long	term.	To	date,	
several	 techniques	 have	 been	 described,	 which	
are	 either	 temporary	 and/or	 invasive	 and	 thus	
unsatisfactory.	 If,	 however,	 a	 simple,	 safe,	 and	
reliable	measure	to	control	secretory	flow	from	
transplanted	submandibular	glands	existed,	 the	
indication	for	this	procedure	–	although	by	na-
ture	 demanding	 with	 regard	 to	 expertise	 and	
resources	–	would	be	much	expanded.	At	pres-
ent,	we	only	recommend	it	 for	the	small	group	
of	patients	with	absolute	aqueous	tear	deficiency	
(Schirmer	 test	 ≤1	mm),	 persistent	 pain	 despite	
punctal	 occlusion,	 a	 trial	 of	 scleral	 or	 limbic	
rigid	contact	lenses,	and	at	least	half-hourly	ap-
plication	 of	 unpreserved	 tear	 substitutes,	 who	
also	have	a	conjunctivalized	ocular	surface.	The	
patients,	and	surgeons	(especially	if	they	are	not	
ophthalmologists),	must	understand	 the	ocular	
limitations	and	complications	of	 the	procedure	
as	far	as	possible.
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Core Messages

■	 Epiphora	is	a	common	condition	in	new-
born	children.

■	 Persistence	of	Hasner’s	membrane	is	the	
most	frequent	cause	of	epiphora	in	new-
borns.

■	 Ninety-six	 percent	 of	 cases	 of	 epiphora	
resolve	spontaneously	in	the	first	year	of	
life.

■	 The	ideal	time	for	probing	has	to	be	cho-
sen	according	to	the	clinical	symptoms.

■	 Intubation	of	the	lacrimal	system	is	use-
ful	 in	 older	 children	 and	 after	 repeated	
failed	procedures.

■	 Acute	dacryocystitis	 is	a	 feared	compli-
cation	 of	 congenital	 nasolacrimal	 duct	
obstruction	(CNLDO)	and	requires	im-
mediate	therapy.

■	 Dacryocystorhinostomy	 (DCR)	 in	 chil-
dren	is	rarely	necessary,	but	can	be	per-
formed	more	easily	after	2	years	of	age.

		

15.1 Anatomy and Embryology
The	first	parts	of	the	lacrimal	system	develop	as	
a	cord	of	thickened	epithelium	that	can	be	seen	
in	the	10-mm	embryo.	This	epithelial	cord	grows	
down	into	the	mesenchyme	without	connection	
to	the	nasal	mucosa	or	the	eyelid	borders.	

In	the	14–16	mm	embryo	this	cord	grows	to-
ward	the	eyelid	and	the	nasal	cavity	and	remains	
solid.	Around	12	weeks	after	gestation	in	the	38-	
to	40-mm	embryo,	canalization	begins.	Punctal	
development	occurs	around	5	months’	gestation,	
and	the	distal	end	of	the	nasolacrimal	duct	(Has-
ner’s	membrane)	opens	between	the	sixth	month	
and	delivery	or	in	the	first	weeks	after	birth.	

15.1.1 Anatomy of the Lacrimal 
System

Canalization	of	the	lower	and	upper	punctum	be-
gins	about	2	mm	from	the	lid	margin,	the	upper	
punctum	located	a	little	more	nasally.	The	cana-
liculi	run	first	vertically	and	after	1	mm	horizon-
tally	toward	the	common	canaliculus	just	before	
opening	 into	 the	 lacrimal	 sac.	 The	 lacrimal	 sac	
is	 localized	 in	 the	 fossa	 lacrimalis.	The	 lacrimal	
sac	is	connected	to	the	nose	via	the	nasolacrimal	
duct,	and	the	ostium	of	the	nasolacrimal	duct	is	
located	 at	 the	 junction	 of	 the	 anterior	 and	 the	
middle	third	of	the	inferior	meatus.	

15.1.2 Lacrimal System Variations
These	are	all	anatomical	changes	that	can	occur	
during	the	very	difficult	process	of	development	
of	 the	 lacrimal	 system,	 e.g.	 aplasia,	 atresia,	 de-
velopment,	canalization,	duplications	(Fig.	15.1)	
[3,	9].	
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Aplastic	 variations	 are	 commonly	 combined	
with	other	variations	 in	 facial	development,	 for	
example,	 in	Goldenhar	syndrome.	There	are	no	
general	 suggestions	 with	 regard	 to	 therapy	 in	
these	 cases,	 as	 each	 patient	 must	 be	 treated	 in-
dividually.	 For	 the	 most	 part,	 however,	 surgical	
procedures	should	be	deferred	until	after	the	fa-
cial	structures	have	matured.

15.1.3 Congenital Atresia
Failure	of	canalization	can	occur	 in	any	part	of	
the	lacrimal	system.	However,	the	most	frequent	
location	is	the	failure	of	the	nasolacrimal	duct	to	
open	[17].

15.1.4 Variations in Canalization
Variations	in	canalization,	like	fistulas	or	double	
puncta,	occur	quite	frequently.	For	the	most	part,	
these	represent	anatomical	variations	like	an	ac-
cessory	 puntum,	 for	 example,	 and	 treatment	 is	
often	unnecessary.	

Surgical	 intervention	 should	 only	 be	 under-
taken	if	irritating	clinical	symptoms	are	present.	
For	example,	in	the	case	of	a	fistula,	the	track	has	
to	be	dissected	carefully	under	magnification	to	
its	connection	with	the	lacrimal	sac	and	then	re-
sected	totally	[22,	27].

Summary for the Clinician

■	 Development	of	the	lacrimal	system	is	a	
very	complex	process.	A	number	of	ana-
tomical	changes	such	as	aplasia,	atresia,	
and	 variations	 in	 canalization	 are	 pos-
sible.

		

15.2 Diagnosis and Examination
There	are	many	reasons	why	the	common	symp-
tom	 of	 epiphora	 is	 observed	 in	 newborns	 and	
during	 the	 first	 weeks	 of	 life.	 Increased	 secre-
tion	of	tears	can	be	observed	with	every	form	of	
conjunctival	or	corneal	inflammation	or	even	by	
mechanical	 irritation.	 Malpositioning	 of	 the	 lid	
margins,	 like	 congenital	 ectropion,	 entropion,	
and	colobomas,	can	cause	epiphora.

Therefore,	 all	 of	 these	 conditions	 have	 to	 be	
carefully	evaluated	and	managed	before	probing	
or	irrigation	is	undertaken	in	children.	

Clinical	 examination	 starts	 with	 an	 inspec-
tion	of	the	lid	region.	Compression	of	the	lacri-
mal	fossa	with	mucous	discharge	is	a	true	sign	of	
mucocele.

The	 form	 and	 position	 of	 the	 puncta	 has	
to	be	examined;	many	cases	of	 facial	 clefts	are	
combined	 with	 abnormalities	 of	 the	 lacrimal	
system.	

Fig. 15.1  Isolated	aplasia	of	the	
upper	punctum



Dacryocystography	 and	 secretion	 tests	
(Schirmer,	 Jones)	 may	 be	 informative,	 but	 are	
usually	not	required	[13].	

Ultrasonography	 (A-	 and	 B-mode)	 is	 simple	
to	do	and	can	give	good	information	concerning	
the	size	of	mucoceles.	

Ear,	nose,	and	throat	(ENT)	examination	and	
nasal	endoscopy	are	not	mandatory	in	most	cases	
of	congenital	lacrimal	obstruction	[24].	The	view	
into	 the	 inferior	 meatus	 is	 often	 possible	 only	
after	luxation	of	the	inferior	turbinate	(e.g.,	with	a	
Freer	elevator).	An	ENT	examination	can	be	use-
ful	in	special	cases	such	as	nasolacrimal	duct	cysts	
and	for	anomalies	associated	with	facial	clefts.

Summary for the Clinician

■	 Clinical	 examination	 including	 inspec-
tion	of	the	lid	region	is	necessary.

		

15.3 Congenital Nasolacrimal 
Duct Obstruction

15.3.1 Etiology
The	 most	 frequent	 symptoms	 of	 congenital	
nasolacrimal	 duct	 obstruction	 (CNLDO)	 are	
epiphora	and	secretion.	This	is	observed	as	being	
unilateral	more	often	 than	bilateral	 around	 the	
3rd	 or	 4th	 week	 after	 birth.	 Spontaneous	 reso-
lution	 is	very	common	during	 the	first	months	
of	life,	and	96%	resolve	in	the	first	year	without	
intervention.	In	the	second	year	of	life,	however,	
only	60%	of	the	children	will	demonstrate	com-
plete	resolution	without	intervention	[15,	16,	18,	
29,	31].

The	initial	management	of	CNLDO	includes	
the	 application	 of	 topical	 antibiotics	 combined	
with	lacrimal	sac	massage	[23].	

If	 there	 is	 no	 resolution	 spontaneously	 or	
after	 topical	 therapy,	 the	 ideal	 timing	 of	 in-
tervention	 has	 to	 be	 selected	 according	 to	 the	
clinical	 symptoms	and	with	 the	consent	of	 the	
informed	parents.	The	ideal	timing	of	interven-
tion	 in	 our	 experience	 is	 between	 the	 3rd	 and	
6th	month	of	life;	probing	and	irrigation	is	more	

difficult	 in	older	children,	and	the	success	rate	
after	the	13th	month	may	continue	to	decrease	
rapidly	[14].	

Summary for the Clinician

■	 Congenital	 nasolacrimal	 duct	 obstruc-
tion	 resolves	 spontaneously	 in	 96%	 of	
cases	in	the	first	year	of	life,	but	the	ideal	
timing	 of	 intervention	 and	 probing	 has	
to	 be	 selected	 according	 to	 the	 clinical	
symptoms.

		

15.3.2 Differential Diagnosis 
of CNLDO

The	time	of	onset	of	symptoms	is	the	most	im-
portant	 difference	 compared	 with	 other	 dis-
orders	 associated	 with	 epiphora	 in	 early	 child-
hood.	

In	Germany,	all	newborns	formerly	had	to	be	
treated	with	silver	nitrate	(AgNo3)	1%	eye	drops,	
according	 to	 Credé’s	 prophylaxis.	 Frequently	 in	
these	cases	a	 transient	bilateral	conjunctival	 in-
fection	with	a	putrid	watery	secretion	is	noticed	
in	the	first	days	of	life.	

Chlamydial	 oculogenital	 infections	 can	 oc-
cur	as	a	bilateral	conjunctival	infection	with	the	
onset	of	symptoms	6	to	10	days	after	delivery.	

Gonococcal	 infections	 are	 feared	 and	 can	
cause	a	very	serious	and	frequently	bilateral	 in-
fection.	Corneal	complications	leading	to	blind-
ness	are	possible	in	the	spontaneous	course	and	
were	one	of	the	most	frequent	reasons	for	loss	of	
vision	in	past	years.	

Summary for the Clinician

■	 Differential	 diagnosis	 of	 CNLDO	 in-
cludes	bacterial	conjunctivitis	and	chla-
mydial	oculogenital	infections.
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15.3.3 Treatment of CNLDO
Onset	 of	 treatment	 and	 the	 necessity	 of	 topical	
antibiotic	 application	 are	 dependent	 on	 the	 in-
tensity	of	the	clinical	symptoms.	

Lacrimal	 sac	 massage	 is	 useful	 in	 all	 cases.	
Treatment	 with	 topical	 antibiotics	 should	 be	
started	 in	 cases	 of	 bacterial	 infection	 with	
CNLDO.	 With	 persistent	 symptoms,	 probing	
and	irrigation	should	be	considered	if	spontane-
ous	resolution	does	not	occur	by	1	year	of	age.	

15.3.3.1 Procedures, Probing, 
and Irrigation 

The	ideal	timing	of	intervention	is	controversial	
in	 the	 literature.	 The	 decision	 should	 be	 made	
according	to	the	symptoms,	the	age	of	the	child	
and	in	agreement	with	well-informed	parents.	In	
any	case,	probing	and	irrigation	should	always	be	
the	first	step	and	usually	performed	by	the	13th	
month	of	life	[7,	19,	30].	

In	our	experience,	the	ideal	time	for	probing	
is	between	the	4th	and	the	6th	month	of	 life	as	
an	office	procedure,	without	the	need	for	general	
anesthesia.	After	sedation	with	a	2-mg	diazepam	
suppository,	 anesthetic	 eye	 drops	 are	 applied.	
The	 baby	 is	 wrapped	 up	 and	 the	 head	 position	
is	 maintained	 by	 helping	 hands.	 After	 dilata-
tion	 of	 the	 upper	 punctum	 with	 a	 conic	 probe,	
a	blunt	Bangerter	probe	or	cannula	with	a	length	
of	40	mm	and	a	diameter	of	0.8	mm	to	1.0	mm	
is	inserted.	With	irrigation	by	a	2	ml	disposable	
syringe,	the	probe	is	advanced	softly	through	the	
“soft	 stop”	 (Rosenmüller	 fold)	 to	 reach	 a	 “hard	
stop”	(medial	wall	of	the	lacrimal	sac).	

After	the	hard	stop,	the	probe,	with	continu-
ous	 irrigation,	 is	gently	advanced	vertically	and	
directed	 into	 the	 nasolacrimal	 duct.	 At	 the	 end	
of	the	duct,	the	membrane,	is	perforated,	and	the	
nasal	 antrum	 is	 entered.	 A	 second	 syringing	 is	
obligatory.	

In	 the	 postoperative	 period,	 treatment	 with	
topical	 antibiotics	 is	 combined	 with	 decongest-
ing	 eye	 drops	 and	 nose	 drops,	 which	 are	 given	
for	1–3	weeks.	

Before	probing	and	irrigation,	a	topical	antibio-
tic	therapy	is	suggested	to	decrease	the	amount	of	
bacteria	in	the	lacrimal	system.	

Complications	 of	 the	 procedure	 include	 cre-
ation	of	a	false	passage	and	the	subsequent	per-
sistence	 of	 symptoms.	 Mild	 bleeding	 from	 the	
nose	or	bloody	tears	are	common,	but	harmless.	

Summary for the Clinician

■	 Probing	 with	 a	 Bangerter	 probe	 is	 em-
phasized.

		

15.3.3.2 Intubation 
of the Lacrimal System

After	the	age	of	13	months	or	after	repeated	failed	
probing	procedures,	 the	 lacrimal	system	should	
be	intubated	with	silicone	tubes,	which	has	to	be	
done	under	general	anesthesia	[21].	

After	 probing	 and	 irrigation	 in	 the	 nose,	 a	
modified	Amboss	probe,	described	by	Juenemann,	
is	 pushed	 into	 the	 lacrimal	 system	 and	 through	
this	probe	a	4-0	prolene	suture	is	brought	into	the	
nose.	 After	 removing	 this	 suture	 from	 the	 nose	
with	a	blunt	hook,	a	silicone	tube	with	a	diameter	
of	0.64	mm	is	threaded	over	the	suture	and	fixed	
by	a	clamp	pulled	out	of	the	nose.	After	intubation	
of	the	first	punctum,	the	second	punctum,	usually	
the	lower	one,	is	intubated	in	similar	fashion.	Af-
terward,	the	two	ends	of	this	intubation	are	fixed	
using	a	double	knot	tied	three	times.

Transnasal	endoscopic	control	of	 this	proce-
dure	is	difficult	in	children	and	in	most	cases	not	
necessary.	

The	 use	 of	 transcanalicular	 microendoscopy	
depends	 on	 the	 diameter	 of	 the	 canaliculi,	 but	
this	procedure	is	generally	not	necessary	in	most	
cases	[8,	11].

Balloon	catheter	dilation	is	recommended	by	
some	for	treatment	of	CNLDO.	This	method	has	
a	similar	success	rate	to	that	of	intubation	proce-
dures	[1].	

In	 cases	 in	 which	 intubation	 of	 the	 second	
punctum	is	not	possible,	monocanalicular	 intu-
bation	with	a	collar	stent	probe	is	useful,	accord-
ing	to	Fayet	et	al.	[12].	

Postoperative	treatment	after	lacrimal	intuba-
tions	includes	antibiotic	eye	drops,	decongesting	
eye	drops,	and	nose	drops	for	2–3	weeks.	



Summary for the Clinician

■	 Intubation	with	a	silicone	tube	is	useful	
after	 the	 age	 of	 13	months	 and/or	 after	
repeated	failed	probing	procedures.

		

15.4 Acute Dacryocystitis

15.4.1 Clinical Symptoms
Acute	dacryocystitis	 is	a	 feared	complication	of	
unresolved	CNLDO;	the	clinical	picture	depends	
on	the	causative	bacterium.	Acute	dacryocystitis	
caused	by	Staphylococcus aureus	produces	more	
abscesses;	 that	 caused	 by	 Streptococcus	 is	 more	
phlegmonous.	

The	onset	of	acute	dacryocystitis	is	character-
ized	 by	 a	 high	 fever	 and	 the	 onset	 of	 a	 reddish	
and	 painful	 swelling	 in	 the	 lacrimal	 sac	 area	
(Fig.	15.2).	

Swelling	 of	 the	 lids	 is	 frequent,	 but	 the	 con-
junctiva	is	often	not	inflamed.	In	many	cases,	pu-
rulent	fluid	can	be	pushed	out	of	the	puncta	by	
pressure	on	the	lacrimal	sac	region.

15.4.2 Therapy

15.4.2.1 Conservative 
Management

The	microbiological	examination	of	the	purulent	
discharge	is	important	for	determining	the	spe-
cies	of	the	bacterium.	Onset	of	therapy,	however,	
should	not	be	delayed	pending	results	of	cultures	
and	 sensitivity	 studies.	 Intravenous	 application	
of	 antibiotics,	 e.g.,	 cephalosporin,	 should	 be	
begun	 immediately	 in	 young	 children.	 Topical	
treatment	includes	antibiotic	eye	drops	and	topi-
cal	applications	of	ethacridin	(1:1,000)	solution.	
Children	should	be	 treated	 in	conjunction	with	
a	pediatrician,	depending	on	the	severity	of	the	
disease	(Fig.	15.3).

Fig. 15.2  Acute	dacryocystitis	
in	an	8-week-old	girl

Fig. 15.3  Acute	dacryocystitis	
after	treatment
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15.4.2.2 Incision
Sometimes	 an	 incision	 of	 the	 abscess	 is	 useful.	
In	the	case	of	inflamed	mucoceles,	it	can	be	use-
ful	to	inject	antibiotic	into	the	sac	after	incision.	
Sometimes,	it	is	possible	to	draw	out	the	purulent	
content	of	the	mucocele	with	a	Bangerter	probe	
and	a	2-ml	syringe.	

15.4.2.3 Intubation 
of the Lacrimal System

After	 treatment	 of	 acute	 symptoms,	 therapy	 is	
specifically	 aimed	 at	 the	 cause	 of	 obstruction.	
Probing	and	irrigation	can	be	performed	to	open	
Hasner’s	membrane,	which	is	the	most	common	
site	of	obstruction.	In	most	cases,	probing	and	ir-
rigation	is	combined	with	silicone	tube	insertion.	
Even	 in	 cases	 of	 resolved	 acute	 dacryocystitis,	
tubes	should	be	removed	after	3	months.	

Summary for the Clinician

■	 Acute	dacryocystitis	 is	a	 feared	compli-
cation	of	CNLDO	and	requires	immedi-
ate	therapy.

		

15.5.1 Dacryocystorhinostomy  
in Children

In	 cases	 of	 unresolved	 CNLDO	 after	 probing	
and	intubation,	a	dacryocystorhinostomy	(DCR)	
may	be	necessary.	This	represents	only	a	minor-
ity	 of	 cases	 in	 children	 [28].	 Often,	 it	 is	 better	
to	wait	until	 the	child	is	aged	4	years,	although	
even	the	standard	external	approach	is	possible	
in	 younger	 children	 aged	 12–18	months.	 The	
technique	does	not	differ	from	the	standard	ex-
ternal	approach	utilized	in	adults	[2,	4,	6,	10,	25,	
26].	After	packing	the	nose	and	injection	of	su-
prarenin	 (epinephrine;	 1:1,000	 solution)	 in	 the	
operation	area,	a	15-	to	20-mm	skin	incision	is	
performed	 to	 identify	 the	 medial	 canthal	 liga-
ment.	After	dividing	the	orbicularis	 toward	the	
anterior	lacrimal	crest,	the	periosteum	is	opened	

and	the	 lacrimal	sac	 is	pushed	 laterally.	An	os-
teotomy	 is	 performed;	 unlike	 the	 adult	 DCR,	
ethmoid	 cells	 are	 not	 usually	 encountered	 in	
younger	children.	

After	the	osteotomy	the	nasal	mucosa	is	 in-
cised	 vertically	 and	 horizontally	 to	 create	 mu-
cosal	flaps.	A	Juenemann	probe	is	inserted	into	
the	 canaliculi	 and	 the	 lacrimal	 sac	 is	 incised	
vertically	 and	 horizontally	 to	 create	 mucosal	
flaps.	The	canaliculi	are	intubated	and	the	ends	
are	tied	with	3	double	knots	in	the	nose,	and	the	
nose	 is	 then	 packed.	 The	 intubation	 makes	 a	
perfect	landmark	for	the	inner	ostium	and	helps	
to	prevent	postoperative	mucosal	swelling.	Op-
tionally,	 the	 posterior	 flaps	 can	 be	 sutured	 to-
gether	 with	 vicryl	 6	x	0	 or	 the	 mucosa	 can	 be	
removed.	The	anterior	flaps	are	always	sutured	
together	 with	 vicryl	 6	x	0.	 The	 periosteum	 and	
orbicularis	muscle	are	sutured	with	vicryl	6	x	0	
and	the	skin	with	prolene	6	x	0.	The	skin	sutures	
are	removed	after	6	days,	the	silicone	intubation	
after	3–6	months.

Summary for the Clinician

■	 Dacryocystorhinostomy	 	 in	 children	 is	
rarely	necessary,	but	can	be	performed,	
preferably	after	2	years	of	age.

		

15.5.2 Endocanalicular 
Microendoscopic 
Procedures

In	 children	 under	 the	 age	 of	 2	years,	 the	 small	
diameter	of	the	lacrimal	system,	especially	of	the	
punctum,	increases	the	risk	of	injury.	Therefore,	
a	 purely	 diagnostic	 endoscopy	 should	 only	 be	
carried	out	in	exceptional	cases.	Diseases	of	the	
lacrimal	 system	 in	 early	 childhood	 are	 mainly	
caused	by	malformations	and	in	these	cases	the	
endoscopy	 will	 not	 provide	 any	 essential	 addi-
tional	 information.	 Only	 in	 cases	 of	 failure	 fol-
lowing	 irrigation	 and	 stenting	 endoscopy	 with	
subsequent	 endoscopic	 rechanneling	 should	 be	
performed	in	an	effort	to	avoid	a	pediatric	DCR	
[8].	



Summary for the Clinician

■	 Endocanalicular	 microendoscopic	 pro-
cedures	are	usually	unnecessary	in	most	
patients	following	intubation.

		

15.6 Removal of Silicone Tubing
Removal	 of	 the	 silicone	 tubes	 is	 suggested	 at	
3	months	postoperatively.	In	special	cases,	e.g.,	in	
canalicular	laceration	following	trauma,	a	longer	
period	may	be	useful.	

The	 technique	 of	 silicone	 intubation	 de-
scribed	above	includes	three	double	knots	in	the	
nose	with	a	loop	of	tubing	resting	in	the	medial	
lid	 angle.	 The	 children	 should	 receive	 sedation,	
e.g.,	with	diazepam	(2	mg	suppository).	Anesthe-
tizing	eye	drops	are	placed	into	the	conjunctival	
sac.	In	smaller	children,	the	child	is	wrapped	up	
and	 the	head	position	 is	maintained	by	helping	
hands.	The	closed	end	of	the	intubation	is	fixed	
by	a	clamp	and	luxated	out	of	the	canaliculi.	The	
silicone	tube	is	incised	using	scissors	and	briskly	
pulled	out	of	the	upper	punctum.	After	removal	
of	the	intubation,	a	topical	therapy	of	antibiotic	
eye	 drops,	 decongesting	 eye	 drops,	 and	 decon-
gesting	nose	drops	is	applied	3	weeks	postopera-
tively.	

15.7 Congenital Dacryocele
Congenital	dacryocele	is	an	uncommon	neonatal	
swelling	of	the	lacrimal	sac,	caused	by	a	malfor-
mation	of	the	lacrimal	sac.	A	congenital	dacryo-
cele	causes	a	firm	bluish	swelling	present	within	
1–4	weeks	of	birth	(Fig.	15.4)	[5,	20].	

Without	 inflammation	 and	 infection,	 dac-
ryoceles	 produce	 a	 high	 rate	 of	 spontaneous	
resolution.	 In	 patients	 with	 onset	 of	 inflamma-
tion,	a	topical	application	of	antibiotic	eye	drops,	
decongesting	 eye	 drops,	 and	 decongesting	 nose	
drops	is	necessary.	Irrigation	is	useful	to	exclude	
a	CNLDO.	After	successful	 irrigation,	 the	diag-
nosis	of	a	dacryocele	is	ensured	and	the	content	
of	the	dacryocele	can	be	pressed	out	by	external	
pressure	on	the	lacrimal	fossa.

Summary for the Clinician

■	 Congenital	dacryocele	usually	needs	no	
surgical	intervention.

		

15.8 Fistulas of the Lacrimal 
System

Fistulas	of	the	lacrimal	system	are	caused	by	con-
genital	variations	in	canalization,	most	frequently	
located	under	the	medial	canthal	ligament.	Sur-

Fig. 15.4  Congenital	dacryo-
cele	with	bluish	swelling	but	no	
inflammation
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gical	 intervention	 is	 not	 obligatory	 and	 should	
only	be	indicated	if	irritating	clinical	symptoms	
are	present.	In	those	cases,	the	fistula	should	be	
dissected	under	the	microscope	up	the	lacrimal	
sac	and	then	resected	totally	[27].	

Summary for the Clinician

■	 Surgical	 intervention	 of	 fistulas	 is	 only	
necessary	in	patients	with	clinical	symp-
toms	like	permanent	epiphora.
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Core Messages

■	 Aging	of	the	skin	is	multifactorial	includ-
ing	genetics,	age,	UV	light,	and	smoking.

■	 The	aging	process	 is	 also	due	 to	 loss	of	
support	 from	 subcutaneous	 tissues	 and	
ligamentous	attachments.

■	 Repair	 of	 an	 aging	 face	 is	 not	 merely	
achieved	by	skin	tightening,	but	also	by	
subcutaneous	augmentation.

■	 Facial	 restoration	 may	 benefit	 from	 the	
sculpting	of	abnormally	placed	fat	in	the	
face	coupled	with	tissue	resuspension.

■	 Alloplastic	chin	implants	can	be	a	useful	
adjunct	 to	 liposuction	 of	 the	 neck	 and	
tightening	of	the	platysma	muscle.

■	 Restoration	 of	 the	 lower	 face	 may	 in-
volve	 tightening	of	 the	 superficial	mus-
culoaponeurotic	layer	(SMAS)	layer.	

■	 More	limited	techniques	are	being	advo-
cated	such	as	the	S-lift.

■	 Tissue	augmentation	with	fillers	such	as	
autogenous	fat	is	a	useful	adjunct	to	face-
lifting	techniques.

		

16.1. Introduction

16.1.1 Basics
The	discipline	of	oculoplastic	surgery	has	evolved	
dramatically	 over	 the	 past	 10–15	years.	 An	 in-
creased	understanding	of	the	mechanism	of	facial	
aging	has	necessitated	an	extension	of	surgery	be-
yond	the	confines	of	 the	upper	 face,	 in	order	 to	
achieve	the	most	anatomic	and	harmonious	facial	
restoration.	Facial	aging	represents	a	continuum	
that	 defies	 segregation	 by	 arbitrary	 boundaries,	
flowing	 seamlessly	 without	 respect	 for	 artificial	
division	 and	 constructs.	 For	 many	 oculoplastic	

surgeons,	the	surgical	alternatives	for	restoration	
of	the	lower	face	and	neck	are	less	familiar	than	
those	for	upper	and	midfacial	aging.	Understand-
ing	the	options	available	and	the	theories	of	facial	
aging	 underlying	 their	 selection	 are	 essential	 to	
obtaining	optimal	surgical	results.

16.2 Pathophysiology of Lower 
Face and Neck Aging

16.2.1 Basics
Aging	 of	 the	 face	 results	 from	 a	 multiplicity	 of	
factors	including	intrinsic	skin	changes,	gravita-
tional	effects,	and	soft	tissue	volume	 loss.	Visu-
ally,	 damage	 to	 collagen	 and	 elastin	 fibers	 pro-
duces	 rhytides,	 dyschromias,	 and	 irregular	 skin	
texture.	 Gravity	 is	 responsible	 for	 a	 lifetime	 of	
downward	pull	upon	facial	tissues,	and,	coupled	
with	a	loss	of	ligamentous	support	and	localized	
lipodystrophy,	 results	 in	 skin	 redundancy	 and	
loss	 of	 smooth	 facial	 contours.	 More	 recently,	
the	concept	of	soft	tissue	volume	loss	as	a	criti-
cal	 component	 of	 the	 aging	 process	 has	 been	
advanced	 by	 Coleman	 and	 others	 [9,	 11].	 The	
loss	of	subcutaneous	fullness	results	in	panfacial	
deflation,	the	results	of	which	were	previously	at-
tributed	solely	to	skin	redundancy	and	descent.	
Recognition	of	this	volume	loss	and	its	effects	has	
resulted	in	a	paradigm	shift	in	our	understand-
ing	and	 treatment	of	 facial	aging.	Surgeons	can	
no	longer	simply	excise	or	reposition	tissue	in	a	
superior	vector	and	claim	to	have	achieved	a	true	
restoration.	Aging	is	a	three-dimensional	process	
and	must	be	treated	as	such.	

16.2.2 Skin
Skin	aging	results	from	multiple	factors.	Genet-
ics,	 age,	UV	exposure,	 and	 smoking	are	among	
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the	myriad	influences	that	cause	skin	to	age.	Skin	
damage	is	evidenced	by	damage	to	collagen	and	
elastic	 fibers,	 with	 resultant	 rhytides,	 dyschro-
mias,	and	roughened	skin	texture.	

16.2.3 Subcutaneous Soft 
Tissue Loss 

The	recent	work	of	Coleman	and	others	[9,	11]	
has	 demonstrated	 the	 importance	 of	 soft	 tissue	
deflation	 in	 facial	 aging.	Critical	patient	 assess-
ment	 often	 demonstrates	 that	 the	 loss	 of	 facial	
volume	is	of	far	greater	significance	than	gravita-
tional	effects.	With	a	diminution	of	subcutaneous	

fullness	comes	a	loss	of	radial	support.	The	skin	
recontours	 around	 deeper	 structures,	 and	 also	
gives	the	appearance	of	descent.	Within	the	lower	
face	 and	 neck,	 examples	 include	 the	 nasolabial	
fold,	the	chin,	the	pre-jowl	sulcus,	the	jowl,	and	
the	mandibular	rim.	This	concept	of	facial	aging	
is	demonstrated	in	Fig.	16.1.	The	central	chin	re-
tains	its	fullness	while	losing	lateral	and	inferior	
volume.	 Consequently,	 the	 chin	 becomes	 more	
pointed	and	the	lower	chin	flattens,	blending	in-
feriorly	into	the	submentum.	Laterally	along	the	
mandible,	loss	of	soft	tissue	allows	the	fat	within	
the	jowl	to	become	unmasked.	The	jowl	appears	
to	have	descended,	when	in	fact	the	mandibular	
border	has	ascended	as	a	result	of	soft	tissue	loss.	

Fig. 16.1  Loss	of	facial	fullness	unmasks	underlying	facial	contour	irregularities	[29]	



The	submandibular	glands	and	digastric	muscles	
are	 now	 exposed,	 and	 the	 unsupported	 skin	
drapes	over	the	mandibular	border,	blunting	the	
cervicomental	angle.	

While	 this	 concept	 of	 facial	 aging	 remains	
controversial,	 it	 is	 clear	 that	 for	 some	 patients,	
skin	 tightening	 and	 excision	 will	 achieve	 little	
restoration,	 whereas	 subcutaneous	 augmenta-
tion,	 most	 frequently	 using	 autologous	 fat	 as	 a	
structural	graft,	can	result	in	dramatic	improve-
ment.

16.2.4 Loss of Ligamentous 
Support and Fat Deposition

Classical	 models	 of	 facial	 aging	 are	 in	 striking	
contrast	to	the	more	recent	paradigm	of	soft	tis-
sue	atrophy.	In	these	models,	 it	 is	a	loss	of	liga-
mentous	support	coupled	with	gravity	and	local-
ized	fat	deposition	that	results	in	the	stigmata	of	
facial	aging	[8].

Retaining	 ligaments	 are	 believed	 responsible	
for	 supporting	 the	 soft	 tissues	 of	 the	 face	 in	 its	
proper	 position	 (Fig.	16.2).	 The	 zygomatic	 liga-
ments	 are	 osteocutaneous	 and	 extend	 from	 the	
periosteum	to	the	dermis	in	the	malar	region	to	

fixate	the	malar	fat	pad.	The	masseteric	cutane-
ous	 ligament	 extends	 from	 the	 anterior	 border	
of	 the	 masseter	 muscle	 to	 insert	 into	 the	 der-
mis,	 preventing	 migration	 of	 the	 medial	 cheek.	
Attenuation	 of	 these	 ligaments	 allows	 for	 facial	
soft	 tissue	 descent.	 The	 mandibular	 ligament	 is	
an	osteocutaneous	ligament	extending	from	the	
bone	to	the	skin	in	the	parasymphyseal	region	of	
the	mandible,	and	defines	the	anterior	border	of	
the	jowl.

Within	 the	 neck,	 retaining	 ligaments	 extend	
from	the	caudal	border	of	the	mandibular	sym-
physis	inferiorly	to	the	hyoid	and	superior	surface	
of	the	thyroid	cartilage.	Attenuation	of	the	liga-
ments	 allow	 the	 platysma	 to	 descend	 inferiorly	
into	the	neck,	producing	platysma	banding	and	
loss	of	a	sharply	defined	cervicomental	angle.

Advocates	of	this	facial	aging	paradigm	stress	
the	need	for	both	skin	and	superficial	musculo-
aponeurotic	 layer	 (SMAS)	 repositioning	 to	cor-
rect	the	stigmata	of	facial	aging,	rather	than	soft	
tissue	augmentation	as	described	above.	

In	concert	with	 this	model	of	 facial	aging	 is	
the	 concept	 that	 fat	 is	 deposited	 selectively	 in	
undesirable	locations	as	we	age.	Regions	of	lipo-
dystrophy	include	the	jowls,	within	the	subcuta-
neous	plane	in	the	neck,	and	in	the	subplatysmal	

Fig. 16.2  Facial	retaining	ligaments,	from	[31]
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space.	 Adequate	 facial	 restoration	 may	 require	
sculpting	 of	 this	 fat	 together	 with	 tissue	 resus-
pension.

16.3 Preoperative Analysis 
of the Lower Face and Neck

16.3.1 Photographic Analysis
Essential	 to	 procedure	 selection	 is	 the	 accurate	
assessment	of	facial	aging	changes.	Older	photo-
graphs	 of	 the	 patient	 can	 be	 extremely	 instruc-
tive	in	both	analysis	and	patient	education.	The	
concept	of	volume	deflation	is	intuitive	to	neither	
surgeons	 nor	 patients,	 and	 photographs	 can	 be	
illuminating	to	both.	Especially	useful	is	the	jux-
taposition	 of	 a	 digital	 photograph	 taken	 at	 the	
time	of	consultation	and	an	older	photograph	to	
highlight	areas	of	potential	treatment.

16.3.2 Skin
The	 importance	 of	 skin	 evaluation	 cannot	 be	
over-emphasized.	 Skin	 assessment	 offers	 an	 in-
sight	into	patient	genetics	and	lifestyle.	Elastotic	
skin	will	negatively	impact	upon	the	longevity	of	
any	 excisional	 procedure.	 Advanced	 age,	 exces-
sive	UV	exposure,	and	smoking	are	all	associated	
with	impaired	skin	elasticity.	When	elevated	and	
repositioned,	such	skin	will	stretch	more	rapidly,	
often	 dramatically	 limiting	 the	 duration	 of	 im-
provement	 following	 a	 rhytidectomy.	 Addition-
ally,	 prospective	 patients	 must	 recognize	 that	
while	deeper	folds	and	rhytides	will	be	softened,	
rhytides	and	dyschromias	will	not	be	 improved	
by	rhytidectomy	alone.	If	indicated,	a	simultane-
ous	or	secondary	procedure	directed	at	skin	im-
provement	can	be	considered	[10].

16.3.3 Malar Region
Evaluation	of	the	malar	region	reveals	the	extent	
of	mid	and	lower	facial	aging	descent	and	soft	tis-
sue	atrophy.	Both	factors	must	be	considered	to	
determine	treatment.	If	the	malar	region	appears	
to	be	appropriately	 inflated,	but	 signs	 such	as	a	
deepened	nasolabial	fold	suggest	tissue	descent,	
resuspension	alone	is	sufficient.	If	the	cheek	ap-

pears	 flat	 or	 sunken,	 soft	 tissue	 volume	 replen-
ishment	may	be	indicated,	with	or	without	surgi-
cal	tissue	resuspension.	The	possible	use	of	both	
modalities,	especially	within	this	region,	needs	to	
be	considered	in	the	majority	of	patients.	Direct	
treatment	of	the	nasolabial	folds	is	also	possible,	
most	 typically	 with	 the	 injection	 of	 autologous	
fat	[11].

16.3.4 Jowls
The	presence	of	 jowls	creates	a	discontinuity	 in	
the	jawline	that	is	one	of	the	most	frequent	areas	
of	improvement	desired	by	patients.	Restoration	
of	a	 smooth	mandibular	contour	 is	an	essential	
part	 of	 lower	 face	 restoration.	 When	 assessing	
the	 jowls,	 manual	 resuspension	 of	 the	 soft	 tis-
sue	to	mimic	a	rhytidectomy	is	often	beneficial.	
Persistence	 of	 the	 jowl	 suggests	 that	 another	
complementary	 procedure	 might	 be	 indicated	
in	addition	to	 tissue	elevation.	Frequently,	 lipo-
suction	of	the	jowl	will	enhance	a	rhytidectomy	
result.	Additionally,	autologous	fat	transfer	to	the	
pre-jowl	sulcus,	or	posterior	to	the	jowl	along	the	
mandibular	 rim,	 may	 soften	 the	 appearance	 of	
jowling	and	help	re-establish	a	smooth	mandibu-
lar	contour.	

16.3.5 Buccal Fat
Prominent	 buccal	 fat	 pads	 may	 be	 present	
throughout	 life,	 or	 become	 manifest	 with	 de-
scent	as	part	of	the	aging	process.	This	fat,	lying	
deep	to	the	superficial	musculoaponeurotic	layer	
(SMAS),	can	be	removed	or	repositioned	to	di-
minish	undesirable	fullness	in	the	lower	face,	and	
heighten	the	prominence	of	the	zygoma	[40].	As	
this	fat	does	not	lie	in	the	subcutaneous	plane,	it	
cannot	be	removed	by	liposuction,	and	requires	
either	 sub-SMAS	 or	 intraoral	 approaches.	 Rec-
ognition	 of	 buccal	 fat	 pad	 prominence	 is	 often	
critical	in	achieving	patient	goals	for	lower	facial	
contouring.

16.3.6 Chin
Both	anterior	and	lateral	views	of	the	patient	are	
required	for	an	assessment	of	chin	projection	and	



fullness.	Evaluation	of	old	photographs	assists	in	
determining	if	chin	projection	has	changed	over	
time.	Loss	of	soft	tissue	fullness	as	part	of	aging	
can	 produce	 an	 appearance	 of	 retrogenia	 that	
might	 not	 have	 been	 present	 in	 youth.	 Patients	
are	 frequently	 not	 aware	 of	 the	 importance	 of	
chin	projection	and	fullness,	and	here	computer	
imaging,	if	available,	can	be	an	aid	to	recognition.	
Imaging	a	more	projected	chin	in	a	lateral	view	
will	 often	 elicit	 a	 dramatic	 response,	 as	 the	 pa-
tient	visualizes	the	simulated	result	of	chin	aug-
mentation.	Most	commonly	alloplastic	implants	
are	 utilized,	 although	 autologous	 fat	 transfer	 is	
also	successful	and	may	appeal	to	those	patients	
wary	of	implants.

Other	 aspects	 of	 chin	 aging	 include	 ptosis,	
also	termed	a	“witches	chin”	deformity,	and	over-
prominence.	These	may	be	of	sufficient	concern	
to	the	patient	to	discuss	potential	corrective	pro-
cedures	[24].

16.3.7 Neck
The	stigmata	of	aging	 identified	 in	the	neck	 in-
clude	blunting	of	 the	submental	 fullness,	blunt-
ing	of	the	cervicomental	angle,	platysma	bands,	
and	prominent	submandibular	glands.	

Submental	fullness	may	be	secondary	to	either	
subcutaneous	or	subplatysmal	fat,	which	requires	
sculpting	 to	 correct.	 A	 poorly	 defined	 cervico-
mental	angle	may	be	genetic,	or	may	have	arisen	
over	time	as	a	result	of	submental	fat	deposition,	
anterior	and	inferior	migration	of	the	hyoid,	and	
loss	of	platysma	support	(Fig.	16.3).	Each	possi-
bility	 must	 be	 evaluated	 to	 determine	 how	 best	
to	 improve	 neck	 contour.	 Platysma	 bands	 arise	
from	loss	of	support	as	well	as	redundancy	and	
hypertrophy.	 Procedure	 selection	 will	 be	 based	
upon	assessment	of	the	etiology	and	severity	for	
each	 individual.	 Submandibular	 glands	 may	 be	
resected	and	suspended,	although	potential	post-

Fig. 16.3  a–f Aging	of	the	neck,	
from	[32]	
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operative	complications	restrict	surgical	correc-
tion	to	a	limited	number	of	surgeons	well	versed	
in	the	anatomy	[7].

16.4. Procedure Selection

16.4.1 Tumescent Infiltration
One	 of	 the	 great	 advances	 in	 aesthetic	 surgery	
has	been	the	advent	of	tumescent	infiltration	and	
anesthesia.	The	tumescent	technique	for	liposuc-
tion	was	first	described	by	Klein	in	1987	[31].	In	
this	 technique	 a	 large	 volume	 of	 solution	 using	
dilute	lidocaine	and	epinephrine	is	injected	into	
the	subcutaneous	space.	The	use	of	tumescent	in-
filtration	for	rhytidectomy	was	termed	the	lipo-
dissect	technique	by	Newman	and	Kotoske	[38].	
Other	authors	[29,	33]	have	also	reviewed	its	use	
in	 face-lift	 surgery	 and	 numerous	 advantages	
have	been	identified:
•	 Hydrodissection	of	the	skin	from	the	underly-

ing	 SMAS	 and	 platysma	 for	 easier	 and	 safer	
skin	flap	elevation

•	 Shorter	operative	time
•	 Less	intraoperative	bleeding,	often	with	a	vir-

tually	bloodless	field
•	 Diminished	 bruising	 and	 edema,	 with	 more	

rapid	recovery
•	 Eliminates	the	need	for	general	anesthesia	by	

markedly	decreasing	operating	time

The	authors	utilize	this	technique	for	the	pro-
cedures	described	herein.

16.4.2 Limited Procedures
The	cervicofacial	rhytidectomy,	or	face-lift,	pro-
cedure	 has	 traditionally	 been	 considered	 the	
most	 comprehensive	 approach	 to	 facial	 rejuve-
nation.	There	are,	however,	patients	who	may	be	
fearful	of	more	extensive	surgery,	or	who	may	not	
require	a	procedure	as	broad	in	scope.	For	these	
patients	a	spectrum	of	more	focused	techniques	
is	available	to	achieve	the	desired	result.

16.4.2.1 Neck Liposuction
For	 many	 younger	 patients,	 excellent	 improve-
ment	 in	 neck	 contour	 can	 be	 achieved	 without	
extensive	surgery.	The	simplest	case	 is	 that	of	an	
individual	 with	 submental	 fullness	 as	 a	 result	 of	
lipodystrophy.	In	this	case,	the	patient	frequently	
has	had	a	full	neck	with	poor	contour	since	child-
hood.	There	is	blunting	of	the	cervicomental	angle	
with	little	definition	along	the	mandibular	rim.	Li-
posuction	alone	can	often	yield	a	dramatic	result.

For	this	procedure,	the	authors	use	tumescent	
infiltration,	and	access	the	neck	via	3-mm	incisions	
in	the	submental	crease	and	retrolobular	creases	
bilaterally.	 Two-	 and	 three-millimeter	 Mercedes	
cannulas,	and	a	3-mm	spatula	cannula	are	used.	
Only	 the	 2-mm	 Mercedes	 cannula	 is	 used	 for	
jowl	 liposuction,	 accessing	 the	 jowl	 through	 the	
retrolobular	incisions.	Care	must	be	taken	not	to	
over-contour	the	neck	or	jowl	to	prevent	contour	
irregularities.	It	is	far	better	to	leave	too	much	fat	
than	to	remove	too	much	(Fig.	16.4).	

Fig. 16.4  Neck	liposuction,	
from	[42]



A	 2-mm	 cannula	 can	 also	 be	 inserted	 into	
the	central	subplatysmal	space	to	remove	a	small	
amount	of	fat.	The	blind	suctioning	must	remain	
central	 to	 prevent	 possible	 perforation	 of	 the	
multiple	large	vessels	that	traverse	this	plane.		

This	limited	approach	can	also	be	extended	to	
older	patients	with	the	caveat	that	skin	elasticity	
must	 be	 sufficiently	 good	 to	 allow	 for	 smooth	
skin	 retraction.	 Additionally,	 in	 older	 patients,	
cervical	lipodystrophy	may	mask	platysma	band-
ing,	which	becomes	visible	following	liposuction.	
The	 platysma	 may	 then	 need	 to	 be	 addressed	
separately.

16.4.2.2 Chin Augmentation
Chin	augmentation	can	be	used	alone,	or	in	con-
junction	with	other	facial	restorative	procedures.	
Frequently,	 those	 patients	 with	 lifelong	 cervi-
cal	 lipodystrophy	will	often	have	accompanying	
poor	 chin	 projection,	 and	 a	 chin	 implant	 can	
be	of	great	benefit	(Fig.	16.5).	It	is	also	useful	to	
improve	the	appearance	of	apparent	microgenia	
that	develops	with	age	as	an	adjunct	to	more	ex-
tensive	surgical	procedures.

Alloplastic	chin	implants	are	available	through	
numerous	manufacturers.	Different	styles	are	of-
fered,	 with	 selection	 based	 upon	 the	 anatomic	
deformity	 to	 be	 corrected.	 The	 most	 common	
implant	 material	 is	 silastic,	 being	 both	 versatile	
and	well	tolerated.

If	chin	augmentation	is	 to	be	performed	fol-
lowing	 liposuction,	 the	 submental	 crease	 inci-
sion	is	enlarged	to	2	cm	and	dissection	continued	
to	 the	 periosteum.	 The	 dissection	 is	 continued	
cephalad	and		centrally	in	the	preperiosteal	plane.	
The	periosteum	is	incised	bilaterally,	and	a	sub-
periosteal	dissection	performed	along	the	man-
dibular	 rim	 to	 allow	 placement	 of	 the	 wings	 of	
the	implant.	The	central	implant	remains	in	the	
preperiosteal	plane,	where	it	may	be	less	likely	to	
induce	bone	resorption	[47].	Care	is	taken	not	to	
violate	the	mental	or	mandibular	nerves.	Implant	
sizers	are	utilized	to	confirm	appropriate	implant	
size,	and	the	implant	placed.	The	implant	 is	su-
tured	to	the	periosteum	centrally	before	the	inci-
sion	is	closed	in	layers.

Summary for the Clinician

■	 The	aging	face	can	be	enhanced	signifi-
cantly	by	augmentation	of	subcutaneous	
tissue.

■	 Resection	 of	 skin	 with	 tightening	 of	
ligamentous	attachments	 is	a	useful	ap-
proach.

■	 Chin	 implants	 may	 be	 essential	 for	 en-
hancing	the	lower	face.

		

16.4.2.3 Platysmaplasty
The	presence	of	an	obtuse	cervicomental	angle	or	
platysma	banding	can	be	treated	alone,	or	in	con-
junction	 with	 rhytidectomy	 procedures.	 In	 pa-
tients	with	modest	facial	aging	changes	for	whom	
their	primary	concern	is	the	neck,	the	platysma	
muscle	 can	 be	 approached	 from	 a	 central	 sub-
mental	incision	alone	[17,	28,	41].	The	procedure	
is	 frequently	 performed	 with	 neck	 liposuction,	
and	benefits	greatly	from	tumescent	infiltration.

There	is	a	wide	spectrum	of	surgical	alterna-
tives	to	treatment	of	platysma	bands.	McKinney	
proposed	 a	 grading	 system	 of	 platysma	 bands	
to	 use	 for	 treatment	 selection	 [35].	 Among	 the	
commonly	accepted	procedures	are	midline	pla-
tysma	 plication,	 sagittal	 excision	 of	 redundant	
platysma,	wedge	resections	at	or	below	the	hyoid,	
muscle	flaps,	and	sling	suspension.

When	a	face-lift	procedure	is	performed,	lat-
eral	SMAS	tightening	is	often	sufficient	to	correct	
modest	 platysma	 banding.	 Greater	 degrees	 of	
banding	are	often	associated	with	muscle	hyper-
trophy	 and	 shortening,	 producing	 a	 bowstring	
effect.	 In	 these	 cases,	 a	 submental	 approach	 is	
mandatory.	

A	 central	 3-mm	 incision	 is	 centered	 at,	 or	
slightly	posterior	to	the	submental	crease.	Under	
headlight	illumination	the	skin	and	subcutaneous	
fat	are	elevated	off	the	platysma	muscle,	extend-
ing	 laterally	 to	 the	 anterior	 borders	 of	 the	 ster-
nocleidomastoid	muscle.	The	platysma	muscle	is	
assessed	 for	 laxity,	 and	 redundant	 platysma	 ex-
cised.	Wedge	resections	may	be	made	laterally	at	
the	level	of	the	thyroid	cartilage	to	allow	for	more	
superior	and	posterior	repositioning	of	the	mus-
cle.	If	subplatysmal	fat	is	to	be	excised	it	is	per-
formed	 at	 this	 time,	 under	 direct	 visualization.	
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The	 platysma	 is	 then	 reapproximated	 centrally	
using	 permanent	 sutures	 to	 prevent	 recurrence	
of	bands	(Fig.	16.6).

Other	 techniques,	 most	 notably	 Feldman’s	
corset	platysmaplasty	[18],	do	not	advocate	pla-
tysma	 resection,	 but	 rather	 tighten	 the	 muscle	

in	 a	 layered	 fashion.	 In	 this	 approach,	 relaxing	
incisions	 are	 not	 performed,	 as	 proponents	 ar-
gue	that	by	sufficient	tightening	the	platysma	is	
repositioned	to	achieve	a	more	defined	cervico-
mental	angle,	without	the	need	for	wedge	resec-
tions.

Fig. 16.5  a	Preoperative	frontal	view	of	a	patient	before	neck	liposuction	and	chin	augmentation.	b	Postopera-
tive	frontal	view.	c	Preoperative	lateral	view.	d	Postoperative	lateral	view



Another	adjunctive	technique	to	assist	in	cre-
ating	a	deeper	cervicomental	angle	is	the	use	of	
platysma	 suspension	 sutures.	 The	 sutures	 may	
be	utilized	with	or	without	platysma	resection	or	
midline	plication.	Originally	described	by	Guer-
rerosantos	 et	 al.	 [22],	 numerous	 modifications	
have	 been	 reported	 [15,	 19,	 20].	 These	 sutures	
are	especially	useful	in	more	difficult	necks,	with	
greater	platysma	laxity	and	obtuse	cervicomental	
angles	(Fig.	16.7).	The	sutures	typically	affix	the	
platysma	border	to	the	contralateral	mastoid	fas-
cia.	Two	or	more	sutures	are	placed,	with	the	ten-
sion	adjusted	to	achieve	the	desired	result.	These	
sutures	can	be	utilized	either	alone,	together	with	
liposuction,	or	as	part	of	a	face-lift	procedure.	

Botulinum	toxin	A	(Botox)	can	also	be	used	
to	 temporarily	 improve	muscle	bands	 [30].	Bo-
tox	is	injected	directly	into	the	platysma	muscle,	
often	 resulting	 in	 significant	 amelioration	 of	

bands,	 presumably	 by	 relaxing	 the	 muscle	 and	
allowing	 it	 to	retract	superiorly	and	posteriorly.	
Improvement	is	temporary,	requiring	reinjection	
at	approximately	3-month	intervals.

Achieving	a	well-contoured	neck	has	been	an	
accepted	priority	for	years.	Extensive	operations	
[12–14,	45]	 including	resection	of	subplatysmal	
fat	 down	 to	 the	 mylohyoid	 muscle,	 resection	
of	 the	 anterior	 belly	 of	 the	 digastric	 muscles,	
and	 submandibular	 gland	 resection	 have	 been	
termed	the	“radical	neck	rhytidectomy”	by	Baker	
[7].	In	his	paper,	Baker	makes	a	cogent	argument	
for	less	radical	cervical	surgery,	noting	that	com-
monly	held	criteria	for	a	youthful	neck	[16]	are	
no	longer	valid.	To	attempt	to	achieve	the	“ideal	
neck”	 for	 all	 patients	 is	 both	 “unrealistic	 and	
poor	 aesthetic	 judgment.”	 Postoperative	 defor-
mities	resulting	from	more	invasive	neck	surgery	
are	well	documented	and	difficult	to	correct.

Fig. 16.6  Rhytidectomy	with	platysmaplasty,	including	midline	plication	and	wedge	resections	[40]
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Fig. 16.7  a	Preoperative	 frontal	view	of	a	patient	prior	 to	 rhytidectomy	with	platysmaplasty	and	suspension	
sutures,	autologous	fat	transfer,	and	endoscopic	brow	lift.	b	Postoperative	frontal	view.	c	Preoperative	lateral	view.	
d	Postoperative	lateral	view



16.4.3 Face-lift Surgery

16.4.3.1 Basics
The	definition	of	the	SMAS	in	1976	by	Mitz	and	
Peyronie	[37]	marked	the	beginning	of	the	com-
mon	era	of	face-lift	operations.	Prior	to	this,	face-
lift	procedures	involved	elevation	and	tightening	
of	the	skin	envelope	alone.	With	greater	under-
standing	 of	 facial	 anatomy,	 face-lift	 procedures	
became	 increasingly	 aggressive,	 with	 larger	 in-
cisions	 and	 deeper	 planes	 of	 dissection.	 These	
procedures	carried	with	 them	an	 increased	risk	
of	 facial	 nerve	 paresis,	 prolonged	 postoperative	
edema,	 and	 ecchymosis	 [3,	 24,	 44].	 While	 ana-
tomically	sound,	these	procedures	may	not	offer	
any	prolonged	benefit	to	justify	the	increased	risk	
and	extended	healing	period	[26,	27,	42,	48,	49].	

The	 academic	 arguments	 are	 becoming	 in-
creasingly	moot.	Societal	 shifts	have	made	pro-
longed	 postoperative	 recovery	 unacceptable	 for	
most	 patients.	 These	 patients	 will	 be	 pleased	
with	a	more	subtle	result	in	exchange	for	a	rapid	
recovery	 and	 return	 to	 normal	 activities.	 Addi-
tionally,	as	patients	seek	restoration	at	a	younger	
age,	more	limited	procedures	are	often	more	than	
adequate	to	enhance	face	and	neck	contours.	The	
ideal	procedure	marries	safety,	efficacy,	rapid	re-
covery,	and	patient	satisfaction.	

16.4.3.2 Alternative SMAS 
Approaches

The	 main	 alternatives	 in	 face-lift	 surgery	 have	
traditionally	 been	 based	 upon	 SMAS	 modifica-
tion.	More	recently,	incision	length	has	also	been	
used	 to	 stratify	 procedures	 into	 either	 standard	
or	“short-scar”	face-lifts.

In	a	conventional	SMAS	lift,	the	SMAS	is	el-
evated	over	the	parotid	gland	and	redraped	in	a	
more	cephalad	vector	than	the	skin	flap	[46].	In	
extended	 SMAS	 dissection,	 the	 sub-SMAS	 dis-
section	 is	 continued	 to	 the	 zygomaticus	 major	
muscle,	 allowing	 for	 greater	 SMAS	 advance-
ment	 and	 repositioning	 [8].	 In	 the	 deep-plane	
technique	[23]	a	single	flap	of	skin	and	SMAS	is	
elevated,	which	is	argued	by	Hamra	to	 improve	
malar	 fat	 pad	 suspension	 and	 improvement	 of	
the	nasolabial	fold	compared	with	alternative	ap-
proaches.	When	the	orbicularis	oculi	is	included	

in	 the	 deep-plane	 flap	 it	 is	 termed	 a	 composite	
rhytidectomy	[24].

More	extensive	SMAS	dissection	places	the	fa-
cial	nerve	at	increased	risk	and	prolongs	postop-
erative	 recovery	 time.	 The	 pendulum	 has	 swung	
back,	and	both	patients	and	surgeons	have	sought	
to	optimize	efficacy,	safety,	and	recovery	with	less	
extensive	 SMAS	 dissections.	 To	 this	 end,	 Baker	
developed	the	lateral	SMASectomy	technique	[4].	

The	 SMAS	 is	 firmly	 adherent	 to	 the	 parotid	
gland,	but	mobile	anterior	to	the	gland.	It	is	the	
more	 mobile	 SMAS	 that	 must	 be	 elevated	 and	
tightened	 to	 achieve	 the	 desired	 facial	 contour	
changes.	The	previously	described	procedures	in	
which	 the	SMAS	 is	 formally	elevated	anteriorly	
places	 the	 facial	 nerve	 at	 risk.	 Additionally,	 the	
thin	SMAS	flap	often	tears,	making	it	useless	for	
elevation.	Baker	proposed	excision	of	 a	 strip	of	
SMAS	overlying	the	anterior	parotid	gland	from	
the	malar	eminence	to	the	angle	of	the	mandible,	
allowing	the	mobile	anterior	SMAS	to	be	reposi-
tioned	and	adhered	to	the	fixed	SMAS	overlying	
the	parotid	in	a	vector	parallel	to	the	nasolabial	
fold	 (Fig.	16.8).	 The	 senior	 author	 (ABB)	 has	
used	 this	 technique	 in	 over	 1,000	 patients,	 and	
can	attest	to	its	efficacy	and	safety.

In	performing	face-lift	surgery	we	have	found	
the	 tumescent	 infiltration	 technique	 extremely	
useful.	 Cervical	 contouring,	 including	 liposuc-
tion	and/or	platysmaplasty,	is	performed	initially	
based	 upon	 preoperative	 assessment.	 After	 flap	
elevation	the	SMAS	strip	is	excised	as	described	
by	 Baker,	 taking	 care	 to	 be	 superficial	 over	 the	
zygoma	to	prevent	injury	to	the	zygomatic	nerve.	
The	anterior	SMAS	is	fixed	to	the	posterior	SMAS	
using	absorbable	sutures.	This	prevents	the	later	
complication	 of	 externalization	 of	 permanent	
sutures	 we	 have	 encountered.	 At	 this	 point	 in	
the	procedure	the	cervicofacial	flaps	are	rotated,	
trimmed,	and	fixed	into	position.

Ivy	et	al.	in	1996	published	results	of	21	patients	
who	 underwent	 face-lift	 surgery,	 with	 different	
procedures	 performed	 on	 each	 side	 [27].	 These	
included	 conventional	 SMAS	 lift,	 lateral	 SMAS-
ectomy,	extended	SMAS	lift,	and	composite	rhyt-
idectomy.	 At	 both	 6	 and	 12	months,	 differences	
between	the	facial	sides	were	not	identified.	Those	
who	 championed	 more	 extensive	 approaches	 ar-
gued	 the	 study	 was	 flawed	 [25],	 although	 other	
studies	 mirror	 these	 results	 in	 comparing	 more	
and	less	extensive	SMAS	dissections	[42,	48,	49].
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Fig. 16.8.a,b Lateral	SMASec-
tomy	(superficial	musculoapo-
neurotic	layer)	[10]



The	 most	 recent	 survey	 of	 face-lift	 surgeons	
revealed	 no	 consensus	 regarding	 the	 ideal	 pro-
cedure	[36],	emphasizing	that	each	surgeon	must	
develop	 a	 technique	 that	 best	 fulfills	 their	 own	
criteria	for	a	successful	procedure.

16.4.3.3 S-Lifts
One	 of	 the	 most	 interesting	 developments	 over	
the	 past	 10	years	 has	 been	 the	 increased	 accep-
tance	of	shorter	incisions,	often	accompanied	by	
limited	 SMAS	 modification,	 for	 appropriate	 pa-
tients.	Younger	patients	with	more	modest	jowl-
ing	and	neck	laxity	do	not	require	traditional	ret-
roauricular	incisions	to	achieve	excellent	results.	
The	 retroauricular	 incision	 can	 result	 in	 visible	
or	hypertrophic	scarring,	hairline	distortion	and	
skin	necrosis,	all	limitations	to	hair	styling.		Addi-
tionally,	more	 limited	dissection	decreases	post-
operative	 ecchymosis,	 edema,	 and	 healing	 time.	
As	skin	incision	and	dissection	decrease,	patient	
goals	of	rapid	recovery	are	more	readily	attained.

The	concept	of	limited	surgery	is	not	new.	The	
first	description	of	small-incision	face-lift	surgery	
dates	back	to	1919	[39].	In	1983,	Ansari	used	the	
term	“S-lift”	to	describe	an	S-shaped	incision	ex-
tending	from	the	sideburn	or	temporal	hair	bear-
ing	 scalp	 to	 just	 posterior	 to	 the	 earlobe	 [1,	 2].	
The	incision	was	repopularized	by	Saylan	in	the	
late	1990s	[43].	Saylan	described	a	conservative	
skin	flap	of	5–7	cm,	with	U	and	O	sutures	used	to	
plicate	the	SMAS	and	fixate	it	to	the	zygoma.	The	
procedure	carries	a	high	rate	of	satisfaction	with	
minimal	complications	and	brief	recovery.

16.4.3.4 S-Lift with SMASectomy
The	next	progression	was	to	couple	the	S-lift	inci-
sion	with	a	SMASectomy.	Baker	reported	a	series	
of	749	patients	 in	2001	using	 this	 technique	he	
termed	the	“short	scar	face-lift”	[5,	6].	The	senior	
author	(ABB)	has	used	this	technique	in	over	500	
patients,	and	like	Baker,	has	found	equal	success	
with	short	and	standard	incisions	in	midface	el-
evation,	 jowl	repositioning,	and	submental	skin	
tightening.	 As	 the	 SMASectomy	 technique	 has	
its	 greatest	 effect	 upon	 the	 midface	 and	 jowl,	

and	 it	 is	 the	 vertical	 component	 of	 the	 lift	 that	
tightens	the	submentum,	this	would	be	expected.	
The	retroauricular	flap	is	required,	however,	for	
patients	with	greater	degrees	of	cervical	skin	lax-
ity.	We	now	perform	the	S-lift	with	SMASectomy	
in	over	50%	of	our	patients	undergoing	face-lift	
surgery	(Fig.	16.9)	[34].

Summary for the Clinician

■	 A	variety	of	techniques	can	be	employed	
to	 tighten	 the	 SMAS	 with	 an	 S	 face-lift	
and/or	a	SMASectomy.

		

16.4.3.5 Face-lift with Soft 
Tissue Augmentation

The	 face-lift	 techniques	 described	 above	 are	 all	
based	 upon	 traditional	 models	 of	 facial	 aging.	
Where	does	soft	tissue	deflation	fit	in?	Surgeons	
as	early	as	the	mid-1990s	were	reporting	on	com-
bined	 face-lift	 and	 autologous	 fat	 transfer	 tech-
niques	[21].	Over	the	past	10	years	we	have	con-
tinued	to	utilize	this	combination	modality	in	our	
quest	to	achieve	optimal	results	(Fig.	16.10).	Our	
enthusiasm	for	this	composite	technique	is	tem-
pered	by	the	recognition	that	 it	 is	accompanied	
by	 increased	edema	and	ecchymosis,	often	pro-
longing	 recovery	 time	 significantly.	 The	 edema	
is	often	most	evident	at	 the	 lid–cheek	 junction,	
perhaps	 secondary	 to	 lymphatic	 compromise.	
The	 edema	 typically	 resolves	 over	 a	 period	 of	
weeks	to	months.

16.4.4 Autologous Fat Transfer
Advocates	 of	 the	 theory	 proposed	 by	 Coleman	
that	 facial	 aging	 is	primarily	 the	 result	of	 facial	
deflation	 believe	 that	 true	 restoration	 can	 only	
be	 achieved	 through	 volume	 augmentation.	 It	
is	 not,	 however,	 the	 ideal	 procedure	 for	 every-
one.	Patient	expectations	of	rapid	recovery	with	
minimal	edema	and	ecchymosis	are	not	met	by	
large	volume	fat	transfer.	These	procedures	often	
require	up	to	a	month	or	longer	before	patients	
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are	secure	to	return	to	a	social	setting.	Addition-
ally,	results	are	often	more	subtle	than	excisional	
surgery,	 and	 many	 patients	 desire	 a	 greater	 de-
gree	of	change.	In	our	practice,	younger	patients	
are	 often	 well-served	 by	 focused	 autologous	 fat	

transfer,	 while	 patients	 with	 greater	 degrees	 of	
aging	are	best	treated	with	a	combination	of	face-
lift	and	volume	restoration.

The	 technique	 for	 successful	 autologous	 fat	
grafting	is	beyond	the	scope	of	this	chapter.	The	

Fig. 16.9  a	Preoperative	frontal	view	prior	to	S-lift	with	SMASectomy.	b	Postoperative	frontal	view	of	the	pa-
tient.	c	Preoperative	lateral	view.	d	Postoperative	lateral	view



Fig. 16.10  a	 Preoperative	 frontal	 view	 of	 a	 patient	 prior	 to	 S-lift	 with	 SMASectomy,	 autologous	 fat	 transfer,	
endoscopic	brow	lift,	and	upper	eyelid	blepharoplasty.	b	Postoperative	frontal	view.	c	Preoperative	partial	profile.	
d	Postoperative	partial	profile
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reader	 is	referred	to	Coleman’s	text	[11]	for	de-
tails.	Our	use	of	these	techniques	supports	Cole-
man’s	 assertion	 that	 structural	 fat	 grafting	 can	
be	permanent	if	performed	properly.	We	believe	
there	is	no	doubt	that	soft	tissue	deflation	plays	
a	prominent	role	in	facial	aging,	and	fat	grafting	
can	achieve	results	for	patients	that	are	otherwise	
unobtainable.

Summary for the Clinician

■	 True	 restoration	 of	 facial	 deflation	 can	
be	 achieved	 with	 autogenous	 fat	 trans-
fer,	 which	 can	 be	 useful	 as	 a	 focused	
augmentation	 in	 younger	 patients,	 but	
needs	 to	 be	 combined	 with	 face-lifting	
in	older	patients.
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Core Messages

■	 Atrophy	 of	 subcutaneous	 soft	 tissue	
rather	 than	 gravity	 is	 the	 cause	 of	 skin	
falling	into	wrinkles	and	folds.

■	 Redistribution	of	fat	or	volume	replace-
ment	 can	 restore	 a	 more	 youthful	 ap-
pearance.

■	 Fillers	can	elevate	the	brow.
■	 The	 midface	 can	 be	 aided	 by	 lifts	 and	

cheek	augmentation.
■	 Augmentation	 with	 filler	 enhances	 the	

appearance	of	lips.
■	 Implants	 are	 useful	 for	 enhancing	 the	

chin.
■	 Facial	 sculpting	 with	 injectable	 fillers	

range	from	temporary	to	permanent.
■	 Fillers	 can	 be	 combined	 with	 Botox	 to	

produce	 more	 effective	 and	 lasting	 re-
sults.

		

17.1 Introduction
Often	 considered	 first-line	 treatment	 for	 aging	
skin,	soft	tissue	fillers	are	used	alone	or	in	com-
bination	 with	 other	 rejuvenation	 procedures	 to	
correct	wrinkles,	improve	facial	contours,	and	re-
store	volume	naturally	lost	as	fat	diminishes	from	
the	face,	particularly	around	the	eyes	and	cheeks.	
Until	 recently,	 it	was	believed	 that	 sagging	 skin	
was	due	to	gravity,	but	new	evidence	points	to	the	
atrophy	 of	 subcutaneous	 soft	 tissues	 –	 allowing	
unsupported	skin	to	fall	into	wrinkles	and	folds	
–	as	the	cause	and	suggests	that	a	redistribution	

of	fat	or	volume	replacement	may	restore	vitality	
[2,	5,	14,	16–18].	In	the	brow,	the	natural	attrition	
of	periorbital	fat	over	time	causes	loss	of	 lateral	
brow	projection,	in	addition	to	lateral	brow	pto-
sis.	While	brow	ptosis	has	primarily	been	treated	
surgically,	fillers	allow	re-projection	of	the	lateral	
brow	with	a	renewed	youthful	appearance.	Simi-
larly,	 midface	 lift	 and	 cheek	 augmentation	 can	
re-sculpt	 the	 face	 into	 the	normal	heart-shaped	
contour	 that	 is	 lost	during	 the	aging	process	or	
as	 a	 result	 of	 facial	 lipoatrophy	 associated	 with	
human	 immunodeficiency	 virus	 (HIV)	 infec-
tion.	In	the	lower	face,	lip	augmentation	with	soft	
tissue	agents	has	climbed	in	popularity	across	all	
ages	 and	 is	 one	 of	 the	 easiest	 ways	 to	 improve	
overall	 appearance	 and	 aesthetic	 beauty	 of	 the	
face	during	a	short	office	visit	with	minimal	re-
covery	time.	Chin	augmentation	has	also	become	
more	popular;	changing	the	shape	of	a	chin	can	
alter	 a	 profile	 dramatically.	 Unlike	 traditional	
surgical	options,	 treatment	sessions	with	inject-
able	 fillers	 are	 convenient	 and	 are	 associated	
with	instant	results,	fewer	complications,	and	no	
downtime.	

Summary for the Clinician

■	 Unlike	 traditional	 surgical	 procedures,	
soft	 tissue	 augmentation	 addresses	 the	
increasing	 demand	 for	 less	 invasive	
treatments	

■	 They	may	prove	to	be	the	ideal	rejuvena-
tion	modality,	producing	a	more	natural	
and	youthful	countenance	with	little	in-
convenience	or	recovery	time
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17.2 Facial Sculpting 
with Injectable Fillers

There	 are	 a	 number	 of	 options	 for	 the	 experi-
enced	 clinician	 when	 choosing	 fillers	 alone	 or	
in	 combination	 for	 facial	 sculpting	 and	 volume	
enhancement,	subtly	restoring	the	face	to	a	more	
youthful	aesthetic	(Table	17.1).

17.3 Temporary Filling Agents
Temporary	 filling	 agents	 –	 ideal	 for	 first-time	
clients	or	those	“testing”	new	looks	or	procedures	
–	can	last	from	2	months	up	to	a	year,	although	
most	 typically	 last	 around	 6	months	 before	 re-
absorption.	

17.3.1 Hyaluronans
Some	of	the	most	popular	products	in	use	today,	
animal-based	 and	 non-animal-based	 hyaluro-
nans	 were	 developed	 for	 soft	 tissue	 augmen-
tation	 by	 cross-linking	 hyaluronic	 acid	 (HA)	
chains.	 Found	 naturally	 in	 the	 skin,	 HA	 is	 a	
glycosaminoglycan	 biopolymer	 that	 provides	
structure	and	holds	moisture	within	the	dermis.	
When	 injected	 into	 the	 dermis,	 HA	 gels	 join	
forces	with	the	body’s	own	HA	to	create	support	
and	 add	 volume	 for	 a	 period	 of	 4–12	months	
before	 undergoing	 degradation	 and	 clearance	
by	 the	 liver	 [19].	 Treatment	 with	 hyaluronans	
is	 easy	 and	 quick	 and	 can	 be	 performed	 in	 as	
little	as	30	min.	The	effects	are	immediate,	there	
is	little	to	no	recovery	time,	and	the	clinical	ef-
fects	persist	for	up	to	a	year,	depending	on	the	
product	and	density	of	the	hyaluronic	acid	used	
(Fig.	17.1).	

Available	hyaluronans	include	Hylaform	(IN-
AMED	 Aesthetics,	 Santa	 Barbara,	 CA,	 USA),	
Restylane,	 Restylane	 Fine	 Lines,	 Perlane,	 and	
Restylane	SubQ	(Q-Med,	Uppsala,	Sweden);	Ju-
véderm	18,	 Juvéderm	24,	and	Juvéderm	30	(in-
cluding	the	24	HV	and	30	HV	forms;	LEA	Derm,	
Paris,	France);	and	Captique	(INAMED	Aesthet-
ics).	 Hyaluronans	 appear	 to	 provide	 durability	
and	 aesthetic	 improvement	 superior	 to	 that	 of	
bovine	collagen	[33]	and	rarely	cause	an	allergic	
reaction.	In	our	experience,	Hylaform	and	Cap-
tique	do	not	last	as	long	as	the	Juvéderm	and	the	

Restylane	 group	 of	 products,	 which	 last	 from	
4–6	months	before	re-absorption.

Most	 HA	 side	 effects	 are	 transient	 and	 mild	
and	 include	 pain	 and	 intermittent	 swelling,	
edema,	 and	 erythema	 at	 the	 injection	 site	 [27].	
Localized	hypersensitivity	reactions	are	by	far	the	
most	common	adverse	effects,	some	of	which	may	
be	 delayed	 by	 months	 following	 treatment	 [31].	
However,	 hypersensitivity	 reactions	 may	 be	 re-
lated	to	protein	content;	studies	show	a	decline	in	
reactions	when	the	amount	of	protein	in	the	raw	
product	 decreased	 [3,	 23].	 Other	 reported	 com-
plications	 include	 granulomatous	 reactions	 [22,	
26,	 37],	 angioedema-type	 hypersensitivity	 [30],	
and	 ischemic	 complications	 [25,	 38].	 The	 use	 of	
impure	 or	 contaminated	 material	 contributes	 to	
the	development	of	infection	or	foreign	body	re-
action	[42],	and	granulomas	often	respond	to	in-
jected	corticosteroids,	topical	antihistamines,	and	
digital	 pressure	 or	 manipulation	 [37].	 Intracuta-
neous	hyaluronidase	has	been	shown	to	dissolve	
hyaluronans	and	relieve	patient	discomfort	within	
24–48	h	of	treatment	for	persistent	granulomatous	
reaction	and	misplacement	of	hyaluronic	acid	[6],	
and	may	be	useful	in	rare	cases	of	occlusion	[25].	

17.3.2 Collagen
Collagen	replacement	therapy	is	an	excellent	op-
tion	 for	 temporary	 augmentation.	 Zyderm	 and	
Zyplast	 (INAMED	 Esthetics)	 are	 composed	 of	
purified	collagen	fibrils	derived	 from	processed	
bovine	skin,	 in	a	suspension	of	phosphate-buff-
ered	physiologic	saline	with	0.3%	lidocaine.	Sup-
plied	 in	pre-filled	syringes	and	stored	at	a	 tem-
perature	 of	 4°C,	 the	 dispersed	 collagen	 fibrils	
remain	 small	 and	 fluid.	 When	 implanted,	 the	
product	 rises	 in	 temperature,	 forming	 a	 more	
cohesive	gel.	Zyplast	is	the	most	viscous	and	less	
immunogenic	 of	 the	 three	 products	 and	 is	 of	
longer	 duration	 than	 Zyderm.	 Bovine	 collagen	
typically	 requires	 two	 treatment	 sessions	before	
the	desired	effect	is	achieved,	and	its	effects	last	
from	3	to	6	months	(Fig.	17.2).	Good	results	with	
bovine	 collagen	 demand	 the	 injection	 of	 suffi-
cient	volume	of	product;	an	overly	conservative	
approach,	injecting	too	little,	will	produce	unsat-
isfactory	 effects	 of	 short	 duration.	 In	 addition,	
using	sufficient	volume	ensures	simpler	mainte-
nance	–	and	less	correction	–	at	follow-up.	



Table 17.1.	 Sculpting	procedures,	injection	techniques,	and	appropriate	fillers

Injection tips Fillers

Lateral brow lift Use	soft	white	pencil	to	mark	ellipse	
into	which	filler	will	be	injected.

Insert	filler	in	subdermal	space	at	temporal	end	of	lateral	
brow	cilia	(replacing	brow	fat	pad);		
place	subsequent	injection	7	mm	medially	to	the	first.

Use	push-ahead	technique	to	elevate	subdermal	re-
gion	with	filler,	rather	than	the	needle	tip.

Mold	filler	for	symmetry	and	anterior	projection.

Restylane,	Perlane,	
Juvederm	24	HV,	
Juvederm	30	HV

Midface lift Outline	area	of	zygoma	requiring	
enhancement	using	soft	white	pencil.

Check	face	for	asymmetry.

Inject	filler	into	subdermal	space.

Restylane,	Perlane,	
Juvederm	24	HV,	
Juvederm	30	HV,	
Artefill
Sculptra

Treatment of  
facial lipoatrophy

Same	as	above. Radiesse,	Silicone	1000,	
Restylane	Sub	Q,	Sculptra,
Bio-Alcamid,	Artefill

Nasojugal fold lift Place	filler	deep	to	orbicularis	oculi	muscle	just	along	
periosteum	at	the	arcus	marginalis	
to	avoid	cutaneous	evidence	of	filler.

Restylane,	Juve-
derm	24	HV

Lip augmentation Start	in	mouth	corners	and	work	across	the	
length	of	each	lip,	layering	filler	at	even	inter-
vals	across	the	lips	inside	the	vermilion	border.

Massage	lips	to	ensure	even	distribution	
and	break	up	any	irregularities.	

Inject	precisely	along	the	vermilion	border	and	di-
rectly	into	the	upper	lip	just	above	the	corners	of	the	
mouth,	enhancing	lip	border	definition	and	creat-
ing	a	slight	upturn	to	the	corners	of	the	mouth.

Restylane	,	Perlane,	
Juvederm	24	HV,	
Juvederm	30	HV
CosmoPlast,		
CosmoDerm

Perioral 
augmentation

Treat	complete	perioral	frame	and	vermilion	lip.

First	elevate	the	lip	corners	and	melomental	folds,		
laying	down	a	subdermal	deposit	of	filler	material,		
creating	a	subdermal	strut	of	support	to	lift	the	lateral	
commissures.

Restylane,	Perlane,	
Juvederm	24	HV,	
Juvederm	30	HV	
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CosmoDerm	(for	fine	lines)	and	CosmoPlast	
(for	deeper	wrinkles	and	folds)	(INAMED	Aes-
thetics)	 are	 bioengineered	 human	 collagen	 re-
placement	 products	 approved	 for	 cosmetic	 use	
in	 Canada	 and	 the	 United	 States	 that	 contain	
human	 collagen	 purified	 from	 dermal	 tissue	
grown	in	the	laboratory	[27].	Because	they	are	of	
human	origin,	CosmoDerm	and	CosmoPlast	do	

not	provoke	allergic	reactions,	and	skin	tests	are	
not	required	before	injection.	

The	main	disadvantages	of	injectable	collagen	
include	the	temporary	clinical	effect	and	the	need	
for	repeated	treatments.	Since	some	patients	will	
experience	 an	 allergic	 reaction	 to	 bovine	 col-
lagen,	 double	 skin	 testing	 prior	 to	 treatment	 is	
required.	 Other	 adverse	 reactions	 are	 rare	 and	

Table 17.1.	 (continued) Sculpting	procedures,	injection	techniques,	and	appropriate	fillers

Injection tips Fillers

Perioral augmentation Extend	inferior	portion	of	the	strut	laterally	
to	fill	in	the	prejowl	sulcus.

Layer	fillers.

Radiessse	and	Sculptra	
and	Artefill	to	subcuta-
neous	level	of	melola-
bial	folds,	not	into	lips.

Chin augmentation Inject	filler	subdermally	into	the	region	superior	
to	the	mentum,	producing	a	fuller	chin	that	projects		
forward	to	line	up	with	the	lower	lip	when	
the	face	is	in	the	Frankfort	horizontal.

Radiesse,	Perlane,	
Juvederm	30	HV
Artefill
Sculptra

Fig. 17.1  Longevity	 of	 response	 in	 most	 areas	 may	
relate	to	volume	of	filler	injected	as	well	as	density	of	
the	hyaluronan	used

Fig. 17.2  Clinical	effect	of	filling	the	nasojugal	folds	
with	Cosmoplast	 lasts	3–6	months	(human	bioengin-
eered	 collagen;	 Allergan	 Pharmaceuticals,	 Santa	 Bar-
bara,	CA,	USA)



transient;	redness	at	the	injection	site	disappears	
within	a	few	hours,	and	any	bruising	will	resolve	
within	a	week	or	less.	

A	 new	 collagen	 has	 recently	 come	 onto	 the	
Canadian	market.	Evolence™	is	a	porcine-based	
atelomeric	 collagen	 (ColBar,	 Herzliya,	 Israel)	
that	 has	 a	 natural	 glycated	 cross-linking.	 Be-
cause	it	is	hypoallergenic,	but	has	conservation	
of	 the	natural	amino	acid	sequencing	 in	colla-
gen,	no	skin	test	is	needed.		The	product	is	dis-
tinguished	 from	 previous	 collagen	 injectables	
by	 the	 remarkable	 longevity	 of	 response.	 The	
product	 has	 been	 used	 as	 a	 dental	 membrane	
“Ossix”	 in	150,000	patients	worldwide	with	no	
allergic	reactions	to	date	and	also	in	Europe	as	
an	 injectable	filler	–	also	without	allergic	reac-
tions.	When	histologic	evaluation	is	performed	
after	injection,	the	injected	collagen	seems	to	in-
corporate	native	fibroblasts	within	its	mass.	No	
capsule	 is	 formed.	 It	 is	 indicated	 for	 the	 treat-
ment	of	nasolabial	 folds,	marionette	 lines,	gla-
bellar	folds,	 lips	and	also	for	facial	contouring.	
In	 clinical	 studies	 performed	 in	 the	 USA,	 the	
pivotal	study	compared	Evolence	and	Restylane.	
Initiated	 in	 December	 2005	 at	 6	 sites,	 149	 pa-
tients	 were	 recruited	 and	 treated.	 No	 positive	
reactions	were	seen	post-skin	tests	and	no	sig-
nificant	device-related	adverse	events	have	been	
observed	so	far.	The	data	are	not	yet	published	
as	 there	 is	 a	 12-month	 follow-up	 to	 monitor	
safety	and	efficacy.

17.3.3 Autologous Fat
The	 oldest	 available	 filler,	 autologous	 fat	 allows	
for	the	correction	of	contour	defects	without	risk	
of	allergy,	and	some	believe	that	fat	grafting	rep-
resents	the	ideal	replacement	of	lost	volume	and	
contours	[28].	However,	the	success	of	dermal	fat	
procedures	 depends	 on	 the	 method	 of	 harvest-
ing,	 the	type	of	 fat	used,	and	the	 injector’s	 level	
of	experience,	and	disadvantages	 include	donor	
site	 morbidity,	 calcification	 of	 the	 injected	 fat,	
and	 unpredictable	 reabsorption	 [12].	 Available	
procedures	 include	 LipoStructure	 [14],	 the	 fat	
autograft	muscle	injection	(FAMI)	technique	[2,	
8],	and	“fat	rebalancing”	[17,	18].	Since	the	vari-
able	longevity	of	contour	correction	depends	on	
technique,	amount	of	 fat	 injected,	and	 location,	
improvements	 in	 harvesting,	 handling,	 and	 the	

injection	process	may	have	an	impact	on	positive	
patient	outcomes	[28].	

Despite	 improvements	 in	 technique	over	 the	
years,	 autologous	 fat	 grafting	 still	 demonstrates	
unpredictable	and	sometimes	temporary	results	
with	high	reabsorption	rates	[11–13].	Moreover,	
harvesting	and	reinjecting	fat	are	both	significant	
procedures	 that	 are	 associated	 with	 downtime	
and	the	possibility	of	serious	complications.	Al-
though	 largely	 technique-dependent,	 potential	
complications	of	autologous	fat	grafting	include	
prolonged	 edema,	 bruising,	 under-correction,	
over-correction,	clumping,	 irregularities,	 fat	ne-
crosis,	 migration,	 and	 infection,	 in	 addition	 to	
the	 other	 risks	 associated	 with	 surgical	 proce-
dures	[12].	

17.3.4 Poly-L-lactic Acid Implants
Recently	approved	by	the	FDA	for	the	treatment	
of	HIV-related	facial	lipoatrophy,	Sculptra	(Der-
mik	 Laboratories,	 Berwyn,	 PA,	 USA)	 contains	
microparticles	 of	 poly-L-lactic	 acid,	 a	 biocom-
patible	 and	 biodegradable	 synthetic	 polymer	
from	 the	 alpha-hydroxy-acid	 family.	 Injected	
into	the	skin,	Sculptra	induces	fibroblastic	activ-
ity	and	leads	to	a	progressive	increase	in	volume	
(Fig.	17.3).	Follow-up	at	2	weeks	to	assess	treat-
ment	is	required;	 larger	volume	defects	may	re-
quire	 further	 treatment	 [32].	 Improvements	 in	
dermal	thickness	have	been	reported	to	last	up	to	
2	years	 (Sculptra	 Product	 Information,	 Dermik	
Laboratories,	2006).

Side	 effects	 associated	 with	 Sculptra	 are	 re-
lated	 to	 the	 injection	 procedure	 and	 include	
hematoma,	bruising,	edema,	discomfort,	inflam-
mation,	and	erythema.	The	most	common	filler-
related	 complications	 include	 delayed	 occur-
rence	of	subcutaneous	papules	that	are	palpable,	
asymptomatic,	and	nonvisible.

17.4 Permanent and Semi-
permanent Injectable Agents

Semi-permanent	 and	 permanent	 fillers	 are	 not	
readily	broken	down	or	reabsorbed	and	are	 the	
ideal	agents	for	clients	searching	for	a	long-last-
ing	change.
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17.4.1 DermaLive/DermaDeep
DermaLive	 and	 DermaDeep	 (Euromedical	 Sys-
tems,	 Nottingham,	 UK)	 are	 semi-permanent	
soft	 tissue	 fillers	 composed	 of	 acrylic	 hydrogel	
in	 an	 hydroxyapatite	 vehicle	 that	 is	 reabsorbed	
after	 injection.	 The	 nonbiodegradable	 acrylic	
hydrogel	particles	remain	and	induce	a	tissue	re-
sponse,	leading	to	long-lasting	effects	of	at	least	
12	months	[4,	7].	DermaLive	consists	of	smaller	
acrylic	 hydrogel	 particles	 and	 is	 injected	 less	
deeply	into	the	tissue	to	fill	medium	to	deep	skin	
depressions;	 DermaDeep	 is	 reserved	 for	 more	
pronounced	tissue	defects.	Because	of	its	longer	
duration	 of	 effect,	 DermaLive/DermaDeep	 is	 a	
good	alternative	 to	hyaluronans	or	collagen,	al-
though	several	injections	are	often	required.	

Injection-related	side	effects,	such	as	pain	on	
injection,	itching,	discoloration,	tenderness,	pal-
pable	 lumpiness,	 redness,	 and	 edema,	 are	 tran-
sient	and	usually	resolve	within	a	week	at	most.	
Long-term	side	effects	include	nodules,	swelling	
or	redness	at	the	point	of	injection	appearing	an	

average	 of	 6	months	 after	 injection.	 More	 seri-
ous	complications	are	due	to	improper	injection	
techniques	or	contraindications	to	treatment	[4].	
Although	 rare,	 serious	 complications	 like	 gran-
uloma,	 superficial	 necrosis,	 and	 urticaria	 can	
occur	and	have	been	detected	more	than	2	years	
after	initial	treatment	[37].	A	series	of	corticoste-
roid	injections	given	at	1-	to	3-weekly	intervals	at	
the	first	sign	of	a	nodule	or	other	complication	is	
recommended.	

17.4.2 Calcium Hydroxyapatite 
Beads

Soft	tissue	augmentation	with	calcium	hydroxy-
apatite	beads	(Radiance,	Radiance	FN;	BioForm,	
Franksville,	WI,	USA)	delivered	in	a	methylcel-
lulose	vehicle	is	an	off-label	indication	that	many	
believe	holds	great	promise	and	has	been	shown	
to	 be	 effective	 and	 well	 tolerated	 when	 used	 in	
facial	rejuvenation	(Fig.	17.4)	[41,	44]	and	in	pa-
tients	with	facial	lipoatrophy	[15].	Once	injected,	

Fig. 17.3a,b  Sculptra	(poly-L-lactic	acid)	is	FDA-approved	for	the	treatment	of	HIV-related	facial	lipoatrophy.	
Multiple	treatments	may	be	required	to	achieve	sufficient	fill	from	the	resulting	neocollagenesis.	Age-related	facial	
lipoatrophy	is	also	responsive.	Photos	courtesy	of	Steve	Mandy,	MD



the	gel	 is	absorbed;	what	remains	is	a	matrix	of	
material	that	acquires	characteristics	of	the	cells	
that	 populate	 it,	 requiring	 precise	 placement	 of	
the	filler	 in	order	 for	 the	permanent	correction	
to	 occur.	 Although	 touted	 as	 a	 long-term	 filler,	
clinical	experience	has	not	been	able	to	establish	
longevity	of	the	implant	as	yet.	Skin	testing	is	not	
required	prior	to	use.		

There	are	few	data	on	the	potential	complica-
tions	or	long-term	safety	of	Radiance	when	used	
in	cosmetic	procedures.	To	date,	there	have	been	
no	 reports	 of	 antibody	 formation	 or	 hypersen-
sitivity.	 Erythema,	 edema,	 and	 ecchymosis	 are	
common,	 but	 transient.	 Injection-related	 pain	
can	 be	 treated	 with	 acetaminophen.	 Injections	
should	be	placed	deeply	rather	than	superficially	
to	 avoid	 visible	 material.	 Nodule	 formation	 in	
the	 lips	 is	 the	 most	 commonly	 reported	 com-
plication;	 some	 nodules	 will	 require	 treatment	
with	either	intralesional	steroids	or	incision	and	
drainage	[24,	41,	44].	Radiance	should	be	used	
with	great	caution	for	lip	augmentation	and	only	
in	patients	with	previous	experience	using	other	
fillers,	as	the	constant	motion	of	the	mouth	tends	
to	cause	migration	of	the	implant.	Unlike	other	
fillers,	 Radiance	 does	 not	 require	 over-correc-
tion.

17.4.3 Polyalkylimide
Approved	for	use	in	Canada	in	April	2006,	Bio-
Alcamid	 (Polymekon,	 Brindisi,	 Italy)	 is	 a	 long-
lasting,	 semi-permanent	 filler	 consisting	 of	 an	
injectable	 gel	 polymer	 –	 96%	 nonpyrogenic	
water	and	4%	synthetic	reticulate	polymer	(poly-
alkylimide).	When	injected	subcutaneously	 it	 is	
designed	 to	 replace	 depleted	 fat	 tissue,	 restor-
ing	the	natural	fullness	and	contours	of	the	face.	
Once	implanted,	Bio-Alcamid	becomes	covered	
by	a	very	thin	collagen	capsule	(0.02	mm),	which	
completely	 surrounds	 the	 gel,	 isolating	 it	 from	
the	 host	 tissues.	 Among	 its	 many	 uses,	 Bio-Al-
camid	effectively	enhances	the	 lips	and	corrects	
volume	deficits	in	the	cheek,	chin,	and	jaw,	and	is	
currently	used	for	 the	 treatment	of	HIV-related	
facial	lipodystrophy	(Fig.	17.5)	[43].		

Reported	 side	 effects	 have	 been	 minimal;	 in	
our	clinic,	one	client	developed	a	secondary	bac-

terial	 infection	 several	 months	 after	 treatment	
that	 subsequently	 responded	 to	oral	antibiotics.	
In	 the	 event	 of	 side	 effects	 or	 improper	 place-
ment,	Bio-Alcamid	can	be	removed	easily.

17.4.4 Polymethylmethacrylate 
Microspheres

Artecoll	(Artefill;	Artes	Medical,	San	Diego,	CA,	
USA)	 is	 a	 suspension	 of	 polymethylmethacry-
late	(PMMA)	microspheres	in	3.5%	bovine	col-
lagen	solution.	After	implantation,	the	collagen	
solution	 eventually	 dissipates,	 leaving	 behind	
the	 nonbiodegradable	 PMMA	 microspheres.	
Although	 the	 volume	 injected	 depends	 on	 the	
depth	 and	 size	 of	 the	 wrinkle,	 usually	 at	 least	
two	 injection	 sessions	 are	 required.	 Since	 the	
product	 is	permanent,	 it	 is	 important	 to	 select	

Fig. 17.4  Radiesse	is	composed	of	calcium	hydroxy-
apatite	beads	suspended	in	a	vehicle	of	carboxymeth-
ylcellulose.	It	has	been	successfully	used	for	facial	vol-
ume	deflation	as	an	off-label	indication	in	the	USA,	but	
it	is	fully	approved	in	Canada	for	this	indication
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patients	 carefully	 and	 treat	 cautiously;	 partial	
correction,	 followed	by	re-injection	after	a	 few	
months,	will	produce	a	smoother,	more	natural	
appearance	 than	over-correction.	Applied	by	a	
skilled	clinician,	Artecoll	 is	a	powerful	and	ef-
fective	filling	agent	 that	yields	excellent	 results	
and	 does	 not	 require	 repeated	 touch-up	 treat-
ments	 (Fig.	17.6).	 However,	 its	 permanence	
demands	 that	 great	 care	 be	 taken	 in	 choosing	
the	 appropriate	 patients	 who	 are	 comfortable	
with	the	risks	associated	with	permanent	facial	
augmentation.	Skin	testing	 is	required	prior	to	
injection.

Beading,	palpability,	and	visibility	of	 the	 im-
plant	may	occur	with	lip	augmentation	(or	other	
areas	of	repetitive	movement)	and	injections	are	
not	 recommended	 for	 areas	 of	 thin	 skin	 (e.g.,	
lower	eyelid	and	neck).	Reports	of	lumpiness	in	
the	 lips	 has	 led	 to	 an	 FDA	 recommendation	 to	
avoid	using	Artecoll	for	perioral	injections.	Other	
reported	complications	include	delayed	granulo-
matous	 reactions	 [1],	 nodule	 formation,	 bead-
ing,	and	ridging	causing	disfigurement	reversible	
only	by	surgical	excision	[37].	Even	following	the	
recommended	conservative	approach,	with	long	
intervals	 between	 injections	 [36],	 granulomas	

Fig. 17.5  Bio-Alcamid	is	a	new	polyalkylimide	filler	approved	for	the	treatment	of	HIV-related	facial	lipoatro-
phy	in	Europe	and	Canada

Fig. 17.6  Artecoll	is	the	current	trade	name	of	the	product	that	will	soon	be	approved	in	the	USA	under	the	
name	Artefill.	This	product	is	composed	of	polymethylmethacrylate	microspheres	suspended	in	atelomeric	bo-
vine	collagen.	It	is	a	permanent	filling	material



have	appeared	long	after	injection,	though	most	
respond	to	intralesional	triamcinolone	injections	
[29,	37].

A	small	number	of	visually	devastating	com-
plications	 have	 occurred	 following	 periocu-
lar	 filler	 injections.	 	 These	 include	 central	 and	
branch	 retinal	 artery	 occlusion	 and	 posterior	
ciliary	 artery	 occlusion	 [35,	 38–40].	 These	 dev-
astating	complications	are	not	well	known	in	the	
non-ophthalmologic	literature	and	deserve	edu-
cational	exposure.

17.5 Combination Therapy: 
Botulinum Toxin and Fillers

The	 combination	 of	 botulinum	 toxin	 type	 A	
(BTX-A;	BOTOX,	BOTOX	Cosmetic;	Allergan,	
Irvine,	CA,	USA)	and	soft	tissue	augmentation	
is	 a	 highly	 synergistic	 approach	 used	 routinely	
to	achieve	more	effective,	longer	lasting	results,	
especially	in	the	mid-	and	lower	face,	by	simul-
taneously	 treating	 static	 and	 dynamic	 aspects	
of	rhytides	(Fig.	17.7)	[21].	Preceding	the	injec-
tion	 of	 filling	 agents	 by	 approximately	 1	week,	
BTX-A	 may	 work	 on	 several	 levels,	 reducing	
the	dynamic	component	of	rhytide	formation	in	
newly	 remodeled	 skin	 and	 allowing	 more	 per-
manent	eradication	of	wrinkles	[9,	10,	20].	Stud-
ies	 have	 documented	 greater	 improvement	 in	
rhytides,	clinical	effects	of	longer	duration,	and	
higher	 patient	 satisfaction	 with	 combination	
therapy	 compared	 with	 single	 modality	 treat-
ment	[9,	10,	34].

Summary for the Clinician

■	 Fillers	 not	 only	 correct	 rhytides	 and	
folds,	 but	 can	 restore	 fullness	 naturally	
lost	during	the	aging	process	and,	in	the	
hands	of	adept	clinicians,	can	be	used	to	
sculpt	and	reshape	almost	all	areas	of	the	
face.
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Core Messages

■	 Skin	rejuvenation	is	increasing	in	popu-
larity	among	patients.

■	 By	improving	the	appearance	of	the	skin,	
all	surgical	results	can	be	enhanced.

■	 Proper	 patient	 assessment	 is	 critical	 in	
selecting	the	correct	treatment	modality.

■	 Instituting	a	good	pre-	and	post-proce-
dure	skin	care	regimen	minimizes	com-
plications,	 enhances	 results,	 and	 helps	
maintain	the	results	of	any	procedure.

■	 Early	recognition	and	treatment	of	com-
plications	are	critical.

		

18.1 Introduction 
The	 skin	 takes	 center	 stage	 in	 the	 fight	 against	
aging.	 While	 the	 number	 of	 cosmetic	 surgery	
procedures	continues	to	increase,	the	vast	major-
ity	of	this	increase	consists	of	minimally	invasive	
procedures.	Furthermore,	patients	are	beginning	
to	understand	the	importance	of	addressing	the	
skin	as	part	of	their	total	facial	rejuvenation	plan.	
Surgical	procedures	only	tighten	or	lift	the	skin,	
thus	failing	to	address	any	photodamage	or	other	
flaws	 that	may	be	present.	To	optimize	 surgical	
outcomes	 or	 to	 improve	 upon	 nonsurgical	 op-
tions,	the	skin	must	be	addressed	as	an	important	
component	of	the	treatment	plan.	

Since	patients	are	living	longer,	healthier	lives,	
they	are	looking	for	ways	to	reflect	on	the	surface	
the	 youthfulness	 they	 feel	 on	 the	 inside.	 Addi-
tionally,	an	increasing	proportion	of	the	cosmetic	
surgery	 patient	 population	 is	 male.	 Either	 they	

are	 interested	 in	 looking	their	best	or	 they	may	
be	starting	a	new	job	and	need	that	“extra	boost”	
to	feel	competitive.	It	is	beneficial	to	the	patient	
psychologically,	 in	 that	 looking	 better	 often	 al-
lows	 one	 to	 feel	 better	 and	 more	 confident	 in	
their	career	and	social	interactions.	

However,	 this	 places	 a	 burden	 on	 the	 physi-
cian	 to	 ensure	 that	 patients’	 goals	 are	 realistic	
and	that	they	understand	that	 improvements	 in	
appearance	do	not	necessarily	result	in	improve-
ments	in	their	marriages,	careers,	or	other	goals	
that	 depend	 on	 factors	 other	 than	 appearance	
alone.	Nevertheless,	we	live	in	a	world	in	which	
looks	do	matter	and	appearance	affects	how	one	
is	perceived,	which	can	affect	all	spheres	of	one’s	
life:	personal,	social,	and	professional.	

While	there	have	been	many	technologic	ad-
vances	in	the	laser	field,	skin	resurfacing	remains	
an	art	requiring	assessment	of	each	patient’s	skin	
type,	color,	and	depth	of	pathology.	Each	patient	
requires	 the	 formulation	 of	 an	 individualized	
treatment	 regimen	 that	 includes	 a	 combination	
of	 topical	agents,	 lasers,	peels,	 light	sources,	 ra-
diofrequency	devices,	and	dermabrasion.	

18.2 Indications 
As	 the	 largest	 organ	 of	 the	 body	 and	 as	 a	 bar-
rier	to	environmental	insult,	the	skin	undergoes	
many	changes	in	response	to	daily	insults.	Vari-
ous	environmental	(e.g.,	photodamage),	systemic	
(e.g.,	 hormonal),	 and	 inflammatory	 (e.g.,	 acne)	
factors	lead	to	changes	in	the	skin	that	cause	the	
patient	 to	 seek	 resurfacing.	 The	 indications	 for	
skin	resurfacing	include	static	rhytides,	acne,	and	
chicken-pox	 scars,	 photodamage,	 melasma/hy-
perpigmentation,	and	xanthelasma.	
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18.3 Pathophysiology of Aging 
Wrinkling,	 freckling,	and	precancerous	changes	
are	 the	 cutaneous	 correlates	 of	 epidermal	 atro-
phy,	 keratinocyte	 atypia,	 and	 most	 importantly,	
dermal	 atrophy,	 which	 results	 from	 decreased	
collagen	formation	and	varying	degrees	of	solar	
elastosis.	 These	 changes	 are	 typically	 associated	
with	 aging	 skin	 [7].	 However,	 most	 of	 these	
changes	are	a	manifestation	of	“extrinsic”	aging	
[11].	Extrinsic	aging	causes	changes	 in	 the	skin	
due	to	the	cumulative	effects	of	senescence	and	
environmental	 damage	 (ultraviolet	 rays,	 pollu-
tion,	and	tobacco	smoke).	Intrinsic	aging,	on	the	
other	hand,	is	simply	the	senescence	changes	that	
occur	in	the	skin	in	the	absence	of	environmental	
insult.

Although	 this	 chapter	 addresses	 skin	 resur-
facing,	 the	 principles	 of	 skin	 conditioning	 and	
skin	 classification	 are	 applicable	 to	 all	 resurfac-
ing	procedures	(peels,	laser	skin	resurfacing,	and	
dermabrasion).	For	a	detailed	explanation	of	skin	
anatomy,	 intrinsic	 and	 extrinsic	 aging,	 and	 the	
mechanisms	 of	 actions	 of	 products	 commonly	
used	in	preoperative	and	postoperative	skin	con-
ditioning	regimens,	we	refer	the	reader	to	the	se-
nior	author’s	(SO)	article	Lifetime Skin Care	[30].

18.4 Patient Assessment
The	 most	 important	 aspect	 for	 patient	 satisfac-
tion	with	resurfacing	procedures	is	proper	patient	
assessment.	Most	of	the	dissatisfaction	expressed	
by	patients	stems	from	the	wrong	modality	being	
used	 to	 address	 their	 particular	 concern.	 An-
other	 source	 of	 dissatisfaction	 for	 patients	 was	
the	 failure	 of	 the	 physician	 to	 prescribe	 a	 topi-
cal	regimen	for	patients	to	follow	at	home	to	help	
maintain	the	results	of	their	in-office	procedures.	
Therefore,	 part	 of	 the	 patient	 assessment	 is	 the	
correct	patient	classification.

While	there	are	several	methods	of	skin	clas-
sification	scales,	such	as	the	Fitzpatrick	Photo-
type	Classification	and	Glogau’s	Wrinkle	Scale,	
they	 both	 fall	 short	 in	 helping	 to	 select	 which	
treatment	 modality	 is	 best	 for	 the	 patients.	 To	
address	 this	 shortcoming,	 the	Obagi	classifica-
tion	 (Table.	18.1)	 was	 formulated	 to	 aid	 in	 the	
physical	 examination	 and	 in	 selecting	 the	 ap-

propriate	 treatment	 modality	 or	 combination	
of	modalities,	based	on	the	individual	skin	type	
and	 extent	 and	 depth	 of	 pathology	 being	 ad-
dressed	[27].	

The	 Obagi	 system	 takes	 into	 account	 skin	
color,	thickness,	oiliness,	laxity,	and	fragility,	and	
helps	 to	 guide	 the	 appropriate	 treatment	 mo-
dality,	 depth,	 and	 pre-	 and	 postoperative	 care,	
including	 anticipation	 and	 prophylaxis	 of	 pig-
mentary	 abnormalities.	 For	 example,	 patients	
with	 thicker	 skin	do	well	with	 laser	 resurfacing	
or	dermabrasion,	but	may	require	stronger	peels	
than	 patients	 with	 thinner	 skin.	 On	 the	 other	
hand,	patients	with	thinner	skin	do	not	tolerate	
the	more	aggressive	resurfacing	procedures,	but	
do	well	by	undergoing	repeated	papillary	dermis	
level	procedures	to	help	tighten	their	skin.	

Summary for the Clinician

■	 Assessment	 of	 the	 patient’s	 skin	 color,	
thickness,	oiliness,	fragility,	and	laxity	is	
necessary	to	select	 the	correct	resurfac-
ing	procedure.

		

18.5 History and Physical 
Patients	seek	to	enhance	their	appearance	for	nu-
merous	reasons,	some	of	which	may	not	be	im-
mediately	apparent	to	the	physician.	It	is	impor-
tant	to	perform	an	adequate	history	and	physical	
examination	 of	 patients	 to	 help	 ascertain	 the	
patient’s	goals	and	expectations.	Patients	need	to	
be	educated	about	what	each	treatment	can	offer	
with	regard	to	results,	what	the	pre-	and	postop-
erative	skin	conditioning	regimen	is,	 the	neces-
sary	 time	 and	 monetary	 investment,	 and	 the	
duration	of	postoperative	discomfort,	erythema,	
and	“downtime.”	While	a	lot	of	the	current	pro-
cedures	tout	the	claim	of	“no	downtime”	or	“no	
pain,”	oftentimes,	the	reality	is	quite	different.	It	
is	 best	 to	 prepare	 your	 patient	 for	 the	 realistic	
duration	of	recovery	time.	It	is	also	important	to	
assess	the	patient’s	pain	threshold	and	have	pro-
visions	in	place	to	administer	topical	anesthetics,	
oral	analgesia,	and	 if	needed,	 intravenous	anes-
thesia.	
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Additionally,	 whether	 due	 to	 media	 hype	 or	
an	 overly	 eager	 patient,	 many	 patients	 believe	
that	 skin	 resurfacing	 will	 “cure”	 all	 their	 prob-
lems.	 It	 is	 very	 important	 that	 the	 physician	
present	the	procedure	in	a	manner	that	does	not	
foster	unrealistic	expectations.	We	have	all	seen	
patients	 seeking	 treatment	of	barely	perceptible	
defects.	These	patients	are	 likely	 to	be	unhappy	
with	 their	 postoperative	 results,	 even	 when	 the	
physician	considers	the	outcome	to	be	a	success.	
And	on	the	off	chance	that	these	patients	develop	
a	 complication	 postoperatively,	 they	 will	 be	 the	
most	difficult	patients	to	manage.

The	history	and	physical	examination	should	
include	 a	 thorough	 medical	 and	 social	 history.	
The	 medical	 history	 should	 cover	 medications,	
recent	surgery,	nicotine	use,	radiation	treatment	
to	the	face	and	neck,	and	the	presence	of	inflam-
matory	 skin	 diseases.	 One	 must	 inquire	 about	
the	 patient’s	 predilection	 for	 developing	 post-
inflammatory	 hyperpigmentation,	 hypertrophic	
or	keloid	scars,	or	poor	wound	healing.	Further-
more,	 certain	 dermatologic	 conditions	 such	 as	
vitiligo,	 psoriasis,	 lichen	 planus,	 and	 verrucae	
vulgaris	 and	 plana	 can	 spread	 to	 traumatized	
skin	 (Koebner	 phenomenon).	 Therefore,	 a	 skin	
examination	should	be	performed	to	exclude	the	
presence	of	these	disorders.	Patients	undergoing	
resurfacing	with	laser	or	dermabrasion	pose	ex-
posure	risks	 to	 the	staff	and	physician.	 In	 these	
circumstances,	screening	for	hepatitis	B	and	C,	as	
well	as	human	immunodeficiency	virus	(HIV),	is	
recommended.	

When	 inquiring	about	medications,	 it	 is	 im-
portant	 to	 ask	 about	 isotretinoin	 (Accutane™,	
Roche	 Laboratories,	 Nutley,	 NJ,	 USA)	 use	 and	
when	 it	was	 last	 taken.	Since	 there	have	a	been	
a	couple	of	isolated	case	reports	of	hypertrophic	
scarring	 related	 to	 Accutane	 use	 in	 the	 periop-
erative	period,	it	is	recommended	that	Accutane	
be	discontinued	at	least	6	months	before	laser	re-
surfacing	 and	 dermabrasion	 and	 should	 not	 be	
restarted	 until	 3	months	 postoperatively	 [2,	 36,	
41].	However,	from	a	large	case	series	of	patients	
undergoing	 “medium-depth”	 chemical	 peeling	
while	using	Accutane	in	the	perioperative	period,	
there	did	not	appear	to	be	an	increased	risk	com-
pared	with	control	patients	[32].	To	minimize	the	
postoperative	 flare	 of	 inflammatory	 conditions	
such	as	acne	or	 rosacea,	 it	may	be	necessary	 to	
use	systemic	anti-inflammatory	antibiotics	such	

as	tetracycline,	minocycline,	and	doxycycline	as	
a	safer	alternative	to	isotretinoin.

Resurfaced	skin	requires	intact	and	function-
ing	 pilosebaceous	 units	 to	 re-epithelialize	 cor-
rectly.	Otherwise,	 impaired	wound	healing	may	
occur	postoperatively.	Therefore,	 it	 is	 important	
to	inquire	about	radiation	or	phototherapy,	which	
destroys	or	reduces	the	number	of	pilosebaceous	
units	in	the	skin.

It	is	critical	to	assess	the	depth	of	lesions	being	
treated	 so	 that	 the	 appropriate	 treatment	 mo-
dality	 is	 chosen.	Epidermal	 lesions	 such	as	 len-
tigines,	actinic	keratosis,	and	epidermal	melasma	
respond	 well	 to	 minimally	 invasive	 procedures	
such	 as	 light	 peels,	 microdermabrasion,	 and	 a	
good	 topical	 skin	care	 regimen.	Dermal	defects	
such	as	scars,	rhytides,	and	dermal	melasma,	re-
quire	a	modality	that	reaches	the	dermis	in	order	
to	yield	a	clinical	response.

Pre-	and	postoperative	photographs	are	an	ab-
solute	must.	Patients	never	 scrutinize	 their	 face	
more	 thoroughly	 than	 they	 do	 postoperatively.	
They	may	be	bothered	by	things	that	they	notice	
for	the	first	time	during	the	postoperative	period	
and	may	not	realize	 that	 the	defect	was	present	
prior	to	surgery.	In	such	instances,	photographs	
serve	 as	 an	 important	 form	 of	 documentation.	
Therefore,	 it	 is	 recommended	 that	 all	 patients	
have	 preoperative	 photographs	 taken	 with	 no	
make-up	on	and	in	a	standardized	manner	(same	
lighting,	settings,	and	views).

Summary for the Clinician

■	 Patient’s	medical	history	should	include	
past	 surgery,	 tobacco	 use,	 medications,	
psychiatric	history,	and	HIV,	hepatitis	B,	
and	C	when	indicated

■	 Preoperative	 photographs	 are	 impera-
tive

		

18.6 Principles of Resurfacing
Resurfacing	 remodels	 the	 epidermis,	 dermis,	
or	 both	 such	 that	 postoperatively,	 it	 has	 an	 ap-
pearance	 closer	 to	 that	 of	 younger	 skin.	 This	 is	
accomplished	 by	 controlled	 skin	 injury	 that	 is	
either	 clinically	 apparent	 (traditional	 resurfac-



ing)	 or	 microscopically	 present	 (non-ablative	
resurfacing).	 	To	prevent	scarring	and	hypopig-
mentation,	it	is	critical	that	the	depth	of	ablation	
does	not	extend	below	the	mid-reticular	dermis,	
yet	it	must	be	deep	enough	to	address	the	clinical	
problem.	

After	skin	 injury,	granulation	tissue	forms	at	
day	 30	 and	 new	 collagen	 is	 formed	 at	 day	 100,	
which	 is	 vital	 to	 obtaining	 enduring	 treatment	
efficacy	 [33].	 With	 lasers,	 the	 longer	 the	 wave-
length	of	energy	emitted,	the	deeper	the	depth	of	
action.	Wavelengths	of	1,200–1,800	nm	reach	the	
upper	to	mid-dermis	and	this	level	appears	to	be	
the	minimum	required	to	effect	collagen	remod-
eling	[8].	The	same	principle	applies	to	peels	and	
dermabrasion.	The	depth	of	wounding	must	ap-
proach	the	papillary	dermis	to	give	“tightening,”	
while	the	upper	reticular	dermis	level	wound	re-
sults	in	“leveling.”	

However,	 injury	 to	 the	 mid	 to	 lower	 reticu-
lar	dermis	is	fraught	with	risk.	A	wound	at	this	
level	has	a	high	likelihood	of	scarring,	permanent	
hypopigmentation,	and	textural	changes.	There-
fore,	it	is	more	prudent	to	perform	a	series	of	less	
aggressive	resurfacing	procedures	than	risk	these	
complications.

Any	 resurfacing	 procedure	 that	 results	 in	 a	
visible	wound	to	the	skin	will	require	appropriate	
pre-	and	post-resurfacing	skin	conditioning,	ap-
propriate	monitoring	during	the	healing	process,	
and	anti-herpes	simplex	virus	(HSV)	prophylaxis	
when	treating	the	perioral	area	[29].

18.6.1 Pre-resurfacing Skin Care
The	goals	of	a	pre-conditioning	regimen	are	re-
pair	 of	 environmental	 damage	 and	 enhanced	
wound	 healing	 during	 the	 postoperative	 pe-
riod	 by	 boosting	 cellular	 function.	 Tretinoin	
(0.05–0.1%)	cream	promotes	collagen	synthesis,	
enhances	 hydroquinone	 penetration,	 restores	
normal	epidermal	thickness	and	maturation,	and	
improves	solar	elastosis	[39].	Furthermore,	stud-
ies	 show	 faster	wound	healing	 from	skin	resur-
facing	in	patients	pre-treated	with	tretinoin	[16]	
as	well	as	 in	an	animal	model	[21].	Patients	are	
instructed	to	apply	0.5–1	g	of	tretinoin	to	the	en-
tire	face	nightly.	

Hydroquinone	(4%)	cream	evens	out	dyspig-
mentation	 and	 reduces	 the	 risk	 of	 post-inflam-

matory	 hyperpigmentation	 in	 patients	 prone	 to	
this.	This	effect	 is	mediated	by	 inhibition	of	 ty-
rosinase,	which	is	a	key	enzyme	in	the	melanin	
synthesis	 pathway.	 Since	 the	 half-life	 of	 hydro-
quinone	 is	 12	h,	 it	 requires	 twice	 daily	 applica-
tion.	 Patients	 are	 instructed	 to	 apply	 1	g	 twice	
daily	to	the	entire	face	and	a	bit	extra	to	the	areas	
of	pigmentation	problems.	

A	 topical	 alpha-hydroxy	 acid	 (6–8%)	 can	 be	
applied	 in	 the	mornings	 to	help	minimize	acne	
flares	and	to	further	enhance	the	penetration	of	
the	 hydroquinone	 or	 tretinoin.	 Alpha-hydroxy	
can	 deactivate	 tretinoin;	 therefore,	 it	 is	 not	 ap-
plied	 in	 the	 evenings.	 It	 is	 more	 critical	 to	 use	
an	 alpha-hydroxy	 acid	 cream	 in	 patients	 with	
thicker	 skin	 as	 they	 tend	 to	 have	 oilier	 skin,	
which	 prevents	 the	 penetration	 of	 tretinoin	 or	
hydroquinone.	There	are	different	commercially	
available	alpha-hydroxy	acids,	but	lactic	acid	and	
glycolic	acid	are	the	most	commonly	found.	

Sunblocks	are	essential	 for	 the	prevention	of	
further	 sun	 damage	 and	 dyschromias.	 Both	 ul-
traviolet	A	(UVA)	and	ultraviolet	B	(UVB)	rays	
are	 harmful.	 UVA	 levels	 are	 constant	 all	 year	
round	and	have	the	ability	to	penetrate	through	
windows,	 windshields,	 and	 shallow	 water.	 UVA	
is	now	implicated	in	the	formation	of	skin	cancer	
and	in	overall	aging	of	the	skin.	UVB	levels	peak	
in	summertime	and	are	responsible	for	the	burns	
that	 occur	 with	 extended	 sun	 exposure.	 Typi-
cally,	the	best	tolerated	agents	are	those	that	con-
tain	zinc	oxide	or	titanium	dioxide	rather	than	a	
chemical	sunscreen.	The	sunblock	takes	the	place	
of	a	daily	moisturizer	and	is	applied	on	the	skin	
after	the	application	of	the	other	creams	but	be-
fore	the	application	of	any	make-up.	

Proper	 skin	 conditioning	 should	 be	 started	
at	least	6	weeks	(longer	for	darker	skinned	indi-
viduals)	prior	to	resurfacing	and	resumed	imme-
diately	after	skin	has	re-epithelialized.	Typically,	
the	 patient	 will	 use	 this	 regimen	 up	 until	 the	
night	before	his	or	her	procedure.	

All	patients	 receive	HSV	prophylaxis	 to	pre-
vent	reactivation	and	potential	scarring,	regard-
less	 of	 their	 personal	 history	 of	 previous	 viral	
infection.	The	newer	antiviral	agents	such	as	va-
lacyclovir	have	better	absorption	than	acyclovir.	
For	this	reason,	the	former	is	the	drug	of	choice.	
The	usual	dose	is	500	mg	of	valacyclovir	twice	a	
day	starting	the	day	before	surgery	and	continues	
until	 the	skin	has	 fully	healed	(7	days	 for	peels,	
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15	days	 for	 laser	 or	 dermabrasion).	 If	 a	 patient	
has	a	significant	history	of	HSV,	a	dose	of	vala-
cyclovir	(1	g)	twice	a	day	is	used.	This	dose	can	
be	increased	to	1	g	three	times	a	day	if	needed	to	
control	an	outbreak.

Since	 the	 medical	 literature	 does	 not	 justify	
the	 use	 of	 antimicrobial	 or	 antifungal	 prophy-
laxis,	it	is	not	advocated.	However,	if	an	occlusive	
dressing	is	to	be	kept	in	place	for	over	48	h,	pro-
phylaxis	may	be	warranted.

Summary for the Clinician

■	 Preoperative	 skin	 conditioning	 reduces	
postoperative	 complications	 and	 en-
hances	 the	 results	 of	 skin	 resurfacing	
procedures

■	 Every	 patient	 benefits	 from	 precondi-
tioning	of	the	skin

		

18.6.2 Post-resurfacing Skin Care
Laser	resurfacing	and	dermabrasion	patients	are	
treated	 with	 either	 an	 open	 method	 of	 wound	
care	 [1]	 or	 an	 occlusive	 bandage.	 There	 are	 a	
number	of	occlusive	bandages	 that	can	be	used	
[26].	Usually,	the	selection	is	made	based	on	pa-
tient	acceptance	of	the	bandage,	cost	of	the	ma-
terials,	and	ease	of	application.	While	use	of	pre-
procedural	tretinoin	and	occlusive	dressings	can	
shorten	healing	 time,	some	surgeons	opt	 for	an	
open	 technique	 using	 petrolatum-based	 agents.	
While	 an	 open	 technique	 reduces	 the	 risk	 of	
infection,	 the	 discomfort,	 especially	 in	 the	 first	
1–2	days	is	greater	for	patients.	The	authors	rec-
ommend	 a	 compromise,	 in	 which	 an	 occlusive	
dressing	is	used	for	2	days,	after	which	an	open	
technique	is	used.	Upon	removal	of	the	bandage,	
patients	should	wash	their	face	gently	to	remove	
the	 adherent	 crust	 every	 4	h	 while	 awake	 and	
perform	Domeboro	Astringent	Solution	(Bayer,	
Morristown,	NJ,	USA)	compresses	for	5–10	min.	
Patients	then	apply	Aquaphor	Healing	Ointment	
(Beirsdorf,	 Wilton,	 CT,	 USA)	 to	 the	 skin	 after	
each	compress	or	wash.	

If	 an	 occlusive	 dressing	 is	 used	 for	 more	
than	 48	h,	 it	 is	 recommended	 that	 prophylactic	

first	 generation	 cephalosporin	 and	 fluconazole	
(200	mg	qd	for	4	days)	be	given,	starting	the	day	
of	 procedure	 [29].	 Inflammation	 and	 erythema	
usually	 subside	 over	 6	weeks;	 however,	 this	 can	
take	up	to	6	months.	 It	 is	critical	 to	resume	the	
postoperative	skin	care	regimen	once	re-epithe-
lialization	is	completed.		

Summary for the Clinician

■	 Postoperative	 skin	 care	 should	 be	 re-
sumed	once	re-epithelialization	 is	com-
plete

		

18.6.2.1 Chemical Peels
While	peels	have	been	used	in	a	variety	of	forms	
for	 centuries,	 excitement	 about	 peels	 began	 to	
wane	with	the	advent	of	lasers	for	resurfacing	the	
skin.	Physicians	abandoned	what	was	perceived	
as	the	inability	to	control	depth	of	penetration	of	
trichloroacetic	acid	(TCA)	peels	for	the	comfort	
of	being	able	 to	 set	 the	 laser	parameters	 for	 re-
producible	treatment	results.	However,	as	patient	
satisfaction	with	laser	resurfacing	began	to	wane	
and	 complications	 from	 lasers	 became	 more	
widespread	 [12,	 19],	 many	 physicians	 and	 pa-
tients	shared	a	renewed	interest	in	chemical	peel-
ing.	Advances	in	peeling	techniques	have	helped	
rekindle	this	interest.	

18.6.2.1.1 Mechanisms of Actions
There	 are	 many	 factors	 	 affect	 peel	 depth:	 acid	
concentration,	the	number	of	coats	applied,	skin	
thickness,	percentage	body	surface	area,	skin	pre-
conditioning,	and	in	some	cases,	the	duration	of	
contact	of	the	acid	on	the	skin.	Thus,	it	is	unfea-
sible	 to	classify	acids	as	 those	 that	cause	a	 light	
peel	 and	 those	 that	 cause	 a	 deep	 peel.	 Instead,	
chemical	wounding	agents	will	be	described	with	
regard	to	their	most	common	use	as	either	kera-
tolytic	agents	or	protein	denaturants.	The	kerato-
lytics	are	mainly	used	for	superficial,	exfoliative	
procedures	whereas	the	protein	denaturants	can	
be	used	for	superficial	or	deeper	peels.	The	cor-



rect	choice	of	acid	is	determined	by	the	depth	of	
wounding	 desired,	 in	 addition	 to	 the	 degree	 of	
physician	control	desired.

Keratolytics
Keratinocytes	are	the	cells	that	make	up	the	epi-
dermis	 of	 the	 skin.	 They	 are	 held	 together	 by	
adhesion	molecules	that	can	be	disrupted	by	al-
pha-hydroxy	acids	(glycolic,	 lactic,	citric,	malic,	
tartaric)	 and	 salicylic	 acid.	 The	 two	 main	 acids	
used	 for	 exfoliative	 procedures	 are	 glycolic	 and	
salicylic	 acid.	 The	 main	 indications	 for	 these	
peels	 are	 agents	 for	 roughness,	 acne,	 mild	 dys-
pigmentation,	 and	 fine	 wrinkles.	 These	 exfolia-
tive	acids	have	the	benefit	of	no	“downtime”	for	
the	 patient,	 no	 anesthesia	 requirement,	 and	 are	
easy	to	apply.	Furthermore,	many	of	these	peels	
can	 be	 performed	 by	 aestheticians	 or	 nurses.	
However,	proper	training	is	crucial	to	minimize	
inadvertently	 peeling	 the	 skin	 deeper	 than	 the	
epidermis.	

These	peels	are	usually	performed	as	a	series	
of	three	or	four	peels	spaced	several	weeks	apart	
in	order	for	clinical	results	to	become	apparent.	
The	results	of	these	peels	can	be	enhanced	con-
siderably	with	the	use	of	an	appropriate	pre-	and	
post-peel	skin-care	regimen.

One	in	vitro	study	showed	that	the	topical	ap-
plication	of	glycolic	acid	increases	collagen	pro-
duction	by	fibroblasts	[24].	However,	it	is	unclear	
what	 clinical	 relevance	 this	 may	 have.	 Thus,	 it	
is	 imperative	 to	carefully	select	 the	patient	who	
would	benefit	most	from	these	procedures,	e.g.,	
acne	 patients,	 those	 with	 freckling,	 those	 with	
superficial	sun	damage.

Protein Denaturants

Trichloroacetic Acid Peels
Trichloroacetic	 acid	 (TCA)	 is	 the	 workhorse	 of	
chemical	peels	having	been	in	use	for	over	a	cen-
tury.	 It	 acts	by	causing	protein	coagulation	and	
denaturation	 of	 the	 cellular	 components	 of	 the	
skin.	The	benefit	of	using	TCA	is	 that	 it	can	be	
used	to	achieve	a	variety	of	peel	depths	ranging	
from	exfoliation	to	deep	peels,	depending	on	the	

concentration	or	volume	used.	To	minimize	op-
erator	error	and	patient	complications,	 it	 is	 im-
portant	to	limit	the	number	of	different	TCA	so-
lutions	carried	 in	 the	office.	Furthermore,	 there	
are	 four	 different	 ways	 in	 which	 TCA	 can	 be	
manufactured.	 However,	 the	 only	 accurate	 one	
is	the	standard	pharmaceutical	method	of	calcu-
lating	concentration	based	on	weight	to	volume	
(W:V)	[3].	

Initially,	 it	 may	 seem	 confusing	 to	 see	 the	
literature	 or	 speakers	 at	 meetings	 refer	 to	 TCA	
peels	as	light	or	deep	according	to	the	TCA	con-
centration	 that	 is	 used.	 TCA	 concentration	 is	
only	one	component	that	determines	peel	depth.	
TCA	(40%)	can	be	used	to	perform	a	light	peel	
or	a	deep	peel	simply	by	varying	the	volume	used	
(1	ml	vs.	6	ml).	Thus,	higher	volumes	or	higher	
TCA	 concentrations	 will	 drive	 the	 peel	 even	
deeper.	The	body	surface	area	being	treated	and	
the	patient’s	skin	thickness	are	other	variables.

Just	as	lasers	offer	the	physician	a	certain	level	
of	control	and	safety,	TCA	peels	have	evolved	in	
this	direction	as	well.	There	have	been	a	number	
of	modified	TCA	peel	combinations	that	were	de-
veloped	in	an	attempt	to	obtain	more	consistent	
results,	while	giving	the	physician	more	control	
over	 the	peel.	The	most	common	variations	are	
the	Monheit	Jessner	TCA	peel,	the	Coleman	Gly-
colic	Acid	TCA	peel,	and	the	Obagi	Blue	Peel.	

These	peels	are	designed	 to	allow	fairly	con-
sistent	peeling	into	the	papillary	dermis	and	into	
the	 superficial	 reticular	 dermis	 if	 performed	
correctly.	 Thus,	 their	 main	 indications	 are	 for	
epidermal	and	upper	dermal	pathology	such	as	
photodamage,	actinic	keratoses,	lentigines,	ephe-
lides,	 fine	 rhytides,	 and	 superficial,	 nonfibrotic	
(stretchable)	scars.	Deeper	cutaneous	abnormal-
ities	 such	 as	 expression	 lines,	 furrows,	 or	 scars	
are	somewhat	amenable	to	correction	with	these	
peels.	 However,	 the	 risk	 of	 subsequent	 textural	
change	or	scarring	increases	with	deeper	peels.

The	 Monheit	 Jessner	 TCA	 peel	 utilizes	 Jess-
ner’s	 solution,	 prior	 to	 the	 application	 of	 TCA.	
Jessner’s	solution	is	a	combination	of	keratolytic	
agents	consisting	of	14%	each	of	resorcinol,	sali-
cylic	acid,	and	lactic	acid	mixed	in	ethanol.	This	
is	 then	 followed	 by	 the	 application	 of	 a	 small	
quantity	of	35%	TCA.	By	applying	the	keratolytic	
agent	 prior	 to	 the	 TCA	 application,	 faster	 and	
deeper	 penetration	 of	 the	 subsequent	 TCA	 can	
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be	achieved	[23].	The	Coleman	glycolic	acid	TCA	
peel	uses	70%	glycolic	acid	(keratolytic)	prior	to	
the	application	of	35%	TCA	[6].

In	contrast	to	these	two	techniques,	which	at-
tempt	to	 increase	the	speed	and	depth	of	pene-
tration	of	TCA	into	the	skin,	the	Obagi	Blue	Peel	
attempts	to	slow	this	process	down	[31].	By	do-
ing	 so,	 the	 physician	 gains	 more	 depth	 control	
during	the	peeling	process.	The	Obagi	Blue	TCA	
Peel	combines	a	non-ionic	blue	dye,	glycerin,	and	
a	saponin	with	a	specified	volume	of	30%	TCA	
to	yield	either	a	15%	or	20%	TCA	blue	peel	solu-
tion.	Since	TCA	is	colorless,	the	blue	dye	helps	to	
ensure	even	application	of	 the	peeling	solution.	
This	 minimizes	 the	 risk	 of	 inadvertent	 reappli-
cation	 of	 the	 solution	 into	 a	 previously	 treated	
area.	The	skin	 is	hydrophobic	while	 the	TCA	is	
hydrophillic.	 In	 order	 to	 achieve	 even	 penetra-
tion	of	the	TCA	into	the	skin,	glycerin	is	added,	
but	requires	a	detergent	to	prevent	the	TCA	and	
glycerin	 from	 separating	 out	 in	 the	 solution.	
Therefore,	 a	 saponin	 is	added	as	well.	Saponins	
have	 detergent-like	 properties	 that	 help	 to	 cre-
ate	a	homogenous	TCA/oil/water	emulsion	that	
penetrates	 the	 skin	 in	 a	 slower	 and	 more	 even	
fashion.	

Phenol Peels
For	the	most	part,	phenol	peels	fall	into	the	cat-
egory	of	deep	peels.	In	a	fashion	similar	to	TCA,	
phenol	exerts	its	actions	by	protein	denaturation	
and	 coagulation;	 however,	 it	 quickly	 penetrates	
the	skin	 to	 the	 level	of	 the	reticular	dermis	 [4].	
Phenol	 requires	 hepatic	 metabolism	 followed	
by	 renal	 excretion.	 To	 minimize	 the	 risk	 of	 in-
traoperative	systemic	toxicity	patients	should	be	
cleared	from	a	cardiac,	renal,	and	hepatic	stand-
point	 preoperatively.	 Since	 systemic	 absorption	
of	phenol	can	directly	cause	cardiac	arrhythmias,	
it	 is	 imperative	 to	 have	 patients	 on	 a	 cardiac	
monitor.	

It	 appears	 that	 percutaneous	 absorption	 of	
phenol	 is	more	related	to	 the	body	surface	area	
treated	than	the	concentration	used [4].	For	this	
reason,	the	face	is	usually	divided	into	cosmetic	
units	and	the	peel	is	performed	on	one	unit	at	a	
time.	A	15-min	break	is	taken	prior	to	the	treat-
ment	of	the	next	cosmetic	unit.	Weaker	solutions	

of	 phenol	 (25–50%)	 can	 be	 used	 to	 achieve	 a	
lighter	 peel.	 However,	 the	 results	 are	 not	 better	
than	 TCA	 peels,	 while	 still	 carrying	 the	 risk	 of	
systemic	toxicity.	Laser	resurfacing	with	CO2	and	
erbium:YAG	 has	 largely	 replaced	 phenol	 in	 the	
treatment	of	deeper	rhytides.		

Although	 any	 resurfacing	 modality	 that	
reaches	 the	 reticular	 dermis	 is	 at	 risk	 for	 caus-
ing	permanent	hypopigmentation,	it	has	been	re-
ported	that	this	may	be	more	frequent	with	phe-
nol	peels	than	with	lasers [6].	This	makes	careful	
patient	selection	very	important.	It	may	be	best	
to	reserve	phenol	peels	for	treating	deep	rhytides	
in	older,	fair-skinned	individuals	because	of	the	
risk	of	permanent	postoperative	hypopigmenta-
tion.	

In	 an	 attempt	 to	 minimize	 the	 complication	
of	permanent	hypopigmentation,	various	physi-
cians	 have	 modified	 the	 formulation	 of	 phenol	
and	croton	oil	to	make	the	phenol	peel	penetrate	
less	 than	the	 typical	Baker-Gordon	formulation	
[15,	38].	Furthermore,	variations	with	regard	to	
how	the	peel	is	performed	have	allowed	patients	
of	diverse	skin	types	to	be	treated,	with	good	re-
sults	[37].

18.6.2.1.2 Lasers
While	 non-ablative	 therapies	 have	 become	 a	
popular	 trend	 among	 patients	 and	 physicians	
alike,	 the	 pendulum	 may	 be	 swinging	 back	 to-
ward	 more	 time-tested	 techniques.	 Ablative	 la-
ser	 resurfacing	 remains	 the	 gold	 standard	 with	
which	these	non-ablative	systems	are	compared.	
Two	laser	systems	have	been	developed	for	skin	
resurfacing:	 carbon	 dioxide	 (CO2)	 and	 erbium:
YAG	(Er:YAG).	

The	term	laser	is	an	acronym	for	light	ampli-
fication	by	the	stimulated	emission	of	radiation.	
What	 makes	 lasers	 different	 from	 traditional	
light	 sources	 is	 that	 lasers	 emit	 predominantly	
a	 single	 wavelength	 of	 light,	 which	 is	 preferen-
tially	absorbed	by	a	specific	chromophore	in	the	
skin	(Table.	18.2).	On	the	other	hand,	light-based	
systems	such	as	intense-pulsed	light	(IPL)	emit	a	
variety	of	wavelengths	from	400	to	1,200	nm,	but	
are	controlled	using	various	cut-off	filters.	

The	lexicon	of	important	technological	terms	
includes	thermal	relaxation	time,	pulse	duration	



Table 18.2 Most	commonly	used	lasers	and	light	systems.	Both	the	wavelength	and	clinical	indications	are	given.	
With	permission	from	[28]

System Wavelength (nm) Pulse duration Indications

IPL	(pulsed	light) 400–1,200 	 	 5–100	ms Non-ablative	rejuvenation
Hair	removal
Lentigines
Vascular	lesions

LED 410 N/A Non-ablative	rejuvenation

Copper	bromide 511	and	578 	 10–900	ms Non-ablative	rejuvenation
Vascular	lesions
Pigmented	lesions

KTP 532 Pigmented	lesions
Vascular	lesions

Diode 532   0–100	ms Vascular	lesions

Q-switched	Nd:YAG
(frequency	doubled)

532 <20	ns Non-ablative	rejuvenation
Pigmented	lesions
Tattoos:	red,	orange,	yellow

Pulsed	dye 585 	 	 0.45	ms Non-ablative	rejuvenation
Vascular	lesions

595 	 	 0.45–40	ms Non-ablative	rejuvenation
Vascular	lesions

585–595 	 	 0.5–40	ms Non-ablative	rejuvenation
Vascular	lesions

Q-switched	Ruby 694 	 20–50	ns Pigmented	lesions
Tattoos:	blue,	black,	green

Q-switched		
Alexandrite

755 	 50–100	ns Pigmented	lesions
Tattoos:	blue,	black,	green

Alexandrite 755 	 	 5–50	ms Non-ablative	rejuvenation
Hair	removal

Diode 800–810 	 	 5–400	ms Hair	removal

Q-switched	Nd:YAG 	 	 1,064 <20	ns Non-ablative	rejuvenation
Pigmented	lesions
Tattoos:	blue,	black

Nd:YAG 	 	 1,064 	 	 0.4–300	ms Non-ablative	rejuvenation
Hair	removal
Vascular	lesions

	 	 1,320 400	ms Non-ablative	rejuvenation

Diode 	 	 1,450 250	ms Non-ablative	rejuvenation

Erbium:glass 	 	 1,540 	 	 3.3	ms Non-ablative	rejuvenation

Radiofrequency N/A N/A Non-ablative	rejuvenation

Erbium:	YAG 	 	 2,940 Skin	resurfacing
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(pulse	 width),	 and	 selective	 photothermolysis.	
The	laser	emits	a	specific	wavelength	of	light	that	
is	 absorbed	 by	 a	 chromophore	 or	 target	 in	 the	
skin.	The	chromophore	may	be	water,	melanin,	
or	 hemoglobin.	 Different	 wavelengths	 are	 spe-
cific	for	different	chromophores.	Once	the	wave-
length	of	light	is	absorbed	by	a	chromophore,	it	
heats	that	object.	The	thermal	relaxation	time	is	
the	time	it	takes	for	the	heated	object	to	cool	to	
half	its	elevated	temperature.	Thermal	relaxation	
time	is	closely	related	to	the	square	of	the	size	of	
the	object.	Thus,	smaller	objects	cool	faster	than	
larger	 ones.	 	 Pulse	 duration	 is	 the	 unit	 of	 time	
during	 which	 a	 certain	 amount	 of	 laser	 energy	
is	 emitted.	 If	 the	 pulse	duration	 is	 shorter	 than	
the	 thermal	 relaxation	 time	 of	 an	 object,	 selec-
tive	 photothermolysis	 occurs.	 This	 means	 that	
the	chromophore	heats	up	preferentially	without	
heating	 the	 surrounding	 tissue.	 However,	 if	 the	
pulse	 duration	 exceeds	 the	 thermal	 relaxation	
time	 of	 the	 chromophore,	 the	 adjacent	 tissue	
heats	up,	resulting	in	thermal	damage.	Therefore,	
to	 target	 a	 particular	 chromophore	 effectively	
without	 damaging	 the	 surrounding	 skin,	 one	
must	 select	 a	 laser	 with	 the	 appropriate	 wave-
length	and	pulse	duration.	

As	 the	 laser	 wavelengths	 increase,	 the	 depth	
to	which	they	penetrate	tissue	increases	as	well.	
The	 two	 exceptions	 are	 the	 skin	 resurfacing	 la-
sers,	carbon	dioxide	(CO2)	and	erbium:YAG	(Er:
YAG).	Both	the	Er:YAG	and	CO2	lasers,	2,940	nm	
and	10,600	nm	respectively,	have	tremendous	af-
finity	 for	 water.	 This	 high	 affinity	 for	 the	 water	
in	 the	 skin	 results	 in	 literal	 vaporization	 of	 the	
tissue	 that	 serves	 to	 limit	 the	depth	of	penetra-
tion	of	the	laser	beam.	Therefore,	although	these	
two	 lasers	have	 longer	wavelengths,	 their	depth	
of	penetration	is	less	than	would	be	expected.

Laser	 resurfacing	 wounds	 consist	 of	 four	
zones	of	injury:

•	 Zone	of	ablated	tissue
•	 Zone	of	charred	or	carbonized	tissue	(more	so	

with	CO2)
•	 Zone	of	heat-denatured	collagen
•	 Zone	of	collagen	shrinkage

The	 thickness	 of	 the	 various	 zones	 of	 injury	
can	be	as	small	as	a	few	micrometers	to	as	large	as	
over	150	µm	depending	on	the	laser	system,	set-
tings	used,	and	number	of	passes.	Wound	healing	
occurs	from	the	lateral	edges	of	non-injured	skin	
in	toward	the	center	and	from	deep	to	superficial	
with	regard	to	the	remaining	adnexal	structures	
(mainly	pilosebaceous	glands).

18.6.2.1.3 Carbon Dioxide Lasers
Considered	 the	 gold	 standard	 in	 efficacy	 with	
which	other	modalities	are	compared,	CO2	lasers	
require	a	 longer	 time	before	 re-epithelialization	
and	resolution	of	erythema	(4.5	months	for	CO2	
laser	vs.	4–6	weeks	for	TCA	peel)	[9].	Even	com-
pared	with	other	lasers	such	as	Er:YAG	and	the	
plethora	 of	 non-ablative	 laser,	 optical,	 radiofre-
quency,	and	combination	devices,	the	CO2	laser	
is	the	benchmark	in	clinical	efficacy.	CO2	lasers	
have	shown	tremendous	improvement	in	photo-
damaged	and	scarred	skin.	

Carbon	dioxide	lasers	vaporize	the	epidermis	
and	 certain	 amounts	 of	 the	 dermis,	 removing	
superficial	 imperfections,	 as	 well	 as	 producing	
dermal	 heating,	 which	 shrinks	 collagen,	 thus	
tightening	 the	 skin.	 Laser	 energy	 is	 absorbed	
by	 water	 in	 the	 skin.	 This	 requires	 an	 abla-
tion	 depth	 of	 20–50	µm	 per	 pass	 [5].	 There	 are	
pulsed	and	scanning	CO2	 lasers,	both	of	which	
emit	 10,600	nm	 [5].	 The	 pulsed	 laser	 vaporizes	
a	 20–30-µm	 thickness	 and	 the	 scanning	 laser	 a	
30–50-µm	depth	after	a	single	pass	[5].

Table 18.2 (continued) Most	commonly	used	lasers	and	light	systems.	Both	the	wavelength	and	clinical	indica-
tions	are	given.	With	permission	from	[28]

System Wavelength (nm) Pulse duration Indications

CO2 	 10,600 Skin	resurfacing

Blended	erbium:
YAG	and	CO2

	 	 2,940	
	 10,600

Skin	resurfacing



18.6.2.1.4 CO2 Laser Endpoints
Removal	 of	 the	 epidermis	 will	 reveal	 pink	 skin	
due	to	removal	of	the	pigmented	layer	of	the	skin	
and	the	exposure	of	the	subpapillary	dermal	vas-
cular	 plexus.	 Penetration	 through	 the	 papillary	
dermis	will	cause	heat	damage	and	constriction	
of	the	subpapillary	complex	of	blood	vessels.	The	
skin	at	 this	point	 takes	on	a	gray	color.	Further	
resurfacing	 will	 then	 enter	 the	 reticular	 dermis	
and	the	skin	begins	to	take	on	a	“chamois”	color.	
This	 is	 the	 endpoint	 for	 facial	 skin	 resurfacing	
with	 the	 exception	 of	 eyelid	 resurfacing,	 which	
should	stop	prior	to	reaching	this	depth.	

18.6.2.1.5 Erbium:YAG lasers
As	with	all	things	in	life,	outcome	alone	is	not	ad-
equate;	patients	must	be	accepting	of	the	risks	of	
discomfort	and	infection	with	the	wound	created	
in	ablative	modalities	as	well	as	the	time	invest-
ment	in	postoperative	care	and	the	longer	recov-
ery	 time.	 Patients	 were	 unhappy	 with	 the	 pro-
longed	erythema,	permanent	hypopigmentation,	
and	the	risk	of	scarring	with	the	traditional	CO2	
laser.	For	this	reason,	Er:YAG	lasers	were	inves-
tigated	and	found	to	give	 improvement	 in	pho-
todamaged	[5]	and	scarred	skin,	albeit	not	to	the	
extent	seen	with	CO2	lasers.	Er:YAG	lasers	have	
a	16-fold	higher	affinity	for	water	compared	with	
CO2	lasers,	thus	penetrating	only	20–40	µm	per	
pass.	This	results	in	more	vaporization	of	tissue,	
but	much	less	heating	of	adjacent	skin	[14].	Since	
it	produces	 little	to	no	dermal	thermal	damage,	
it	does	not	 tighten	 skin	as	much	as	CO2	 lasers.	
However,	when	used	correctly,	the	Er:YAG	laser	
can	give	impressive	results	[17].	

To	address	this	issue	and	to	attempt	to	further	
approach	the	results	of	CO2	lasers,	modified	Er:
YAG	 systems	 have	 been	 developed.	 One	 of	 the	
newer	 Er:YAG	 lasers	 allows	 the	 use	 of	 longer	
pulse	widths	 (up	 to	500	µs)	 to	produce	a	 larger	
zone	of	thermal	necrosis,	which	comes	closer	to	
mimicking	that	seen	with	CO2	lasers.	This	results	
in	 deeper	 tissue	 penetration	 and	 improved	 co-
agulation	of	dermal	vessels.

Yet	another	Er:YAG	laser	system	is	a	“blend”	
of	both	CO2	and	Er:YAG.	It	can	deliver	a	pulse	of	
energy	made	up	of	both	Er:YAG	and	CO2.	The	
percentage	 of	 how	 much	 of	 each	 laser	 pulse	 is	

made	up	of	CO2	can	be	adjusted	from	0	to	100%.	
This	system	also	offers	more	coagulation	and	tis-
sue	tightening	than	traditional	Er:YAG	systems.

18.6.2.1.6 Erbium:YAG Laser 
Endpoints

The	endpoints	for	erbium:YAG	laser	resurfacing	
are	similar	to	those	for	CO2	laser	resurfacing.	In	
addition,	with	erbium:YAG	laser	resurfacing,	the	
depth	of	tissue	ablation	can	be	calculated	by	using	
the	equation	described	earlier	 and	by	multiply-
ing	this	number	by	the	number	of	passes	made.	
It	 is	slightly	more	difficult	clinically	 to	visualize	
the	 microanatomy	 due	 to	 the	 bleeding	 that	 oc-
curs	when	the	reticular	dermis	is	reached.	When	
the	reticular	dermis	is	entered,	the	tops	of	seba-
ceous	lobules	(seen	as	small	dots)	will	begin	to	be	
visualized.	Penetration	deeper	 into	the	reticular	
dermis	 will	 result	 in	 fewer	 bleeding	 points,	 but	
with	brisker	bleeding	due	to	the	larger	size	of	the	
dermal	 vessels.	 Large,	 confluent	 sebaceous	 lob-
ules	also	begin	to	be	visualized.

18.6.3 Fractional Photothermolysis
While	 the	 gold	 standard	 in	 skin	 resurfacing	 is	
still	ablative	therapy	of	scars	and	rhytides,	the	at-
traction	for	patients	remains	the	ability	to	resume	
their	normal	activities	without	interruption.	The	
newest	 technology	 on	 the	 market	 is	 fractional	
photothermolysis	(FP),	a	cross	between	non-ab-
lative	 and	 ablative	 laser	 technology	 [20].	 These	
laser	systems	use	an	ablative	laser	pulse	that	only	
hits	a	fraction	of	the	skin	at	each	pulse.	This	al-
lows	 many	 “skip”	 areas	 in	 between	 the	 micro-
thermal	zones	(MTZs)	to	quickly	re-epithelialize	
the	 wounded	 skin.	 Thus,	 rather	 than	 8–10	days	
of	healing	after	a	resurfacing	procedure,	the	pa-
tient	heals	within	1–3	days.	Since	only	20–25%	
of	 the	 skin	 is	 resurfaced	at	 each	 treatment,	4–5	
treatments	 are	 performed	 to	 try	 to	 achieve	 full	
face	resurfacing.	

The	practical	advantage	of	fractional	thermol-
ysis	technology	is	that	the	size,	depth,	and	density	
of	 the	 MTZ	 energy	 delivered	 can	 be	 tailored	 to	
the	 exact	 3-D	 burn	 parameters	 desired	 [18]	 to	
achieve	better	efficacy	than	the	non-ablative	de-
vices	and	fewer	side	effects	than	with	the	ablative	
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laser.	Similar	to	non-ablative	devices,	the	stratum	
corneum	remains	intact	with	FP	and	is	thus	a	nat-
ural	bandage.	MTZs	allow	delivery	of	high	local	
irradiance	 to	achieve	 efficacy	while	maintaining	
low	overall	irradiance	to	prevent	side	effects	[18].

Wound	healing	following	FP	has	been	docu-
mented	by	serial	histologic	evaluation	[18].	Mi-
cro-re-epithelialization	in	the	MTZ	areas	appears	
to	 occur	 within	 1	day	 by	 adjacent	 keratinocyte	
migration.	 This	 process	 occurs	 with	 almost	 no	
disruption	 in	 epithelial	 barrier	 function	 or	 in-
flammation,	i.e.,	no	crusting	or	weeping.		Edema	
resolves	by	1–2	days	and	erythema	by	5–7	days.	
There	 is	 minimal	 to	 moderate	 pain	 during	 the	
procedure,	which	may	be	reduced	with	the	use	of	
topical	anesthetics	or	nerve	blocks.	Patients	may	
use	make-up	immediately	to	mask	the	erythema	
since	the	stratum	corneum	is	intact.

There	 does	 seem	 to	 be	 improvement	 in	 epi-
dermal	pathology	such	as	lentigines	and	dermal	
remodeling	is	detectable	by	3	months,	which	may	
tighten	the	skin.	The	device	can	be	used	on	darker	
skinned	individuals,	does	not	require	anesthesia,	
and	is	safe	for	periorbital	skin.	Fractional	photo-
thermolysis	is	being	evaluated	for	treating	acne,	
scars,	melasma,	wrinkles,	and	other	photodam-
age,	on	all	areas	of	the	body	[10].	

18.6.4 Dermabrasion
Dermabrasion	 is	 a	 surgical	 abrasion	 or	 planing	
of	the	skin	with	either	a	wire	brush	or	diamond	
fraise	attached	to	a	hand	engine	capable	of	pro-
ducing	1,000	to	60,000	rpm.	The	fraises	are	avail-
able	in	a	multitude	of	sizes,	shapes,	and	grades	of	
coarseness.	Dermabrasion	is	capable	of	“leveling”	
the	skin,	thus	addressing	problems	such	as	trau-
matic	 or	 surgical	 scars	 (especially	 if	 performed	
6–8	weeks	 postoperatively	 [40]),	 rhinophyma,	
superficial	and	saucer-shaped	scars,	rhytides,	and	
superficial	malignancies	(Bowen’s	disease,	super-
ficial	basal	cell	carcinoma).	

While	 regional	 or	 localized	 dermabrasion	
may	 be	 performed	 with	 local	 anesthesia,	 more	
extensive	resurfacing	usually	requires	oral,	intra-
muscular,	or	intravenous	sedation	in	conjunction	
with	nerve	blocks,	cryoanesthesia,	or	tumescent	
anesthesia.	Furthermore,	using	tumescent	anes-
thesia	or	cryoanesthesia	offers	a	more	solid	sur-
face	upon	which	planing	can	be	performed.	This	

helps	to	decrease	gouging	or	grabbing	of	the	skin.	
Although	a	rigid	surface	will	allow	for	more	even	
abrasion	and	preservation	of	anatomic	markings,	
the	risk	of	tissue	necrosis	and	scarring	increases	
with	use	of	refrigerants	that	lower	skin	tempera-
ture	below	-30°C	[13].	

The	 choice	 of	 the	 hand	 piece	 is	 determined	
by	the	depth	of	wounding	desired,	coupled	with	
the	 level	of	expertise.	The	wire	brush	is	capable	
of	removing	greater	amounts	of	 tissue	with	 less	
generation	of	heat.	This	allows	 the	physician	 to	
reach	 the	mid-reticular	dermis	with	 less	 risk	of	
scarring.	 However,	 the	 speed	 of	 the	 wire	 brush	
and	 the	 rapid	 depth	 achieved	 carries	 a	 higher	
risk	of	injury	and	requires	more	physician	skill	to	
master.	Because	wire	brushes	cannot	be	perfectly	
balanced,	they	should	not	be	operated	at	speeds	
faster	 than	 18,000	rpm.	 Moreover,	 because	 of	
their	 greater	 tendency	 to	 “grab	 the	 tissue	 and	
run,”	 they	are	 far	safer	when	used	with	cryoan-
esthesia	 to	 freeze	 the	 skin	 to	 a	 solid	 state.	 Dia-
mond	 fraises	 have	 the	 advantage	 of	 being	 used	
without	cryogenic	spray	and	since	they	cut	tissue	
more	slowly	they	offer	a	larger	safety	margin.	In	
addition,	pear-shaped	fraises	can	be	used	along	
curved	anatomic	structures,	such	as	the	nose	or	
oral	commissure.		

18.6.4.1 Dermabrasion Endpoints
Cutaneous	 anatomic	 landmarks	 serve	 as	 indi-
cators	 of	 depth	 of	 injury.	 The	 removal	 of	 the	
epidermis	 will	 be	 indicated	 by	 the	 loss	 of	 skin	
pigmentation.	 Progression	 into	 the	 papillary	
dermis	 is	 noted	 by	 punctate	 bleeding	 (evident	
upon	thawing)	due	to	disruption	of	the	capillary	
loops	in	this	area.	With	the	use	of	a	wire	brush	
(or	a	 fraise	on	nonfrozen	skin)	 the	endpoint	of	
dermabrasion	is	usually	the	appearance	of	small,	
parallel	strands	of	collagen	signifying	the	passage	
through	 the	 papillary	 dermis.	 Further	 abrasion	
will	enter	the	reticular	dermis	and	will	 increase	
the	 risk	 of	 scarring.	 The	 abrasion	 should	 stop	
when	broad,	coarse,	frayed	collagen	bundles	are	
seen.	Special	care	should	be	taken	to	prevent	en-
snaring	the	lip	by	exerting	adequate	traction	on	
the	tissue	and	ensuring	the	direction	of	rotation	
is	toward	the	orifice.

When	 abrading	 on	 frozen	 skin	 and	 using	
a	 diamond	 fraise,	 additional	 anatomical	 land-



marks	 are	 visible.	 When	 most	 of	 the	 papillary	
dermis	has	been	removed,	the	lace-like	network	
of	subpapillary	blood	vessels	is	seen.	With	deeper	
abrasion,	the	vessels	disappear	and	the	tops	of	the	
sebaceous	lobules	are	seen	as	small	gray	dots	sep-
arated	 from	one	another.	With	deeper	abrasion	
the	 sebaceous	 lobule	 dots	 are	 large	 and	 appear	
to	touch	one	another,	indicating	the	depth	of	the	
mid-reticular	dermis.	This	is	the	usual	stopping	
point.	 With	 deeper	 abrasion	 the	 dots	 disappear	
indicating	 the	 deep	 reticular	 dermis,	 a	 definite	
danger	signal.

Summary for the Clinician

■	 Skin	 resurfacing,	 whether	 through	 la-
sers,	 peels,	 or	 dermabrasion,	 requires	 a	
learning	curve	for	the	surgeon

■	 Patient	 results	 are	 related	 to	 the	 depth	
of	 resurfacing	 rather	 than	 the	 modality	
used

		

18.6.4.2 Complications of Skin 
Resurfacing

Adhering	to	good	surgical	practices	and	gaining	
experience	both	reduce	the	risk	of	complications	
from	skin	resurfacing.	Most	postoperative	com-
plications	are	 related	 to	 the	depth	of	wounding	
rather	 than	 the	 modality	 used.	 In	 fact,	 compli-
cations	such	as	hypertrophic	scarring,	prolonged	
erythema	 (over	 3	months),	 and	 pigmentary	
changes	are	 seen	with	peels	 [35],	dermabrasion	
[9,	41],	and	laser	[25].	

Close	postoperative	monitoring	of	patients	is	
critical	during	the	wound	healing	period.	This	al-
lows	for	rapid	detection	and	treatment	of	infec-
tion.	 Infections	 usually	 are	 due	 to	 one	 of	 three	
main	 culprits:	 Staphylococcus aureus,	 Candida,	
and	Herpes	simplex	virus.	Appropriate	treatment	
with	antibiotics,	anti-virals,	and	anti-yeast	agents	
should	 be	 instituted	 based	 on	 the	 infecting	 or-
ganism.	Anti-viral	regimens	should	be	continued	
up	to	postoperative	day	15	(until	re-epithelializa-
tion	is	complete)	due	to	instances	of	herpes	out-
breaks	after	stopping	anti-viral	medications	even	
as	far	out	as	day	10	or	11.	Any	delayed	infection	
that	occurs	up	to	1	month	after	skin	resurfacing	

should	raise	the	suspicion	of	atypical	mycobacte-
rial	infection	[34].

Milia,	or	epidermal	microcysts,	are	a	common	
occurrence	3–4	weeks	after	laser	and	dermabra-
sion	and	are	relatively	easy	to	treat	with	manual	
expression.	Postoperative	tretinoin	use	may	also	
decrease	the	formation	of	milia.	

A	 distressing	 occurrence	 for	 patients	 and	
physicians	is	that	of	permanent	hypopigmenta-
tion.	This	occurs	in	areas	where	the	depth	of	the	
wound	enters	the	reticular	dermis.	While	there	
are	 lasers	 that	 may	 temporarily	 help	 blend	 in	
these	hypopigmented	areas,	unfortunately,	there	
is	 no	 permanent	 treatment	 for	 this.	 Therefore,	
when	operating	on	patients	of	Fitzpatrick	 skin	
type	III	or	greater,	patients	should	be	warned	of	
this	possibility	since	it	will	be	a	more	noticeable	
problem	 than	 in	 lighter	 skinned	 individuals.	
This	 must	 be	 differentiated	 from	 pseudo-hy-
popigmentation	in	which	the	newly	resurfaced	
skin	 has	 a	 color	 identical	 to	 non-sun-exposed	
skin.	

Post-inflammatory	hyperpigmentation	is	usu-
ally	transitory,	lasting	several	months.	Resolution	
can	be	expedited	by	resuming	skin	conditioning	
with	hydroquinone	(2–4%)	twice	daily	and	treti-
noin	(0.05–0.1%)	in	the	evening	once	re-epitheli-
alization	is	complete.	Avoidance	of	sun	exposure	
during	 the	 first	 month	 postoperatively	 is	 also	
beneficial.	

Inflammatory	conditions	such	as	acne	and	ro-
sacea	can	be	exacerbated	postoperatively.	These	
conditions	 are	 best	 treated	 with	 systemic	 anti-
biotics	 (tetracycline,	 minocycline,	 doxycycline)	
and	appropriate	 topical	 therapies.	Postoperative	
use	of	isotretinoin	should	be	avoided	due	to	the	
potential	for	scarring	during	the	healing	period.	

Persistent	 erythema	 (>3	weeks	 postopera-
tively)	 can	 be	 treated	 for	 up	 to	 2	weeks	 with	 an	
ultrapotent	 topical	 steroid	 (betamethasone,	 clo-
betasol,	 halobetasol,	 diflorasone)	 applied	 to	 the	
red	 areas	 only,	 twice	 daily.	 Residual	 erythema	
that	does	not	respond	may	be	amenable	to	treat-
ment	with	a	flash	lamp	pulsed	dye	laser.	Laser	re-
surfacing,	on	the	other	hand,	is	accompanied	by	
erythema	lasting	up	to	6	months.	This	may	be	de-
creased	by	the	use	of	a	low	viscosity	silicone	gel.	

Scarring	 is	 the	 least	 common	 yet	 most	 dif-
ficult	 complication	 to	 manage.	 Scars	 can	 be	
atrophic,	hypertrophic,	or	keloid-like.	These	are	
more	common	after	infection,	trauma,	or	depth	
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of	wounding	reaching	the	reticular	dermis.	Suc-
cessful	 management	 is	 based	 upon	 early	 detec-
tion.	At	the	earliest	signs	of	scarring,	ultrapotent	
topical	 steroids	 should	 be	 initiated	 twice	 a	 day	
for	 3–4	weeks.	 To	 minimize	 atrophy	 and	 telan-
giectasia,	 the	steroids	should	be	applied	only	to	
the	 affected	 area.	 If	 topical	 steroids	 fail,	 intra-
lesional	 steroids	 and	 manual	 massage	 should	
begin.	Most	commonly	triamcinolone	acetonide	
(1–40	mg/ml)	is	injected	at	2-	to	4-week	intervals	
only	into	the	mid-scar	region	(enough	to	raise	a	
small	 wheal).	 Thicker	 scars	 will	 require	 higher	
concentrations	 (start	 with	 5–10	mg/ml	 and	 in-
crease	by	5	mg/ml	with	each	successive	injection)	
while	thinner	scars	require	lower	concentrations	
(2–3	mg/ml).	

Oftentimes,	an	area	that	may	go	on	to	develop	
into	 a	 scar	 begins	 as	 an	 area	 of	 delayed	 wound	
healing,	an	area	of	itchiness,	or	an	area	of	bright	
red	 induration.	 Progression	 to	 scar	 formation	
may	 be	 avoided	 by	 flash	 lamp	 pulsed	 dye	 laser	
treatments.	 These	 lasers	 also	 play	 an	 important	
role	in	instances	of	impaired	wound	healing.	At	
the	earliest	concerns	of	scarring	or	impaired	heal-
ing,	laser	treatments	can	be	performed	weekly	or	
twice	 weekly	 for	 1–2	months	 until	 the	 skin	 has	
healed	fully.	

With	 increased	 use	 of	 topical	 anesthesia	 for	
pain	relief,	one	must	bear	in	mind	the	pharma-
cology	of	these	agents.	A	new	complication,	un-
related	to	the	actual	resurfacing	modality,	is	that	
of	 lidocaine	 toxicity	 from	 topical	 anesthesia.	 It	
has	 been	 associated	 with	 fractional	 photother-
molysis	[22]	and	laser	hair	removal.	

Summary for the Clinician

■	 Early	recognition	of	complications	is	es-
sential

■	 Complications	include	allergic	reactions,	
infection,	and	scar	formation

■	 Scarring	is	related	more	to	the	depth	of	
wounding	than	the	modality	used

		

18.7 Conclusion
Skin	 resurfacing	 is	 an	 art	 and	 can	 yield	 results	
that	 are	 gratifying	 for	 physicians	 and	 patients	
alike	 (Fig.	18.1).	 However,	 optimizing	 these	 re-
sults	 depends	 on	 proper	 procedure	 (or	 proce-
dures)	 selection,	 proper	 patient	 evaluation,	 and	

Fig. 18.1  a	Before	and	after	photograph	of	a	patient	with	one	full	face	peel	and	a	total	of	three	periorbital	peels.	
b	(see next page)



the	institution	of	appropriate	skin	care	regimens.	
The	 advent	 of	 newer	 technologies	 should	 serve	
to	 augment	 a	 physician’s	 procedure	 repertoire	
rather	 than	 replace	 older	 modalities.	 Chemical	

peels,	 laser	 resurfacing,	 and	dermabrasion	have	
proven	their	long-term	safety,	and	are	important	
tools	in	skin	rejuvenation.

Fig. 18.1  (continued) b	Before	and	after	photographs	of	a	patient	with	full	face	laser	resurfacing	with	a	blended	
erbium:YAG	and	CO2	laser.	c	Before	and	after	photograph	of	a	patient	with	full	face	laser	resurfacing	and	simul-
taneous	dermabrasion	of	the	cheeks
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A
abducens nerve 76, 90, 91
accessory gland 81
Accutane 262
acetaminophen 253
ACMMSCO 22
acne 259
alloplastic

implant 192
orbital implant 191

alpha-hydroxy-acid 263, 265
family 251

alprazolam 50
amblyopia 99, 163
AMD. see age-related macular 

degeneration (AMD)
anastomosis 89, 92
anophthalmos 153, 154, 159, 

161, 166, 189
acquired 161, 166

anterior iliac crest 183
anti-herpes simplex virus 263
aplasia 220
Artecoll 253, 254
Artefill 254
artificial tear 211
atopic dermatitis 65
atresia 220
atrophy 247

of subcutaneous soft 
tissue 247

autoantibody 125
autoantigen 125
autologous fat 251

transfer 241, 242, 243

–
–

–

–

–

–

B
balloon catheter dilation 222
basal cell carcinoma 

(BCC) 16, 17, 19, 23, 196
BCC. see also basal cell 

carcinoma (BCC)
Bell’s phenomenon 47
bilateral advancement flap 29
Bio-Alcamid 253
blepharoplasty 10
blepharoptosis 47
blepharotomy 54, 55
bony

decompression 149
orbit 73

botulinum toxin 48, 62
type A (Botox) 237, 255

bovine collagen 248
branch anastomosis 92
breadloaf technique 17
Bridge flap 32
brow

eyelid continuum 70
ptosis 247

buccal fat 232
buphthalmos 188

C
calcium hydroxyapatite 

bead 252
canaliculus 37
candida 271
cantholysis 29, 30
canthopexy 69
canthoplasty 69

–
–

–

–
–

canthotomy 30
capillary hemangioma 99, 100, 

102, 103, 106
B-Mode imaging 100
color flow mapping 100
pediatric 103. see 
also pediatric hemangioma
regression 106
treatment 102

carbon dioxide laser 1, 268
cartilage graft 67
caruncle 7
CDE. see also Color Doppler 

Energy
cephalosporin 223
chemical peel 264
chin augmentation 235, 236, 

247
chlamydial oculogenital 

infection 221
chromophore 268
cicatricial disease 64
ciliary ganglion 92
circle of Zinn-Haller 78
clonidine 50
CNLDO. see also congenital 

nasolacrimal duct 
obstruction

CNV. see choroidal 
neovascularization (CNV)

CO2 laser 117, 269
endpoint 269

collagen 248, 270
colobomas 220
Color Doppler Energy 

(CDE) 100
congenital

dacryocele 225

–
–
–

–
–

–

–
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nasolacrimal duct 
obstruction (CNLDO) 219, 
221

conjunctiva 183
disease 65
Muller’s complex 51, 52
retractor flap 67

corneal transplantation 207
CosmoDerm 250
CosmoPlast 250
COX-2 126
cranial nerve 90
CTLA-4. see also cytotoxic 

T lymphocyte antigen
Cutler-Beard bridge flap 30, 

31
cytochrome b 102
cytotoxic T lymphocyte 

antigen (CTLA-4) 129

D
dacryocystitis 223

acute 223
dacryocystography 221
dacryocystorhinostomy 

(DCR) 75, 219, 224
in children 224

Dalrymple’s sign 62
DCR. see 

also dacryocystorhinostomy 
(DCR)

debulking 15
decompression surgery 143, 

144, 147
dermabrasion 262, 264, 270

endpoint 270
DermaDeep 252
dermal fat 251
DermaLive 252
dermis fat 184

graft 161, 165, 181
transplantation 184

dermofat
graft 186, 187, 191, 192

atrophy 186
motility 192
necrosis 186

–

–
–
–

–

–

–

–
–

–
–
–
–

postoperative 
hemorrhage 186
shape 191
size 191
upper eyelid 187

grafting 182
Desmarres retractor 51, 52, 

54, 174
dexamethasone 102
diazepam 222
diplopia 147, 148

decompression-
induced 147
post-decompression 148

DON. see also dysthyroid optic 
neuropathy (DON)

dyschromias 229
dysthyroid optic neuropathy 

(DON) 145, 146
dystopias 38

E
“eye popping” reflex 46
ecchymosis 239
ECM. see also extracellular 

matrix
ectropion 1, 3, 5, 6, 10, 12, 220

involutional 10
repair 6
under-correction 12

Edinger-Westphal nucleus 92
enophthalmos 153, 167

anophthalmic 153
correction 167

ENT examination 221
entropion 1, 5, 10, 11, 12, 220

involutional 11
repair 10
under-correction 12

enucleation 185
epinephrine 79
epiphora 10, 35, 172, 219
Er:YAG laser 269

endpoint 269
erythema 260, 271
erythromycin ointment 54, 58
ethmoidal artery 75, 83, 86, 95
ethmoid bone 74

–

–
–
–

–

–

–

–
–
–

–
–

–
–
–

–

EUGOGO. see also European 
Group on Graves’ 
Orbitopathy consortium

European Group on 
Graves’ Orbitopathy 
(EUGOGO) 145

euthyroidism 144
excision 20
exenteration 196

indication 196
exophthalmos 2, 147, 148
exposure keratopathy 45, 47, 

48, 58, 144, 146
extracellular matrix 

(ECM) 127
extraconal space 94
extrinsic aging 260
eyeball 78

dystopia 149
eyelid

cheek continuum 70
reconstruction 29
retraction 45, 61, 63
retraction of the lower 
lid 63
retraction of the upper 
lid 45

F
F-BUT. see also fluorescein 

break-up time
face-lift operation 239
facial

aging 230, 231
soft tissue deflation 230

lipoatrophy 251, 252, 254
HIV-related 251, 254

nerve paralysis 62
reconstruction 197
rejuvenation 259
sculpting 248
skin flap 195

FAMI. see also fat autograft 
muscle injection

fasciomuscular cone 93
fat atrophy 191
fat autograft muscle injection 

(FAMI) 251

–

–

–
–
–
–

–

–
–

–
–

–
–
–
–
–
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Feldman’s corset 
platysmaplasty 236

fibroblast activation 125
fibrosis 148
filling agent 248
fistula 220
fluorescein break-up time (F-

BUT) 214
FP. see also fractional 

photothermolysis (FP)
fractional photothermolysis 

(FP) 269, 270
frontalis muscle 203

transfer 197, 203
frontal nerve 91
frozen section control 22
full-thickness

blepharotomy 57
skin graft 34, 35

G
galea capitis 199
GD. see also Graves’ disease 

(GD)
glaucoma 47
globe deformity 163
glucocorticoid 102, 149
glycolic acid 265
Goldenhar syndrome 220
gonococcal infection 221
Grave’s

disease (GD) 61, 123, 130
ophthalmopathy 77, 95

Grove’s sign 62
guanethidine 47
gustatory reflex epiphora 212

H
H-zone 24
HA. see also hyaluronic acid
Hasner’s membrane 219, 224
hemangioma 100, 103, 107, 

108
capillary 100
growth 108
in children 104

–

–
–

–
–

–
–
–

steroid therapy 107
hepatocyte growth factor 

(HGF) 178
Hering’s law 46
herpes

simplex virus 271
zoster infection 62

Hertel
exophthalmometry 47
measurement 156

HGF. see also hepatocyte 
growth factor

HIV. see also human 
immunodeficiency virus

HLA haplotype 129
hot socket 187
Hughes flap 34
human immunodeficiency 

virus (HIV) 247
hyaluronan 124, 125, 127, 128, 

248
hyaluronic acid (HA) 248
hydrodissection 1
hydroquinone 263
hydroxyapatite (HA) 171, 172, 

173, 178
exposure 172
implant 173
orbital implant 171

hydroxylapatite silicone 
implant 165

hyperpigmentation 271
hyperthyroidism 125
hypo-osmolar salivary 

tear 209
hypopigmentation 266, 271
hypoxia 129
Hyrtl’s canal 94

I
ICAM. see also intercellular 

adhesion molecule
IFN-γ 123
IGF1. see also insulin-like 

growth factor 1
IL-1α 124
infraorbital

artery 88

–

–
–

–
–

–
–
–

–

hypoesthesia 149
insulin-like growth factor 1 

(IGF1) 178
intercanthal line 2, 3
intercellular adhesion molecule 

(ICAM) 127
interleukin 6 102
International Society for 

the Study of Vascular 
Anomalies (ISSVA) 115

intraconal
fat 94
space 93

irregular skin texture 229
isotretinoin 262
ISSVA. see also International 

Society for the Study of 
Vascular Anomalies

J
Jessner’s solution 265
jowl 232
Juenemann probe 224

K
Kallmann syndrome 154
keratolytic 264, 265
keratoplasty 215
Kestenbaum spectacle 192
Koebner phenomenon 262

L
lacrimal

artery 85
gland 81
nerve 91
sac 75

lacrimal system 219, 222, 225
fistula 225
intubation 222

lagophthalmos 45
laser 266

non-ablative 266
resurfacing 264, 268

–

–
–

–
–
–
–

–
–

–
–
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lateral canthus 2, 5, 9, 185, 202
lateral tarsal strip 70
lentigo maligna 26, 27
leukoregulin 127
levator

aponeurosis 56, 62, 174, 
176
disinsertion/
mullerectomy 55
Muller’s complex 49
muscle 78

lid 27. see also eyelid
laxity 9, 27
laxity correction 9
malposition 27
margin 4
motility 5
retraction test 27

lip augmentation 254
liposuction 234, 239
Lockwood’s ligament 80
lower lid 2

crease 4
position 2
retraction 63
retractor 1
tumor 38

Lyme’s disease 62
lymphangioma 113, 115

classification 115
lymphatic vessels in the 

orbit 90
lymphoid hypertrophy 117

M
malar region 232
medial canthus 34, 36

defect 36
reconstruction 34

medial orbital wall 75
meibomian gland 25
melanoma 26
meningolacrimal artery 85
methyl methacrylate 153
meticulous tissue mapping 21
microphthalmos 153, 154, 

156, 160, 166
microthermal zone 

(MTZ) 269

–

–

–
–

–
–
–
–
–
–

–
–
–
–
–

–

–
–

microvascular 
anastomosis 209, 213, 217

MIRAGel 167
Mohs micrographic 

surgery 13, 14, 15, 22
errors 22
periocular tumor 14
steps 15

Mohs specimen 18
gross sectioning 18
mapping 18

MTZ. see also microthermal 
zone

mucocele 224
mucous membrane 

transplantation 207
Muller’s muscle 54, 62, 77, 

171, 210
flap 174, 176, 178

surgical technique 174
muscular artery 86, 87
muscular vascularization 87
Mustarde

lid-sharing flap 30
lid-sharing rotation flap 33
rotating cheek flap 34

mylohyoid muscle 237
myofibroblast 128

N
N-vinyl pyrrolidone 153
nasociliary nerve 76, 92, 94
nasolacrimal duct 37, 220
nasopharynx 37
neck

aging 233
laxity 241
liposuction 236

necrosis 186

O
Obagi

Blue Peel 266
system 260

oblique muscle 88
OCT. see optical coherence 

tomography (OCT)

–
–
–

–
–

–
–

–
–
–

–
–
–

–
–

ocular
cicatricial pemphigoid 214
surface reconstruction 208

oculofacial prosthesis 201, 204
oculomotor

muscle 79
nerve 76, 82, 91

oculoplastic surgery 229
OK-432 118
ophthalmic

artery 81, 82, 93, 95
embryology 82

vein 89, 94
optic

nerve 78, 84, 93
artery 84

neuropathy 144
oral mucus membrane 

graft 200
orbicularis muscle 2, 10, 11
orbital 4

anatomy 73
apex 76
cavity 196

reconstruction 196
compartment 
syndrome 119
decompression 48
exenteration 195
fat 4, 93
fibroblast 126, 128
floor 74
periosteum 77
rim 76
roof 74
septum 4
vein 89

orbitomalar ligament 68
orbitotomy 117
osseointegration implant 201
osteotomy 145, 224

P
PAI-1. see also plasminogen 

activator inhibitor type 1
palate graft 67
palpebral artery 88
parotid duct transposition 212

–
–

–
–

–
–

–

–
–

–

–
–
–

–
–

–
–
–
–
–
–
–
–
–
–



 Subject Index 281

PDT. see photodynamic 
therapy (PDT)

pediatric hemangioma 106
blood velocity 106

pegging 178
pellet

expander 155, 158, 159
implantation 165

pemphigoid 65
periocular

malignancy 23
sebaceous carcinoma 26
tumor 13, 14, 15, 21, 27

debulking 15
excision 13
reconstructive 
technique 27
treatment 14

periorbital drainage 90
PESS. see also postenucleation 

socket syndrome
petrolatum 264
phenol peel 266
photodamage 259
photothermolysis 268
phthisical

eye 188
globe 161

phthisis 166
plasminogen activator 

inhibitor type 1  
(PAI-1) 127

platysmaplasty 235, 237, 239
plethora 46
PMMA. see also polymethyl-

methacrylate microsphere
poly-L-lactic acid 251, 252
polyalkylimide 253
polymethylmethacrylate 

(PMMA) microsphere 253
postenucleation socket 

syndrome (PESS) 164, 165, 
187, 189

posterior
ciliary artery 84
lamella 20
lid lamella 2

pre-aponeurotic fat 49, 54
pretarsal orbicularis 63
PRL. see preferred retinal locus
proptosis 22, 61, 114, 186

–

–
–

–
–
–

–
–
–

–

–
–

–
–
–

prosthesis motility 165
pseudoproptosis 61
pseudoretraction 46, 61
ptosis surgery 7

R
radiotherapy 24
Ramsay Hunt syndrome 62
RANTES 125
recombinant human basic 

fibroblast growth factor 
(Rh-bFGF) 178

rectangular graft 67
rectus muscle 79, 87, 182, 183
reticular dermis 263
retractor 6, 7, 66

fixation 6
laxity 7
lower lid 1
recessing 66

retroauricular flap 241
retrogenia 233
Rh-bFGF. see also recombinant 

human basic fibroblast 
growth factor

rheumatoid arthritis 124
rhytidectomy 234, 235, 237
rhytides 229
Rosenmüller fold 222

S
S-lift 241, 243

with SMASectomy 241, 243
saliva 209
salivary epiphora 214, 215
scarring 271
Schirmer’s test 146, 211, 214, 

217
sciatic tuberosity 183
sclerocornea 159
sclerotherapy 119

image-guided 119
Sculptra 251, 252
sebaceous

carcinoma 25
gland 19

secretion test 221

–
–
–
–

–

–

–
–

silicone
tissue expander 166
tube 225

sinusitis 149
Sjögren’s syndrome 211
skin 232, 234

aging 229
eczema 10
evaluation 232
hydrodissection 234
rejuvenation 259
resurfacing 262, 268, 271

complication 271
laser 268

sliding and rotating cheek 
flap 39

sliding glabellar flap 36
SLO. see scanning laser 

ophthalmoscope
SMAS. see also superficial 

musculoaponeurotic 
system; see also superficial 
musculoaponeurotic layer
lift 239

SMASectomy 241
SMG. see also submandibular 

gland
snap-back test 5, 27
sodium

morrhuate 118
tetradecyl sulfate 119

solar elastosis 263
SOOF. see also suborbicularis 

oculi fat
spacer graft 67, 69
spectrogram 101
sphenoethmoidal nerve of 

Luschka 86
sphenoid bone 74
spiral of Tillaux 79
squamous cell carcinoma 17, 

19, 23, 24
immunosuppressed host 24

staphylococcus aureus 223, 
271

Stensen’s duct 208, 212
sternocleidomastoid 

muscle 235
steroid 272

therapy 107

–
–

–
–
–
–
–
–

–
–

–

–
–

–

–
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Stevens-Johnson 
syndrome 211, 214

Stevens scissors 51
strabismus 143, 144, 149
streptococcus 223
subconjunctival cyst 186
submandibular gland 

(SMG) 207
suborbicularis oculi fat 

(SOOF) 68
subplatysmal fat 235
sun-damage 26
sunblock 263
superficial musculoaponeurotic 

layer (SMAS) 232
superficial musculoaponeurotic 

system (SMAS) 68
supernumerary muscle 80
supraorbital artery 85
suprarenin 224
systemic steroid 117

T
TAO. see also thyroid-

associated orbitopathy
tarsal border 7
tarsoconjunctiva 10

keratinization 10
pedicle flap 177

tarsorrhaphy 48, 199, 200
TCA. see also trichloroacetic 

acid
T cell 125, 127

activation 127
autoimmune reactivity 125
infiltration 124

temporalis muscle 197, 203
flap 197
transposition 203

Tenon’s capsule 80, 177, 183
Tenzel semicircular flap 29
thermal necrosis 269
thrombosis for the ophthalmic 

vein 119
thyroid-associated orbitopathy 

(TAO) 123, 124
resolution of 
inflammation 124

–
–

–
–
–

–
–

–

thyroid-related
ophthalmopathy 64
orbitopathy (TRO) 143

thyroid eye disease 45, 46
thyrotropin receptor 

(TSHR) 124
TIMP. see also tissue inhibitor 

of metalloproteinasis
tissue inhibitor of 

metalloproteinasis 
(TIMP) 127

T lymphocyte 130
TNF-α 123, 131
transplantation minor labial 

salivary gland 210
transposition flap 38
tretinoin 263
triamcinolone acetonide 272
trichiasis 4
trichloroacetic acid 

(TCA) 264, 265
trigeminal nerve 76, 90
TRO. see also thyroid-related 

orbitopathy
trochlear nerve 76, 90, 91
TSHR. see also thyrotropin 

receptor; see also TSH 
receptor

TSH receptor (TSHR) 146
tumescent infiltration 234
tumor 37

nasopharynx 37

U
upper lid retraction 45, 47

thyroid-related 47

V
vascular endothelial growth 

factor (VEGF) 102
vasculopathy 145
VEGF. see also vascular 

endothelial growth factor
venous-lymphatic 

malformation (VLM) 113, 
116, 117, 118

–
–

–

–

computed tomography 116
laser treatment 117
magnetic resonance 
imaging 116
OK-432 118
sclerotherapy 117
sodium morrhuate 118
surgical resection 117

venous drainage 214
VEP. see also visual evoked 

potential
vicryl suture 177
visual evoked potential 

(VEP) 155
VLM. see also venous-

lymphatic malformation 
(VLM)

von Graefe’s sign 62

W
“witches chin” deformity 233
wedge resection 31
Westcott scissors 51, 54
Wharton’s duct 212
Whitnall’s

ligament 79
orbital tubercle 74

X
xanthelasma 259

Y
Yersinia enterocolitica 129

Z
zinc chloride 14
Zinn’s tendon 79
zyderm 248
zygomatico-orbital 

foramen 74
zyplast 248

–
–
–

–
–
–
–

–
–
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