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Foreword
Why Critical Care Evolved METs?

In early 2004, when Dr. Michael DeVita informed me that he was consid-
ering a textbook on the new concept of Medical Emergency Teams (METs),
I was surprised.At Presbyterian-University Hospital in Pittsburgh we intro-
duced this idea some 15 years ago, but did not think it was revolutionary
enough to publish. This, even though, our fellows in critical care medicine
training were all involved and informed about the importance of “Con-
dition C (Crisis),” as it was called to distinguish it from “Condition A
(Arrest).” We thought it absurd to intervene only after cardiac arrest had
occurred, because most cases showed prior deterioration and cardiac arrest
could be prevented with rapid team work to correct precluding problems.

The above thoughts were logical in Pittsburgh, where the legendary 
Dr. Peter Safar had been working since the late 1950s on improving 
current resuscitation techniques, first ventilation victims of apneic from
drowning, treatment of smoke inhalation, and so on. This was followed 
by external cardiac compression upon demonstration of its efficiency in
cases of unexpected sudden cardiac arrest. Dr. Safar devoted his entire 
professional life to improvement of cardiopulmonary resuscitation. He and
many others emphasized the importance of getting the CPR team to out-
of-hospital victims of cardiac arrest as quickly as possible. Similarly, much
attention was given to identify other crisis situations in which trained ambu-
lance personnel and other responders could reach the victims quickly to
treat and preferably prevent threatening cardiac arrest by appropriate
interventions.

Similar systems would have been logical and easy to arrange within hos-
pitals for admitted patients. But such arrangements would collide with con-
ventional training of physicians. In teaching hospitals, the tradition has been
first to engage the intern to recognize all problems and treat the patients
accordingly. If not successful, he or she would call on the assigned resident,
leaving the attending physician out of the loop, frequently until too late to
save a patient in crisis. Only recently has it become obvious that such a
system fails. Training must be secondary to optimal and immediate care in
evolving crisis.
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Because of the above roadblocks, implementation of our Condition C
team was not easy. The problem was frequently discussed in our Hospital’s
ICU Committee but the idea was considered too contrary to traditional
clinical education and the concept was not accepted.After two years of ICU
Committee debate in the 1980s, seemingly heading nowhere, as Chairman
of this Committee, I received an emergency call one day from the chairman
of the Surgical Department. He had a patient who was hypotensive and in
respiratory distress on the “Gold Coast” ward after drainage of a malignant
pleural effusion. We called our first team together, intubated the patient for
mechanical ventilation, inserted a chest tube to drain a large hemopneu-
mothorax that was obvious on chest x-ray, infused lactated Ringer’s solu-
tion intravenously because of hypotension, and admitted her to the ICU.
She could be extubated and returned to her ward the following day. This
patient never developed cardiac arrest because of rapid resuscitation, work-
up, and indicated therapy without delay. It was nothing heroic, but it was
such a convincing demonstration of the value of Condition C that the next
ICU Committee Meeting unanimously approved the system for immediate
implementation.

Using METs should be a mandatory requirement for all hospitals. This
system significantly reduces the frequency of cardiac arrest among hospi-
talized patients. Consequently, many lives are saved.The traditional medical
culture must change to earliest possible involvement of a well-trained and
experienced team preventing evolving crisis from developing into lethal
consequences.

Michael DeVita and his excellent group of editors successfully present
the introduction of METs in medicine to prevent unnecessary hospital
deaths, first discussing why the current system fails and then describing
system-wide approaches, the challenge of implementation, and finally the
evaluation of hospital patient safety initiatives. In all, some thirty chapters
by carefully selected authors provide a thriller-like and fascinating story of
MET development in modern hospital patient management at a time when
patient safety and appropriate timely care is recognized to be our most
important obligation. Interestingly, the byproduct is improved educational
experiences for both physician trainees, nurses, and other health care
providers. This is clearly opposite to the anticipated effect of using METs.

In conclusion, this book may very well become a bestseller. Readers are
likely to include not only physicians and nurses, but also hospital adminis-
trators, insurance agents and government representatives. The message is
clear and the editors and authors are to be congratulated to so successfully
completing their most important task.

Ake Grenvik, M.D., Ph.D.
Distinguished Service Professor

of Critical Care Medicine
University of Pittsburgh School of Medicine

viii Foreword: Why Critical Care Evolved METs?



Preface

As the editors of Medical Emergency Teams and as clinicians, we have been
working on improving hospital responses to crises for more than ten years.
We have learned the hard way how not to build the wrong response, how
not to step on toes, how not to intimidate people from calling for help, and
how not to lose focus when energizing hospital personnel to prevent deaths
by responding early and in a systematic fashion. We have had to convince
people to work for and fund the program initially using only enthusiasm
and logic. One of us applied for a grant to implement METs only to hear
from the agency that not only were such teams impractical, no one would
want to do the extra work they required!

We worked in isolation for a period of time, first winning over our own
organization, and then, through stronger and stronger evidence of benefit,
beginning to convince others of the need for and potential impact of
medical emergency teams. Each of us has developed a new culture in our
hospital, one that attempts to prevent cardiac arrests rather than respond-
ing to them. It a culture that is focused on the patient and on safety. It is a
culture that constantly asks what is required for medical crises to be rec-
ognized early and reliably, for help to be requested promptly, and for well-
designed systematic response to the call for help to arrive quickly and act
effectively. Our hospitals had come to learn that mortality can be decreased
dramatically, work days become more stable, and job satisfaction improve
due to a reduction of perceptions of abandonment and a rise in empower-
ment. Each on us has begun to try to move this new culture of hospital med-
icine elsewhere.

The culture that needed to be changed was one that accepted sudden and
unexpected death as a status quo event in a hospital. The culture that
needed to be created was to one where unexpected death was systemati-
cally reduced by the creation of a planned system to respond to crisis: the
Medical Emergency Team (MET). The MET goes by many names includ-
ing a Rapid Response Team (RRT), critical care outreach team, and the
Condition C (for Crisis) team. They amount to the same thing: a well-
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designed institutional plan for trained health care professionals to come to
the aid of patients in distress.

In early 2004, we met and shared our experiences and determined to join
forces to create a medical revolution of sorts. There were three things that
were needed to change the culture of medicine. First, we need greater
recognition that a MET response existed and that METs might be helpful.
Until recently, few people had even heard of MET responses. Second, there
must be a greater understanding of what METs can do: even if people knew
about them, many were skeptical about their merit or outcome benefit.
Third, people need a reference manual that includes information (and
advice) on how to implement such a team.We have come to learn that even
when people are aware and convinced of the benefits of METs, they had
no map for implementing a MET response in their hospital.

Therefore, we chose to have a three-fold strategy to change international
culture. First: we would hold an international conference to raise awareness.
Second, we would bring together the world’s experts in MET responses to
discuss the quality of the data and determine the best methodology to move
the science forward. And third, we would create a manual for those who
might want to implement a MET program. This book is that manual.

Chapters 1 to 7 discuss patient safety in hospitals and provides a context
for how a MET system fits into the patient safety rubric. Chapters 8 to 19
devoted to the logistics of developing a system. How to create a team, alter-
natives methodologies for responding to patients in crisis, how to train team
members, and how such teams impact important medical and nursing func-
tions like education, staff recruitment and retention, and finally how to
identify and overcome political hurdles. Finally, Chapters 20 to 25 describe
how to measure the impact of these teams in hospitals: from improved mor-
tality data to reduction in errors and finally to staff satisfaction.

We have assembled the authors who have been most successful in devel-
oping a MET (or similar systems) program and who have been prolific in
writing about their experiences. We have also attempted to bring authors
from a variety of disciplines and geographically far flung areas of the 
globe in an attempt to create a manual for anyone interested in METs. This
book is a “How-To,” “Why-Do It,” and “Prove-It” manual. We feel it is a
tool that can be used by administrators to help convince skeptical staff,
for staff to convince unwilling administrators, and for all to use to work
through the nuts and bolts of introducing and sustaining a MET response
program.

We believe the concept of hospital-wide early recognition of manage-
ment of seriously ill patients will facilitate a much needed revolution in hos-
pital patient safety by breaking down current professional and geographical
barriers and concentrating on systematic patient centered identification and
resuscitation of the seriously ill at an early stage in their deterioration. The
MET system links real time incident monitoring and response, as well as
providing a basis for measuring and comparing hospital quality. While the
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glamour of METs is in the rapid response to crisis, perhaps the power is in
the way analysis of events preceding them can feed into a process improve-
ment metric.

We recognize that there is some redundancy among chapters. This is to
some extent intentional. Our intention is to create a manual wherein each
chapter can stand on its own. This design allows the reader to skip between
chapters or even read just one or two and still understand the context and
importance of the content as it relates to METs. Having said this, we have
also tried to create a textbook that the reader can study from beginning to
end, with earlier chapters laying the foundation for later ones.

We have truly learned a lot in writing this textbook. We hope the readers
will not only likewise become more knowledgeable about METs, but also
carry around the manual as they develop their own program and hopefully
create a change in culture in their own institution. If clinician investigators
from the early 1990s are correct, some 80% of hospital unexpected deaths
are preventable. We believe this is unacceptable and have seen the MET
system reduce this dramatically first hand. We can yet do better. Patient
safety is an agenda with no end.Thus there is much to learn and much more
to do. This book we hope is a start.

Michael A. DeVita, M.D.
Kenneth Hillman, M.D.
Rinaldo Bellomo, M.D.
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1
Measuring and Improving Safety

Peter J. Pronovost, Marlene Miller, Brad Winters,
and Elizabeth A. Hunt

Introduction

November 2004 marked the 5-year anniversary of the Institute of Medi-
cine’s landmark report To Err Is Human, which revealed a significant
problem with patient safety in the United States and presented a call to
action (1). In response to this report, many health care leaders actively
addressed patient safety. Segments of the health care community have 
educated themselves on methods to improve safety, and some—although
not nearly enough—have executed interventions toward this goal (2,3).
However, few health care organizations have evaluated the impact of their
efforts.Thus, 5 years later, it is difficult to answer the question,“Are patients
safer?”

Sorrel King, the mother of Josie King, who died at the age of 18 months
from mistakes at the Johns Hopkins Children’s Center, asked if Josie would
be less likely to die today, 5 years after To Err Is Human. She did not want
just our perceptions of whether Josie would be less likely to die; rather, she
wanted evidence. How do we know that our patients are safer and our
efforts to improve patient safety are working?

Measuring and improving safety is difficult. Not all safety measures lend
themselves to rates. We have come to understand that a critical factor for
success in improving patient safety is to actively change the culture of the
institution. Considering these challenges, how will we answer the tough
question asked by Sorrel King, “How do we know patients are safer?” (2,3)

This chapter provides an overview of the issues in measuring patient
safety, and presents a framework for measuring and improving safety. It is
important to recognize that safety is a component of the broader concept
of “quality,” which includes care that is effective, efficient, patient-centered,
timely, and equitable (4). The boundaries between these concepts are
unclear, and measures can often fall in more than 1 category. For example,
is the failure to use an evidence-based therapy a safety measure—a mistake
of omission—or an effectiveness measure? Is a complication, such as a
catheter-related bloodstream infection that also increases length of stay,
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a safety or effectiveness measure? The distinction is less important than
having a valid measure. Thus, in this chapter, we will use the term “safety”
to refer to both safety and effectiveness.

Approach for the Organizational Evaluation of 
Patient Safety

Donabedian’s approach to measuring quality of care—evaluating how we
organize care (the structures), what we do (the processes), and the results
we obtain (the outcomes)—also provides a framework for institutions to
measure safety (5). Many institutional efforts to improve safety focus on
structural measures, such as policies and procedures (6). Institutions may
also measure processes and outcomes, although these are generally more
difficult to develop and collect than structural measures. For example, or-
ganizations may measure how often certain aspects of safe and effective
care were performed (a process), or how often certain complications
occurred (an outcome) (7,8).

While process and outcome measures are generally preferable to struc-
tural measures, they are not sufficient. Generally, process and outcome mea-
sures are rates that include a numerator and denominator, but not all
measures of safety can, or should, be presented as rates. For example, a
single episode of potential harm or actual harm (such as the death of Josie)
may be statistically insignificant but sufficient to trigger an organizational
change. If organizations do not recognize and learn from such single
episodes, they fail to maximize opportunities to improve safety. In addition,
measurement of rates is resource-intensive and not feasible for every type
of medical error.

Along with the ability to learn, many other aspects of an organization’s
culture have a significant impact on safety (9,10). In aviation, changes in
culture have been responsible for most of the advancements in safety over
the last 2 decades (9,11). Within health care, communication failures are a
common cause of sentinel events, both at Johns Hopkins and at other insti-
tutions across the United States (12) (www.jcaho.org). Indeed, communi-
cation patterns within an organization are an important aspect of culture.
Thus, the measure of both organizational learning and culture may provide
insight into an organization’s measure of safety.

W. Edwards Deming once said, “There is no true value of anything that
is measured; change the method of measurement and you change the
result.” The same concept applies to measuring safety. In the absence of
standard definitions and methods to measure patient safety, including
methods for risk adjustment (e.g. health care–acquired infections) (13),
it is unlikely that national measures of patient safety will be achieved.

There are multiple ways to measure each area of patient safety. Consider
medication safety: we can have a structural measure, such as the presence

2 P.J. Pronovost et al.



of computerized physician order entry; a process measure, such as pre-
scribing errors; or an outcome measure, such as adverse drug events. More-
over, each category (structure, process, or outcome) can be measured in
multiple ways. For example, the methods of surveillance for evaluating
adverse drug events—many of which use self-reported events, with the
numerator being how the adverse event is defined and the denominator
being either patient, number of patient days, or dose—vary widely (Table
1.1)(14–18). Which method provides the “correct” rate of medication
safety? They all may. In the absence of standardized definitions, compar-
isons within and among institutions is problematic (19,20). Even with stan-
dard definitions, there is concern that comparing outcomes among hospitals
is not scientifically sound, with differences influenced by insufficient risk
adjustment and random error rather than variations in patient safety (8,
19–21).

Based on this background, our approach to evaluating patient safety at
the organizational level has 4 components and prompts the institution to
answer the following 4 questions: (1) how often do we harm patients; (2)
how often do patients receive the interventions they should; (3) how often
do we learn from our mistakes; and (4) how well have we created a culture
of patient safety. This framework is presented in Table 1.2.

Measuring Defects
To measure safety, we often estimate reliability in defects per unit, or Sigma,
with 1 Sigma defined as defects per units of 10, 2 Sigma as defects per unit
of hundreds, 3 Sigma defects per thousand, 4 Sigma defects per ten thou-
sand, 5 Sigma defects per hundred thousand, and 6 Sigma defects per
million. Measuring safety is difficult, and the methods are evolving (8).
Often we are not clear regarding the unit of analysis for the denominator—
in anesthesia, for example, is the appropriate denominator the minutes of
anesthesia, or the number of times we induce anesthesia? The defect rate
can be influenced significantly by the chosen denominator.

Moreover, often measures are easy to collect yet lack meaning for the
frontline staff expected to use the measure to improve safety. For example,
at many health care organizations, the staff is not aware of the quality and
safety measures collected by the central administration (often done to
satisfy regulatory requirements). System-level measures need to be mean-
ingful to the workers in their local areas.

In our zeal to create measures of safety, we have often compromised
validity and viewed the goal as increasing the number of identified defects
rather than learning from those defects. Many organizations use rates of
self-reported adverse drug events as a measure of safety without recogniz-
ing that, as for all outcome measures, variations in the method of data 
collection/definition/data quality, case-mix, and quality, as well as chance,
influence outcomes (19). Moreover, variations in data quality and case-mix

1. Measuring and Improving Safety 3



4 P.J. Pronovost et al.

T
ab

le
1.

1.
Sa

m
pl

e 
of

 m
et

ho
ds

 t
o 

m
ea

su
re

 m
ed

ic
at

io
n

St
ud

y
N

um
be

r 
st

ud
ie

d
N

um
er

at
or

D
en

om
in

at
or

A
ss

es
se

d 
by

R
at

e 
of

 e
ve

nt
s

L
ea

pe
,e

t 
al

.
30

19
5 

re
co

rd
s

D
is

ab
lin

g 
ad

ve
rs

e
P

er
 r

ec
or

d 
re

vi
ew

ed
/

P
hy

si
ci

an
3.

7 
pe

r 
10

0 
ad

m
is

si
on

s
N

E
JM

 1
99

1
ev

en
ts

ad
m

is
si

on
R

ev
ie

w
er

L
es

ar
,B

ri
ce

la
nd

28
9

41
1

P
re

sc
ri

bi
ng

 e
rr

or
s

N
um

be
r 

of
 O

rd
er

s
P

hy
si

ci
an

s
3.

13
 e

rr
or

s 
fo

r 
ea

ch
JA

M
A

 1
99

0
m

ed
ic

at
io

n 
or

de
rs

/1
yr

.
w

ri
tt

en
10

00
 o

rd
er

s

L
es

ar
,B

ri
ce

la
nd

 
1 

ye
ar

 o
f

P
re

sc
ri

bi
ng

 e
rr

or
s

P
er

 m
ed

ic
at

io
n 

or
de

rs
P

ha
rm

ac
is

ts
,r

et
ro

sp
ec

ti
ve

ly
3.

99
 e

rr
or

s 
pe

r 
10

00
St

ei
n 

JA
M

A
 1

99
7

pr
es

cr
ib

in
g 

er
ro

rs
w

ri
tt

en
ev

al
ua

te
d 

by
 a

 p
hy

si
ci

an
 a

nd
or

de
rs

de
te

ct
ed

 a
nd

 a
ve

rt
ed

2 
ph

ar
m

ac
is

ts
by

 p
ha

rm
ac

is
t

C
ul

le
n,

et
 a

l.
40

31
 a

du
lt

A
dv

er
se

 d
ru

g 
ev

en
ts

N
um

be
r 

of
 p

at
ie

nt
Se

lf
 r

ep
or

t 
by

 n
ur

se
 a

nd
19

 e
ve

nt
s 

pe
r 

10
00

 I
C

U
C

ri
t 

C
ar

e
ad

m
is

si
on

s 
ov

er
da

ys
ph

ar
m

ac
is

ts
,d

ai
ly

 r
ev

ie
w

 o
f 

al
l

pa
ti

en
t 

da
ys

M
ed

ic
in

e 
19

97
6 

m
on

th
s.

ch
ar

ts
 b

y 
nu

rs
e 

in
ve

st
ig

at
or

s.



are likely to be far greater than the variation in safety, which limits our
ability to make inferences about quality of care from these measures.

Measures of safety and quality must be important, scientifically sound,
feasible, and usable. Important and usable are value judgments that are 
typically made by the group, institution, or organization that decides 
to measure a particular area. Scientifically sound refers to validity and 
reliability. An indicator is deemed valid if the following criteria are met
(www.rand.org) (22):

• Adequate scientific evidence or professional consensus exists supporting
the indicator.

• There are identifiable health benefits to patients who receive care spec-
ified by the indicator.

• Based on experience, health professionals with significantly higher rates
of adherence to an indicator would be considered higher-quality
providers.

• Most factors that determine adherence to an indicator are under the
control of the health professional (or are subject to influence by the
health professional, such as smoking cessation).

An indicator is considered to be feasible if (22):

• The information necessary to determine adherence is likely to be found
in a typical medical record.

1. Measuring and Improving Safety 5

Table 1.2. Framework for an institutional scorecard for patient safety and 
effectiveness

Example from department of
Domain Definition anesthesiology

How often do we harm Measures of health care– Bloodstream infections
patients? acquired infections Surgical site infections

How often do patients Using either nationally Use of perioperative beta
receive the interventions validated process measures, blockers
they should? or a validated process to Elevation of head of bed in

develop a measure, what mechanically ventilated
percentage of patients patients
receive evidence-based Rates of postoperative
interventions hypothermia

How often do we learn What percentage of months Monitor percentage of months
from our mistakes? does each area learn from in which the department

mistakes creates a shared story, as in
Figure 1.1

How well have we Annual assessment of safety Percentage change in culture
created a culture of culture at the unit level scores for each care area
patient safety?



• Estimates of adherence to the indicator based on medical record data are
likely to be reliable and unbiased.

• A reliable measure produces similar results when measurement is
repeated.

In many efforts to measure quality of care and safety, the measures are
collected without the support of additional staff. As such, the feasibility of
a measure figures prominently in its success. Finally, a measure must be
usable—that is, it must be useful to the people who are expected to improve
quality.

To measure quality, we need valid numerators (defects) and denomina-
tors (risk pool). To be scientifically sound, both the numerator and denom-
inator must be valid and reliable. Yet there are challenges in measuring
both. Most health care areas have not defined what a defect is, limiting the
ability to measure a numerator. For example, substantial evidence suggests
that controlling blood sugar in patients in an intensive care unit (ICU)
reduces mortality, yet we do it infrequently. What might be a defect in
glucose control? Is it 1 high blood sugar, 2 high sugars, or the average sugar
over some period above a defined threshold?

In addition, it is unclear what the unit of analysis should be for the
denominator. The choice of denominator can change performance by
several Sigmas. For example, aviation and anesthesia changed its denomi-
nators from minutes flown to takeoffs and landings, and anesthesia from
minutes of care to a case. Thus, if an average flight was over 100 miles, or
an average anesthesia case 100 minutes, the defect rate would change 2
Sigmas without any change in safety. Consider also ways to measure rates
of failed extubation: should the denominator be the patient, the ventilator
day, or an attempted extubation? There are often tradeoffs between valid-
ity and feasibility of data collection.

It is also important to distinguish whether we are measuring the relia-
bility of a process (what we do) or an outcome (the results we get). While
commercial aviation is believed to perform at 6 Sigmas for crashes
(outcome), it performs at 1 or 2 Sigmas for on-time departures. Intuitively,
outcome measures are more appealing than process measures, yet measur-
ing outcomes pose added risk for bias that often leads to little or no useful
information (19,23). Reliability of an outcome measure can be influenced
by variations in the methods of surveillance, in methods of data collection
and definitions, in case-mix, in true variation in safety, and random error
(23). Among institutions, variation in quality is often significantly smaller
than variation of other variables. In health care, we need to work toward
standardized measures of reliability. The gold standard, and perhaps the
only valid outcome measure, is the National Nosocomial Infections Sur-
veillance (NNIS) program that provides standardized methods to monitor
health care–acquired infections (13).

6 P.J. Pronovost et al.



Evidence-based processes of care (defects of omission) lend themselves
to monitoring rates. However, we currently only have a handful of validated
process measures, and these are mainly limited to internal medicine.A more
diverse group of quality measures is needed. These measures must be
appropriately monitored as defect rates.

In addition, health care organizations need to recognize that the value of
some defects lies solely in learning from the numerator; the costs of obtain-
ing an appropriate denominator, even if methodologically feasible, would
be prohibitive. For example, methods to monitor health care–acquired
infections, commonly reported as measures of safety, evolved over 20 years,
include rigorous and detailed specifications, and are supported by an entire
department devoted to collecting and monitoring the rates of these infec-
tions. Even so, data collection is commonly limited to a few areas—will we
create departments to monitor medication safety, complications, or other
outcomes? Measures of safety need to be valid, yet we can learn from
defects that lack denominators.

How might measures be selected? Deming provides some guidance. Mea-
sures should be selected to optimize learning: that is, ensure the measure
has face validity—does the person expected to use the data to measure
specifications believe it measures something important? To develop mea-
sures that are clinically meaningful, we need the combined input of front-
line staff and researchers with methodological rigor. For example, the
exposure risk for a failed extubation is an attempted extubation. Yet rates
of failed extubation are often presented using patients or ventilator days as
the denominator (24). To estimate feasibility, first test-run the data collec-
tion tools. Moreover, the measurement of safety should be approached with
the same rigor as that applied in clinical research. Whether we are mea-
suring bloodstream infections as part of a federally funded trial or for hos-
pital safety efforts, we need a valid measure of infections. Much research is
needed to advance the science of measuring defects.

Given this, what are some measures of safety for Medical Emergency
Teams (METs)? Although ICU admission and number of codes called are
common measures, they lack validity. We do not know whether an increase
or decrease in the rate of ICU admission is high-quality care. The measure
does not differentiate between patients who required ICU care and those
who did not, or who may have had a preventable reason for admission.
On the other hand, use of chest compressions or intubations may be an
appropriate numerator for defects. Deaths may also be an informative
numerator.

In addition to the numerator, we need to consider an appropriate denom-
inator or risk group. Although patients are used commonly as the denomi-
nator, patient days may be a more valid denominator. A patient’s risk for
arrest is influenced by, among other things, the length of time they are in 
the hospital. The longer a patient is in the hospital, the greater the risk.

1. Measuring and Improving Safety 7



Hospital mortality and length of stay may be measures of safety for METs
but, as with all outcome measures, case-mix will significantly influence these
outcomes making comparisons among hospitals difficult to interpret (23).
As long as a hospital does not add or drop a product line, case-mix within a 
hospital is relatively constant, making changes in mortality rate within a 
hospital potentially important and measurable. Much more effort is needed
to produce scientifically sound and feasible measures of safety for METs.

How Might We Improve Safety?

Recently, one of the authors went to the circus with his wife and 2 children.
It was both exhilarating and exhausting: 3 rings of nonstop activity, noise,
and motion. He noticed how flawless all of the interventions were; the circus
functioned without a hazardous event. Trapeze artists flew through the air
with perfect timing, and men on motorcycles rode around in a metal globe,
perilously missing each other by inches. As he watched the show, he esti-
mated that the number of critical processes was probably equivalent to
about a week’s worth of activities in 30 operating rooms, yet no defects
occurred. He wondered how the circus performed with such high reliabil-
ity, and noticed that everything was scripted down to the tiniest detail. All
the processes were standardized. The cleanup crews in ring 1 did the same
things in ring 2.All the events were timed and sequenced by what they were
doing and when it was done. One act ended and the next began, flawlessly.

How might this circus performance inform patient safety? It appears that
most organizations are aware of the need to improve patient safety, and
many have committed to doing so. Yet only a small number have a clear
plan of attack to accomplish this goal and even fewer have actually
improved safety.This should not be surprising.The drive to improve patient
safety is new in health care, and we must view health care delivery as a
science as well as an art if we are to improve safety. Here we present an
overview of measuring and reducing defects in health care and suggest
some potential system-level measures of safety.

A Framework to Improve Reliability
In health care, most of our processes are between 1 and 2 Sigma. For a wide
variety of processes, patients can rely on receiving the interventions they
should half the time, or 1 Sigma (25). For some outcomes, defects are 2 
to 3 Sigmas—for example, catheter-related bloodstream infection rates 
and rates of ventilator-associated pneumonia are typically between 1 to 
20 per 1000 catheter or ventilator days (13,26). Nevertheless, there are 
some notable exceptions in anesthesia in healthy patients and in blood
banking that are estimated to be 4 or 5 Sigma (defects per 10000 or 
100000) (27,28).

8 P.J. Pronovost et al.



Caregivers in these areas, and multiple other non-health care organiza-
tions, deliver high-reliability care because they are standardized. To
improve reliability, we need to create a culture of safety first, where the
entire care team makes the patient their “North Star” according to which
they create and implement common goals. A culture of safety allows all
members of the care team to speak up when they have concerns and listen
when others voice concerns. Next comes standardization, specifying what is
done and when it should be done (29–31). This contrasts with current prac-
tice in which the art of medicine trumps the science—individual caregiver
practice is unstructured and at times appears chaotic (i.e., caregivers do
what they want, when they want). In the ICU, the therapies that a patient
receives depend more on who is making the rounds, rather than what the
evidence suggests. Without standardization, reliability will remain at 10-1

imparting a significant toll on patients.
An important aspect of standardization is to simplify or reduce com-

plexity. Every step is a process that has an independent probability of
failure.As such, processes that have 5 steps are more likely to fail than those
that have 4, 3, or 2 steps. An analogy is the telephone game, in which a story
is told through a series of people: the risk factors for getting a garbled story
(a defect) at the end are defined by how complex the story is and how many
people it passes through. If we reduce the number of steps in a process, we
have a higher probability of improving reliability. Undoubtedly this is an
oversimplification, since there are feedback loops that may catch mistakes.
Nevertheless, it is helpful to consider simplification when we examine our
work processes.

Let us give you an example of reducing complexity. We had a mistake
with transvenous pacing. The physician attempting the procedure had to
obtain a sheath (Cordis) and a pacing wire. The wire goes through the
sheath, note there are different sizes and types for both sheaths and wires.
Unfortunately, the equipment needed for transveous pacing is not packaged
together, and physicians need to obtain the equipment through different
steps. Predictably, the physician grabbed the wrong combination of pacing
wire and sheath, and the patient suffered an air embolism. To reduce com-
plexity and the potential for another mistake, we now have Central Supply
package all pieces of equipment for specific procedures together.

Third, we need to identify and learn from defects. This involves creating
independent checks to identify defects. A significant challenge we face in
health care is a shared definition or concept of a defect. To illustrate, Johns
Hopkins developed a glucose protocol in the ICU. Like most protocols, we
were only capturing about 80% of patients. To improve reliability, we
needed an independent check to identify defects. The problem was that 
we had not defined a defect. Although we could have defined it in multiple
ways, we decided that in the morning during the shift change, the nurses
would review a patient’s glucose and if 2 blood sugars were out of range,
they would talk to the physician and implement the protocol. We defined

1. Measuring and Improving Safety 9



the defect first and then created an independent check to identify it. Nurses
in the ICU now present a patient’s last 3 glucose measures each morning
on rounds. If a defect is identified—that is, the sugar levels are out of
range—the patient is placed back on another protocol.

To learn from defects, we need to investigate what went wrong and make
recommendations for improvement. In the related example, the ICU nurse
manager did this beautifully. After implementing the glucose control pro-
tocol, she started to hold glucose rounds with the nurses, during which they
discussed any patient who was on but then fell off the glucose protocol.
These discussions would often surface a variety of system factors that posed
barriers to improving glucose care; some were beliefs and attitudes among
nurses, some dealt with the availability of supplies to measure glucose
hourly, and others involved communication with physicians.We have devel-
oped a tool kit to learn from a defect.This tool kit (Table 1.3) helps uncover
what happened, why it happened, and what must be done to fix the defect.

These steps—(1) create a culture of safety, (2) standardize what and when
actions are done, and (3) identify and learn from defects—provide a frame-
work to improve reliability. Transfusion medicine offers an example of how
the application of these principles created a high reliability process: using
discharge data, the estimated incidence of a transfusion reaction in health
care is 4 per 100000. How did they achieve such success? They standard-
ized, created independent checks for key processes, and learned from
defects (Figure 1.1).

Physicians often resist standardization. I asked several blood bank direc-
tors how they achieved their degree of standardization. They uniformly
replied that the threat of a Food and Drug Administration sanction created
the culture. Several felt they would not have the authority to standardize
physician practice without the backing of federal regulation. Although reg-
ulations may be an important vehicle for standardization, there are far too
many processes for regulators to standardize. Indeed, we need the courage
of leaders within our health care systems to support standardization.

10 P.J. Pronovost et al.

Table 1.3. How to investigate a defect

Problem statement: Health care organizations could increase the extent to which they learn
from defects.

What is a defect? A defect is any clinical or operational event or situation that you would
not want to happen again. These could include incidents that you believe caused a patient
harm or put patients at risk for significant harm.

Purpose of tool: The purpose of this tool is to provide a structured approach to help
caregivers and administrators identify the types of systems that contributed to the defect
and follow up to ensure safety improvements are achieved.

Who should use this tool?
• Clinical departmental designee at morbidity and mortality rounds
• Patient care areas as part of the Comprehensive Unit-based Safety Program (CUSP)
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Table 1.3. Continued

All staff involved in the delivery of care related to this defect should be present when this
defect is evaluated. At a minimum, this should include the physician, nurse, and
administrator, and others as appropriate (e.g. medication defect includes pharmacy,
equipment defect includes clinical engineering).

How to Use This Tool: Complete this tool on at least 1 defect per month. In addition,
departments should investigate all of the following defects: liability claims, sentinel events,
events for which risk management is notified, case presented to morbidity and mortality
rounds and health care–acquired infections.

Investigation Process
I. Provide a clear, thorough, and objective explanation of what happened.
II. Review the list of factors that contributed to the incident and check off those that 
negatively contributed and positively contributed to the impact of the incident. Negative
contributing factors are those that harmed or increased risk of harm for the patient;
positive contributing factors limited the impact of harm.
III. Describe how you will reduce the likelihood of this defect happening again by 
completing the table. List what you will do, who will lead the intervention, when you will
follow up on the intervention’s progress, and how you will know risk reduction has been
achieved.

Investigation process

I. What happened? (Reconstruct the timeline and explain what happened. For this
investigation, put yourself in the place of those involved in the event as it was unfolding, to
understand what they were thinking and the reasoning behind their actions/decisions when
the event occurred.)
An African American male >65 years old was admitted to a cardiac surgical ICU in the
early morning hours. The patient was status-post cardiac surgery and on dialysis at the time
of the incident. Within 2 hours of admission to the ICU it was clear that the patient needed
a transvenous pacing wire. The wire was threaded using an IJ Cordis sheath, which is a
stocked item in the ICU and standard for pulmonary artery catheters, but not the right size
for a transvenous pacing wire. The sheath that matched the pacing wire was not stocked in
this ICU, because transvenous pacing wires are used infrequently. The wire was threaded
and placed in the ventricle but staff soon realized that the sheath did not properly seal over
the wire, thus introducing risk of an air embolus. Since the wire was pacing the patient at
100%, there was no possibility for removal at that time. To reduce the patient’s risk of
embolus, the bedside nurse and resident sealed the sheath using gauze and tape.
II. Why did it happen? Below is a framework to help you review and evaluate your case.
Please read each contributing factor and evaluate whether it was involved, and if so,
whether it contributed negatively (increased harm) or positively (reduced impact of harm)
to the incident.

Negatively Positively
Contributing factors (example) contributed contributed

Patient factors
Patient was acutely ill or agitated (Elderly patient in renal

failure, secondary to congestive heart failure.)
There was a language barrier (Patient did not speak English.)
There were personal or social issues (Patient declined therapy.)

Task factors
Was there a protocol available to guide therapy? (Protocol for XX

mixing medication concentrations is posted above the
medication bin.)
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Table 1.3. Continued

Negatively Positively
Contributing factors (example) contributed contributed

Were test results available to help make care decision? (Stat
blood glucose results were sent in 20 minutes.)

Were tests results accurate? (Four diagnostic tests done; only
magnetic resonance imaging [MRI] results needed quickly—
results faxed.)

Caregiver factors
Was the caregiver fatigued? (Tired at the end of a double shift,

nurse forgot to take a blood pressure reading.)
Did the caregiver’s outlook/perception of own professional

role impact on this event? (Doctor followed up to make
sure cardiac consultation was done expeditiously.)

Was the physical or mental health of the caregiver a factor? 
(Caregiver was having personal issues and missed hearing a
verbal order.)

Team factors
Was verbal or written communication during handoff clear,

accurate, clinically relevant, and goal-directed? (Oncoming
care team was debriefed by outgoing staff regarding patient’s
condition.)

Was verbal or written communication during care clear,
accurate, clinically relevant, and goal-directed? (Staff was
comfortable expressing concern regarding high medication
dose.)

Was verbal or written communication during crisis clear,
accurate, clinically relevant and goal-directed? (Team leader
quickly explained and directed the team regarding the plan of
action.)

Was there a cohesive team structure with an identified and
communicative leader? (Attending physician gave clear 
instructions to the team.)

Training and education factors
Was the caregiver knowledgeable, skilled, and competent?

(Nurse knew dose ordered was not standard for that XX
medication.)

Did the caregiver follow the established protocol? (Provider
pulled protocol to ensure steps were followed.)

Did the caregiver seek supervision or help? (New nurse asked
preceptor to help mix medication concentration.)

Information technology/computerized physician order entry
factors
Did the computer/software program generate an error?

(Heparin was chosen, but Digoxin printed on the order
sheet.)

Did the computer/software malfunction? (Computer shut
down in the middle of provider’s order entry.)

Did the user check what was entered to make sure it was
correct? (Caregiver initially chose .25mg, but caught error
and changed it to .025mg.)
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Table 1.3. Continued

Negatively Positively
Contributing factors (example) contributed contributed

Local environment factors
Was adequate equipment available and was it working XX

properly? (There were 2 extra ventilators stocked and
recently serviced by clinical engineering.)

Was operational (administrative and managerial) support
adequate? (Unit clerk out sick, but extra clerk sent to cover
from another unit.)

Was the physical environment conducive to enhancing patient
care? (All beds were visible from the nurse’s station.)

Was enough staff on the unit to care for patient volume?
(Nurse ratio was 1 :1.)

Was there a good mix of skilled and new staff? (A nurse
orientee was shadowing a senior nurse and an extra nurse
was on to cover the senior nurse’s responsibilities.)

Did workload impact the provision of good care? (Nurse
caring for 3 patients because nurse went home sick.)

Institutional environment factors
Were adequate financial resources available? (Unit requested

experienced patient transport team for critically ill patients,
and one was made available the next day.)

Were laboratory technicians adequately in-serviced/educated?
(Lab technician was fully aware of complications related to
thallium injection.)

Was there adequate staffing in the laboratory to run results?
(There were 3 dedicated laboratory technicians to run stat
results.)

Were pharmacists adequately in-service/educated?
(Pharmacists knew and followed the protocol for stat
medication orders.)

Did pharmacy have a good infrastructure (policy, procedures)?
(It was standard policy to have a second pharmacist do an
independent check before dispensing medications.)

Was there adequate pharmacy staffing? (There was a
pharmacist dedicated to the ICU.)

Does hospital administration work with the units regarding
what and how to support their needs? (Guidelines
established to hold new ICU admissions in the emergency
department when beds are not available in the ICU.)

III. How will you reduce the likelihood of this defect happening again?

Specific things to be done to Who will lead Follow-up How will you determine the
reduce the risk of the defect this effort? date risk is reduced? (action items)

Bedside nurse called Bedside nurse 1 week Supplies are packaged
Central Supply and together
requested pacing wires
and matching sheaths be
packaged together.



To date, most efforts to improve reliability of evidence-based therapies
in health care have focused on practice guidelines: a series of conditional
probability, or “if yes then ‘x’” statements (32). The Centers for Disease
Control and Prevention’s (CDC’s) guidelines for preventing catheter-
related bloodstream infections, a nearly 100-page document (www.cdc.gov),
is one example. It is not surprising that the use of guidelines alone has met
with little success (32,33). Under time pressure, it is difficult for caregivers
to think in terms of conditional probabilities (34). An additional problem
is that most guidelines have been developed for physicians, ignoring other
members of the care team who could provide an independent check.

A checklist is one tool to help standardize work processes and increase
reliability. Checklists have led to significant improvements in aviation,
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Figure 1.1. Case summary.



nuclear power, and rail safety. For checklists to be useful, they need to trans-
form a complex diagnostic/therapeutic decision into a series of simple
yes/no tasks. It is first necessary to identify which parts of a task are “mission
critical,” especially those supported by strong evidence, and develop mea-
sures for those tasks. For example, staff from hospital epidemiology and
infection control and our ICUs culled a list of 5 key processes from the
CDC guidelines for preventing catheter-related infections: ensure you need
the central line, wash your hands, use full barrier precautions, clean the skin
with chlorhexadine, and avoid the femoral site if possible (26). This kind of
checklist can then be used to monitor performance, with each item serving
as a process measure of quality of care (7,35,36). Measurement becomes 
a tool to improve performance, rather than a tool for historical data 
collection.

Why METs Might Improve Safety

METs are well grounded in the science of safety outlined above. In many,
and perhaps even most, sentinel events, someone either did not speak up,
or spoke up but was not heeded because of a hierarchical or punitive culture
(people had previously been reprimanded when they spoke up). With
METs, frontline staff are empowered—indeed encouraged—to call the
MET when they are concerned. This requires a strong culture of safety.
Frontline staff is also trained to call for a standardized set of parameters,
in the absence of which the trigger for calling someone is generally a code.
The MET identifies problems early, when there is still time to recover from
them. As such, METs are based on sound safety theory and would be
expected to improve safety.

Conclusion

The science of measuring safety is gradually maturing. Some measures of
safety lend themselves to rates, while others do not. We have described an
approach for organizations to answer the question, “Are patients safer?”
We also have summarized the issues regarding measuring and improving
reliability, and provided a framework for improving safety. With these mea-
sures, we defer to the wisdom of caregivers and administrators to identify
and mitigate safety concerns, but also attempt to provide a framework to
assist the caregiver with safety efforts. The need to improve quality and
safety is significant, and hospitals are learning how to accomplish this goal.
METs are grounded in safety theory and offer the promise to reduce
patient harm.We hope practical strategies such as those proposed here help
move safety and quality efforts forward.
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2
The Evolution of the Health 
Care System

Kenneth Hillman, Jack Chen, and Lis Young

Introduction

In the past, hospital administrators have concentrated on meeting their
budget and staying out of the newspapers. Over the last 10 years, however,
there has been a shift to concentrating on patient safety in hospitals. This
chapter will first examine hospital patient safety in a historical context,
explaining how the patient safety anomaly is related to a 19th century 
hospital construct that is no longer appropriate for an increasingly at-risk
group of patients. The final section of the chapter will concentrate on the
emergence of systems to improve patient safety in acute care hospitals.

Historical Perspective

In many ways acute care hospitals are designed to deliver health care as it
was practiced in the 19th century. The technological advances in medicine
of the late 20th century are superimposed on a system originally designed
to care for patients admitted largely for bed rest and convalescence.

Originally hospitals were charitable institutions established to care for
the poor (1). Apart from performing a limited number of operations, hos-
pitals offered little that could not be provided by a doctor in the home.
Medical students learned their craft in acute care hospitals, mainly how to
make sense of symptoms and signs to reach a diagnosis.Therapeutic options
were few. Medical specialists earned their living in their consulting rooms
or by visiting patients in their homes. They went to the hospital only once
or twice a week to make rounds, accompanied by their assigned team of
students and doctors-in-training. They gave freely of their time, and in
return maintained a profile as a source of patient referrals and benefited
from the prestige and sense of charity associated with a teaching hospital
appointment.

The hospital was constructed around the needs of specialist doctors, who
in return for giving their time freely had their own wards, operating 
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theaters, recovery areas, nursing staff, and medical teams. They visited the
hospital and did rounds at their convenience. Patients were cared for within
the limits of what was available. Pain relief was possible, but curative drugs
were relatively rare. Diagnostic services were limited to simple x-rays and
basic blood tests. Intravenous fluid was rarely used. Operations were limited
and not supported by the same sophisticated perioperative care we have
today. If one was seriously ill, it was more common to call a doctor to come
to the patient, rather than call an ambulance to take the patient to a 
hospital.

Around the late 1940s, health care delivery changed and has continued
to evolve exponentially to the present day. Antibiotics were developed;
drugs controlling cardiovascular and respiratory conditions became avail-
able; chemotherapy and radiotherapy were increasingly used for cancer;
dialysis and other supportive interventions for chronic conditions became
widely available; diagnostic procedures enabled us to image and understand
much of the body’s disease processes previously guessed at by external signs
and symptoms; and the number of noninvasive and invasive surgical options
expanded.

Hospitalized patients are now admitted for cure or at least control of
their diseases. The hospital population is older, usually with multiple co-
morbidities, and often further at risk as a result of the procedures and drugs
being used. Expectations of hospitalized patients are high—often unrealis-
tically so—and reinforced by widespread and frequent media reports of
wonder drugs and miracle operations with little in the way of balance.
People still age and become ill with diseases for which medicine has little
or nothing to offer.

While the nature of the hospital patient population and its expectations
has changed considerably, the system within which they are managed has
evolved little since the 19th century. Patients in emergency departments are
still processed in the same way. Patients are still “owned” by a single spe-
cialist doctor, and most of the day-to-day activities are supported by doctors-
in-training. Nursing staff still records vital signs manually, with little or no
power to act on abnormalities. Consultant physicians who are ultimately
responsible for the patient’s care still largely manage from a distance.

What may have worked well in the 19th century does not necessarily guar-
antee safe management in the 21st century. Specialization may not equip
consultants with the skills, knowledge, and experience necessary to care for
the complex co-morbidities that patients increasingly have, or for when the
patient becomes seriously ill. Junior house doctors are either too inexperi-
enced and lack the skills and knowledge to care for complex at-risk patients,
or they tend to become too specialized and fail to receive adequate train-
ing in the other areas that are necessary to treat complex patients, especially
those who become seriously ill. Silos, or vertical structures within hospitals
such as wards, units, and departments, are well developed in acute care hos-
pitals, but there is a paucity of horizontal system integration across the silos.
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While the silos adequately manage the specialized component of a patient’s
condition, they usually prove inadequate for co-existing conditions and for
patient complications. The hospital usually does not provide the necessary
systems, or horizontal connections, to support the vertical silos.

It is not surprising therefore that there are many potentially preventable
deaths and serious adverse events in acute care hospitals (2–4). Moreover,
many of these potentially preventable deaths are preceded for many hours
by a slow deterioration in vital signs (5). For example, up to 90% of hospi-
tal cardiac arrests are preceded by relatively slow and potentially reversible
deterioration (6). Admissions of patients to the intensive care unit (ICU)
from the general wards are often preceded by the same predictable slow
deterioration (7–10). If we are concerned about a seriously ill patient in the
community, we call an ambulance. If we have a similar patient in an acute
care hospital, it appears we have little in the way of systematic interven-
tion. Nurses record abnormal findings; junior doctors may be informed
about the patient in a hierarchical way—the most junior first, with infor-
mation passed up the line, depending on the level of understanding and
awareness of how serious the patient’s condition may be. Alternatively, in
non-teaching hospitals, the nurse would first contact the patient’s primary
physician, who might not even be on-site. If unable to attend to the patient,
this person may request a consultation by someone more available or
expert. Sometimes the patient may be referred to an acute care physician,
such as an intensivist. Thus, the response to the crisis is built in an ad-hoc
manner, piece by piece.The only systematic and organized approach is often
the cardiac arrest team (a predefined and prepared group of responders
with specialized resources), called after the patient has “died” (11).

Preemptive Patient Safety Systems

For these reasons, patient safety in hospitals has become a major focus of
health care delivery (12–17). How can we provide a safer environment for
hospital patients? One way is to train health care workers in health care
systems and team-based care (18,19). Adverse event reporting is occurring
with increasing frequency (20,21). Information management and commu-
nication is improving (22–25). Specifically, more hospitalists are being
employed who are trained in acute medicine and in managing the patient’s
course through the hospital (26).

This book discusses models for delivering acute care, specifically the
development of the Medical Emergency Team (MET) (27), a system-based
approach to the acutely ill that recognizes the discontinuities in patient care
as a result of the vertical silos on which we have constructed hospital care.
Potentially avoidable adverse events are caused by suboptimal training and
inadequate awareness of at-risk patients, poor supervision, and lack of a
timely response at an early stage in the patient’s deterioration (8,9,12).



A specialist usually refers to other specialists through a process of formal
consultation. For this to occur, the specialist must be aware that the patient
has a medical need outside the specialist’s own area of expertise.This works
well for most referrals. However, the referral system for a patient who is
becoming seriously ill offers a set of challenges that is outside the hospital
system’s ability to address. The deterioration can occur at any time and is
often unexpected or unanticipated. The general awareness by medical and
nursing staff of what constitutes an at-risk patient is often inadequate, and
even if that recognition occurs, response is often not timely and may not
result in the right expertise being rapidly provided to the patient when
needed.

The patients meeting MET criteria define what constitutes an at-risk
patient, and they receive care immediately by staff with appropriate exper-
tise (27–31). The MET concept cuts across the usual silos in health care by
providing a team-based, immediate, and appropriate response to at-risk
patients.

Recent approaches to improving patient safety are numerous (12,32–35),
including a rapidly expanding quality industry; better data analysis; plan-
do-study-act (PDSA) cycles (36); and learning lessons from other indus-
tries. While these concepts may be intuitively appealing, they have
enormous cost implications and until now have not been subject to rigor-
ous evaluation. On the other hand, the MET concept works at the
patient–health care deliverer interface, using strict criteria to identify at-
risk patients and a nondiscretionary and rapid response by a team with spe-
cific skills and knowledge in the care of the seriously ill.

The MET fulfills the criteria for a system approach to patient safety by
radically changing the way we respond to patients at risk for developing
serious complications. It concentrates on “real-time” adverse event moni-
toring and response, rather than retrospective data analysis. The World
Health Organization has emphasized 3 important features for enhancing
patient safety, which mesh with the MET system (37): (1) preventing
adverse events irrespective of the cause; (2) making the events visible in
terms of data collected on MET responses; and (3) investigating the effects
of the adverse event.

Finally, the MET system provides a platform for exploring existing weak-
nesses in hospital systems and offers knowledge as a basis for improving
patient safety.
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3
Process Change in Health Care
Institutions: Top-Down or 
Bottom-Up?

Lakshmipathi Chelluri

Leadership is powerless without followership—a broad constituency that is ready and
willing to be led.

—David Blumenthal

Introduction

Medical errors and quality of medical care have been identified by the Insti-
tute of Medicine as issues adversely affecting contemporary medical care
(1,2). Since the publication of the report To Err Is Human, the focus on
decreasing the number of medical errors and improving safety and quality
has strengthened. In the past few years, there have been many reports on
the inadequacies of and possible interventions to improve the health care
system (3–6). The difficulties in changing health care culture and the reluc-
tance of the medical establishment to change have been well documented
(3). Donnabedian, a leader in quality improvement, described his personal
experience as a patient and the care he received for cancer of the prostate
as disappointing and frustrating (4). Similarly, Lawrence, who was chairman
and CEO of one of the largest HMOs in the United States, described the
chaotic medical care his mother received and concluded that the health care
system does not work as well as it could (5). In addition, patients and 
families of patients who suffered iatrogenic injury are taking an active role
in efforts to improve patient safety and quality of care (7,8). Many of these
reports discuss the need for a change in culture and the improvement of
patient safety and quality of medical care through implementing systems
that are available and known to be effective. Change can be brought about
either by the leadership or by middle managers and frontline workers. But
the elements that lead to successful change, whether initiated by leadership
(top-down) or frontline workers (bottom-up), are not well studied in health
care.

In the past decade, with an increased focus on medical errors and concern
about the poor quality of medical care, many initiatives have sought to
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improve safety and quality. Some were spearheaded by leadership that set
the vision and goals for improvement (9–14), while others were initiated 
by individuals or groups in nonleadership positions (15–19). This chapter
reviews examples of projects in health care initiated either using a top-down
or bottom-up approach, and discusses the critical elements for success. First
we will look at projects that were led by leadership. These include the 
Veterans Affairs Quality of Care and Patient Safety programs (9,10); the
Pittsburgh Regional Health Care Initiative (11,12); the Quality Institute of
the Cleveland Clinic Health System (13); and the Toyota Production System
Initiative at the University of Pittsburgh Medical Center (14). We will also
review projects led by non-leadership (middle management and direct
health care deliverers) that include Medical Emergency Team (MET)
responses to identify errors and potential errors (15,16); mortality reviews
(17,18); and the initiative to decrease the rate of cesarean sections in Green
Bay, WI (19).

Leadership Initiatives

Veterans Affairs Quality of Care and Patient 
Safety Programs
The Department of Veterans Affairs (VA) initiated a reengineering of
health care delivery to improve quality in the mid-1990s, and established
the National Center for Patient Safety (NCPS) in 1998. The VA leadership
initiated both programs with a major focus on improving quality and safety
of care delivered to veterans of the US armed forces. They encouraged an
organized approach to measurement and management of quality of care,
and built incentives and accountability for performance improvement into
the process. The managers were given performance contracts for improve-
ment and were accountable for achieving the goals. These programs
resulted in significant improvements in preventive care, outpatient care, and
acute inpatient care (9).

It must be noted that patient safety activities at the VA are coordinated
by the NCPS. The original VA Patient Safety Improvement program 
initiated in 1997 was unsuccessful, resulting in the formation of the NCPS
with a mandate to lead VA patient safety initiatives. The NCPS identified
suspected obstacles including inadequate resources, poor accountability,
and less than ideal implementation of patient safety initiatives.This resulted
in the establishment of a system for reporting errors, a system to prioritize
errors in which the causes of errors are analyzed based on potential 
for harm and/or frequency, a method to perform analysis of causes, and
interventions to minimize recurrence. The program resulted in a 30-fold
increase in events reported, and a 900-fold increase in reported “close 
calls” (10). Analysis of these events led to many changes in practice at indi-



26 L. Chelluri

vidual VA hospitals, in addition to serving as a model for other health care
systems.

Pittsburgh Regional Health Care Initiative
Pittsburgh Regional Health Care Initiative (PRHI) is a consortium of busi-
nesses, hospitals, insurers, and organizations that provide health care ser-
vices to people in western Pennsylvania. High costs and poor comparative
quality resulted in the formation of the PRHI in 1997. The model is based
on identifying and analyzing causes of the problems at the point of care,
involvement of frontline workers in identifying solutions, and encouraging
change based on shared learning (11,12). PRHI focused on improving clin-
ical outcomes in patients undergoing coronary artery bypass graft surgery,
those with depression or diabetes, for maternal and child care, and for hip
and knee surgeries. In addition, medication errors and nosocomial infec-
tions were addressed. The project created a shared database between the
participating health care organizations to collect data on processes of care
and link outcomes to them. The information and outcomes of successful
processes are then shared with frontline workers, so that they can provide
appropriate care.The goal is to develop a system of care with real-time feed-
back and to connect processes to outcomes for continuous improvement in
quality. Significant improvements in nosocomial infections and medication
error reporting have been achieved.

Quality Institute of the Cleveland Clinic Health System
The Cleveland Clinic Health System is a consortium of health care institu-
tions led by the Cleveland Clinic that was created between 1996 and 1998.
The Quality Institute was established to coordinate system-wide quality
improvement activities and “promote evidence-based care within a culture
of safety” (13). The institute’s staff serves as consultants to the individual
hospitals and facilitates communication and the exchange of information
leadership. The institute’s leadership includes the physician and adminis-
trative leaders known as the Medical Operations Council, which identifies
and prioritizes quality improvement initiatives based on volume, impact on
quality, and potential for improvement, and then allocates resources as
needed. Patient care initiatives include the evaluation of clinical processes
such as treatment of breast and colorectal cancer, diabetes, stroke, heart
failure/myocardial infarction, pediatric asthma and chronic obstructive 
pulmonary disease. Patient safety initiatives include monitoring medication
errors, improving medication safety, and encouraging patients/families to
participate in care as well as initiatives to decrease medical errors. These
initiatives resulted in improvements in use of angiotensin-converting
enzyme inhibitors for heart failure, platelet inhibitors, Beta-blockers for
acute myocardial infarction, intravenous thrombolysis for acute stroke, and
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appropriateness of cesarean sections. The system was awarded the Ernest
A. Codman award by the Joint Council on the Accreditation of Health Care
Organizations in 2001.

The Toyota Production System Initiative at Presbyterian
University Hospital, University of Pittsburgh 
Medical Center
The Toyota Production System (TPS) is based on involving workers in the
building of a defect-free product by specifying responsibilities of indi-
viduals and holding them accountable, simplifying processes, and making
all changes in processes based on appropriate scientific evidence. The
Toyota motor company achieved significant success by following these prin-
ciples, and TPS has been adopted by other industries, including health care.
The leadership at University of Pittsburgh Medical Center introduced TPS
to the process of providing medication to patients on the ward by improv-
ing communication between patient care wards and the pharmacy (14). A
multidisciplinary team of administrative leaders, physicians, pharmacists,
and nursing staff on a patient care ward worked together to identify pro-
blems and then create and implement solutions. The project resulted in
faster delivery of medications and more efficient use of pharmacists’ time,
and the improvements led to implementation of the process throughout the
hospital. The same process was also used to improve physician ordering
practices and decrease medication errors.

The preceding examples summarize the quality of care and safety efforts
led by the leadership in a large government organization, in a regional orga-
nization led by leaders in business and health care, in a large health care
system, and at a hospital in a large health care system. The common fea-
tures of these initiatives include: (1) leadership with vision to improve care
and the willingness to commit adequate resources; (2) communication of
the vision to the employees and participants; (3) institutional support and
appropriate incentives; and (4) involvement of the physicians and staff in
identifying solutions and implementation. Kotter describes the key stages
in implementing new programs as creating a sense of urgency; building a
team that can guide the change; creating a vision that is simple and can be
communicated in a short time; obtaining support from all the appropriate
staff; empowering people to act as needed; creating short-term wins; and
continuing to improve and change the culture for the long-term (20). The
programs described above included many of these elements, and empha-
size the need for an organized structure for successful implementation of
quality improvement and safety projects.
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Quality Improvement and Safety Programs Initiated by
Individuals in Non-Leadership Positions

Identifying Medical Errors Through Review of the
Medical Emergency Team Response
The University of Pittsburgh Medical Center introduced a MET in 1988;
however, it was not until 1999 that the institution could reliably initiate the
MET response when a patient developed a medical crisis.The keys to effec-
tive implementation are described by Foraida et al. (15) and include the
creation of objective criteria, posting the criteria in every nursing unit,
getting medical executive committee support to allow nursing staff to
trigger a MET response without physician approval, and both positive and
negative reinforcement through email. The MET quality improvement
committee, which includes physicians, nursing staff, and others, reviews all
MET responses to identify medical errors and provides this information to
the appropriate department for follow-up and suggestions for improvement
(16). The team identified errors in patient management in 114 (31.4%) of
the total MET responses over an 8-month period, including: patient treat-
ment errors such as hyperkalemia and narcotic overdose; pneumothorax
related to insertion of a feeding tube; hypoxia related to an empty oxygen
tank; problems with patient-controlled analgesia pumps; and diagnostic
errors such as cardiac arrest secondary to delay in diagnosis. There were
also prevention errors, or errors resulting from inadequate pre-emptive care
in areas such as inadequate respiratory care in patients with tracheostomy,
hypoglycemia in a patient receiving long-acting insulin and oral hypo-
glycemic agents, and injuries related to falls. Identification of the errors
resulted in process improvement and minimized the possibility of 
recurrence.

Mortality Reviews to Identify Quality of Care Issues
Wilson and Soffel (17) and Seward et al. (18) reported on reviewing medical
records of patients dying in the hospital to identify quality of care issues.
Over the period 1988–1993, Wilson and Soffel found that problems with
clinical quality of care issuses were identified in 3% of deaths. Approxi-
mately half of the problems identified were related to delays and appro-
priateness of treatment (17). Seward et al. reviewed 200 consecutive deaths
in patients admitted for an emergency at a tertiary care hospital, and
reported that 11% of the deaths were unexpected and had some evidence
of care management problems that included errors in diagnosis and delays
in treatment, particularly at night (18).



Green Bay Wisconsin Cesarean Section Study
Sandmire and DeMott studied the cesarean section practices in Green Bay
and reported that the variability in the incidence of cesarean section was
related primarily to physician practice and liability risk (19). They also
found that higher cesarean rates did not result in better outcomes. They
attempted to influence practice by changing their own practice and con-
vincing others that higher cesarean section rates do not result in better out-
comes. In addition, information on incidence of cesarean deliveries and
outcome was provided to the obstetricians in the area. These efforts
resulted in a decrease in incidence of cesarean deliveries from 13.3% to
10.2% over a 6-year period.

Patient safety and quality improvement practices can be designed and
implemented by individuals in non-leadership positions. The key elements
for success reported by the preceding authors are: identifying a problem
that has a significant impact; the commitment and involvement of physi-
cians and staff; effectively communicating the problems and solutions to
both leadership and staff; obtaining support from the staff; serving as a role
model; and persistence over time.

Change: Top-Down or Bottom-Up

Changes in behavior and culture in organizations can be initiated and suc-
cessfully implemented by either the leadership or frontline workers, but it
is most successful when a leader with vision and excellent communication
skills works together with committed and enthusiastic employees. Kenneth
Kiser at the Veterans Affairs department made safety and quality the major
focus of his organization, and he generated improvements by providing
leadership and vision. Although the chances of success may be higher for
those programs initiated by leadership, Kotter described many examples in
which change was successfully initiated by middle managers and other
employees (20). The individual attempting to change behavior and culture
in an organization has to be an effective communicator and be able to lead
by serving as a role model. The story of Ignac Semmelweis illustrates an
unsuccessful attempt to change practice, and the potential for positive
impact of the change was monumental (21). Semmelweis was an obstetri-
cian in Vienna in the 19th century, and hypothesized that mortality 
secondary to puerperal fever (childbed fever) could be improved if physi-
cians washed their hands between patient contacts. He showed that mor-
tality decreased from 20% to less than 2% after the introduction of hand
washing. However, he was not able to influence his contemporaries because
he believed that the superiority of his practice was obvious and delayed
publication of his findings. He also insulted those who did not accept his
practice and accused his superiors of causing increased maternal mortality
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because they disagreed with him. In addition, the manuscript describing his
findings was poorly written and difficult to read, so when it was published
it was ignored by many physicians at the time. His story shows that the indi-
vidual who wants to initiate change needs to be able to communicate the
ideas to both superiors and coworkers in a nonthreatening manner.

METs are an example of an at-the-bedside change that is particularly
effective for several reasons: it employs a methodology to find high-risk
patients (those with sudden onset of critical illness, often resulting from
errors), and to immediately bring additional resources to bear to prevent
harm. Review of cases enables high-yield error identification, which,
because of the severity of the adverse outcome (or near-miss), motivates
hospital workers to prevent future occurrences of a similar event. METs
are likely to become a key component of every hospital’s safety net for sud-
denly critically ill patients, and part of their quality improvement processes.
In summary, leadership with a clear vision and employees with commitment
are crucial, and both are needed to successfully implement change. It seems
MET programs may blend both top-down and bottom-up approaches to
great effect.
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4
The Challenge of Predicting 
In-Hospital Iatrogenic Deaths

Michael Buist and Donald Campbell

Introduction

In this chapter, we first explore the similarities and differences between the
current hospital crisis of iatrogenic patient deaths—which is now the fourth
most common cause of death in the United Kingdom (1), and the sixth most
common in the United States (2)—and the theories that have been used 
to explain and manage organizational crises that occur in other industries.
We then critically examine the studies to date that attempt to predict 
in-hospital patient management crises. Finally, we conclude that in the short
term patients need more “hard defenses” to protect them from the health
care system. In the long term, there needs to be a significant and funda-
mental change to the “soft defenses,” such as the training of frontline health
care workers, so that potential patient crises are predicted and managed
earlier to prevent iatrogenic morbidity and mortality.

Organizational Crisis Theory: Hazards, Defenses, and
Latent Conditions

In his book Managing the Risks of Organizational Accidents, Reason states
that organizational accidents, as opposed to individual accidents, are pre-
dictable events (3).An individual accident is one in which a person or group
of people make an individual slip, lapse, or error of judgment with the net
result being an adverse outcome either to the person or the people who
erred, or to those in the immediate vicinity. There is usually a relatively
tight, simple explanation for cause and effect in an individual accident. For
example, if a person makes the error of judgment to drive a car on the
wrong side of the road, there is a high likelihood of an accident, which will
involve the person who made the error along with any bystanders. Organi-
zational accidents have “multiple causes involving many people at differ-
ent levels of an organization” (4).While usually infrequent, these events are
often catastrophic. Analyses of such organizational accidents often reveal
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that the defenses an organization has to prevent such catastrophes are
breached by a unique series of sequential hazards that play out in an envi-
ronment of latent conditions.

There is always a tension within an organization to balance resource allo-
cation for production and profit generation against the implementation,
maintenance, and updating of defenses to protect the organization from
crisis. Resource allocation for production of profit is a core tenant of a com-
mercial organization; it is a process that has easily measured endpoints with
relatively simple relationships between resource allocation and production.
On the other hand, resource allocation for organizational defenses has no
such relationship, and the benefits of such defenses are difficult to measure.
If an organization has little exposure to hazards that may cause a crisis, it
can be difficult to allocate resource to defenses in the face of societal or
financial drivers to maximize production.This tension thus creates the land-
scape, or latent conditions, that may predispose an organization to crisis (4).
An organization’s defenses can be simply categorized into either “hard” or
“soft.” Hard defenses are physical barriers where no human discretion
applies. Soft defenses relate to laws, rules, policies, procedures, guidelines,
and, often as a last resort, common sense. Because these soft defenses are
human constructs, their implementation, utilization, analysis, improvement,
and even avoidance can occur at an individual operator level. Furthermore,
operator interpretation and implementation, or lack thereof, inevitably
becomes an organizational issue that is often dependent on where in a par-
ticular organization the tension between production and protection sits (4).

Iatrogenic Patient Death: Individual or 
Organizational Accident?

Thus we turn to the crisis in the safety of health care. Up to this point, the
terms “crisis,” “catastrophe,” and “accident” have been used to mean the
same thing: a sudden, overwhelming event with considerable damage to
those involved. For the purposes of the remainder of this chapter, we shall
confine ourselves to a definition of crisis as an unexpected, iatrogenic in-
hospital death (Box 4.1 and 4.2). That these deaths constitute a crisis in an
epidemiological, societal, political, and medico-legal sense will be made in
other chapters.

A patient entering a hospital enters a system where they will be exposed
to a variety of hazards, which in turn have numerous defenses in place to
prevent an adverse patient outcome. Operations, anesthesia, medical inter-
ventions and procedures, drugs and fluids, and even oxygen therapy consti-
tute the hazards. Some hard defenses exist in anesthesia, whereby the
administration of hypoxic gas mixtures is physically prevented; otherwise,
most other defenses in the general hospital ward environment are soft.
These soft defenses include treatment policies and procedures, manual
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Box 4.1

A 47-year-old, previously healthy male underwent a semi-elective tho-
racotomy for an empyema. The surgical procedure and anesthesia were
uneventful. The patient returned to the ward at 3 pm with a heart rate
of 130 beats per minute. Otherwise his observations were unremarkable.
The surgical registrar was concerned about the heart rate and the
patient’s inability to pass urine post-operatively. She instructed the
intern to insert a urinary catheter if the patient failed to pass urine by 
6 pm. At 6 pm there was no urine output, and the heart rate was 140
beats per minute. Despite the intern’s insistence, the patient refused to
have a urinary catheter inserted. Otherwise the patient’s condition was
stable. At the end of the shift, the day intern presented a verbal report
to the night resident medical officer on the patient at 10 pm.

The night resident medical officer was summoned urgently to see the
patient at 11:30 pm when the patient’s blood pressure dropped to 85/
60mmHg. The heart rate was now 150 beats per minute. The medical
officer assessed that the patient was hypovolemic and administered 2
liters of intravenous fluid, and ordered a blood transfusion. With this
intervention, the blood pressure improved and the medical officer went
about his other tasks. There were no further observations on the patient
until 2:30 am, when the blood pressure was observed to be 75/55mmHg.
The medical officer again responded promptly and commenced further
fluid resuscitation. Again there was a transient improvement in the
patient’s condition. At about 4 am, the medical officer was concerned
enough about the patient to telephone the on-call surgical registrar
(offsite, on-call due to financial restraints) and explained the patient’s
condition. The surgical registrar was concerned and stated that he would
come in early at 7 am to review the patient prior to the commencement
of his operating list. At 5:30 am, the patient lost consciousness, and the
nursing staff put out a cardiac arrest call. Despite the best efforts of the
anesthetic registrar and the ICU registrar, the patient could not be resus-
citated and died at 6 am.

Box 4.2.

It was the case of Mike Hurewitz, a journalist who decided to donate
part of his liver to his ailing brother 2 years ago, which framed the new
“legend” of American health care. Mr. Hurewitz is no longer alive to tell
his story, but it has become a morality tale for much that is wrong.

His brother, Adam, 54, suffered from hepatitis C and his liver was
rapidly failing. The elder brother, 57, resolved to save the younger and
they both checked into the legendary Mount Sinai Hospital, a hospital
specializing in living-donor liver transplants.
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alarm systems, and ad hoc hierarchical and lateral human check systems.
Soft defenses are very reliant on the training and education that health care
workers receive. Superimposed on these layers of hazards and defenses with
which the patient is confronted are the latent conditions that exist, most
obviously within the patient but more insidiously within the hospital as an
organization. A patient’s past medical history, family history, social history,
associated co-morbidities, drug regimen, and allergies largely constitute
their latent conditions. These conditions and their relation to the current
presenting complaint that brings the patient into the hospital system com-
prise territory that individual health care workers are usually extremely
well trained in and familiar with. Hospital latent conditions are not so
explicit, particularly to the patient or the frontline health care worker. They
include a complex matrix of production imperatives such as the financial
operating environment, political and societal imperatives, medico-legal and
insurance concerns, compliance issues imposed by various regulatory
bodies (often with associated financial incentives or disincentives), and
workforce and work-practice issues.

In the acute care hospital the distinction between individual and organi-
zational accidents is blurred. First, the crisis of iatrogenic patient death is
insidious. Epidemiologically, this crisis may constitute an epidemic; how-
ever, to the individual practitioner, or even hospital, it may not appear as
such, largely because at an individual level these events occur relatively
infrequently, over a long time frame. For example, the Quality in Australian
Healthcare Study (QAHS) looked at a random sample of 14 179 admis-
sions to 28 hospitals in 2 states of Australia in 1992 and documented 112

Charles Miller, who performed New York’s first liver transplant over
15 years ago, ran the transplant unit. He removed 60% of Mike’s liver
on January 10, 2002. Mike was a healthy patient whose main anxiety was
saving his brother.

Adam was transferred to intensive care, but Mike was sent to an ordi-
nary ward. This ward—filled with 34 transplant patients—was overseen
by a first-year resident. Mike soon developed a rapid heart rate. Doctors
were unaware of this, however, as his vital signs were not checked by
nursing staff, and the surgeon, Miller, did not visit Mike after the oper-
ation.

When Mike then developed an infection and his condition worsened,
Miller was paged by concerned nursing staff. But according to reports,
the doctor lingered in a bookshop, taking his time. When he returned to
the hospital, he did not visit Mike, but instead went to see another
patient due for surgery. Mike died after choking on his own blood in the
ward, 3 days after giving Adam the gift of life.



deaths (0.79%) and 109 cases where the adverse event caused greater than
50% disability (0.77%) (5). Nearly 70% of the deaths and 58% of the cases
of significant disability were considered to have a high degree of pre-
ventability. For the individual clinicians, treating departments, and units, and
even the study hospitals themselves, their actual experience of these out-
comes over the year would be minimal (1 or 2 cases).

Secondly, the defenses that hospitals have to protect patients have not
been changed significantly in the past few decades. In particular there are
few, if any,“hard” defenses, and the “soft” defenses are overly reliant on the
skills and abilities of frontline health care workers, principally the junior
doctor and nurse. In Australia and the United Kingdom, several studies
indicate that their medical undergraduate syllabuses do not provide grad-
uates with the basic knowledge, skills, and judgment to manage acute life-
threatening emergencies (6–9). These studies identified deficiencies in
cognitive abilities, procedural skills, and communication. Further analysis
of the causative factors associated with the adverse events in the QAHS
found that cognitive failure was a factor in 57% of these adverse events
(10). In this analysis, cognitive failure included such errors as: failure to syn-
thesize, decide, and act on available information; failure to request or
arrange an investigation, procedure, or consultation; lack of care or atten-
tion; failure to attend; misapplication of or failure to apply a rule, or use of
a bad or inadequate rule (10). In a 2-hospital study from the United
Kingdom that looked at 100 sequential admissions to the intensive care unit
(ICU) from wards, it was found that 54 had suboptimal care on the ward
prior to transfer (11). This group of patients had a mortality rate of 56%.
Some of the suboptimal treatment factors included: failure to seek advice,
lack of knowledge, failure to appreciate clinical urgency, and lack of super-
vision. Undergraduate and postgraduate curricula have been slow to
embrace a culture of patient safety (12,13). The hospital organizational
response to the issue of adverse events and iatrogenic deaths has generally
been to attempt to document and audit incidence, reinforce the traditional
hierarchal referral model of care, and to incorporate a plethora of written
policies and procedures into the clinical environment with few sustained
organizational attempts to “close the loop.” In the acute hospital setting,
the frequent turnover of workers through frontline care delivery positions
and the expectation that the hospital is a training setting may reduce the
organizational ability to “see” such events and retain corporate memory of
them—let alone to have the sophisticated procedures in place to undertake
root-cause analysis and organizational learning.

Finally, the hospital environment is a complex and dynamic matrix of
political, administrative, financial, workplace and workforce variables that
interact to provide patient care (14). This effect overwhelms the fact that
one could probably argue that the hazards a patient may encounter at worst
have changed little, and at best have diminished somewhat thanks to better
operative and perioperative techniques and safer drugs.
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Attempts to Predict Hospital Iatrogenic Death

Implicit in the prediction of iatrogenic hospital death is the need to have a
number of easily identifiable, simple clinical markers or factors that predict
death. There have been 3 study types used to look for such markers. First,
the large, retrospective, epidemiological case note review studies to deter-
mine incidence and outcome from hospital adverse events have shed some
light on factors that may predispose a patient to iatrogenic hospital death
(1,5,10,15–18). The Harvard Medical Practice Study (HMPS) and the
QAHS both performed a separate analysis of the documented adverse
events, by an iterative process with expert reviewers, to look for causative
factors, degrees of preventability, and, with HMPS, associated negligence.
The HMPS found that age, operative status, and negligence were associated
with poor outcomes (death and permanent disability) from adverse events,
with associated high degrees of preventability.The HMPS documented that
patients over 65 years had double the risk of an adverse event than patients
aged 16 to 44 years (15,16). It also estimated that 51.3% of the deaths from
adverse events were caused by negligence. In a re-examination of the 2351
adverse events from the QAHS, 34.6% of the adverse events were catego-
rized as “a complication of, or the failure in the technical performance of
an indicated procedure or operation” (10). However, more significantly,
81.8% of events were associated with human error and cognitive failure as
discussed above (10). The QAHS also found that delay both in diagnosis
and in treatment was associated with 20% of adverse events, and that 86%
to 90% of these events were assessed to be highly preventable (10).

A second methodology employed has been the retrospective case note
review, which has considered the features of care received by patients who
had an unexpected in-hospital death or a high-risk event (in-hospital
cardiac arrest or unplanned ICU admission), including an examination of
the observation charts prior to the index event. A New South Wales (NSW)
study of 50 942 acute care admissions to 3 hospitals performed over a 6-
month period in 1996 documented the antecedents of 778 deaths (19). Of
these only 66 were classified as unexpected in that they did not have a do-
not-resuscitate order or were preceded by a cardiac arrest or intensive care
unit admission. In the 8 hours prior to the deaths of these patients, 50% had
severe abnormalities documented in the observation charts or concerns
noted in the nursing or medical record. Furthermore, 33% of these patients
had abnormal observations or concerns noted up to 48 hours prior to their
death. The most common abnormal observations were hypotension (sys-
tolic blood pressure <90mmHg) and tachypnea (respiratory rate >36 per
minute). Several studies have examined cardiac arrest calls or unplanned
intensive care unit admissions from within hospitals on the assumption that
these events were “unexpected,” in that there were no do-not-resuscitate
orders in place or that whatever process was happening could have been
reversed with intensive care interventions. Although only 15% to 30% of
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patients survive to hospital discharge following in-hospital cardiac arrest
(20–27), there is good evidence that the majority of these arrests are not
unexpected. In common with the findings from the NSW study (19), retro-
spective analysis of simple bedside observations prior to inpatient cardiac
arrest call or referral for intensive care unit admission has demonstrated
prolonged periods of documented clinical instability in a significant number
of patients. A retrospective case note review at the Jackson Memorial
Medical Center, Florida over a 4-month period in 1987 documented 64 con-
secutive in-hospital cardiac arrests in the general ward areas (28). Of these,
54 (84%) had documented observations of clinical deterioration or new
complaints within 8 hours of the arrest. In a similar study performed at the
Cook County Hospital, Illinois, 150 cardiac arrests were observed in the
medical wards over a 20-month period from 1990 to 1991 (29). In 99 of these
(64%), a nurse or physician documented deterioration in the patient’s con-
dition within 6 hours of the cardiac arrest; the hospital mortality rate of the
150 cardiac arrests was 91%. In addition, in a 28-week period reported in
1999 at the Manchester Royal Infirmary in England, 47 cardiac arrest calls
in the general ward areas were analyzed (30), and 24 (51%) had premoni-
tory signs prior to the cardiac arrest call. Similarly, in a study in a tertiary
care hospital in metropolitan Melbourne over the calendar year 1997, there
was a median period of documented clinical instability of 6.5 hours (range
0 to 432 hours) prior to either cardiac arrest call or intensive care unit refer-
ral among 122 in-hospital patients (31). This was despite that over the
period of instability on average these patients were reviewed twice by
junior medical staff (31).

In a case control study performed at Selly Oak Hospital in Birmingham,
England, of 118 consecutive cardiac arrests in 1999, multivariate analysis
identified abnormal breathing, abnormal pulse, and abnormal systolic blood
pressure in the hours prior to the cardiac arrest as being positively associ-
ated with the event (32). More simply, Goldhill and Sumner made the obser-
vation across a group of UK hospitals that admission to the intensive care
unit from the general ward areas, as compared to ICU admission from
surgery or the emergency department resulted in significantly higher mor-
tality (33). Furthermore, in a study of 7190 ICU admissions across 24UK
hospitals, the actual length of stay in a general hospital ward was an inde-
pendent predictor of hospital mortality (34). This study documented a hos-
pital mortality rate of 67.2% for patients who were on the ward for greater
than 15 days.

The major limitation of the studies cited above is that they primarily
examined the numerator (unplanned ICU admission, cardiac arrest, and 
in-hospital unexpected death) without reference to denominator data
(number of persons or person-days at risk). As such the clinical value of
this knowledge is limited, and estimates of relative risk for the risk factors
that have been identified cannot be estimated. Four prospective cohort
studies have attempted to overcome this problem (35–38). In the first,
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Bellomo et al. followed 1125 patients admitted for greater than 48 hours
(to exclude day case surgical admissions) to the surgical units at the Austin
Hospital over a 6-month period in 1999 (35). They documented 414 serious
adverse events including 80 patient deaths (7.1%). This study also identi-
fied increased age as a risk factor for death from adverse events. The mor-
tality rate for patients aged more than 75 years who underwent unscheduled
surgery was 20%. The major limitation of this study was that the definition
of serious adverse events included postoperative complications such as
sepsis, pulmonary edema, and acute myocardial infarction, events that al-
though serious and adverse, may not have been preventable.

In a second prospective study, a daily review of the bedside observation
charts in the 165 acute general surgical and general medical beds (5 wards)
was undertaken at Dandenong Hospital in Melbourne over a 33-week
period in 1999 (36). During the study, 6303 patients were admitted, and of
these 564 (8.9%) experienced a total of 1598 abnormal observations. The 2
most common abnormal observations were desaturation to less than 90%
(51% of all events) and hypotension (17.3%). During the study, 146 patients
died. When the abnormal observations were considered simultaneously in
a multiple linear logistic regression model, the following events were found
to be significant predictors of mortality: decrease of consciousness, loss 
of consciousness, hypotension, respiratory rate < 6/min, oxygen saturation
>90%, and tachypnea <30/min. The presence of any 1 of the 6 events was
associated with a 6.8-fold (95% CI: 2.7–17.1) increase in the risk of mor-
tality. A cross-sectional survey undertaken at the Royal London Hospital
came to a similar conclusion (37). On a single day, the following data was
collected from 433 adult nonobstetric inpatients: respiratory rate, heart rate,
systolic blood pressure, temperature, oxygen saturation, level of conscious-
ness, and urine output for catheterized patients. Mortality status at hospi-
tal discharge was then determined. Logistic regression modeling identified
level of consciousness, heart rate, age, systolic blood pressure, and respira-
tory rate as important variables in predicting outcome. Patients receiving 
a lower level of care than desirable also had an increased mortality rate 
(P < 0.01).

A potentially major shortcoming of these studies that may limit our
ability to generalize from the findings is that they were all undertaken in a
single institution. The only prospective multi-center study is the ACADE-
MIA study, undertaken jointly by the UK Intensive Care Society and the
Australia and New Zealand Intensive Care Society clinical trials group (38).
In this study, data was collected on the incidence of serious physiological
abnormalities that were preceded in hospital death, cardiac arrest, or unan-
ticipated ICU admission over 3 consecutive days in 90 hospitals in the 3
study countries. There were 638 such events, of which 60% had a total of
1032 serious physiological abnormalities prior to the index event.

These studies to identify factors that may predict unexpected iatrogenic
hospital death (Table 4.1) have major limitations, which hamper the ability
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to generalize the findings. All of the data in these studies has been collected
manually from existing (paper) records; if variables of interest are not doc-
umented, they are not included in the analysis. Furthermore, all of the
studies have collected data at one point in time or, at best, over a limited
time, thus allowing for observation bias and Hawthorne effect (39). The
time delay from data collection and publication in most of the studies men-
tioned is years, during which time the hospital latent conditions and patient
case mix may have altered significantly. There is presently no capacity to
collect this data in a usable format in “real time.” Finally there is the issue
of patient resuscitation status, or do-not-resuscitate orders, that may com-
plicate the interpretation of what is, or is not, an unexpected iatrogenic 
hospital death. None of the above studies have a consistent methodology
that documents the frequency and application of such orders on the study 
populations.

Prevention of Futile Clinical Cycles With Hard Defenses

Given the data concerning the incidence and risk factors for unexpected
hospital deaths, a wide range of interventions has been proposed to prevent
them. These include the Medical Emergency Team (MET) (40–43), out-
reach teams (44–46), the “intensive care unit without walls” (47,48), the 
hospitalist (49,50), the British Early Warning System (51–53), and various
education systems for both undergraduates and postgraduates (54,55).

Table 4.1. Risk factors for patient crisis

Adverse event epidemiological studies
Increased age
Negligence
Operative procedure
Human error and cognitive failure
Diagnostic and treatment delay

Retrospective case control studies
Hypotension
Tachypnea
Documentation of concern
Abnormal pulse
Level of Consciousness

Prospective studies
Hypotension
Bradypnea
Tachypnea
Oxygen desaturation
Level of consciousness
Receiving a lower level of care for illness state



However, all of these strategies constitute soft defenses. As such, success or
otherwise is dependent on human cognitive processes and abilities.

An alternative methodology to address the issue of the patient crisis is
to examine the processes surrounding and leading up to such an event. This
is sometimes described as a clinical audit and may be reported as a root-
cause analysis when it examines both circumstances and latent conditions.
In the case report of an in-hospital death presented in Box 4.1, there was
no Medical Emergency Team call, consultation with the treating surgeon,
or on-call intensive care specialist during the period of the patient’s post-
operative course. This death occurred in a hospital where the MET had
been in operation for over 4 years and where a full-time nurse educator
was employed to ensure optimal compliance, education, and MET utiliza-
tion. The issues that this death raised were crystallized in the letter of com-
plaint that the family wrote to the state coroner that asked among other
things:

• “Why didn’t the resident doctor contact the surgeon who operated on
. . . , during the night if there were signs of distress, complications, or a 
deterioration in his condition?”

• “Why didn’t the resident doctor contact the registrar? Was there a registrar
on duty during the night?”

• “Why wasn’t a MET call put into place after 11 PM when . . . blood pres-
sure fell and remained low? What criteria or symptoms presented by a
patient instigates the MET process. . . . ?”

The expert witness appointed by the coroner made the obvious conclusion:

“Another important observation is that the patient fulfilled the criteria for activation
of the MET for at least 14 hours. I understand that XXXX Hospital had a MET at
the time of the patient’s death and that these MET criteria were widely advertised and
known throughout the hospital. I also understand that these criteria were attached to
the back of the hospital medical officer’s ID card and thus easily available in case of
doubt when faced with a sick patient.The timely activation of the hospital MET might
have saved the patient’s life.”

However, the real question remained: why didn’t the extremely com-
petent and experienced medical and nursing staff involved with this man’s
care call for some sort of help, even if it was not the MET? Why did the soft
defenses fail? Some answers came from the detailed debriefing that took
place with the involved staff. First, because the patient was discharged from
recovery with a heart rate of 130 beats per minute, the junior medical staff
assumed that the patient was “okay” from both the consultant surgeon and
anesthetist’s point of view. They assumed that if the operating team were in
any way unhappy with the patient’s condition, the patient would have been
transferred to the intensive care unit postoperatively. However, both the
surgeon and anesthetist were unaware that the patient was discharged from
recovery with an elevated heart rate that mandated a MET call. Second,
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despite the patient’s heart rate, he “looked okay”; in particular, the patient
was sitting up, having a cup of tea, and talking to relatives early that evening.
Third, members of the nursing staff were reassured that the junior medical
staff attended promptly to their concerns about the patient and seemed to
be managing the situation appropriately. Finally, it was a very busy night for
all concerned. With the benefit of hindsight, everyone involved would have
put out a MET call. The traditional hierarchal referral model of care is the
manner in which most Western hospitals manage these and other acute
medical scenarios in the general ward setting. In this model, when a patient
deteriorates, the bedside nurse invariably documents the deterioration and
then has to decide whether or not to communicate this information, and to
whom. If this communication occurs it is usually to the most junior member
of the treating medical team—often a junior doctor with less than 12 months
of experience. To receive this communication, this doctor needs to be avail-
able and not distracted by other tasks, and then read an alphanumeric pager
and call the nurse back (assuming that the line is not busy). The degree to
which this vital, first information-transfer step succeeds is very much depen-
dent on the communication skills of the nurse and the junior doctor. Based
on this information and a large number of hospital latent conditions, the
junior doctor will turn up and make an assessment of the patient. In most
instances the junior doctor will lack the skills, confidence, and experience to
manage the situation (6–9).As such, the communication step and associated
processes will be repeated with the medical team’s next most senior doctor,
generally a specialty trainee registrar or fellow.This person, because of their
position in the hospital hierarchy, generally cannot stop what they are doing
to attend to the patient—this type of “medical middle manager” in the hos-
pital hierarchy is usually busy in surgery, the emergency department, doing
ward rounds, outpatients, or attending to their education. Although gener-
ally more experienced, particularly in their chosen specialization, even at
this level the registrar/fellow may suffer from the same inadequacies as the
junior doctor (56). However, at this level some actions (often telephone
orders) are undertaken at the behest of the registrar/fellow. Some of these
actions include patient case assessment, investigation, and management. In
some instances, there are further referrals to subspecialty units and transfer
of patient care to different teams of on-call doctors.The consultant is usually
contacted about the patient’s situation. This traditional hierarchal referral
model of care, while arguably appropriate for more chronic outpatient
medical conditions, is not well suited for the acutely ill patient in the general
ward setting. For it to be successful in this setting, all of the following steps
need to occur:

1. Timely response of all staff in a well-coordinated sequence
2. Correct diagnosis
3. Correct assessment of the severity of the patient’s condition is appro-

priately communicated
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4. Appropriate actions are taken
5. The actions taken are documented
6. Response is documented

In a previously reported study, the median duration of these processes prior
to cardiac arrest and/or ICU admission in 112 patients was 6.5 hours,
ranging up to 432 hours (31). When one considers these “clinical futile
cycles” (41) and the complexities in which all of these “soft defenses” must
operate, it is little wonder that there are not more unexpected iatrogenic
inpatient deaths. Often the only factors that prevent greater mortality are
patient physiological resilience and the hypervigilance of a junior medical
or nursing staff member, which has been shown to be an inadequate defense
against organizational accidents.

MET and MET Calling Criteria

The concept behind a MET is based on 2 premises: first that there is a sig-
nificant mortality rate among those patients that have an in-hospital cardiac
arrest (57,58), and second that it would seem logical to treat the patients
before the cardiac arrest occurs. As such, there is a requirement for calling
criteria to activate the MET.To date, most of the MET calling criteria imple-
mented (Table 4.3) have been developed on the basis of clinical intuition
and without rigorous validation. For example, it would seem reasonable that
a patient with a systolic blood pressure of less than 90 mmHg at least be
assessed by a trained resuscitation expert. However, in most hospitals we
have no idea of the true incidence of this degree of hypotension and its
natural history without MET intervention. This highlights the requirement
that if MET criteria are to be useful to general ward staff, they need to have
a high degree of face validity. It would seem from the limited number of
observational studies that have attempted to validate MET criteria (36,37)
that abnormal neurological and respiratory observations have the greatest

Table 4.2. Automated, escalated alert interventions for Box 4.1
Abnormal Alert

Time observation status Alert recipient Action required

3 pm 1. Heart Rate: 2 1. Receiving Patient reviewed
130bpm surgical ward within 3 hours

2. Junior Medical ?return to operating
Officer room

6 pm 1. Heart Rate: 3 1. Surgical Registrar Urgent patient review
140bpm within 1 hour

11:30 pm 1. Heart Rate: 4 1. MET Urgent resuscitation
150bpm 2. Treating

2. SBP: <90mmHg surgeon and ICU
specialist
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positive predictive value for valid MET activation. As discussed previously,
from our own work in this area we found that loss of consciousness,
decreased consciousness, respiratory rate of less than 6 per minute and
greater than 30 per minute, had far greater significant predictive value 
for in-hospital death than cardiovascular instability and oxygen desatura-
tion (Table 4.4) (36). The creation of MET criteria has at least some docu-
mented, objective parameters, which should aid in the identification of 
the potential patient crisis, and once it is recognized, there is an improved
likelihood that the appropriate response will occur (e.g. calling a MET).
Having MET criteria has other benefits: it helps identify the onset of the
crisis objectively and enables those reviewing the case in retrospect to iden-
tify whether a delay in care occurred and the consequent impact of the
delay.

Communication Technology as a Hard Defense

With the advances in communication technology and given that there are
easily identifiable risk factors for unexpected iatrogenic patient demise
(Table 4.1), there is a need for a patient-centric system that communicates
accurate patient abnormal physiological data to the most appropriate per-
sonnel in a timely fashion. Such a system would require electronic entry of
simple bedside observational data, which could then be processed to deter-
mine appropriate severity and communication of this to the most appro-
priate doctors and nurses. This would remove many of the subjective,
human cognitive factors that so often either fail or simply do not occur in
the acute hospital setting when patients become acutely ill. Considering the
case history in Box 4.1, such a system could function with the treating 
clinical staff as outlined in Table 4.2. The alerts are graded according to the
severity of the clinical observations and allow for escalation if the appro-
priate management does not occur. Alert escalation can be configured in-
dividually, to alert other, more senior staff of “failed alerts,” or to
automatically page the MET/cardiac arrest teams when appropriate. Theo-
retically such a system should significantly reduce important errors of cog-
nition and delays in diagnosis and treatment, and thus reduce morbidity and
mortality from adverse events, in particular cardiac arrest.

Table 4.4. Risk of Mortality: Independent Predictors
Event Odds ratio and 95% CI

Decrease of consciousness 6.4 (2.6–15.7)
Hypotension 2.5 (1.6–4.1)
Loss of consciousness 6.4 (2.9–13.6)
Bradypnea 14.4 (2.6–80.0)
SaO2 < 90% 2.4 (1.6–4.1)
Tachypnea 7.2 (3.9–13.2)
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5
Overview of Hospital Medicine

David J. McAdams

History of the Hospitalist Movement

Traditionally the primary care physician (PCP), usually an internist or
family practice physician, has been responsible for outpatient and inpatient
care. Many forces in health care have pushed toward a separation of care
provided to patients in these separate locations. Changes in hospital man-
agement systems, hospital size, the increasing severity of patient illness, and
out-of-control health care costs have been integral in the push toward an
inpatient physician care model (1). Within the context of these changes,
there has been a growing sense of dissatisfaction among PCPs regarding
the ability to provide timely and efficient care to both their outpatient and
inpatient populations. This has given rise to the hospital medicine “special-
ist,” an emerging specialty that is defined, much like critical care and emer-
gency medicine, by the site of care rather than a disease, patient population,
or organ system.

While physicians with inpatient care duties have existed both in North
America and Europe for some time, the appearance of the hospital physi-
cian, or “hospitalist,” is a newer phenomenon. Certainly, the ever-present
house officer has had a place in history as the physician who essentially lives
in the hospital. However, this role has been mainly restricted to the medical
trainee with little experience and much responsibility, serving as a rite of
passage toward becoming the more senior and less-present attending physi-
cian. In contrast, the hospital physician is a more experienced physician, not
under the same training and hierarchical constraints as the house-officer,
who is available at almost all times to care for the needs of patients in the
hospital setting.

It has been almost 10 years since the coining of the term “hospitalist” by
Wachter and Goldman (1). Definitions have been reworked and adapted,
but currently the Society of Hospital Medicine defines hospitalists as:
“physicians whose primary professional focus is the general medical care
of hospitalized patients. Their activities include patient care, teaching,
research, and leadership related to hospital medicine” (2). The drive and
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expansion of this field of medicine has been felt throughout the United
States and abroad, and its popularity continues to grow. During the past
decade this new specialty has formed its own professional society, created
dedicated journals, and inundated well-respected, traditionally general
medicine journals with abundant evidence-based literature. Society of Hos-
pital Medicine estimates indicate that there were about 2000 hospitalists in
1998 and 8000 in 2003, with that number expected to rise as high as 25000
by 2010 (2). Indeed, this is one of the only fields of medicine where there
is a vast surplus of jobs comparative to physicians to fill them.

Most hospitalists have been trained in internal medicine, mostly general
internal medicine, although there is a large subset that has subspecialty
training, usually in critical care medicine. The remainder are mainly family
practice physicians, pediatricians, and others who specialize in infectious
diseases and cardiology. Currently, no formal training is required to become
a hospitalist—-indeed, a significant amount of training in internal medicine
is geared toward care of the hospitalized patient. However, there are 6 hos-
pitalist fellowships currently with more being planned for the future. In
many ways they are designed like general internal medicine fellowships,
gearing the physician toward further experience in education and clinical
research while providing continued exposure to inpatients and their
medical problems.

Models of Hospitalist Care

Wachter has described 4 stages of hospital care that help to illustrate the
driving forces behind hospitalist models (3). These stages help us to under-
stand inpatient care structure, but they are not meant to be hierarchical,
nor do hospital systems pass through them sequentially. Rather, this is a
tool that helps us to understand that many external forces predicate how
hospital care is provided.

The first stage is the PCP model, in which PCPs care for their own
patients admitted to the hospital. This has been the classic model of care in
medicine. The second stage involves rotating coverage of hospitalized
patients between members in a private practice, where each physician takes
turns caring for those patients admitted. This model became popular as
physician groups got larger and the number of patients in their practices
increased. In the third stage, we see the emergence of a dedicated hospital
physician who cares for inpatients; PCPs may pass on care of patients to
the hospital physician, but are not required to do so. In the fourth stage, in
contrast to the voluntary hospitalist stage, PCPs are required to hand over
care of patients to the inpatient physician. Every stage has its own associ-
ated advantages and disadvantages. For example, in stages 3 and 4, the inpa-
tient physician can provide continuous care to admitted patients while the
PCP is free to spend more time in the office. However, this may lead to dis-
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continuity of care due to multiple providers, or dissatisfaction in not being
able to see one’s own doctor. Given the forces of health care today, many
if not most hospital systems are relying at least in part on a voluntary hos-
pitalist system of care, as described in stage 3.

Numerous hospitalist models of care are in place today. In many ways,
the models continually redefine themselves based on changes in the hospi-
tals and in physician training. For example, recent restrictions in housestaff
work hours have necessitated that hospitals find alternative ways to cover
patients.

One type of model includes a private practice group employing a hospi-
talist to admit and care for patients. A much more popular model involves
a private practice group of inpatient physicians providing care to patients
admitted to the hospital; typically such hospitalist groups contract out to
private practices or hospitals to care for their patients. These models are
popular with community facilities. Other models include those in which hos-
pitals and health maintenance organizations hire their own inpatient physi-
cians. Finally, many academic centers now have divisions or sections of
hospital medicine. Academic hospitalists generally do less direct work with
direct patients than private hospitalists—usually between 1 and 6 months
per year—but their time is usually supplemented by activities such as hous-
estaff training, academic research, and administrative duties.

Benefits of Hospitalist Systems

There are several benefits inherent in having a dedicated physician caring
for patients requiring hospitalization. The hospitalist is not limited or con-
strained by the problems that come with an office practice.As such, the hos-
pitalist is available throughout the day or night to see patients immediately,
to meet with patient family members and loved ones, and to respond to
emergency situations. The hospitalist is also in a prime position to foster 
a culture of patient safety, primarily by participating in multidisciplinary
teams (4). Additionally, since this doctor practices only in the hospital, over
time the hospitalist becomes more attuned to developing and maintaining
the necessary skills to manage acute inpatient medical issues.

Hospital medicine is a relatively young field, but the body of evidence in
literature showing the benefits of this new system is growing rapidly. Pub-
lished data demonstrates that utilizing hospitalists decreases total costs per
case and patient’s length of stay (5); preserves patient satisfaction despite
no direct PCP involvement in care (5); helps lower short-term mortality (6);
provides benefit in end-of-life care (7); and improves resident education (8).
Data also suggests that some of these changes, particularly length of stay
and cost per case, are derived only when experienced hospitalists are
present in a program or after a program has been established for some time
(6). This should be noted with concern, since the recent explosion in this
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position’s popularity in hospital medicine has left many slots open for inex-
perienced hospitalists, and since some programs are designed to be tran-
sient and are filled by recent residency graduates. Nonetheless, the benefits
derived from hospitalist use are evident, and certainly this concern will
diminish over the next decade as the number of providers begins to equi-
librate with the number of available employable positions.

A large number of hospitalist journals now exist. Interestingly, nearly
every one has a section focusing on quality improvement or patient safety.
Again, because these physicians are working within the hospital most of the
time they are afforded the unique ability to police the system, recognize
areas of improper or inefficient care management, and formulate and carry
out care plans that have been proven to enhance inpatient care.

Hospitalists as Acute Providers

Compared to past decades, sicker patients are being admitted to the hos-
pital, and they are staying longer. Most patients are no longer simply staying
in facilities awaiting tests—they have serious, volatile problems, with con-
ditions that can change at any time. One can argue that 24/7 care of patients
by an in-house physician is much more beneficial than traditional, outside,
overnight call coverage (9).

By virtue of focused training in hospital medicine and advanced cardiac
life-support techniques, the hospitalist is in a prime position to care for the
inpatient in urgent and emergent situations. In general, adverse events
follow a gradual clinical patient deterioration, and often the signs go unrec-
ognized or are even ignored (10). While there is not much direct data yet
to suggest a link between hospitalists and early recognition of deteriora-
tion, there is some suggestion that the omnipresence of the hospitalist
allows for more prompt recognition of acute problems with patients and
implementation of appropriate and directed care to prevent adverse out-
comes (6,8).

The hospitalist can work alone in this venue, but more commonly he or
she works as part of either a multidisciplinary team or a Medical Emer-
gency Team (MET). The concept of a “code team” is not new, and certainly
many facilities rely on intensivists and intensive care unit (ICU) teams to
provide emergency care.The newer trend is an attempt to make these teams
more universal and more rapid to respond. The use of a hospitalist system
does not preclude the need for a MET—the hospitalist, both intensivist 
and non-intensivist, can be a part of this response team. Physicians trained
in internal medicine (who do not then do subspecialty training) often do
not have major instruction beyond basic life support and advanced cardiac
life-support techniques, particularly complex airway management. More
often the non-intensivist hospitalist is the first responder to urgent or emer-
gent situation, calls the MET to the bedside, and can certainly be involved
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as an integral member of the MET as the “code leader.” However, the more
challenging aspects of code management are usually reserved for the inten-
sivist. Again, the major benefit of the hospitalist to the hospital system is
being in a position to foster a more astute recognition of the clinical dete-
rioration of patients, and then set into motion the necessary elements to
call the MET to the patient’s aid.

Many clinical trials now are underway to examine the usefulness of
METs. At least 2 studies (both were non-randomized and non-blinded)
have shown some benefit to having a MET—namely a decreased incidence
of unanticipated ICU transfers, lower incidence of death without a do-not-
resuscitate order, a deceased incidence of and mortality for in-hospital
cardiac arrests, and a reduction in overall hospital mortality (11,12). There
certainly appears to be some advantage from in-house METs, but the extent
of it remains to be seen.

Thoughts for the Future

The wave of the future in hospital care will almost universally involve the
hospitalist. Yet given the rapid nature with which this is occurring, steps
need to be taken to ensure that hospitalists are prepared for the situations
they will encounter on a daily basis.

Instituting steps to improve retention (incentive programs, reasonable
shifts, and work hours, etc.) will likely improve performance and care deliv-
ery in programs that employ hospitalists. Changes may also be made in res-
idency training programs to allow candidates interested in a career in
hospital medicine the opportunity to obtain more experience in the care of
the inpatient and in managing inpatient emergencies. While more fellow-
ships for hospital medicine may continue to emerge, it remains to be seen
if completing a fellowship will be required for those wishing to pursue a
hospital-based position.

It may become necessary to define the specific types of training required
for hospital medicine, and almost certainly this will evolve around manage-
ment of acute scenarios. Hospitalists need to be fully trained to deal with
emergent events, particularly non-intensivists. In academic centers, residents
receive less and less exposure to urgent or emergent events and procedures.
Interestingly, they are getting more controlled experience in the lab setting,
but much less bedside emergency situation experience.And since no formal
training is required in hospital medicine, much of these duties are falling
onto the shoulders of already busy and short-staffed intensivists.

Focused training for hospitalists participating in multidisciplinary teams
or METs may prove to be extremely beneficial for every aspect of patient
care. While the former will almost certainly allow for better management
of quality issues and patient safety, the latter will be the basis for provision
of care during acute hospital emergencies.
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6
Medical Trainees and Patient Safety

Stephen W. Lam and Arthas Flabouris

Health Care, Health Care Facilities,
and Medical Trainees

Medical trainees form an important part of the medical profession. They
are vital health care resources, contributing both to the delivery of health
care to patients as well as advancements in research and academic medi-
cine. Their contribution is profoundly influenced by their prior undergrad-
uate academic education and supervised clinical experience. Progression
through the postgraduate years is associated with a diminishing level of clin-
ical supervision as clinical expertise is accumulated. Assessment is typically
a combination of formative and summative assessment, until the trainee is
considered safe to practice without further supervision.

Postgraduate clinical training generally occurs in large health care 
facilities. The patient profiles and illness types (or “case mix”) found in 
these facilities influence the health care provision that is required 
from medical trainees. These factors, in addition to others such as level 
and quality of supervision, available resources, and working condi-
tions, determine a trainee’s learning environment. Together, this creates 
a “shared dependence,” where patients depend on a trainee capable of 
providing them with safe care, while the trainee relies on patients to be 
part of a learning environment from which to gain quality training and
experience.

The hospital inpatient population is becoming increasingly complex. The
population is aging (1,2), with increasing co-morbidities, changing disease
demographics (3–5), increasing complexity of health care technology (6),
and patients with chronic and often terminal conditions in acute care 
facilities due to the lack of available chronic and aged care facilities.
Meanwhile hospitals seek to achieve cost efficiency through reducing acute
hospital beds, streamlining inpatient care, staff reductions, and greater
emphasis on home care. The changing needs of patients is also reflected by
an increase in demand for a new specialist in hospital medicine, or “hospi-

55



talist,” capable of providing competent institutional care in a team envi-
ronment and handling both acute medical events (7) and palliative care
issues (6,8).

The rapid growth in technological and scientific advances resulting 
from better understanding of complex disease processes and how to deal
with them has fueled the growth of medical specialization. The number of
American Medical Association–accredited specialties and subspecialties
increased from 14 in 1927 to 41 by 1985, after which growth was exponen-
tial, reaching 124 by the year 2000 (9). Highly technical proceduralists and
specialists are now limiting their practices to specific diseases, organs, or
parts of the body. Because of the associated technical complexity and cost
of such procedures, many of these services are restricted to academic and
acute care medical facilities. As a result, there has been a decline in the
number of medical practitioners devoted to comprehensive and whole indi-
vidual care. Medical specialization has been criticized as being unnecessar-
ily fragmented (10) and confusing to patients and general practitioners
alike, with risk to the perception of medicine as an integrated profession
(11).

Undergraduate Years

The primary role of medical schools is the education of medical students—
preparing them with the necessary knowledge and skills for structured,
supervised practice in acute care facilities. Increasingly this role has had 
to compete with research and other non-teaching activities. In the 1990s,
the medical curriculum was criticized for being too rigid, overuse of 
didactic teaching methods, and too much emphasis on rote memorization
(12). Since then the emphasis of undergraduate training and examina-
tion has shifted away from the didactic acquisition of academic knowledge
and toward a focus on patient-oriented knowledge and problem-based
learning (6,13,14). The adoption of patient-based learning methods has
been undertaken with a view to improving the link between undergradu-
ate training and postgraduate provision of patient care (6,13–15). It also
allows undergraduate training to evolve with changing patient needs on the
wards.

Recognition of the importance of practical skills assessment has lead 
to the use of such examination techniques as the Observed Structured 
Clinical Examination (OSCE). For the assessment for competency in 
critical care skills, a teaching methodology that incorporates structured 
clinical, objective, multidisciplinary, problem-based instruction (16) with
that of OSCE and/or computer simulation–based assessment have been
shown to be effective (17).
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Medical Trainees and Patient Safety—The First 
Few Years

Despite lacking a strong base of medical experience, postgraduate medical
education in acute care facilities is tailored toward clinical expertise in
select medical domains through a specialized, structured curriculum, which
deviates from a more whole-patient approach. Medical trainees often lack
sufficient skills to meet patient needs (14,18–20): training in the basic
aspects of recognizing and caring for the critically ill patient is often lacking
not only in the undergraduate years (21,22) but often in postgraduate
studies as well (23,24), and may remain in a poor state after completion of
the chosen medical specialty and among specialty supervisors (25).

Because of the frequent and routine nature of many aspects of general
ward care, such as handling minor complaints and prescribing intravenous
fluids, at many health care institutions the most junior member of the health
care team are the first point of contact when an issue arises. Such issues are
often nonspecific and undifferentiated complaints, or requests made by
patients, nursing/paramedical, or medical staff. Under such circumstances,
most junior trainees remain unsupervised and receive little feedback, unless
an adverse event is the result.

The high frequency of minor medical issues arising in ward care has also
created the need for 24-hour “on-call” medical officers to deal with them.
On such shifts, medical trainees often are given a wide range of smaller, less
focused tasks. Several tasks for multiple patients may be allocated to the
individual simultaneously from different areas of the hospital. Such tasks
may be of varying priority, and for reasons ranging from the urgency of the
patient’s clinical condition to time frames and deadlines (e.g. awaiting trans-
fer to the operating room).

As such, medical trainees often are faced with the need to triage priori-
ties and handle important tasks with multiple distracting issues under sig-
nificant time pressures. “On-call” shifts are typically long and extend
outside normal working hours.

Frequently the mode of presentation of medical emergencies is subtle or
nonspecific; and their early recognition and correct management is crucial
to patient safety and outcome (7,26–30). Subtle indicators of a more severe
underlying process can be easily overlooked among the burden of routine
tasks. A recent survey of patients who suffered cardiac arrests, death, or
unanticipated intensive care unit admission in hospitals in 3 countries
revealed that significant physiological abnormal findings were present in
many patients prior to those events. For some patients there was docu-
mentation of review by medical staff, thus highlighting the possible pre-
ventability of such adverse events (31). Similarly other studies have
documented patients with abnormal and/or inadequately attended clinical
findings who subsequently experience potentially preventable adverse
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events (30,32). Inappropriate working conditions can hinder a trainee’s
ability to correctly identify and separate warning signs of impending disas-
ter from more minor complaints and issues, and provide appropriate care
in a timely manner where required (33–37).

Improving Patient Safety in Institutions with 
Medical Trainees

The delivery of health care can be separated into 2 types:

• predictable by the presenting illness (e.g. provision of elective surgical
procedure or drug treatment for a known problem), or

• an unanticipated acute medical problem or complication (e.g. undiag-
nosed illnesses, idiosyncratic drug reactions, iatrogenic and nosocomial
complications)

The supervision of postgraduate trainees in their provision of patient care
that is predictable by the presenting illness should be adjusted according to
the trainees’ level of experience and assessed competency. Predictable
illness clinical pathways can be used to oversee clinical performance, but
the value of senior clinical oversight should not be ignored (26). Such over-
sight can be useful in detecting missed diagnoses as well as providing edu-
cational feedback upon performance.

Responses to acute medical emergencies should be immediate, orga-
nized, predetermined and involve of a team of appropriately trained and
resourced clinical staff. A good example is a trauma team response (38,39).
The organization of trauma management has resulted in a significant reduc-
tion in preventable deaths (40,41). However, for inpatients with acute
medical emergencies, often the most junior doctors are left to manage such
emergencies on their own. Not only may they lack the required critical care
skills, but they also lack the crucial skills of being able to communicate,
coordinate, and organize a team response. Often monitoring and procedural
equipment are not available, and senior assistance may be remote or not
provided in a timely fashion. This is especially so in acute care facilities,
where response to acute ward medical emergencies may be limited to a
team that responds only to cardiac arrests.

As demonstrated in this book, a team that responds to acute medical
emergencies other than cardiac arrest for hospital inpatients is a concept
that is becoming increasingly popular (42–45). Ideally medical trainees
should be trained in basic and advanced resuscitation skills, no matter what
their primary specialty training. However, the expectation that all such
trainees would be able to regularly perform or practice those skills is hard
to sustain. It is more important that trainees be instructed in the early recog-
nition of at-risk patients, and/or patients that may go on to experience an
acute medical illness (7,26–30), and possess the skills to integrate them-
selves within any available hospital medical emergency response team.
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Postgraduate Training and Specialization

Complicated patients need practitioners who are able to manage undiffer-
entiated illnesses, often along with multiple specialist teams and/or other
generalists. Focus on one area of practice with specialist training invariably
leads to a lack of knowledge and experience in other areas.

The multifactorial causes of adverse events in the Quality in Australian
Health Care Study shows that technical competency, problem-solving
ability, communication, performance, and system design all contribute to
the quality of medical care and thus should be considered integral compo-
nents to postgraduate education curricula (46).

Thus, in this age of increasing specialization it is crucial that postgraduate
training maintains a more balanced approach to acute care for the whole of
the patient.At the very least medical trainees should be taught to distinguish
warning signs that may herald a greater emergency requiring need of further
attention, recognize their limitations, and be empowered to refer as appro-
priate or seek other critical care involvement during times of medical crises.

Support for the concept of the hospitalist has grown as a result of issues
of patient safety and a drive for lower inpatient costs (47,48). The rise of
the hospitalist mirrors that of the critical care domains of intensive care and
emergency medicine, which pioneered and continues to promote coordi-
nated, whole-patient acute care for inpatients. Hospitalists have become the
preferred providers of postgraduate medical education among medical
trainees in some countries (49).

Training and retention of basic and advanced life-support skills requires
a multidisciplinary, coordinated, and integrated team approach, one that is
far removed from the current situation of a junior doctor acting in isola-
tion within a hospital ward. Such training is best served through clinical
exposure within dedicated critical care units, simulation technology, and
skills laboratories (50). Training that also involves instruction in triage,
emergency planning and preparation, team leadership, teamwork, and team
organization during emergency response should be included. Consideration
for such training should begin in the undergraduate years. A system of
regular reaccreditation is an essential component.

Summary

With changing hospital patient demographics and rapidly advancing health
care technology, it is becoming increasingly important for health care
systems to evolve to meet their new challenges. Medical trainees, as a vital
health care resource, provide both elective and emergency medical care
within acute health care facilities. Postgraduate training and medical team
structure often place junior trainees at the forefront of identifying and
responding to inpatient acute medical needs.This requires them to deal with
issues ranging from the trivial to the more complicated and often subtle
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presentations of acute medical emergencies.Their ability to recognize these
signs and alert and participate in the response to acute medical events with
hospital medical emergency teams is crucial to minimizing serious adverse
events for such patients.

For medical trainees to safely and efficiently fulfill their roles in emer-
gent and elective patient care, undergraduate and postgraduate training will
need to provide them with the appropriate skills, environment, balance
between specialization and general medicine, and appropriate supervision.
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7
Matching Levels of Care with Levels
of Illness

Gary B. Smith and Juliane Kause

My ward was now divided into three rooms; and, under favor of the matron, had
managed to sort out the patients in such a way that I had what I called my “duty
room,” my “pleasure room,” and my “pathetic room,” and worked for each in a dif-
ferent way. One, I visited with a dressing tray full of rollers, plasters, and pins; another,
with books, flowers, games, and gossip; a third, with teapots, lullabies, consolation and
sometimes, a shroud.

—Louisa May Alcott (1)

Matching the level of care to the severity of a patient’s illness seems fun-
damental to the provision of quality health care. However, until recently
admission to the hospital has generally been an unplanned process, with
patients being admitted directly from home, an outpatient clinic, or the
emergency department (ED) to a general ward. A few very sick patients
were admitted directly from the emergency department to a high depen-
dency unit (HDU) or an intensive care unit (ICU) for higher levels of mon-
itoring or care, but the majority were placed in general, poorly monitored
environments. In times of high HDU/ICU occupancy, even sick patients are
triaged to lower care areas (2).

The placement of patients on general wards has often been based on the
type of disease, rather than their care needs or severity of illness.As a result,
patients of different illness severity have been treated together. Medical and
nursing care was usually specialty-based, with most urgent clinical care
being provided by trainee staff working in hierarchical structures. Patients
were admitted under specialists who were experts in their field but often
lacked the ability to detect and manage critical illness arising from condi-
tions outside their specialty. There was often little planning of the patients’
in-hospital stay, and patient flow through hospital areas often bore little
relation to their level of acuity. While these systems served some patients
well, others were disadvantaged and often received suboptimal care (3–10).

Today reduced hospital beds and increased reliance on outpatient
surgery mean that only the sickest patients are now hospitalized. In general,
patients are older and more dependent than in previous decades; the inci-
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dence of co-existing morbidity is higher, and patient management has
become more complex, placing greater pressure on health care staff. Devel-
opments in nursing, medical, surgical, and anaesthetic care mean that
complex therapies and investigations that were previously unavailable or
deemed too risky are now commonplace. In effect, the hospital has become
the “intensive care unit of the community.”

Evidence of Incorrect Placement of Patients

In an ideal world, the sickest patients should be admitted to an area that
can provide the greatest supervision and the highest level of organ support
and nursing care. While this is often so, it is clear that many patients are
incorrectly placed for their level of acuity (11–17). For example, in a 2-week
survey of medical and surgical wards in a UK hospital, Leeson-Payne et al.
recorded 111 “HDU days,” representing 57 patients (11). Similarly, Crosby
and Rees showed that 6.8% of patients in surgical ward beds and 50.8% of
patients in ICU beds would have been more appropriately cared for in an
HDU (12). Over 60% of patients in a group of Welsh HDUs were also
incorrectly placed; the majority of them were well enough to be cared for
on a general ward (13). Similarly, a study of 8040 ICU admissions in the
United States demonstrated that 76.8% of patients admitted simply for
monitoring were reported to have a 10% chance of receiving active ICU
treatment during their stay; only 4.4% actually received it (14). These data
suggest that, although ICU and HDU beds are scarce, low acuity patients
are often placed there. This is important, as inability to admit sick patients
to an ICU when they require intensive care leads to poor outcomes (18–20).
Improvements in these processes have occurred, due to the introduction of
recommendations for admission and discharge criteria for critical care units
and the associated levels of care (21–27).

The mismatch of patient needs and the care capabilities is not limited to
those who are sufficiently sick to warrant an HDU or ICU bed. For instance,
surgical patients “lodged” on medical wards may also receive care that is
not matched appropriately to their disease or level of acuity if ward staff
are unfamiliar with the disease process or its treatment; the same is true for
patients who are in ICU but should be on the medical ward.

Definitions of Levels of Care

The disparity between patient severity of illness and the location of their
care has encouraged the UK health service to define levels of care for hos-
pitalized patients (25). Using this system, patients are allocated to a level
of care according to their clinical need; location and prevailing nurse-to-
patient ratio are not considered (25). The system uses 4 levels of care:
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Level 0: Patients whose needs can be met through normal ward care in
an acute hospital. Such patients would usually only require oral or bolus
intravenous medication, patient-controlled analgesia, and vital sign obser-
vations performed once every 4 hours.

Level 1: Patients at risk of their condition deteriorating, or those recently
relocated from higher levels of care whose needs can be met on an acute
care ward with additional support from the critical care team. Such patients
might require vital sign monitoring on a more frequent basis than Level 0
patients, regular physiotherapy, airway suction every 2 to 6 hours, or
advanced techniques such as epidural analgesia.

Level 2: Patients requiring more detailed observation or intervention,
including support for a single failing organ system or postoperative care,
and those stepping down from higher levels of care.

Level 3: Patients requiring advanced respiratory support alone or basic
respiratory support together with support of at least 2 organ systems. This
level includes all complex patients requiring support for multi-organ failure.

Unfortunately, the UK classification system shares some terminology
with the Society of Critical Care Medicine’s recommendations for catego-
rizing intensive care units (23). Nevertheless it does provide a starting point
from which levels of care can be matched to patient severity of illness.
Patient movement between these levels of care has been portrayed as linear
(28), but the speed of physiological deterioration can be dramatic and
sudden as compensatory mechanisms fail. Occasionally, patients will suffer
acute deterioration and a “false arrest;” 33% of these patients subsequently
die in the hospital (29).When in doubt, it is probably wise to opt for a higher
level of care, as it is much easier to step down care if the patient is later
found to be stable or improving.

Identifying the Patient’s Level of Illness

Signs of illness reflect the interaction between the patient’s physiological
reserve (i.e., age, prior health), physiological deterioration (particularly res-
piratory rate, heart rate, SaO2, and level of consciousness), and the under-
lying clinical condition.The level of treatment being received by the patient
should also be considered, as this will influence physiological values; for
example, consider the impact of supplementary oxygen on SaO2.

In general, clinical signs of acute illness are similar whatever the under-
lying process, as they reflect failing cardiovascular, respiratory, and neuro-
logical systems. Consequently, sensitive methods of identifying those
patients at risk of deterioration are difficult to develop, and current prac-
tice depends upon the use of systems incorporating measures of vital sign
deterioration (30–34). These systems are intuitive; however, their sensitiv-
ity, specificity, and accuracy in predicting certain clinical outcomes have yet
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to be widely validated (33,35–37). Indeed, although numerous studies have
identified heart rate, blood pressure, respiratory rate, and conscious level
abnormalities to be markers of impending critical events (38–42), sugges-
tions that their incidence have predictive value must be questioned, as not
all important vital signs are, or can be, recorded continuously in general
ward areas. Several studies confirm that the charting of vital signs is often
poor, with resultant gaps in data (41–45). While the use of physiological
systems can increase the frequency of vital sign monitoring (46), they will
only truly be useful for outcome prediction if widespread monitoring of
hospitalized patients becomes available.

It is rare for a single symptom, clinical sign, vital sign measurement, or
laboratory investigation to be pathognomonic of a specific clinical condi-
tion. Consequently, clinical decisions are usually based upon more than one
piece of information, each of which is weighted for its significance in the
context under consideration. While the use of a warning score based on
common physiological abnormalities is appealing, it is possible that a more
subjective approach, based loosely on staff experience and expertise may
also be effective (47–49). Future research needs to consider how the per-
formance of physiologically based scoring systems can be enhanced by the
inclusion of factors such as the results of routine investigations (50,51),
symptoms, diagnosis, and therapy (52). If such scoring systems can be incor-
porated into computerized monitoring systems that include so-called
“smart alarms” and decision-support and neural network technology, they
may prove useful in detecting subtle trends sufficiently early for critical
illness to be averted.

Response to Acute Illness

Even when medical staff is alerted to a patient’s abnormal physiology, there
is often delay in attending to the patient or in referral for higher levels of
care (3,41,42,53,54). The use of algorithms that dictate specific actions and
response times are helpful but not perfect (53,54). Delayed treatment on
wards can result in poor outcomes (55).

Knowledge and Experience of Ward Staff

Patients should expect to be treated in areas where the knowledge and clin-
ical expertise of doctors, nurses, and physiotherapists is appropriate for their
condition. However, at a time when hospitalized patients’ acuity is increas-
ing, deficiencies in the acute care knowledge and skills of medical staff have
been identified in numerous studies (56–69). For example, recent research
papers suggest that junior trainee doctors may have knowledge gaps con-
cerning resuscitation (57), fluid and electrolyte balance (57,58), analgesia
(59), issues of consent (60,61), pulse oximetry (62,63) and drug dosages
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(64,65). Similar deficiencies in skills and ability have been documented, with
trainee doctors unable to perform simple clinical procedures such as drug
calculations (66), nasogastric tube placement, bladder catheterization
(67,68), and electrocardiogram interpretation (69). Often medical trainees
had not observed common or essential procedures (70),and this is supported
by the documented diminishing exposure to clinical cases (71–74), which
reflects condensed training and shorter hours of work (75,76).The acute care
knowledge and skills of senior ward doctors has not yet been assessed, but
there is little to suggest that their performance is likely to be better (77,78).

“Deskilling” of ward nurses seems to have been one of the adverse out-
comes of the opening of ICUs and HDUs. Previously, when overall hospi-
tal acuity levels were low, patients with complex medical problems and
invasive monitoring could easily be admitted to these new, high-care areas.
However, over time, hospital activity levels have risen, patients have
become sicker, and ICUs and HDUs have become full. Ill patients are now
discharged earlier to the general wards, where some clinical skills have not
been maintained (79,80) (since patients of the highest acuity have been
removed to the ICUs) and as a result staff often lack confidence when
dealing with acute care problems (81). Ward staff rarely use a systematic
approach to the assessment of critically ill patients (81). Consequently,
courses in acute care are being developed that are suitable for ward nurses
(82,83).

The discovery that trainee doctors and ward nurses often lack the skills
necessary to detect critical illness and manage sick patients is worrying, as
they are usually the first to assess and treat patients. Of particular concern
are reports that medical school training provides poor preparation for
doctors’ early careers in clinical medicine and fails to teach essential aspects
of applied physiology and acute care (84–89). Furthermore, the common
textbooks used by medical students and trainee doctors to learn how to
examine patients rarely offer advice on how to assess the acutely ill patient
(90). In the UK, these shortfalls have led to the development of postgrad-
uate courses to teach doctors, nurses, and physiotherapists how to recog-
nize and manage critical illness on general wards (82,91,92). The Society 
of Critical Care Medicine has also introduced a course, directed at non-
intensivists, which focuses on managing sick patients in the first 24 hours of
critical illness when more direct critical care expertise is unavailable (93).
Similarly, an advanced resuscitation course forms part of the Medical Emer-
gency Team (MET) programs established in Australia (94).

It is recognized that training in acute and critical care should commence
early on, and many countries have established curricula for inclusion in
undergraduate medical education programs (89, 95–97). New educational
techniques are often used, including simulation and computer-assisted
learning (98–100). Training opportunities in critical care are now available
for large numbers of medical school graduates in the UK (101). There are
also attempts to standardize training and education for medical and nursing
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staff who are interested in careers in critical (102–105) and acute medicine
(106). Increasingly, these require the trainee to demonstrate acquisition of
certain core competencies.

Potential Impact of Staffing Levels and Patient 
Flow on Outcomes

Hospital staffing tends to be at its lowest during night-time hours and on
weekends, potentially making it difficult to match levels of care to patient
acuity. Admission to a general medical ward after 5 pm (107) or to the hos-
pital on weekends (108) is associated with increased mortality. Patients who
are discharged from ICUs to general wards at night have an increased risk
of in-hospital death compared to those discharged during the day and to
those discharged to HDUs (109,110). If hospitals were well staffed at all
times, the temporal variation might be eliminated. Often those who need
to be readmitted to ICU are shown to have residual organ failure at the
time of ICU discharge (111). Ward nurses are often uncertain about the
dependency of patients received from ICU; better communication from
ICU staff might improve this (112).

In US hospitals, greater registered nurse staffing was associated with a
reduction in rates of pneumonia, shock, cardiac arrest, and death (113).
Mortality in the ICU is also increased at times of lower staffing levels (114),
perhaps suggesting poor matching of care with demand.

New Approaches to Matching Care with Patient
Severity of Illness

Many of the reported deficiencies in acute care relate to inadequate man-
agement of the patient’s airway, breathing, and circulation, or aspects of
patient monitoring (3–5, 38–42). These areas of practice are extremely
familiar to specialists working in critical care, anaesthesia, and emergency
medicine, but less so to the clinicians under whom patients are tradition-
ally admitted. Consequently, many new models of care delivery attempt to
support the primary admitting team with the skills of resuscitation special-
ists (115,116). These advances can be categorized into new patient admis-
sion processes, early emergency department treatment, new general
medicine specialists, rapid response teams, and better decisions about lim-
itation of care and resuscitation.

New Patient Admission Processes
In many UK hospitals, emergency patients are now rarely admitted directly
to a general ward without a degree of in-hospital triage. As before, some of
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this occurs from the emergency department; however, new admission
wards—medical and surgical assessment units—have been created for the
rapid triage for patients referred by primary physicians (117). These units
perform 2 major functions; they monitor and observe patients for up to 72
hours, and act as a single location for all acute admissions until their
required level of care is evaluated.The single location provides rapid access
to senior medical staff, diagnostics, and urgent treatment, acting as a central
focus for on-call medical, nursing, and physiotherapy staff, in contrast to the
traditional system in which staff and patients were dispersed throughout
the hospital. In some centers, the opening of assessment units has been
accompanied by the appointment of senior clinicians in acute medicine
(118). Other developments that have accompanied the introduction of
medical assessment units and surgical assessment units are the concepts of
post-admission ward rounds and, perhaps more appropriately, multiple
ward rounds during a single day (119).

Early Treatment of Patients in the 
Emergency Department
Many acutely ill patients enter the hospital via the emergency department
and are obviously in need of immediate ICU-type interventions. It 
makes little sense to defer these interventions until ICU admission,
which may be delayed by organizational factors. Emergency departments
usually have the resources to intervene with techniques, such as invasive
cardiovascular monitoring, non-invasive cardiac output measurement,
and oximetry, which facilitate the use of early goal-directed therapy (120).
Early therapy in the emergency department reverses physiological deteri-
oration (121), and although several publications demonstrate that late
application of goal-directed therapy in critically ill patients is not beneficial
(122,123), early therapy appears capable of improving patient survival
(120).

New General Medicine Specialists
In the United States, cost pressures, increased patient acuity, shortened hos-
pital stays, and time pressures on primary physicians led to the develop-
ment of the hospitalist, a new type of generalist physician who cares for
patients with a wide range of organ dysfunction (124). In this book, the role
of the hospitalist is described in detail in Chapter 5.The hospitalist provides
the immediate, cross-specialty, clinical care that has so often been lacking
in the hospital from community-based, primary care physicians. The major-
ity of hospitalists are specialists in general internal medicine (125). While
their primary professional focus is general inpatient care, 80% of hospital-
ists also care for these patients when they are admitted to critical care units
(126). Hospitalists also have teaching, research, and administrative respon-
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sibilities, and where they have been introduced they seem to have been ben-
eficial (124,127).

In the UK, many hospital physicians have specialized to the point where
their involvement with the “on-call” admission of unselected, acutely ill
medical patients has become intermittent and a minor part of their work.
Many also state that they would never participate in hands-on emergency
care (119). In response, some hospitals have appointed acute care physi-
cians who often work within medical assessment units (118). Others have
introduced systems in which the on-call physician is relieved of all con-
flicting duties while on call (119), or have adopted the concept of “physi-
cian of the week,” in which a senior clinician’s schedule for the week is
dedicated exclusively to the care of medical emergencies (119,128).

Rapid Response Teams
In most hospitals, the only nonspecific acute care team in existence is the
cardiac arrest team. Although such teams appear to improve the rates of
survival for patients after cardiac arrest in circumstances where no team
had previously existed (129,130), there is evidence that most victims survive
due to the actions of staff before the team arrives (131). Cardiac arrest also
has appallingly low rates of survival (132,133). Consequently, some hospi-
tals in Australia and the United States have introduced Medical Emergency
Teams whose role is much broader than, but includes, care of the patient in
cardiac arrest (134–142). The early involvement of the MET, which usually
comprises medical and nursing staff from intensive care and general 
medicine responding to specific calling criteria (34), seems to reduce cardiac
arrests, deaths, and unanticipated intensive care unit admissions (42,
137–139); they may also detect medical error, improve treatment limitation
decisions, and reduce postoperative deaths (94,140–142).

In the UK, the Department of Health supported the development of a
similar system of preemptive ward care, based predominantly on individ-
ual members or teams of nursing staff (143). Models of outreach services
are, perhaps, less prescriptive than that described for the MET. For instance,
they may range from a single critical care consultant nurse (144) to a 24-
hour, 7-day-per-week multi-professional team. Some are based upon exist-
ing acute pain relief teams (145) while others may manage only
postoperative patients (146,147). Evidence suggests that the effects of out-
reach teams or systems are beneficial (148–151). A disadvantage of nurse-
based outreach teams is that, although they may use patient group
directives to enable them to administer fluids and oxygen without consul-
tation with doctors, their pharmacological interventional armamentarium is
limited.
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Better Decisions About Limitation of 
Care and Resuscitation
If a hospital patient is not expected to live, alterations are often made in the
level of care required. Although a do-not-resuscitate decision does not
exclude other active care, for some patients the focus of care will shift to
palliation of symptoms. However, there is evidence that the resuscitation
status of many patients referred for active therapy has often not been 
considered, or that the decision made was inappropriate (94). Even when
patients have clear evidence of severe physiological deterioration, which
could be anticipated to lead to cardiac arrest or death, decisions about resus-
citation status are uncommon (42). This may be due to a reluctance of staff
to engage in difficult do-not-resuscitate discussions with patients or their 
relatives, or because their knowledge of such policies is poor (152). Inter-
nationally, there are varying attitudes with regard to the training and prac-
tice of ethical aspects of resuscitation (153,154). For example, many
European countries have no formal policy for recording –do-not-resuscitate
decisions, and the practice of consulting patients about the decision is 
variable (153). Improved treatment limitation decision-making is likely to
improve patient care, reduce unnecessary and futile cardiopulmonary 
resuscitation attempts, and make resource utilization more rational.

Summary

Existing models of acute care do not match care provision with patient
severity of illness and may lead to substandard care and medical error. New
methods of care delivery, in which the work of primary clinicians is sup-
ported by the skills of resuscitation specialists, provide opportunities to
improve this situation. These advances involve medical and surgical assess-
ment units, hospitalists, consultants in acute care, early emergency depart-
ment treatment, medical emergency and outreach teams, and better
decisions about limitation of care and resuscitation.
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8
General Principles of Medical
Emergency Teams

Daryl Jones, Rinaldo Bellomo, and Donna Goldsmith

There is nothing more difficult to take in hand, more perilous in its conduct or more
uncertain in its success, than to take the lead in the introduction of a new order of
things; because the innovator has for enemies all those who have done well under the
old conditions and lukewarm defenders in those who may do well under the new.

—Niccolo Machiavelli

The hospital system of developed countries is highly imperfect. It delivers
extraordinarily variable outcomes for a given medical condition or surgical
procedure. While some of this difference is due to the inherent biological
variability of patients and disease states, much of it is attributable to the
variability of the performance of health care providers and of the systems
within which they work. Positive variability (excellence) is obviously not a
problem; negative variability (error or substandard practice), on the other
hand, is a major problem.

From well conducted studies in the United States and Australia (1–3) and
assuming that other Western health care systems are similar, somewhere
between 200 000 and 400 000 patients in developed countries’ hospitals may
die needlessly because of such errors every year (4).

Many agree that something must be done to make hospital patients safer
and improve systems of care. Few, however, are able to suggest a change
that can be implemented reasonably rapidly and shown to decrease 
morbidity and mortality relatively quickly. Nonetheless, one such system
change has been recently proposed: the Medical Emergency Team (MET)
(5–10). This chapter will focus on the general principles underlying this
approach.
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Physiological Principles

The MET as a Logical Approach for Preventing Serious
Adverse Events in Hospitalized Patients

Most hospitals have hundreds of patients at any given time.They are receiv-
ing care in different wards, with different levels of monitoring, and have a
variable intensity of disease and medical intervention. While many of them
have a hospital stay without incident, some are at risk of serious adverse
events, including cardiac arrest. The care that these patients receive is
dependent on the diligence, knowledge, skills, and experience of the doctors
and nurses attending them, as well as the hospital infrastructure and
resources.While care of hospital patients could be improved by massive and
costly changes in the daily allocation of care and resources (such as 1 nurse
for 1 patient, or electrocardiogram, oximetry, and other electronic monitors
at all beds), it is illogical and unpractical to apply such interventions to all
patients in a hospital setting. As most hospital patients are low-risk, thou-
sands would be needed in any given study to show the positive effects of
such approaches on reducing the incidence of adverse events or mortality.

However, approximately 15% to 20% of all hospitalized patients will
develop serious adverse events including cardiac arrest (1–4,11).These clin-
ical adverse events are rarely sudden or unpredictable, and are frequently
preceded by 1 or more signs of physiological and biochemical deterioration
that occur over hours and sometimes days (12–14). This is the first of a
number of important factors underlying the notion that the MET is a logical
approach for the prevention of serious adverse events (Table 8.1) (15–17).

Using preset criteria of physiological instability, any member of the ward
staff can activate the MET to rapidly mobilize intensive care staff to deliver
prompt and definitive treatment in the early phase of clinical deterioration.
The MET system aims to reduce cardiac arrests, morbidity, and mortality.
To achieve this goal, the hospital must develop the capability to deliver
intensive care services promptly to critically ill patients, regardless of the
patient’s location. Just as an ambulance goes to the patient within the com-
munity, so the MET must go to the patient within the hospital.

And just as lay people cannot be expected to deal with acute illness in
the community, junior and inexperienced doctors cannot be expected to
reliably deal with life-threatening critical illness in the hospital.Thus, objec-
tive, reproducible, and easily measured criteria must be developed to trigger
intervention by the MET (Table 8.2). Preset criteria increase the reliability
of MET calls, and allow auditing of the appropriateness of the calls and any
delays. In addition to being objective and reproducible, the criteria are non-
invasive, and thus provide potential benefit with minimal risk of harm.They
include familiar and routine nursing vital signs as well as a “worried” cri-
terion (caregiver “worried” about patient and wants help) to allow flexibil-
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ity in dealing with any possible emergency situation. Although the
“worried” criterion is impossible to validate, it is the most common reason
for MET activation in Austin Health in Melbourne.

This observation highlights another principle of the MET system: calling
criteria must be simple, objective, and real to the typical caller (nurses).These
calling criteria are based on clinical experience. It would be unethical to
construct a trial in which the control group is left untreated following the
discovery of such signs of instability, and it would be impossible to gain
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Table 8.1. Physiological rationale for the MET as approach for preventing serious
adverse events in hospitalized patients

Principle 1: There is time for intervention (12–14).
•The evolution of clinical and physiological deterioration is relatively slow.

Principle 2: There are warning signs (12–14).
•Clinical deterioration is preceded by physiological deterioration in commonly measured

vital signs.
•These observations are easy to measure, inexpensive, and non-invasive (measuring

them does not hurt the patient).

Principle 3: There are effective treatments if dangerous conditions are recognized.
•Examples include beta-blockers for myocardial ischemia, fluid therapy for

hypovolemia, non-invasive ventilation and oxygen for respiratory failure, and
anticoagulation for thrombo-embolic disease.

•The majority of MET interventions are inexpensive, relatively simple, and non-invasive
(7).

Principle 4: Any member of staff can activate the MET.

Principle 5: Early intervention improves outcome.
•The assumption that early intervention saves lives has been shown for the treatment of

trauma (15) as well as septic shock (16).
•The hospital survival for cardiac arrest is at best 14% (17).
•It is intuitive that sick people are easier to treat than dead people.

Principle 6: The expertise exists and can be deployed.
•Intensive care doctors and nurses are experts in the delivery of advanced resuscitation.
•The review of the critically ill patient is prompt.

Table 8.2. MET calling criteria at Austin Hospital

If 1 of the following is present, call 7777 and ask for the MET.
•Staff member is worried about the patient
•Acute change in heart rate <40 or >130bpm
•Acute change in systolic blood pressure <90mmHg
•Acute change in respiratory rate <8 or >30bpm
•Acute change in saturation <90% despite oxygen
•Acute change in conscious state
•Acute change in urine output to <50ml in 4 hours.



consent and randomize patients rapidly after developing a medical crisis.
For these reasons, retrospective and before-and-after trials are important
to consider, and retrospective studies have demonstrated that the presence
and number of such warning signs are related to mortality (18,19).

Sociological and Cultural Principles

The MET Is a Sociological Process
Those who think that the physiological rationale presented above should
be enough to prompt action and a change in systems are not appreciating
the sociological aspects of hospitals and medicine.

For the MET to be effective, the first sociological change that needs to
occur within the hospital relates to safety. Safety must move up the ladder
of priorities for all health care providers. Currently organizations typically
focus on “efficacy” and productivity as their priority and pride. Safety must
move to an equally important position within the institution.

A second sociological principle is that nurses must be empowered to do
more for their patients and call for help outside of the regimented frame-
work created by the history of Western medicine. If a patient is critically ill
and needs prompt review, it is unreasonable, illogical, and dangerous to ask
the nurse to page junior doctors who may be unavailable (e.g. in the oper-
ating room) and/or lack the skills to manage patients in crisis (12,17,20,21).
Similarly, the attending specialist or consultant may not even be in the hos-
pital. While a plan to have senior consultants train inexperienced individu-
als on how to intervene in a medical crisis may make sense, in practice it is
difficult to deliver in today’s hospitals because of competing responsibili-
ties. Therefore, a new plan like the MET is needed.

Nurses are highly trained professionals; they care about their patients and
must be empowered to call for competent and promptly delivered help (the
MET). This is a major paradigm shift, but a necessary one for the MET to
work. It might meet resistance from physicians used to a hierarchical model
of care from the last century, but such resistance must be dealt with politi-
cally by the organization. The organization must make it clear that it is hos-
pital policy to enable any member of the staff to seek help via the MET at
any time and for any reason they believe appropriate. These issues are
covered in more detail in Chapter 9.

If a nurse makes a call for the MET and is criticized later by the attend-
ing consultant for following “hospital policy,” the attending consultant must
be made aware of and asked to work within the new system. These socio-
logical changes are vital.

Hospital staff tends to train and work in discrete care areas or special-
ties that we call “silos.” For example, cardiologists treat patients with heart
problems, endocrinologists treat patients with hormonal disorders, and
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orthopedic surgeons treat patients with bone diseases. These divisions must
break down in acute situations, when it is clear that expertise from another
silo is needed (for example, if an orthopedic patient develops chest pain).
Such need for a second opinion is entrenched in chronic (or at least less-
acute) hospital medicine. A plan for rapid assistance must also become
entrenched in acute medicine, and the response must happen within
minutes, not days. The MET, in a sense, is a rapid second opinion—the
appropriate expertise gets to the patient promptly.

Of course, an endocrinologist would never be asked to fix a broken neck.
Similarly, why should we let a trainee not skilled in lung diseases try to treat
a patient with hypoxemic respiratory failure? It is profoundly illogical. The
appropriate doctors for such a patient should be those who most frequently
treat hypoxemic respiratory failure. Antediluvian concepts like “patient
ownership” are unacceptable in an emergency. A model similar to the team
approach to managing severe trauma must be adopted for managing the
acutely ill ward patient.

In Austin Health, it is no longer acceptable for junior doctors to attempt
to treat acutely unwell ward patients in an unsupervised manner at the
expense of patient safety. One of the aims and potential benefits of the MET
is the provision of appropriate support and supervision of junior doctors in
acute resuscitation situations (Table 8.3). The adage in modern medicine of
“see one, do one, teach one” must be replaced by a practical plan to always
have the best person available to meet the patient’s needs, at the patient’s
bedside. This plan requires a cultural change. These sociological principles
are as important to the success of the MET as the physiological principles
outlined above.
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Table 8.3. Aims and potential benefits of the MET
Aim Potential benefits

•Assist ward doctors and nurses in •Reduction of cardiac arrests and unplanned
the management of acutely unwell ICU admissions
and complicated patients •Reduction in morbidity and hospital length of

stay
•To educate and supervise junior •Increased use of hospital beds for management

medical staff in the advanced of primary surgical diagnosis rather than
recuscitation of acutely unwell complications following surgery
patients

•Improve awareness and ability of •Increased confidence of staff in the
doctors and nurses to identify and management of acutely unwell patients
manage acutely unwell patients

•Provision of objective calling •Empowering of nursing staff and doctors to 
criteria for activation of the MET seek help by a system which is supported by

hospital policy
•Early identification and treatment •Reduced ICU length of stay and disease-related

of patients requiring ICU therapies morbidity and mortality
•Assist in advanced treatment •Avoiding unnecessarily invasive therapies and

directive decision making cardiopulmonary resuscitation in patients for
whom it is inappropriate, futile, and undignified



The MET Is About Organizational Culture

The MET system can only be successful and thrive in the right culture. An
organization’s culture must be committed to the “Cs” of good patient care:
competence in treatment delivery; compassion in the reaction to a patient’s
problems; communication in dealing with the patient, the family, and
members of the health care team and other colleagues; collegiality in
dealing with other care groups within the hospital; caring in ensuring that
the right outcomes are delivered; and credibility in the eyes of the patient,
the family, the health care team, and colleagues.

If organizations do not encourage and reward these values, the MET
cannot be successfully implemented and/or remain effective. In particular,
if the MET is not viewed as embracing the above values and does not have
professional credibility within the organization, it will fail.

The precise personnel composition of the MET varies from model to
model. Most often, the MET contains an intensive care fellow and nurse,
as well as the receiving medical fellow of the day (Table 8.4), and in some
settings, a respiratory care practitioner. Each member of this team has des-
ignated roles that may also vary between models. The advantage of the
MET system is that the expertise of the team members can be brought
together in a timely manner to formulate and deliver a definitive manage-
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Table 8.4. Structure and roles of MET personnel
Staff member Role/responsibility

Intensive care •Thorough understanding of interplay between clinical medicine,
fellow mechanism of disease, and therapies for reversal of acute

physiological deterioration (advanced resuscitation techniques)
•Skills in airway management and advanced cardiac life support
•Facilitation of advanced treatment directives
•Documentation of issues surrounding MET for ongoing audit 

and quality control
Intensive care nurse •Advanced knowledge in the application of therapies required in 

advanced resuscitation
•Provision of ongoing information and advice to ward nurses for 

patients remaining on the ward following MET-call
•Liaising with intensive care unit regarding potential for patient

admission
Medical fellow •Skills in diagnosis and management of underlying etiology of

medical condition
•Follow-up and ongoing management of patients remaining on

ward following MET call
Ward nurse •Knowledge of patients’ nursing issues since admission and

leading up to MET call
Respiratory care •Assistance with respiratory-related therapies

practitioner (US)



ment plan. To a varying degree, all members of the hospital community are
members of the MET.

Political Principles

The MET Requires Political Support
Any change in an organization’s structure will always require an amount of
political support, and the MET system is no different. For political support
to be obtained, there first must be leadership. This means that opinion
leaders, administrative leaders, and academic leaders must be seen to
support and promote the MET system.These individuals set the tone of the
institution’s response to the MET. Their support is vital to its success and
must be sought from the start.

The second vital political step is to ensure the support of the stakehold-
ers. Stakeholders include nurses, attending physicians, residents and interns,
and training program directors. They should all appreciate the aims of the
MET, as well as the potential benefits for them if they support the MET
(Table 8.3). Nurses must be made to appreciate that the MET will increase
their ability to obtain help immediately.Attending physicians must be made
to realize the MET will ensure their patients’ safety when they are not in
the hospital, and, more importantly, they must also accept that METs do
not “take patients away from their care.” Residents need to appreciate that
the MET is there to support them, or substitute for them if they cannot
attend, and interns must be made to understand that the MET is there to
teach them, support them, and keep them from having to deal with over-
whelming situations alone. In addition staff must realize that reduced length
of hospital stay may improve the efficiency of bed use. It is important that
the users of the system appreciate that all major decisions will be made only
following communication with them.

Our experience is that if these political processes are dealt with carefully
and systematically, all stakeholders will support the new approach. Of
course, each stakeholder may come to this realization in his or her own time.
Nurturing those wary of the MET response must continue long after other
caregivers may have given it strong endorsement.

Other political processes need to be put in motion to ensure the success
of the MET. They include paving the way by educating nurses, residents,
interns, other staff and announcing the imminent introduction of a new
system. The system change must be supported with accounts of when and
how the current system has failed and continues to fail patients, and these
should be related to the stakeholders. Such accounts must come with a
vision of how they can be fixed through a MET system, and a sense of
urgency that too many patients have already suffered unnecessarily and the
time to make the change is now.
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This process must not single out units or individuals—it must be made
clear that it is the system that must change. There is also a clear political
(and scientific) need to define short-term goals that can be achieved and
outcomes that can be used to test whether the system is working. If it can
be shown that outcomes improved with the MET, the MET will become
entrenched in the culture of the organization.

Finally it is absolutely necessary to offer regular feedback to users once
the MET is implemented. This is one of the most important means of
achieving and maintaining political support for the change. MET callers
must always be thanked, and occasionally they must be told they saved a
patient’s life by calling in a timely fashion. Such immediate and case-
relevant feedback is extremely powerful in generating positive emotions
and strong support for the MET.

Logistics: Introducing MET into a Hospital System 

The system change required for successful introduction of the MET model
must occur in a number of phases (Table 8.5), and involves the participa-
tion of multiple members of the hospital staff (Figure 8.1). These processes
are discussed in detail elsewhere in this book.

The most important aspect of the preparation phase is to collect regional
and site-specific data on the qualitative and quantitative aspects of adverse
events in the hospital. This data serves as a baseline for historical compar-
ison and acts as a “call to arms” to motivate cultural and social change.
Throughout the implementation process, an individual or group of individ-
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Table 8.5. The phases of introducing a MET service into a hospital setting

Preparation phase
•Accurate collection of baseline levels of serious adverse events and cardiac arrests
•Presentation of preliminary findings and MET model to hospital administration
•Education sessions for medical and nursing staff
•Preparation of members of the MET
•Formulation of MET-resuscitation trolley and instruments for ongoing documentation

of MET data

Implementation phase
•Consider initial implementation in high-risk area
•Provide positive feedback to staff after successes
•Follow-up for patients receiving multiple MET calls
•Availability of adequate MET resources on a 24-hour basis
•Evaluation of need for increased HDU/ICU beds

Maintenance phase
•Ongoing audit of cardiac arrests and MET calls
•Continued education of new medical and nursing staff entering the system
•Ongoing feedback of MET effectiveness to hospital community



uals must champion the MET cause. If the culture, politics, and sociologi-
cal aspects of the hospital are not attended to, all else will fail.

Once administrative and financial support has been secured, the next task
is to win over the doctors and nurses who will use the MET system. Infor-
mation and education sessions should be given on a repeated basis and
should be tailored to the audience.

The MET service must be adequately staffed by trained personnel to
guarantee a rapid, expert, and effective response. Activation of the MET
system should be an easy process (and significantly easier than pre-MET
processes for managing a crisis).Accordingly, effort should be made to min-
imize logistic barriers to triggering and summoning the MET: specifically,
calling criteria and the emergency call number should be readily displayed
on telephones, large wall posters, and/or on pocket cards for caregivers. In
addition, the system should ensure 1-ring operator pick up of calls and a
coordinated method of notifying the MET members as to the location of
the call. Response time should be measured with “mock MET responses”
to prove that responses meet speed and reliability criteria. If these mea-
sures are undertaken, then the MET will become embedded in local hos-
pital culture. The experience at Austin Health has been that there is a
progressive increase in call rates over time (Figure 8.2).
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Figure 8.1. The plight of the unwell patient in the environment of the MET.



Summary: From Intuition to MET Implementation 

The theory behind the MET system and the principle that early interven-
tion improves outcome is intuitive. It is considerably easier to resuscitate a
patient who is alive rather than one who is dead. Successful implementa-
tion of a MET system relies on support from hospital administrators and
participation of staff members at all levels and of all disciplines. Introduc-
tion of the MET requires careful planning and information sessions that
must be repeated on numerous occasions. An ongoing audit of the impact
of the system on adverse outcomes, as well as the experiences of the users
of the system, must be maintained.

Above all, it should never be forgotten that the goal of the MET system
is to improve the quality of patient care by reducing avoidable morbidity
and mortality.
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9
Potential Sociological and Political
Barriers to Medical Emergency
Team Implementation

Michael A. DeVita and Kenneth Hillman

Introduction

While there is an abundance of literature on the success or otherwise of
simple medical interventions such as a new drug or procedure, there is little
in the way of evaluating system implementation. The Medical Emergency
Team (MET) system requires implementation across an organization
involving clinicians and administration (1). This chapter will discuss poten-
tial obstacles to as well as possible enhancement strategies for the imple-
mentation of a MET system across an organization. The major barriers and
strategies for overcoming them are noted in Table 9.1.

Sources of Obstacles and Inertia

The MET system was first described in 1994 (1), but investigators are still
attempting to quantify the types and magnitude of the benefits. A cohort
comparison study involving 3 hospitals demonstrated a reduction in case-
mix-adjusted rates of unanticipated admissions to the intensive care unit
(ICU) (2). Another MET evaluation study demonstrated a significant
reduction in the incidence of, and mortality from, unexpected hospital
cardiac arrests (3). A further prospective before-and-after trial demon-
strated an impressive reduction of in-hospital cardiac arrests, death follow-
ing cardiac arrest, and overall in-hospital mortality after the introduction
of a MET system (4). Although these and other studies are preliminary in
the sense that they are not randomized prospective placebo-controlled clin-
ical trials, they nevertheless provide considerable support for the concept
of a planned system response to crises that would reliable rescue patients
as they deteriorate. Yet few hospitals to date utilize such a system—why is
this?

The barriers to the introduction of METs have a number of background
and cultural sources that are difficult to discern and to overcome, and they
have not been well studied or described. The first barrier is viewing all
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errors as a predictable result of the system of care that permits them to
occur. While health care delivery may work well in providing individual
patient clinical care, few systems cross existing health care “silos”—the 
professional groupings such as nursing or internal medicine physicians, or
geographic groupings like an intensive care unit. Quality work within 
silos tends to be relatively easy to foster because members of a group tend
to have common incentives and disincentives. Hospital-wide systems,
however, are more difficult to effectively introduce and maintain in part
because the framework for interdisciplinary systems improvement is rela-
tively new to health care organizations and also because the members of
diverse groups may have conflicting incentives. This perspective fosters the
blaming of an individual or of chance for an error or adverse event, and a
system that lacks adequate quality checks (such as double-checking blood
prior to transfusion), continuous patient monitoring (such as pulse oxime-
try), and a rapid recovery system to reliably intercept the consequences of
errors and prevent harm is one that will be unsafe. Overcoming the per-
ception that errors are not systematic is essential to creating an effective
crisis response system.

The MET system is a hospital-wide patient safety system. It assumes
errors will be made, and provides an important (and potentially life-saving)
mechanism for the system to recover from a failure and prevent the dete-
rioration of a patient’s condition, irrespective of whether the deterioration
was due to an error of omission or commission. The MET system requires
interdisciplinary resources and teamwork. It presupposes that the system
views these events as relatively common and preventable, as well as worth
preventing and worth the associated costs. In other words, the hospital
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Table 9.1. Barriers to MET implementation and methods to overcome them
Barrier Suggested approach

Failure to view errors as products Multidisciplinary event reviews of care antecedent
of the system rather than to a crisis
individual mistakes

Lack of data that METs are Review current data; run focused trial;
life-saving multidisciplinary crisis event reviews

Professional silos Multidisciplinary event reviews; teach “system” of
care

Professional control Emphasize METs to support, not supplant primary
team’s coverage; return patients to primary team
immediately after event

Educational system Emphasize benefit of better supervision of trainees
by crisis team responders; track outcomes, delays
in current system

Financial Utilize current resources to staff MET response;
identify frequency of avoiding ICU admission
identify mortality benefit to offset cost



system of care must prioritize patient safety and view errors as a problem
with the system, instead of an individual error.

A second barrier is the lack of incontrovertible data regarding the benefit
of a MET system. The culture of medicine tends to be scientifically based;
thus, behavioral changes tend to require evidence that change will have
value. Such a study is underway in 23 Australian hospitals involving three-
quarters of a million patients, using a cluster control methodology. The
study should shed light not only on the effectiveness of a MET system, but
also on factors that may affect its degree effectiveness. These factors may
include the incidence of vital sign abnormalities that a MET system could
respond to, the rate of response once predefined MET criteria have been
reached, and the response’s effectiveness. Because the study does not focus
on the sociological and psychological barriers to creating an effective
response, it may not have the full impact one might expect. Further study
will be needed to create the cultural change required to support a MET
system.

Some might argue that a placebo-controlled trial for METs is impossible
because the intervention is performed in a setting that is so large and
complex that comparisons are difficult, and because the participating hos-
pitals are sure to demonstrate “contamination” as the people within the
study move from hospital to hospital in the normal course of career
changes. Thus no trial will truly be controlled or be a “pure placebo.” The
impediments to research extend to the types of data elucidated, because
they are fundamentally different from the data one obtains from, for
example, a placebo-controlled drug trial. Endpoints are less discrete and
not as easy to measure as patients’ clinical data. This difference may lead
scientifically scrutinizing readers to devalue the current and perhaps future
data regarding the MET system. However, no one can argue against early
intervention in serious illness. The effectiveness of the system depends on
factors such as the appropriateness of the calling criteria, systematic imple-
mentation strategies, and suitable maintenance strategies to ensure ideal
functioning of the system over time.

A third barrier is the existence of professional silos. Most hospital pro-
fessionals were trained in a system in which only their profession is taught.
Teaching the various health professionals exclusively their own profession
creates a tendency toward cultural and intellectual isolation. Workers also
practice their profession within their own silo, and become knowledgeable
about the data within their silo, but remain relatively ignorant of data
outside their silo or of interactions between the professional silos.The intel-
lectual and role isolationism sets up a system of ownership, competition,
and egocentrism, and is perhaps the foundation for blame when things go
wrong. Similarly, the “health care team” is often deficient because they are
rarely trained together and sometimes do not cooperate in system improve-
ment activities; it is no team at all. Better models for teamwork exist in
sports or in the military. For example, the aviation industry sees itself as a
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global team continually striving to improve effectiveness and reduce error.
A team learns and practices together before working together; a prime
example is in sports, where there is a long history of effective training to
improve effectiveness and reduce error among those competing together
as part of a team. In contrast, members of the health care professions tend
to view themselves first as a physician, or nurse, rather than a team member.
This cognitive “set” can prevent individuals from taking actions that are
within their capability but outside the traditional boundaries of their 
profession.

Another fundamental problem is that health care education is deficient
in teaching the “system” of care. Instead it focuses on diseases—diagnos-
tics and therapeutics— and concentrates on procedural skills, such as setting
up a ventilator, inserting a central line, or performing a dressing change.
Training programs traditionally do not emphasize the “health care system”:
how a hospital works, including the hospital hierarchy; the roles and respon-
sibilities of various staff; the interactions within the system; and the infor-
matics infrastructure. Implementing systematic change is often left to health
graduates to learn while on-the-job.This sets up a system “blindness,” where
members of the health care professions may not trust the environment
within which they are working, which leads them to set up their own
methods for “getting around the system to get things done right.” In this
mindset, the system is the problem, not the solution.

Medicine is relatively resistant to change. For example, it took trauma
systems 10 years before they demonstrated a decrease in mortality (5–7).
But there is also little acknowledgment or understanding of the complex-
ity of health care and therefore little understanding of implementation
strategies for any new process. The identification of facilitators and imped-
ers is for the most part through personal experience, and only for those
“trying to get something done” (8–11).

Foundations for System Change

Some recent social changes are laying the foundation for in-hospital trans-
formations. First, recent publications and scandals over potentially pre-
ventable deaths in the health care system have highlighted the frequency
of errors and the harm that they cause (12). To Err Is Human, a book pub-
lished by the Institute of Medicine in the United States, previously high-
lighted the under-publicized poor safety record of the US health care
system. As a result, society now expects and is demanding more safety from
the health care system.

Federal policy is beginning to shift, as constituencies demand safer care
and greater accountability.This change is occurring globally. National safety
bodies oversee strict standards for drugs and devices, but currently there 
is little in the way of evaluating and imposing standards around health
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systems. In the past decade the Joint Council on Accreditation of Health-
care Organizations (JCAHO) in the United States has introduced tough
new safety system audits (13).Their initiatives coincided with a tragic death
in a hospital that had very recently been audited and accredited by the orga-
nization, which led some to conclude that the auditing system itself needed
repair (14,15).The US Food and Drug Administration has altered its report-
ing mechanism and its methodology for notification of important drug error
concerns. They now observe for sources of medication error and put pres-
sure on manufacturers to alter packaging, labeling claims, and marketing
approaches to prevent systematic sources of clinical errors and harm.

Health care marketing strategies have also changed. Health care buyers
are working together to get the best value instead of the best cost. For
example, the Leapfrog group in the United States has defined system stan-
dards and care goals that have prompted providers to alter their approach
to care delivery, marketing, and data collection (16–18). Thus, senior health
care officials are now attentive to safety as an important indicator of quality
of care within a hospital, and a number of agencies in the United States,
Australia, and Europe now are showing interest in METs. For example, the
Institute for Healthcare Improvement is providing courses on METs, and
JCAHO has included information on METs at its national meeting. Both
the federal and state governments in Australia are currently sponsoring an
evaluation of the MET system. Because safety is a goal for all caregiver
organizations, these forces are leading administrators and caregivers to 
recognize the possible benefit of the MET for their institution and their
patients. It would also demonstrate that they are practicing according to
newly emerging practice patterns and safety initiatives.

Impediments Within the Hospital

There are a number of impediments within the hospital that my challenge
the implementation of a MET system. The first is cost. For at least the last
decade in the United States, there has been a huge focus on cutting costs.
However, as noted above, there is now a shifting focus to safety. While cost
is and will always remain an issue, the balance is changing from favoring
cost considerations to a new obsession with quality.

The MET seems to increase cost because MET systems appear to require
new equipment and staffing.When a MET system is undertaken, one should
expect a 3- to 5-fold rise in the frequency of calls to seriously ill patients
(19), although the majority will not be cardiac arrest events (1,20). Based
on those numbers, it is easy to predict the staffing required for emergency
stabilization. Medical Emergency Teams often include 1 or more intensive
care or emergency medicine physicians and nurses, an anesthesiologist or
nurse anesthetist, and 1 or more respiratory therapists. In addition, other
members of the staff who are not part of the team will respond and attempt
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to help manage the crisis; this activity is usually in addition to the other
responsibilities they have. This perception of added work is a barrier to
implementation and may stop discussion before accurate estimates of cost
and benefit can be analyzed. It is estimated that training every staff member
of a hospital to deal with cardiac arrests would cost over $500 000 per sur-
vivor (21). On the other hand, a MET system aims to concentrate a small
number of experts who respond to all hospital emergencies, rather than uni-
versal training for all staff in basic cardiopulmonary resuscitation. In this
sense, METs will save training costs and also decrease the work of those
who would otherwise respond to cardiac arrest events.

A second impediment is that crisis teams intervene for patients who are
usually being cared for by other individuals. This raises 2 issues. The first is
power—who is in “control” of the patient’s care. If one group is already
treating the patient, calling in a second group sets up a conflict regarding
who is in charge, with the implied question of who is better. The second
issue is based on historical perceptions that each team should give “total”
care to its patients. In this model, calling for help may be perceived as a sign
of weakness, perhaps both emotional and intellectual, implying that the
caller is somehow not equipped to deal with the situation. These attitudes
promoting barriers between clinical services need to be removed and
working across traditional silos is required for successful implementation
of MET responses.

Because METs require cultural as well as behavioral change, hospital
nursing, physician, and administration leadership is required to make the
system work. These leaders are needed for political support and for the
added funding needed for the program. Without hospital leadership force-
fully advocating for improved care of patients in crisis, and finding the
resources needed to demonstrate both the need for and benefit of this
service, the project is unlikely to succeed.

Senior colleagues in the allied health professions are key allies in culture
change, in particular senior nurses and physician leaders. Staff nurses and
doctors working in the hospital will not participate fully in the project
without support from their leadership. The work occurring at the crisis
response requires a significant influx of nursing and physician support; often
the support arrives from other areas of the hospital. This shift of work
responsibilities will be in addition to other responsibilities and so may be
resisted. The leadership has to view the larger hospital perspective and be
able to allocate resources that can both handle the added workload and
have the skills necessary for the management of hospital crises. To protect
these resources from added work, the leaders may balk at lending their
support. Opting for the status quo—especially when it seems that individ-
uals rather that systems are the cause of crisis events—is often the politi-
cally easier course to take.

We have observed that role perception of caregivers is a barrier to imple-
mentation and successful use of METs. Professional differences may create
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unanticipated barriers to a MET system. Nursing staff have a culture of
recording patient vital signs and then reporting it to medical colleagues
rather than acting on the findings directly. This is due in part to a long
history of not being empowered to translate concern into action. In this
process, nurses who find a low blood pressure, for example, will try to
contact the physician responsible for that patient rather than immediately
act. The exception to that rule is when the patient is found without a pulse
or respiration; then the nurse may act to activate a crisis response to deal
with the patient. A MET system empowers nurses to act immediately to
bring a crisis response. Nurses (and physicians) may feel uncomfortable in
participating in a new process that appears to change the traditional role
of the nurse, and they may be reluctant to take on responsibilities that are
not traditionally within their own boundaries. We have observed experi-
enced individuals in our human simulator crisis team training course avoid-
ing important tasks that are “not their job”—for example, no one may
rescue breathe for a dyspneic patient because that is the job of anesthesia
or critical care staff. Creating new processes for MET responses will chal-
lenge traditional roles and responsibilities, which is a potential barrier to
the system’s implementation.

Just as remaining mindful of one’s profession may prove a barrier to the
correct response, being mindful that one’s performance may be criticized
will alter behavior. Junior medical staff, who are trying to learn and impress
their seniors, are likely to see calling for help as a sign of weakness. Junior
doctors traditionally look after their own patients no matter how sick they
are and call for help only when they have insight into their own inadequa-
cies and the potential consequence of this for patients. The problem is that
until one is knowledgeable, one can neither appreciate these possibilities
and dangers nor recognize when they are “in trouble.” Medical trainees
often do not possess the skills, knowledge, or experience necessary to rec-
ognize and resuscitate seriously ill patients (22,23).

Physicians, nurses, and others in the hospital have operated in hierar-
chical and separate teams, creating an important barrier that needs to be
acknowledged and understood. A nurse may recognize trouble and ask for
input from other, more experienced nurses; when the situation is deemed
to be beyond the capabilities of the nursing chain, they will call a physician.
That physician will respond based on his or her skills and priorities. When
that person finds the problem exceeds their skills, a second call is made, and
a third or a fourth, until finally all the resources are assembled. This knowl-
edge and skills ladder is hierarchical in nature and builds in delays in
response. Even though there are well-recognized delays, caregivers may be
reluctant to go outside the chain of command when a crisis occurs. For MET
responses to work, that chain must be identified as a systematic barrier to
rapid and effective care of a patient in crisis. This tacit statement that the
current hierarchy is a source of error and harm could prove a barrier to
accomplishing implementation of the system.
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Traditional medical and nursing education is also a potential impediment
to the MET system, since it teaches that learning is best when one thinks
through a problem on one’s own, and then learns from the successes and
mistakes. Crisis response teams optimally intervene rapidly and with appro-
priate expertise. The response may be so fast that trainees may not have
the opportunity to think it through and decide for themselves what are the
most important considerations and best course of action. There may be a
belief that not allowing mistakes somehow impedes learning. Since many
advocate that education is an important component of medicine and
nursing care, causing a situation where teachers believe learning is not 
possible will create concern.

The belief that an error results from an individual’s actions, and not
because of a failure of the “system” to prevent error, is a major barrier to
MET implementation (24). Recognition that a faulty system permits error
and harm to a patient is relatively advanced thinking in today’s medical
world. The Morbidity and Mortality (M & M) conference structure often
concentrates on individual errors rather than contextualizing it into “system
thinking.” The failure to recognize that a system that permits errors is a
faulty system is a fundamental barrier to implementing METs. It always will
be easier to blame an individual than a system in such traditional M & M
conferences, and so the need for a “system fix” remains unrecognized. As
long as this perception persists, there will be a significant barrier to creat-
ing a new process that threatens established hierarchy and current practice
patterns.

Strategies to Overcome Hurdles

The authors have noted a number of strategies to overcome a variety of
hurdles. Some strategies may operate optimally during the implementation
phase and others are more appropriate for systems maintenance. There is
no data to support which barriers need to be overcome first, nor any to
determine which strategies are most effective, easiest, or surest.

Both authors have found that hospital “stories” of failures or near misses
can become the basis for a forum where an alternative system approach can
be discussed. There are 2 types of stories that tend work. The first is the
“cause celebre,” in which some tragic event occurs, demanding analysis 
and action—for example, the wife of a staff physician who dies from an
error involving an opioid overdose, after which careful analysis reveals 
that the death was due to both a life-threatening situation (the opioid
dosing) but also to the hospital system’s failure to respond to the event.
The second is a compendium of smaller stories—for example, analysis of a
series of people who had adverse events in a 6-month interval all due to
opioid adverse events can be a powerful motivator to action. While it is 
easy to attribute a single adverse event to a single faulty practitioner,
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analysis of many events together will demonstrate a myriad of causes.
This method makes it clear that the system is faulty if so many mistakes 
can occur, each mistake by a different individual, at a different step in the
process, and at different times. This makes the need for a system response
more evident. It is in this context that the person promoting a MET
response must propose a system that may prevent serious adverse events
no matter what their cause. Successes with 1 type of crisis tend to lead to
the recognition by others that the system may work well for other types of
problems. In this way the MET response becomes the system’s “goal-
keeper” to rescue patients when other error-detection mechanisms have
failed. A major selling point for MET responses is that they can prevent
deaths and serious complications from myriad causes that result in patient
deterioration.

Using data is effective for motivating change: data is impersonal, and can
track harm and the benefits of process change. Possibly the most important
data to track is the frequency and duration of delays in care. Reviewing the
24 hours prior to a crisis or cardiac arrest event for delays in delivery of
appropriate treatment is possible once standards for response times and
severity of illness are created. Crisis criteria enable reviewers to determine
how long after the criteria were met that it takes to deliver the definitive
treatment, or even get the responsible and capable person to the bedside
of the patient in crisis (19). Analysts can then graph delays by frequency,
duration, location, service, day of week, time of day, etc. This data is pro-
vides a powerful tool to recognize system deficiencies and motivate process
change. We believe that delays in delivering definitive treatments are the
hallmarks of systems without a MET response program. Continued data
collection and analysis will demonstrate effectiveness of process change in
removing delays in care from an institution.

Both authors have encountered individuals who remain resistant to
group efforts to solve medical crisis situations. Data from the MET system
can in itself facilitate the implementation and maintenance process (25),
and may be processed and targeted to every level of the organization. Spe-
cific patient details are provided for individual clinicians, while depart-
ments, divisions, and the hospital would review aggregated, de-identified
data. Data includes details of MET calls, number of deaths, cardiac arrests,
and unplanned ICU admissions in which MET criteria had been met but
no call made; these are called potentially preventable events. A graphic
depiction of duration and frequency of delays from the onset of a crisis sit-
uation (determined by satisfying crisis criteria) can help target areas that
need extra educational effort.

Some clinicians or departments may not like having “unconsulted”
doctors assume care of their patients, creating a political barrier to imple-
mentation of the MET system. One method to overcome this concern and
facilitate the implementation of a hospital emergency system is to remind
staff that calling for help in cases of complex acute medicine is no differ-
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ent from seeking consultations from colleagues in different specialties.
Guarantees that the patient’s care will remain under the control of the
“primary” caregivers after the crisis is resolved (or even during it) can also
foster an environment where METs may be implemented successfully.

One author discovered that the director of a residency education
program did nothing to promote METs, but permitted the use of METs
with the caveat that it was the responsibility of the MET response orga-
nizers to “make sure my residents get taught.” After the trainees reported
decreased stress when caring for sick patients, and improved understand-
ing of the management of suddenly critically ill patients—learned during
observation of and working with the MET responders—the education
director relented. Residents found that with METs they could learn in a
context where they had help, and they could observe the “right way”; on
the other hand, they did feel that losing the opportunity to learn by doing
took away from their educational program.

The MET system can help to cost effectively treat patients. For example,
nursing infrastructure required to care for seriously ill patients on a general
ward can detract from other routine activities. The MET response not only
provides timely and expert care at all times but can decrease the burden on
the rest of the staff having to care for the seriously ill in inappropriate 
environments. The average time for a MET response is approximately 30
minutes (1). Thus a patient who is deteriorating can be assessed, treated,
and if necessary triaged in short order. This allows the nursing unit routine
to remain relatively undisturbed in spite of the crisis event.

The MET system improves the safety of patients on floors with patients
in crisis. We have observed what we call “domino codes,” where a second
patient medical crisis occurs because staff either fails to deliver treatment
or adequately monitor patients while they are coping with the first patient
in crisis. METs decrease “domino codes” because they swiftly bring new
critical care resources to the unit, and they either rapidly resolve the crisis
or triage the patient elsewhere. Identifying these unit-based resource issues
and recognizing the successes that occur after MET implementation are
great motivators to overcome pockets of resistance.

Adding or increasing MET responses means increased work for the
response team, because each MET response brings critical care workers
from other areas to treat a single patient. It may seem a daunting task to
marshal the resources to take on the task of responding to all patient
medical crisis events. Both authors’ hospitals offer a service similar to the
traditional cardiac arrest team: that is, resuscitate first, discuss after, and
return the patient to the care of the primary doctor immediately after the
crisis is resolved. By using the cardiac arrest team, no new resources need
to be identified—the current resources are just taxed a bit more. Recogni-
tion that many emergency patients may go on to become cardiac arrest
patients can help motivate responders to arrive early, before the heart stops.
Early calls improve outcome and decrease the effort needed to restore
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homeostasis. Critical care admissions may be avoided, decreasing the down-
stream work of the ICU staff. On balance, responding to crises early and
effectively reduces workload for hospital staff.

In hospitals, education is a continuous and essential activity needed to
maintain quality care. Find opportunities to educate staff about METs. For
example, new staff orientation should include a module on crisis manage-
ment and proper use of METs. New staff will accept the process based on
accepted practice. In contrast, existing staff needs to be re-educated in why
a systematic approach makes more sense than ad hoc processes to build
crisis intervention teams for each critical event. New systems of care must
be perceived by existing staff to be both easier and more effective than
current practice or the new process will fail. MET rules must be made
simple and objective. Any “interpretable” rules will not be consistently 
followed; MET response should be viewed as “one-stop shopping” for 
management of any medical crisis. Buist et al. have found that “caregivers
‘worried’ about a patient” is a common trigger for a MET response (3).
Reliably rescuing staff members who have patient concerns will reinforce
use of the response in the future.

For managers of the MET system, positive and negative reinforcement
can foster culture change. Congratulate those who “call for help”; tell them,
their bosses, and their colleagues how a life was saved. The University of
Pittsburgh used e-mail for this feedback to effect culture change (19).
Private notification of superiors about failure to trigger the MET response
will demonstrate the impact of the failure. It is essential that MET respon-
ders reinforce the call as well; it will do no good if superiors praise calling
for help while the MET responders criticize the same action. Every criti-
cism of a MET call must trigger re-education of those individuals. All
members of the institution must view a MET call as an act of heroism: it is
putting patient care above ego. Other reinforcing educational strategies
include placing MET criteria in all parts of the hospital and on pocket cards
for responders and staff, and notifying patients and families about the MET
system to protect the patients.

As noted previously,“calling for help” can be perceived as a sign of weak-
ness, and this perception is promoted when the criteria for what constitutes
a crisis are subjective or ambiguous. As such, the request is an indirect
measure of competency: the person perceiving the patient in crisis defines
crisis by his or her inability to manage the situation alone. To prevent this
barrier, objective and readily recognized crisis criteria must be adopted.
With objective criteria, the person who finds the crisis is merely notifying
others that the crisis exists (following hospital policy), and this does not
imply that the person’s ability to manage the situation is inadequate.
Instead, the MET call becomes a mark of excellence in patient care and
clinical judgment. Hospitals that have utilized crisis criteria have shown an
increase in MET response frequency and a decrease in delays to treat-
ment.(Foraida, Buist)
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Summary

Implementing a MET response system in a hospital will likely alter the
culture of care and threaten the status quo. There are many potential psy-
chological, emotional, sociological, and economic barriers to bringing a new
system of care to a stable environment. Nevertheless, strong data indicate
that such a system of care will decrease unexpected mortality in a variety
of hospital settings. Therefore, the key question with which hospital lead-
ership must grapple is how to implement the system, not whether to imple-
ment it. There is no strong data to define the particular barriers, nor how
to overcome them. Instead, in this chapter we have proposed strategies that
have been effective in our hospital environments and may benefit others as
well.
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10
Overview of Various Medical
Emergency Team Models

Michelle Cretikos and Rinaldo Bellomo

Introduction

Hospitals are not as safe as they could be. Many patients experience adverse
events in association with their admission or elective operation (1). Some
of these adverse events result in permanent disability; others cause death
(2). These events have long been accepted as part of acute medical care 
in complex systems such as hospitals. But the system-based deficiencies 
that underlie such adverse events have become more noticeable as 
patients undergo more complex interventions, and hospitals have been 
slow to develop well-planned, institution-wide approaches to protect
patients and maximize their safety. Only recently, and only in select hospi-
tals, have responses been developed in an attempt to minimize the harm to
patients brought about by the deficiencies of current hospital systems
worldwide.

Critical care specialists are beginning to apply the principles of acute
medicine and resuscitation across the hospital to provide rapid and spe-
cialized assistance to critically ill patients wherever and whenever it is
requested (3). The Medical Emergency Team (MET) is an example of such
an initiative providing an immediate response to at-risk patients in an acute
care hospital (3). Where implemented, the MET system has replaced the
cardiac arrest team that most hospitals currently employ. The MET was
modeled on the idea of the trauma team (4), which has been incorporated
into most large hospitals worldwide.

The aims of the MET are similar to those of the trauma team—effective
triage and management of care of potentially seriously ill patients prior to
the development of progressive and irreversible deterioration. In such crit-
ically ill patients, rapid assessment and early and aggressive correction of
hypovolemia and hypoxemia have been demonstrated to decrease mor-
bidity and mortality (5–7). The MET aims to provide appropriately trained
personnel who are able to perform these functions on the ward early, to
prevent the development of severe adverse outcomes such as multi-organ
failure or cardiac arrest.
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However, MET is not the only such system that has developed with the
s aim of improving patient safety exist. Other systems, such as the Outreach
Team concept, are being implemented in hospitals in the United Kingdom
(8,9). In the United States, the new hospitalist system deals with these 
same problems by having a specialist trained in resuscitation available and
responsible for the welfare of all hospital patients 24 hours a day (10). It
may be that the MET system provides an interim solution to the problem
of suboptimal care in hospitals, until such time as the hospitalist concept
has been sufficiently tested, validated, and accepted.

The MET in Practice

The Medical Emergency Team in the tertiary hospital setting usually con-
sists of at least an intensive care unit (ICU) registrar (a critical care fellow
in the United States), and an ICU nurse. In some hospitals, others may assist
the MET, including the receiving medical registrar (in the United States,
the admitting internal medicine fellow or chief resident). In smaller hospi-
tals, the MET may consist of as few as two nurses trained in advanced resus-
citation. The nursing and medical staff are encouraged to call the MET
whenever they are seriously concerned about a patient’s condition, or if a
patient’s signs or symptoms meet any 1 or more of the well-defined physi-
ological calling criteria (Table 10.1).

The response team will assess the patient and institute any therapy 
that is immediately necessary. The patient may then be given an active
medical management plan and left on the ward, with or without a do-not-
resuscitate order in place, after appropriate discussion. Alternatively, if the
patient is not responding to initial therapy or is judged to be too sick for

Table 10.1. Example of Medical Emergency Team
calling criteria

Airway Threatened
Breathing All Respiratory Arrests

Respiratory Rate < 5
Respiratory Rate > 36

Circulation All Cardiac Arrests
Pulse Rate < 40
Pulse Rate > 140
Systolic Blood Pressure < 90

Neurology Sudden fall in level of consciousness
(Fall in GCS of <2 points)
Repeated or prolonged seizures

Other Any patient you are seriously worried
about that does not fit the above criteria
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the wards, the patient may be transferred to an area capable of higher-level
care. If the patient is judged safe to remain on the wards, the ongoing care
and management responsibility is transferred back to the consultant or
attending physician in charge of the patient’s hospital admission.

The aims of the MET are to reduce the rates of unexpected death (i.e.
death without a do-not-resuscitate order), cardiac arrest, and unplanned
admission to the intensive care unit. The MET has been shown to reduce
the rates of cardiac arrest (11,12), unanticipated ICU admission, (13,14),
and overall in-hospital mortality (12).

In summary, the key components of the MET system include:

1. Clear, simple calling criteria, including a subjective criterion
2. Activation of the MET by any staff member
3. Inclusion of both medical and nursing staff on the team
4. An immediate response by appropriately trained staff
5. Continuous monitoring and feedback of adverse events, as part of the

system response

Culture Change in the Acute Care Hospital

The potential benefit of the MET system is not limited to a reduction in the
rate of adverse outcomes, as discussed above; it is also capable of facilitat-
ing a change in attitude and in systematic thinking across the hospital.
Implementation of the MET system results in a generally less rigid, more
patient-centered approach within the hospital. By empowering all staff to
call for help when required, the MET system permits staff to display ini-
tiative and be proactive when confronted by seriously ill patients.The MET
also provides a sense of support and security for the junior medical and
nursing staff, and an environment that is supportive and less stressful facil-
itates more effective learning (15).

The MET system also acts as a driving force to increase the documenta-
tion of do-not-resuscitate orders at an earlier stage. This leads to decisions
concerning acute care in a more considered and controlled fashion, and this
may, in turn, lead to a reduction in the rate of futile and inappropriate
cardiac arrest calls. The MET system may also encourage a better quality
of end-of-life care for patients and their families, by de-emphasizing acute
medical management in favor of more active and holistic care of the dying
(16).

In addition, the MET system incorporates a basis for clinical governance
by providing information and feedback on patients suffering serious
adverse events that were heralded by MET criteria but not acted on appro-
priately (17). This provides a framework for the continuous monitoring of
hospital quality, patient safety, and medical errors. With the MET system,
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feedback processes may be put in place to enable corrective action where
both sporadic and systematic adverse events and errors are detected (18).

The MET and the Outreach Team:
Different Team-Based Approaches

Systems other than the MET have been developed in an attempt to address
the problem of preventable adverse events on general hospital wards. In
the United Kingdom, Outreach Team systems have become a mandatory
part of every hospital structure (9). The team, usually skilled in critical care,
has the responsibility of caring for patients that have been identified as at-
risk. Generally these patients are identified using a “track and trigger”
system such as the Early Warning Scoring System (EWSS) (19,20), the
Modified Early Warning Score (MEWS) (21–27), Patient At-Risk Teams
(PARTs) (8,28,29), or other local variations (30,31). Occasionally, a system
of calling criteria much like that of the MET is used. All of these different
approaches fall under the banner of the Outreach Team system in the UK
(9,32–36).

In the United States, 3 systems for responding to patients in crisis are
being implemented. The first is referred to as the ICU Outreach Team, and
the second is known as the Medical Crisis or “Condition C” team (37–39)
which essentially is identical to a MET (Table 10.2). There is also a third,
slightly different approach known as the hospitalist system, which is not
team-based. This system relies on 24-hour, on-site hospitalist consultant 
to cover all hospital patients (10). In these approaches, the systematic
responses may differ in the method of activation of the team, in the team
composition and availability, and in the specific set of activation criteria
(Table 10.3). However, for all of them the basic principle is recognizing and
responding quickly to patients identified as at-risk.

In the Outreach Team system, the major difference between its method
of activation and the MET calling criteria is that the majority of Outreach

Table 10.2. Team approaches that broadly fit under the MET/Outreach 
classification
MET Outreach

Medical Crisis Response team Modified Early Warning Score (MEWS)
Code Blue Medical Early Response Team (MERT)
Condition C Early Warning Scoring System (EWSS)
Pre-arrest team Patient-At-Risk Team (PART)

Patient Emergency Response Team (PERT)
Assessment Score for Sick Patient Identification and 

Step-up in Treatment (ASSIST)
Critical Care Outreach Team (CCOT)
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Table 10.4. Modified Early Warning Score (MEWS) system
Points

3 2 1 0 1 2 3

Systolic blood <70 71–80 81–100 101–199 ≥200
pressure; mmHg

Heart rate; <40 41–50 51–100 101–110 111–129 ≥130
beats/min-1

Respiratory rate; <9 9–14 15–20 21–29 ≥30
breath/min-1

Temperature; C <35 35–38.4 ≥38.5
Neurological Reacting Reacting Unresponsive

score Alert to Voice to Pain

Source: Subbe CP, Davies RG, Williams E, Rutherford P, Gemmell L. Effect of introducing
the Modified Early Warning score on clinical outcomes, cardio-pulmonary arrests and inten-
sive care utilisation in acute medical admissions. Anaesthesia. 2003;58:797–802.

“track and trigger” systems incorporate a graded response (9). Individual
clinical observations are scored and summated, and if a threshold is reached
the Outreach Team is called (Table 10.4) (25). As an example, a score of 1
point requires more frequent nursing observations and recalculation of the
patient’s score, a score of 2 requires the primary team to review the patient,
and a score of 3 activates the Outreach Team (Table 10.5) (40). The set of
activation criteria and the threshold score differ by hospital and region. In

Table 10.3. Differences between MET and Outreach systems

•The MET is generally composed of at least 1 doctor (with advanced life-support skills)
and 1 nurse, and is available 24 hours a day. An outreach team may be as little as 1 nurse,
and may only be available for specific hours during the day.

•The criteria for calling the MET is a yes/no system for any of the criteria e.g is the heart
rate >140 beats/minute? The criteria for an Outreach team is usually a graded system,
where a patient has to be scored and reach a certain threshold before the team can be
called.

•In the MET system, any member of staff can activate the team. In some Outreach
systems, only a doctor of registrar grade or above can activate the team.

•A MET is sent to review the patient immediately upon receiving a call. The Outreach
team may respond immediately, within a few hours, or may review patients as part of a
planned ward round of the hospital.

•The MET criteria usually incorporate a subjective “seriously worried” criterion, which can
be used to activate the team for nonspecific or life-threatening emergencies not covered
by the other criteria. The early warning scores generally have no subjective component,
and no facility for calling the team if the set threshold is not attained by the designated
criteria.

•Although variations to the MET calling criteria do exist, they generally conform to heart
rate, systolic blood pressure, respiratory rate, level of consciousness, and “worried”
criteria. The Outreach teams use a variety of more complex calling criteria. Outreach
criteria may include urine output, oxygen saturations, respiratory support, temperature,
and sometimes biochemical markers, as well as specific symptoms such as chest pain.
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contrast, the criteria for calling the MET are objective and elicit a binary
(yes/no) response for each of the criteria: e.g. is the heart rate >140
beats/minute? If the answer to any question is yes, the team is called (41).

In general, the “track and trigger” systems used by Outreach are more
complicated than the MET calling criteria. The benefit is that the threshold
for activation of the Outreach team may be set for higher specificity, thereby
decreasing the number of times the team is activated. It may also provide
a mechanism for nursing staff to identify and respond to an objective 
deterioration in a patient’s clinical condition. In general, the MET calling
criteria have lower specificity but a higher sensitivity to patients who are
clinically deteriorating, and therefore provide a guaranteed and immediate
expert review to a greater proportion of patients that have been identified,
either subjectively or objectively, as at risk.

The MET criteria also usually incorporate a subjective “seriously
worried” criterion, which can be used to activate the team for non-specific
or life-threatening emergencies not covered by the other criteria.The “track
and trigger” systems generally have no subjective component and no facil-
ity for calling the team if the set threshold is not attained by the designated
criteria (9). In the MET system, any member of the staff can activate the
team, but some Outreach systems may only be activated by a doctor of reg-
istrar grade (fellow or chief resident in the United States) or above, or by
a senior nurse under exceptional circumstances. This is the case for the acti-
vation of the Patient-At-Risk Team, a version of the Outreach Team (Table
10.6) (8).

The MET is generally composed of at least 1 doctor (with advanced life
support skills) and 1 nurse, and is available 24 hours a day (41). By con-
trast, the make-up of the Outreach Team can vary markedly among hospi-
tals. It may be composed of a single critical care nurse who will review a
patient upon request during normal working hours only (Monday through

Table 10.5. The graded clinical response table
Score Action Sensitivity (%) Specificity (%)

1 Observe 100 17
Repeat TPR, BP, SpO2, GCS, calculate 

urine output last 2 hours (if known)
2–3 Now recalculate (if same, observe closely) 98–94 36–61
4 Bleep patient’s senior house office to 89 7

attend within 30min)
5–7 Confirm with senior nurse then fast bleep 84–64 89–96

senior house officer of patient’s specialty
8 Inform senior nurse then call MET 52 99

Source: Hodgetts TJ, Kenward G, Vlachonikalis IG, Payne S, Castle N. The identification of
risk factors for cardiac arrest and formulation of activation criteria to alert a medical emer-
gency team. Resuscitation. 2002;54:125–131.
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Friday, 9 am to 5 pm); or it may be a nurse-doctor team that performs a
scheduled ward round of the hospital daily and accepts referrals; or it may
be more similar to the MET in the form of a doctor-nurse team based in
the ICU or emergency department that will respond to a call immediately,
24 hours a day, in the manner of a cardiac arrest team (34,42).

Upon receiving a call, the Medical Emergency Team is sent to review the
patient immediately. The Outreach Team may respond immediately, or it
may review patients as part of a planned ward round of the hospital, thereby
constituting a delayed response (34). In one UK hospital, upon receiving a
call triggered by MEWS, doctors were instructed to review a patient as soon
as possible but no later than within 60 minutes (25). In some cases, the
primary function of the Outreach Team is to follow up with patients who
have been recently discharged from the intensive care unit (42–44).

Although variations to the MET calling criteria do exist, they generally
consist of heart rate, systolic blood pressure, respiratory rate, level of 
consciousness, and “worried” criteria. The Outreach Team trigger systems
consist of a profusion of complex calling criteria and grades of response,
where criteria may include urine output, oxygen saturations, respiratory
support, temperature, and sometimes biochemical markers. They may also
include symptoms such as chest pain, markers of illness, and level of respi-
ratory support (Table 10.7 and 10.8) (20,22,25,28,32,34,40).

Table 10.6. The Patient-at-Risk team calling criteria

A: The senior ward nurse should contact the responsible doctor and inform them of a
patient with:

Any 3 or more of the following:
•Respiratory rate ≥25 breaths/min (or <10)
•Arterial systolic pressure <90mmHg
•Heart rate ≥110 beats/min (or <55)
•Not FULLY alert and oriented
•Oxygen saturation <90%
•Urine output <100mL over last 4 hours
OR a patient not FULLY alert and oriented AND
respiratory rate ≥35 breaths/min OR heart rate ≥140 beats/min

Unless immediate management improves the patient, the doctor should consider calling the
team.
Exceptionally (in emergency when responsible doctor not immediately available) the senior
ward nurse may contact the team directly.

B: A doctor of registrar grade or above may call the team for any seriously ill patient
causing acute concern. This will normally be carried out after discussion with the patient’s
consultant.
The consultant responsible for the patient must be informed as soon as practical that the
team has been called.

Source: Goldhill DR, Worthington L, Mulcahy A, Tarling M, Sumner A. The patient-at-risk
team: identifying and managing seriously ill ward patients. Anaesthesia. 1999;54:853–860.
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Some of the teams, such as the Patient-At-Risk Team described in a study
by Goldhill (1999) (8) and the Medical Emergency Team as described by
Hodgetts (2002) (40), are hybrids of the MET and Outreach Team
approaches.

The MET as a Way Forward

The MET system reinforces who and what physiologically constitutes a crit-
ically ill patient, and therefore helps to direct attention to those at risk.
Along with the ongoing overall hospital education and awareness processes
that a MET system entails, this means that the staff becomes more skilled
and confident in their initial response to critically ill patients. They also no
longer have to deal with these extremely stressful situations—and with their
potentially adverse outcomes—alone. It may be these more intangible ben-
efits that explain the positive attitude of nursing staff toward the MET
concept (45).

The problems of suboptimal care and preventable death in hospitals have
been identified in many countries around the world; they are real, and they
must be constructively addressed. We need to direct our attention to devis-
ing ways of providing effective and timely care to all critically ill and at-risk
patients in the hospital, rather than only to those located within the desig-
nated critical care areas. The MET system is a promising step forward in
this direction.
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11
Early Goal-Directed Therapy

David T. Huang, Scott R. Gunn, and Emanuel P. Rivers

Introduction

The transition from sepsis to severe disease frequently develops well before
admission to an intensive care unit (ICU), often in the emergency depart-
ment. However, optimal care may be delayed for many reasons, including
lack of recognition, emergency department overcrowding, long wait times
for ICU beds, or lack of intensive care technology and expertise in the
emergency department. For years we have recognized that delay in care
negatively impacts outcome for trauma, myocardial infarction, and stroke
(1–3). Now there is growing evidence that treatment delay can also nega-
tively impact outcome in sepsis (4,5). This chapter will review the evidence
for early intervention in sepsis, models of delivery, and potential obstacles.
Medical Emergency Teams (Mets) may provide a possible mechanism for
providing a rapid, coordinated response to patients presenting to the hos-
pital with signs of sepsis.

Early Goal-Directed Therapy

Recently, Rivers et al. showed that Early Goal-Directed Therapy (EGDT)
provided in the emergency department at the most proximal stages of
severe sepsis and septic shock produced significant outcome benefit (Table
11.1) (5). Although all the interventions stipulated by EGDT were com-
monly used ICU therapies, what was novel was earlier application of these
therapies in the emergency department within 1 hour of presentation.
EGDT is an algorithmic approach to resuscitation designed to correct and
prevent the hemodynamic and oxygen delivery instability of severe
sepsis/septic shock within the first 6 hours of hospital care (Figure 11.1). It
is a resuscitation strategy based on early recognition and resolution of inad-
equate systemic oxygen delivery and subsequent global tissue hypoxia.
EGDT targets achieving normal oxygen delivery by optimizing preload
using central venous pressure monitoring, afterload using mean arterial
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pressure, and oxygen delivery guided by central venous oxygen saturation
(SCVO2) in order to ameliorate global tissue hypoxia.

Patients presenting to the emergency department with severe sepsis and
septic shock were randomized to standard therapy versus an EGDT pro-
tocol. Mean emergency department length of stay was 6.3 hours versus 8.0
hours, respectively. The standard therapy group received volume resuscita-
tion and vasoactive therapy guided by central venous pressure and arterial
pressure monitoring. The EGDT group received the same volume resusci-
tation and vasoactive therapy, but resuscitation in this group was guided by
SCVO2 monitoring (Edwards Lifesciences, Irvine, CA) to assess global tissue
hypoxia despite normalized central venous pressure, blood pressure, and
urine output. Additional fluid resuscitation, blood transfusions, ventilatory
support, and inotropic therapy were used to reach a goal SCVO2 of 70%. All
patients received the same standard of care after admission to the ICU, with
no further involvement by the emergency department or the investigators.
The intensive care clinicians who assumed care were blinded to the ran-
domization order. A significant absolute hospital mortality reduction of
16% was observed in the EGDT group.The EGDT group also required sig-
nificantly less mechanical ventilation and pulmonary artery catheterization
after admission to the ICU. Of the patients who survived, the EGDT group
had significantly shorter hospital and ICU lengths of stay.

Implementing EGDT

Implementing EGDT requires several factors: (1) early recognition of
severe sepsis, (2) mobilization of resources for the required interventions,
(3) performance of the interventions, (4) a continuous quality improvement
(CQI) program, and (5) a continuing education program. As with any
therapy, a collaborative team approach is required, with integration of
medical, nursing, and support staff from both the emergency department
and ICU. Effective EGDT teams are based on reliable mobilization of
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Table 11.1. Entry criteria for EGDT (5)
Clinical suspicion of infection

Plus

Two of 4 systemic inflammatory response syndrome (SIRS) criteria
(1) Temperature ≥38°C or <36°C
(2) Heart rate >90 beats·min -1

(3) Respiratory rate >20 breaths·min -1 or PaCO2 < 32mmHg
(4) White blood cell count >12000·ml -1 or <4000·ml -1 or >10% immature forms

Plus either

Hypotension (systolic blood pressure <90mmHg after a 30ml·kg -1 bolus)
or
Arterial lactate >4mmol·L -1
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Central Venous and
Arterial Catheterization

CVP

Crystalloid

Colloid

<8 mmHg

>8-12 mmHg

MAP Vasoactive Agent(s)
<65 mmHg

ScvO 2
RBC Transfusion to

Hematocrit ≥30%

<70%

Sedation or
Paralysis

(ifi ntubated)

Supplemental oxygen ±
Endotracheal intubation and

Mechanical Ventilation

Inotrope (s)

 < 70%

≥65 and £90 mmHg

Hospital Admission

≥70%

≥70%

EGDT

Goals
Achieved

Yes

No

>90 mmHg

Figure 11.1. The EGDT protocol.



resources—both personnel and equipment—to perform the required tasks.
In addition, an appropriately sized pool of health care providers (both
physicians and nurses) who can effectively deliver EGDT is a key to suc-
cessful implementation. Most importantly, a local “champion” is needed to
be responsible for EGDT implementation and to communicate effectively
with both the emergency department and ICU personnel.

Although all successful EGDT programs are collaborative between the
emergency department and ICU, there are basically 3 models of imple-
mentation: (1) an emergency department-based model, (2) a mobile ICU,
team-based model, and (3) a completely ICU-based model. In all models,
it is the emergency department’s responsibility to identify patients with
sepsis that require EGDT. In the emergency department-based model, the
emergency department staff would then perform all the necessary steps to
deliver EGDT, before admission to the ICU. This is the model followed at
Henry Ford Hospital in Detroit, MI, where the original study was carried
out. However, this may not be practical or feasible for other hospitals.

For some hospitals, an ICU-based “mobile sepsis team” model may be a
better fit. In this model, an ICU-based physician or a surrogate would be
notified by the emergency department and would go there to begin deliv-
ery of EGDT, prior to transfer to the intensive care unit. EGDT would be
continued from the emergency department to the ICU, and transfer to the
ICU would occur as soon as possible. In this regard, the “sepsis team” is
essentially a specialized MET, organized to provide EGDT. Hospitals that
have already successfully implemented a MET may be able to expand its
role to the provision of EGDT. This model requires significant cooperation
between the emergency department and intensive care unit, along with 24-
hour availability of health care providers capable of obtaining thoracic
central venous access. It would likely work best in hospitals with a signifi-
cant ICU bed wait-time in the face of the pressures for a rapid emergency
department turnaround.

Lastly, an ICU-based model would entail emergency department notifi-
cation and then as rapid transfer as possible to the ICU, where EGDT
would be instituted only after arrival in the ICU. In effect, this model is the
method that most hospitals follow for critically ill patients (i.e. emergency
department recognition and initial stabilization of critically ill patients, fol-
lowed by ICU admission for definitive care). The primary limitation of this
model is that ICU beds may not be readily available (6), leading to delays
in initiating potentially life-saving therapy.

Barriers to Implementation of EGDT

As with any new therapy, implementation of EGDT would face the famil-
iar barriers of inertia, skepticism, and lack of resources (7). However,
EGDT also faces several unique challenges. Successful delivery of EGDT
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requires open communication between the emergency department and
intensive care unit, by both physician and nurses. Potential problems
include miscommunication around such issues as billing and transfer of care
between providers. Importantly, each department’s autonomy must be
respected to avoid resentment and non-cooperation. Both teams of health
care providers (emergency department and ICU) need to develop a sense
of joint “ownership” of patients presenting with sepsis, similar to how
patients with ST-segment elevation myocardial infarction (STEMI) are
managed today (early emergency department recognition, workup accord-
ing to protocol and care in the emergency department, early cardiologist
notification, with choice of revascularization technique determined by local
resources) (8).

EGDT also requires the routine implementation of technologies that
may be seen as “ICU-based” by many health care providers, such as mea-
surements of central venous pressure, blood pressure (noninvasive and
invasive), as well as continuous monitoring of SCVO2; up to 50% will be
mechanically ventilated as well. The successful use of these technologies
outside the ICU may require new levels of expertise among health care
providers, outside of their usual domain.

Conclusion

In a single center, randomized controlled trial, EGDT has been shown to
reduce mortality by 16% in patients presenting to the emergency depart-
ment with sepsis or septic shock. However, widespread implementation of
EGDT will require a collaborative effort between multiple disciplines
(physicians, nurses, allied health personnel) as well as multiple specialties
(emergency medicine and critical care medicine). This effort is best led by
a local “champion” who can scientifically and diplomatically communicate
with all the stakeholders. Models of EGDT delivery can be emergency
department-based, team-based, or ICU-based. The team-based approach is
similar to a MET and could be an extension of an already existing MET
service. It may also be the most amenable to a fluid delivery of care from
the emergency department to the intensive care unit. Other effective solu-
tions may be dictated by local resources.
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12
Nurse-Led Medical Emergency
Teams: A Recipe for Success in
Community Hospitals

Kathy D. Duncan

When initiating the Medical Emergency Team (MET) concept and devel-
oping the team roles, often a critical care medicine physician is not an
option. Community hospitals may not have physician coverage, either inten-
sivists or hospitalists, in the facility around the clock. Instead, they must
look within their current facility resources for rapid-response team per-
sonnel. When no physician is available, the development of the team
requires not only delineation of specific team roles but also a treatment
leader. This can be difficult because of the traditional professional roles in
which health care workers have been constrained. In this chapter, I will
describe characteristics and logistics of MET implementation in a commu-
nity hospital, without an on-site physician readily available to be the team
leader.

Identification of Hospital Resources

The development of team roles depends on several factors:

1. Availability: It is crucial that the staff of the hospital can call for a
MET whenever needed: 24 hours per day, 365 days per year. Small com-
munity hospitals may have difficulty identifying available resources; they
must look at several areas of the hospital that could provide resources to
the Medical Emergency Team but currently do not. When the MET is
called, the need is immediate, so the team members must be able to stop
whatever they are doing and respond to the call. If the team members—
especially the leader—have to prioritize tasks and make a snap decision,
they may make incorrect choices. For example, they may choose to com-
plete their current activity, and not make the priority the unseen patient
who has begun to deteriorate, and thus the goal of intervening early in the
patients’ downhill spiral is doomed before the response even starts.

2. Accessibility: Calling the MET should be easy—1 number, 1 call. Staff
members will not call for the “small things” if it is difficult. For example, if
there are different numbers to call on the day shift or the weekend, it will
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become more of a chore to call and more easy to make mistakes. Training
becomes much more complex as the number of methods (phone numbers)
to activate the crisis response increases. Simplicity and standardization are
key. If the team is easy to reach, the staff is more likely to call at the first
hint of trouble.

3. Ability/Skills: The team members must possess skills that match the
tasks they are being asked to complete. It makes no sense to delegate the
role of airway manager to someone who is untrained, inexperienced, and
unskilled. To form a treatment plan, each team member must be able to
assess the patient quickly and critically, perform their specified duties, and
be confident in their decision-making skills. The team leader must not only
be clinically competent in diagnosis and treatment of patients in crisis, but
must also possess and be confident in the skills needed to lead a small group
in crisis.

Nursing Leadership of Crisis Response Teams

With these factors in mind, an experienced nurse may best fill the leader-
ship role in a small hospital. Critical care units, emergency departments, and
post-anesthesia recovery rooms offer nurses great opportunities to develop
vital skills, such as:

•The ability to accurately diagnose and collect key laboratory data;
•The ability to quickly assess a variety of complex patients;
•The opportunity to implement evidenced-based protocols and observe

immediate patient outcomes;
•The ability to quickly respond and effectively perform in critical patient

situations;
•Confidence in ability and motivation by the urgency of the patient 

populations;
•The ability to work with physicians in consultation rather than at the

bedside.

Nurse-led Medical Emergency Teams have been successful in various
hospital settings, from the small community hospital to the very large ter-
tiary referral center. Jewish Hospital, a 442-bed facility in Louisville, KY,
implemented a registered nurse (RN) Respiratory Therapist team in June
2003. Using 2 ICU-charge RNs and 1 respiratory therapist, the MET team
responds to concerns about patient condition in the intermediate and
medical surgical areas of the hospital within 10 minutes of a call. Several
hospitals in Memphis, including Saint Francis Hospital and the Regional
Medical Center, have also created nurse-led teams who have successfully
treated numerous patients. METs are an important tool that can help to
promote a culture of safety in the entire facility, and the absence of a physi-
cian on hand does not imply that METs cannot be implemented.
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Support for the Nurse-Led Medical Emergency Team

A MET team that is led by a nurse must have structure and processes in
place to provide resources for the patient. Three components of such struc-
ture and processes must include:

•Communication tools
•Specific protocols
•Chain of command process

With these components, resources will evolve and multiply as the MET
process evolves and areas of need are identified. The facility will need to
consistently review the trends noted in the calls and make adjustments to
meet the needs of the patients.

Communication Tools: A common barrier is the ability of the bedside
nurse to communicate a concern to the patient’s physician, especially by
telephone. Frequently the physician is not familiar with the patient, and the
nurse will only relate the issue that is of concern. For example, the nurse
may call and say “Mr. Smith’s temperature is 101.4.” The physician may ask
for more information but without the entire picture of the patient, and this
may result in an incorrect order of treatment, or in directing the nurse to
“watch him and call if he gets worse.” It is imperative that a nurse-led MET
have a standardized, concise method of communicating with physicians by
phone. This tool should be brief and include several aspects that construct
a complete picture of the patient for the physician who is not in the room.
For example, a tool utilizing the acronym SBAR (Situation, Background,
Assessment, and Recommendation) allows the staff nurse or the leader of
the MET to gather all the information and communicate all aspects to the
physician (Table 12.1).

Specific Protocols: When a MET response is under the direction of an
experienced nurse, protocols are essential because only certified nurse prac-
titioners are allowed to prescribe medications in the absence of a physician.
Treatment protocols and algorithms that have the force of physician orders
can be used by nurses to deliver medications even when a physician is not
present. These protocols are facility specific and approved by the appropri-
ate departments and medical staff committees (Figure 12.1).At a minimum,
protocols should be developed to address respiratory and cardiac events.
They should be highly detailed: as specific as the approval to start an IV and
move to a higher level of care. Saint Francis Hospital in Memphis has imple-
mented several simple protocols that allow the MET registered nurse to
order initial interventional and diagnostic procedures early in a call. Table
12.2 is an example of the procedure for the protocols, and Table 12.3 are
actual physician orders that have been approved by the medical staff struc-
ture for use by the MET registered nurse. Dr Ed Taylor, critical care direc-
tor, has been influential in guiding the medical staff of Saint Francis Hospital
to anticipate the use of these protocols and the support of the team in 
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SBAR
Tool for
calling
physicians

Before calling the
physician:
1. Assess the patient
2. Review the chart, ID correct
physician
3. Read most recent progress notes
4. Heve available: chart, allergies
list, MAR, lab results

Situation:
State your name and unit
“I am calling about: (patient name and room number)”
“The problem I am calling about is:”

Background:
State the admission diagnosis and date of admission.
State the pertient medical history.
Brief synopsis of treatment  to date.

Assessment:
Most recent vital signs
BP:______
Any changes from prior assessments:
Mental status:
Skin color:
Neurologic changes:

Resp. rate/Quality
Pulse/rhythm change
BP:

Pain
Wound drainage
N/V, output

Recommendation:
Do you think we should: (state what you would like to see done)
For example:
Transfer the patient to ICU?
Come to see the patient at this time?
Ask for a consultant to see the patient now?
Do  you need any tests like CXR?ABG?EKG?CBC?

Pulse:______ Respirations:______ Temp:______

S
B
A

R
NOTIFICATION

Table 12.1.
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Medical Response Team – patient care protocols

Stat Arterial Blood Gases
This may be ordered by the Medical Response Team registered nurse for the patient with 
suspected pulmonary status deterioration. Patients who are anticoagulated with a continuous 
heparin infusion or within 24 hours of thrombolytic or antiplatlet agent must have a 
physician’s order to obtain arterial blood gases by arterial puncture. Pressure will be held 
unitl hemostasis occurs, at least 10 to 15 minutes or longer.

Stat Electrocardiograms
A 12 lead electrocardiogram may be ordered by the Medical Response Team registered 
nurse for  patients with severe prolonged chest pain and or significant monitor changes. 
Chest pain emergency department physician will read the EKG if no cardiologist is 
assigned to patient. The primar physician must be notified of 12-lead results.

Stat Portable Chest X-Rays
This may be ordered by the Medical Response Team registered nurse for the suspected 
displacement of invasive lines, ET tube displacement, and for sever dyspnea or other signs 
of respiratory distress.

Noninvasive Temporary Pacing (Transcutaneous Pacing)
Medical Response Team registered nurse may initiate noninvasive temporay pacing when 
the patient condition requires.

Oxygen Therapy
Oxygen via binasal cannula at 2 L/min may be placed on any patient with chest pain or
cardiac equivalent, or for shortness of breath or increased work of breathing.

Figure 12.1. Saint Francis Hospital Patient care services policies and 
procedures.

Table 12.2. Medical Response Team—patient care protocols

Stat arterial blood gases: This may be ordered by the Medical Response Team registered
nurse for the patient with suspected pulmonary status deterioration. Patients who are
anticoagulated with a continuous heparin infusion or within 24 hours of thrombolytic or
antiplatlet agent must have a physician’s order to obtain arterial blood gases by arterial
puncture. Pressure will be held until hemostasis occurs, at least 10 to 15 minutes or longer.

Stat electrocardiograms: A 12-lead electrocardiogram (EKG) may be ordered by the
Medical Response Team registered nurse for patients with severe prolonged chest pain and
or significant monitor changes. Chest Pain Emergency Department physician will read the
EKG if no cardiologist assigned to patient. The primary physician must be notified of the
12-lead results.

Stat portable chest x-rays: This may be ordered by the Medical Response Team registered
nurse for the suspected displacement of invasive lines, endotracheal tube displacement, and
for sever dyspnea or other signs of respiratory distress.

Noninvasive temporary pacing (transcutaneous pacing): Medical Response Team registered
nurse may initiate noninvasive temporary pacing when the patient condition requires.

Oxygen therapy: Oxygen via binasal cannula at 2L/min may be placed on any patient with
chest pain or cardiac equivalent or for shortness of breath or increased work of breathing.
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Saint Francis Hospital
Memphis

Medical Response Team protocols
Decreased level of consciousness

Chest Pain

Gastrointestinal bleed Additional Orders

Seizures non-pediatric

Physician Signature:____________________

Date:___________               Time:_________

Physician Signature:____________________

Date:___________               Time:_________

Physician Signature:____________________

Date:___________               Time:_________

Physician Signature:____________________

Date:___________               Time:_________

Physician Signature:____________________

Date:___________               Time:_________

Physician Signature:____________________

Date:___________               Time:_________

Start saline lock
Pulse oximetry-oxygen to keep saturation
above 92%. If history of COPD get oxygen
saturation to 88-90%
If hemodynamically unstable** or orthostatic
hypotensive give 250 mL bolus of normal
saline
EKG
CBC, basic metabolic panel, urinalysis,
arterial blood gas, accuchek,

•
•

•

•
•

Stat electrocardiogram and have read by critical 
care physician immediately
Place on cardiac monitor
Start saline lock
Pulse oximetry-oxygen to keep saturation
above 92%. If history of COPD get oxygen
Saturation to 88-90%.

•

•
•
•

IV saline lock
Pulse oximetry-oxygen to keep saturation above 92%
if history of COPD get oxygen saturation to 88-90%.
Place on cardiac monitor
Accuchek
Anticonvulsant drug level if applicable
Pad bedrails

•
•

•
•
•
•

Start IV with normal saline with large bore #
18 or larget at keep vein open
If patient is hemodynamically unstable**, start a
second large bore IV and call critical care
physicain to bedside
Send STAT complete blood count, complete
metabolic panel, protime, PTT, and type and
screen
If hemodynamically unstable**, change type
and screen to tyep and crossmatch for 2 units
packed red blood cells
electrocardiogram
Pulse oximetry
Place on cardiac monitor

•

•

•

•

•
•
•

Pulse oximetry-oxygen to keep saturation above 92%
if history of COPD get oxygen saturation to 88-90%.
Arterial blood gas, chest Xray(for respiratory
distress), complete blood count, complete metabolic
panel
Begin nebulized albuterol 2.5 milligrams-one time
treatment
Cardiac monitor if in moderate or serious distress
Start saline lock
Heart rate and oxygen saturation to be documented after
albuterol treatment. Notify physician of HR above 140 
or oxygen saturation less than 92 %.

•

•

•

•
•
•

Respiratory distress

** Hemodynamically Unstable: HR Greater than 120
or systolic blood pressure less than 90

Table 12.3.
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Table 12.4. Missouri Baptist Medical Center Respiratory Care Department oxygen
therapy protocol

1. Purpose: To provide protocol-driven respiratory therapy to evaluate, treat, and monitor
appropriate oxygen administration for all non-mechanically ventilated patients, with the
intent of treating or preventing the symptoms and manifestations of hypoxia.

2. Patient type: All patients currently receiving oxygen will be evaluated with the following
exclusions:
•Patients receiving bleomycin treatments.
•Patients with CO poisoning for first 12 hours.
•Acute myocardial infarction patients for first 72 hours.
•Premature infants.
•Patients with specific orders not to change or titrate oxygen.
•Patients using oxygen at home who have met home oxygen requirements established

by doctor.
3. Clinical area: All patient care areas.
4. Equipment needed: Pulse oximeter.
5. Guidelines:

A. The following guidelines will be used in selecting an appropriate oxygen delivery
device:
1. High-flow systems provide an adequate flow of oxygen to meet/exceed patients

inspired flow rate needs.
2. Low-flow systems will only provide flow of oxygen to supplement the patients

inspired flow rate needs.
3. Criteria for use of a high-flow system:

a. Required FIO2 > 0.45.
b. Tidal volume <300ml.
c. Respiratory rate >25 breaths/minute.

B. Types of low-flow devices:
1. Cannula

a. Delivers FIO2: approximately 0.24–0.45.
b. Most appropriate initial device for patients with chronic obstructive pulmonary

disease.
2. Simple oxygen mask: Delivers FIO2: 0.40–0.50
3. Non-rebreather mask: Delivers FIO2: 0.60–0.95+

C. Types of high-flow devices:
1. Venturi mask: Delivers FIO2: 0.24–0.50
2. High-flow aerosols: Delivers 0.24–0.95+

providing urgent care for the patient. Missouri Baptist Hospital uses several
Respiratory Care Protocols (Table 12.4), while other hospitals have com-
petencies that enable a trained respiratory therapist to increase respiratory
support and even intubate a patient if necessary when a physician is not
available. Writing a protocol that calls for unavailable skills will be a fruit-
less exercise at the patient’s bedside. Therefore the protocol development
will guide the team development, and vice versa. While all team members
should have critical care skills, they will be responding to a variety of sites
such as an orthopedic floor, post-operative unit, or the radiology depart-



ment, and the floor staff must remain and participate in the MET response
to provide important history, assessments, and specialty knowledge that the
team may not possess.

Chain of Command Process: In a community hospital most likely there
will be limited physician resources in the hospital during the off hours. If
staff is unable to reach the patient’s physician, the nurse leader must be well
versed in the facility’s physician chain of command. An important task for
the MET leadership and the physician leadership is to work out the chain
of command and document it for ready reference by MET members. The
nurse leader must be able to demonstrate the ability to use the established
chain of command to get the physician direction needed. Some medical staff
departments have included intensivists, medical directors, and emergency
department physicians as resources for the MET, so that treatment is not
delayed.

Benefits of a Nurse-Led Medical Emergency Team

Experienced nurses in the leadership role of a Medical Emergency Team
bring many benefits to the team and the MET process. Nurses spend more
time with patients than any other health care team member, and often have
an instinctive and experiential ability to sense a patient’s deterioration
although they may lack the diagnostic skills to understand why. Experi-
enced critical care nurses also demonstrate a patient-centered focus: a
steadfast determination to get the failing patient the treatment needed.

In an acute care hospital environment, often staff nurses are over-
whelmed with multiple and complex patients. When a MET is called to
assess a patient, and the team leader is a colleague with a sense of collab-
oration for the good of the patient, everyone wins.The call to a MET should
not trigger feelings of judgment as to what did or did not happen before
the call—that someone may have missed a crucial element in the assess-
ment, or that the nurse does not know what he or she is doing. The 
nurse leader—the right nurse leader—will keep the discussion and 
actions focused on what is best for the patient and refrain from judgment
or criticisms. This attitude of mentoring is a great learning opportunity for
the staff.

It is important that the MET not “take over” the care of the deteriorat-
ing patient.The role of the MET is to provide needed resources emergently
to prevent death. Staff nurses who have cared for this patient for possibly
the last several days will not learn from the event if they are pushed out of
the way and the MET takes over completely. The team led by an experi-
enced nurse should be able to guide that nurse to assist with or observe the
assessment, intervention, and communication with the physician. This spirit
of collaboration may be lost with a physician-led team (although some hos-
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pitals delegate an ICU nurse to include the floor nurse into the response
team). Frequently a physician is focused on inserting a central line or getting
the patient to the operating room quickly, and consequently may not
nurture the needs of the nursing staff. A nurse leader with the right atti-
tude will assist the staff nurse in becoming more confident and comfortable
in managing patients in crisis, and these skills will benefit the patients the
staff nurse cares for in the future.

A second benefit is that this is a proven mechanism to respond to patients
in crisis when physician resources are not available. At Saint Francis Hos-
pital, the MET has received over 700 calls in just under 10 months (Table
12.5), and in the majority of these calls the patient did not require an admis-
sion to the critical care area. The nurse-led team spends an average of 62
minutes on each call, assessing, implementing treatment plans, coaching,
and observing outcomes, thus rescuing the patients from an acute event and
often an ICU stay. Dave Archer, CEO at Saint Francis, states: “The Medical
Emergency Team has had a tremendous impact on nursing self-image and
morale by having the needed resources readily available.” Institutions who
do not have physician resources thus should be able to conclude from this
report that METs are both possible and effective when staffed and led by
non-physician health care professionals.
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Nursing Leadership and Mentoring after the MET Call

Several models of nurse-led METs provide a follow-up visit after the initial
MET call is completed. The follow-up visit is made by the nurse 12 to 24
hours after the initial visit and is an intentional redundancy that provides
another safety net for the patient. During this visit, the nurse assesses the
patient and reviews the events that have occurred since the visit, to ensure
the interventions were effective and the level of care is appropriate for the
patient. This also provides an opportunity for a debriefing with the staff
involved in the patient’s care.The discussion and review of the patient during
a less-urgent time provides a great opportunity for learning for staff
members, and is a rare opportunity for collaboration of professionals to
discuss the care of their patient. These discussions build relationships
between nurses from different areas of the hospital and offer an opportunity
to work together and learn from each other. This follow-up evaluation is
noted on the call tool, which is used in data collection and given to the front-
line management team of the area initiating the call for further learning.

Data Collection

Data should be gathered from each MET call; for this purpose we use a
“MET call tool.” This data can be analyzed later at the individual unit level
as well as at the hospital level to identify a variety of system failures. The
completed tool should describe the MET event in several stages:

•Reason for the call (why did the staff call)
•Assessment of the patient (Patient clinical findings)
•Background of the patient (Medical history and events leading up to the

deterioration)
•Recommendations and interventions (Treatments delivered)
•Outcomes (for example, transferred to a higher level of care, cardiac or

respiratory arrest, and survival)

Hospital leadership can use these completed sheets as case studies to 
validate the recognition of the subtle changes in the patient and the call to
the MET, which may have saved the patient’s life. Validation that the MET
call was beneficial gives nurses the confidence to respond to their instincts
and ensures this behavior will be repeated. By reinforcing the behavior of
attempting to rescue the patient, it will encourage placement of calls and
making calls even earlier in the patient’s deterioration.

Review of the data collected from MET calls by a nurse leader may
reveal system failures that can be helpful in finding subtle problems or rare
but significant events that fail to reach “statistical significance.” Retrospec-
tive review of multiple calls may demonstrate trends that need to be
addressed through hospital channels, including:
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Time called:Room Number / Location: Arrival time: Event ended:

Primary reason for call:

Recommendations/interventions:
Airway/breathing

Oral airway

Nebulizer treatment

Bag mask
O2 mask/nasal

No intervention

Other interventions

Notified physician:

No intervention

Acute mental status change

Acute significant bleed

Follow-up report:

Rapid Response Team Record

IV fluid bolus

electrocardiogram

Figure 12.3. Data collection tool.

1. Communication failures (for example, in nurse-to-physician or nurse-to-
nurse communication, communication between departments, or failure
to reach the provider)

2. Recognition failures (may include failure to note a change in heart rate,
blood pressure, respiratory status, behavior change, or change in level of
consciousness)



12. Nurse-Led Medical Emergency Teams 133

3. Planning failures (level of care issues, failure to diagnose, or failure to
assess or reassess the patient)

Once such trends are identified, nursing leadership can implement
changes to address these system-wide failures and improve processes. For
example, failure to recognize a crisis might lead to the development of
mnemonic tools like pocket cards or posters, and the institution of educa-
tional opportunities to foster better knowledge and performance. The use
of data gleaned from MET events and the institutional response to short-
comings can make the hospital environment safer for all patients. Missouri
Baptist Medical Center in St. Louis uses a data collection tool (Figure 12.3)
that incorporates these core elements as well as important elements needed
for outcomes measurement.

Conclusion

Nurses can lead MET responses. Special tools may be necessary to make
them most effective, including communication pathways, treatment pro-
tocols, specialized training in crisis response skills, physician chain of
command documentation, and post-event debriefing of involved staff 
to improve patient care. The outcomes of nurse-led MET programs and
physician-led MET programs are similar, and no hospital should refuse to
implement METs simply because no physician is available to respond.
Indeed, nursing brings a unique perspective to the leadership role in a MET
process. Experience, instinct, determination, and a spirit of collaboration
with the nurse at the bedside are attributes that can sustain a MET process
and over time can change the environment of the facility.
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ICU Without Walls: A New York
City Model

Vladimir Kvetan and Brian Currie

Chance favors a prepared mind.
—Louis Pasteur

Introduction

This chapter is a case study of development of the critical care medicine
(CCM) service and outreach system at a major university hospital in New
York over the past 20 years. While the focus of this review will be the major
milestones in development of the CCM team activity outside of the inten-
sive care unites (ICUs), general developments and influences will be briefly
discussed as well. This review makes a point of the need for and feasibility
of close and effective collaboration between clinical services and institu-
tional administration based on common language and goals. The case study
is meant to be a useful teaching tool for young intensivists and administra-
tors, to help them learn from our experiences and apply them to institu-
tional benefit.The core references may be routine for practicing intensivists,
but the goal includes having them available to non-clinician administrators.
Montefiore Medical Center currently staffs 2 university hospitals with 66
adult medical and surgical ICU beds and a 24/7 in-house team of attending
intensivists and fellows in an Accreditation Council for Graduate Medical
Education (ACGME)-accredited training program. It provides an ICU-
without-walls concept of care, with rapid bedside response to all acute
requests outside of the ICU within 30 minutes.The CCM service system has
been ranked in the top 100 as 1 of 2 national benchmark critical care hos-
pitals in New York City and has demonstrated positive performance para-
meters including a 45% increase in emergency department volume and
elimination of ambulance diversion over the past 5 years, in addition to the
best regional outcomes in surgical specialties targeted for increased inten-
sivist staffing. The ICU-without-walls model allowed for critical care med-
icine physicians to practice their skills to maximal institutional benefits, and
the management structure responded by allocating the necessary resources
based on objective performance. The hospital was the most profitable hos-
pital in New York City in 2003.
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Under the urging of the committed Leapfrog group of the Fortune 500
companies and the Institute for Healthcare Improvement, recently main-
stream business publications such as the Wall Street Journal have begun to
pay attention to the stakes of mismanaged ICU stay. Yet critical care med-
icine is one of the most exciting and highest impact areas of medicine that
consumes some 10% of hospital beds and 30% of hospital budgets in the
United States, with failure to reach expedited conclusion of stay resulting
in 10% of ICU outlier patients consuming 50% of ICU fiscal resources (1).
There is a large regional and international variation in allocation of
resources to critical care medicine service. The potential human cost of not
using therapies known to reduce mortality in ICU patients has been esti-
mated at more than 167 000 lives per year (2). As of the last analysis, up to
54 000 patients in the United States die in hospitals due to medical error
secondary to inadequate ICU physician staffing; this is accentuated by
analysis showing a growing shortage of ICU physicians (and nurses), and
the simultaneous graying of America with the potential for a doubling of
the Medicare ICU population by the end of the decade. The clinical and
fiscal benefits of high levels of intensivist staffing have been proven clearly
for the ICU populations (3–5); the problem is to document the benefit of
intensivists outside of the ICU.

Currently only 1 academic department of critical care medicine in the
United States, at the University of Pittsburgh, has as one of its strategic
goals the development of a primary, rather than subspecialty, training track
for critical care. This service is based in a surgical intensive care unit system
comprising 25% of primary university hospital beds heavily staffed by
internists, with separate pulmonary and critical care service responsible for
medical ICUs. The department has recently developed a functional 
24/7 external response team known as Condition C (for “crisis”) (6,7).
While this department is an academic powerhouse and a great academic
career goal for young intensivists, it also points to the need to offer other
models of CCM service that unite adult ICUs under a standardized
umbrella with alternate management structures. One of the goals of this
discussion is to consider CCM model options ranging from a full academic
department to a highly functional community hospital. This case study
demonstrates how patients’ needs may change over time within a hospital,
and that the way hospitals meet patient needs may require different 
strategies and resources.

Montefiore CCM Service: Lessons Learned 
During Its Development

For 20 years the CCM service has been active in the provision of training
to critical care medicine fellows and delivery of care to adult patients from
all specialties under a unified philosophy. In many ways, the positive devel-



opments are based on the evolving needs of the fellowship program, which
has graduated some 200 intensivists to date. The discussion below is
designed in 5-year milestones of learning and development.

1983–1988
During the first 5 years, CCM service focused on developing a training
program with 4 fellows at the primary university hospital, with 20 medical-
surgical ICU beds for the sickest multi-organ failure cases, and a nearby
community teaching hospital with a 20-bed medical-surgical ICU. Prior to
institution of a unified team with 24/7 in-house fellow coverage, the perfor-
mance parameters demonstrated length of stay more than double that of
the current, over-utilization of technical and clinical services, and mortality
almost 4 times higher than current (8). Aggressive collaboration of anes-
thesiology, medicine, surgery, and nursing produced rapid improvement, and
management became comfortable with critical care problem solving and
allowing new graduates to manage resources. In addition, the impact of
staffing on mortality for syndromes such as septic shock was demonstrated
at the teaching affiliate (9). The program was one of the first in New York
State to be accredited by ACGME by the end of this period.Administrative
collaboration focused on adjusting the system to implement a diagnostic-
related group (DRG)-based method of hospital compensation and chronic
respiratory failure services were provided throughout the hospital without
geographic clustering through the institution of respiratory therapy/CCM
ward rounds. During this period, CCM service team responded to cardiac
arrest team calls and the bedside critical care consult response was limited
to the sickest patients only, frequently those already intubated and on vaso-
pressors, with the acceptance rate in excess of 80%. This milestone was a
fairly standard development for most services in the United States.

1988–1993
At this stage, CCM service had a critical mass of staff and was able to
provide rapid response to national and international emergencies and dis-
asters requiring deployment of a fully equipped and staffed ICU team over-
seas in an unfamiliar environment (10–12). This required our service to
organize and deploy both general and specialized teams in situations with
marginal infrastructure support. An intense period of learning followed,
with staff members developing the ability to function outside of the stable
academic ICU environment for prolonged periods. The CCM service went
through a period of national recognition and efforts were made to organize
volunteer teams based in the training programs that were willing to work
outside of their ICU silos. A number of academic relationships in trauma
surgery and anesthesia, emergency medicine, and military medicine, led to
new teaching models, such as daylong tabletop crisis management simula-
tions provided for a number of professional societies. Internally, there was
expansion of intensivist presence in providing more general and specialized
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consultative and procedural services, including nutritional support and
transport. This milestone provided management with insight into the
dynamics of a critical care team and its ability to respond to most needs.
The major lessons during this milestone included building of self-confidence
to function outside of the ICU silo structure, to the point of providing ICU
services for prolonged periods away from the primary hospitals.

1993–1998
The CCM service identified 3 major areas requiring improvement for better
performance. The first was based on the analysis of the fellowship training
guidelines from the perspective of nonclinical education in administration
and management (13). The CCM specialty required high-grade skills for
management of large portions of hospital budgets, yet neither curriculum
nor training for program directors was developed or implemented. The
CCM service organized a series of national and regional postgraduate
courses and symposia on business management of ICUs, with faculty includ-
ing a number of intensivists working as presidents/CEOs and chairs at other
institutions (14,15). This program allowed for the closely knit group of
faculty and fellows to apply management standards acceptable to adminis-
tration. While not the first to recognize the need for administrative train-
ing in critical care medicine, the CCM service developed a focus on
physician training and faculty competence in leadership and performance.
The second need identified was that while most ICU care in developed
countries is practiced in community hospitals without high-intensity acad-
emic intensivist staffing, most critical illness worldwide is based in the pop-
ulations of developing countries. While developed countries routinely
participate in educational and consensus programs allowing them to share
scientific principles and advances, they do not necessarily include inten-
sivists from developing countries. The CCM service worked through the
chair of the International Liaison Committee of the Society of Critical Care
Medicine with the aim of developing functional relationships with the 54
CCM societies worldwide (16). It identified the need for inclusion of the
CCM societies of developing countries and has organized consensus con-
ferences directed toward countries with limited health care budgets and
ICU resources. In addition, the faculty of the critical care medicine sym-
posium established a journal, which is now the official journal of the
Western Pacific Association of Critical Care Medicine (17). Although the
CCM service had successful training fellowship rotations in all relevant spe-
cialties, it was deemed time for organizational expansion. The major learn-
ing was the ability to reach consensus and unification of language in a
challenging environment. At the same time local pressure was mounting in
the area of graduate medical education funding: Montefiore was responsi-
ble for one of the largest graduate medical education budgets in the United
States, and restrictions on training positions as well as in the clinical time
allowed for during training were having a real impact. The management
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team also sponsored this milestone, and this allowed the CCM service team
to advance its skills in resource management and consensus development.
The CCM outreach system was providing a stable rate of some 200, con-
sultations per month, but it was clear that redesigned pressures, mandated
by the institution in the 1980s as part of overall reorganization into care
centers and service lines, would require increased CCM service presence in
potential bottleneck areas such as the emergency department, postopera-
tive care units, and specialty area units such as neurosciences. The third
major area of focus was the recognition of the need for close collaboration
between ICU physicians and nurses in delivering a coordinated response
to critically ill patients outside of the ICU. During this period, a pilot study
using a senior ICU nurse responding jointly with an ICU physician to calls
showed optimal results for the interventions and for the satisfaction of
family members and external teams.

1998–2003
The institutional management team challenged the CCM service team to
completely redesign delivery of ICU services. It was recognized that the
organizational models of anesthesia and critical care and of pulmonary and
critical care as academic divisions did not fit. After a period of analysis, the
CCM team committed itself to the ICU-without-walls concept, based on
non-geographic critical care, thus reducing dependence on residencies while
increasing the non-physician practitioner teams, uniting all adult ICUs into
a single administrative and clinical entity, and demonstrating regional com-
petitive performance status. Close cooperation was established between the
CCM service team and the vice president for medical affairs, the vice pres-
ident for emergency medicine services, the vice president and chief opera-
tions officer, and medical director. In addition, external relationships with
a number of community and teaching hospitals, which were being provided
with clinical teaching services, were eliminated. The focus was on collabo-
ration in achieving drastic increases in emergency department volume and
eliminating diversion-related losses, and improving safety of care in surgi-
cal and medical environments by reducing the risk of medical errors that
result in multi-organ failure.The model of a service line that reports directly
to the corporate leadership and provides administrative, clinical, and acad-
emic services to all departments and care centers based on need was chosen.
CCM team was granted clinical department budgetary status and respon-
sibility, with frequent governance reporting. The ability to provide critical
care clinical response anywhere in the hospital was an absolute priority—
5 years ago, the CCM team was providing 18 hours per day faculty cover-
age and 24/7 coverage by fellows in training.

The institutional management team was well apprised of the 1999 Insti-
tute of Medicine’s To Err is Human report, as well as the 1999 Committee
on Manpower for Pulmonary and Critical Care Societies report on critical
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care manpower and the 2000 Leapfrog Group Fortune 500 response urging
computerized physician order entry and intensive care unit physician
staffing; it was also familiar with the 2001 Agency for Healthcare Research
and Quality and the Clinical Advisory Board recommendations on critical
care (18,19). Conservative analysis of clinical literature on the impact of
staffing intensity and distribution resulted in gradual and consistent alloca-
tion of increased resources, mainly payroll support. In the United States,
the Leapfrog Group and Health Grades reported the minimal staffing
threshold was reached in 1998, and computerized physician order entry was
fully implemented by early 2002 with the institution being among the top
3.1% of the most computerized medical centers. While intensive care unit
physician staffing reached 24/7 faculty staffing, simply focusing on ICU care
and adjusting staffing to acuity was not thought to be effective.

The key became expansion of the ICU-without-walls team of intensivists,
who are in-house 24/7 and provide 30-minute bedside response to all criti-
cally ill adults at Montefiore outside of the ICU. The benefit of a rapid
response of under 5 minutes attending to the high-acuity and at-risk patient
(those in cardiac and neurologic surgery, patients with ventricular assist
devices or heart transplants, etc.) was obvious and validated. Our own expe-
rience with CCM consultant response was carefully compared with the
potential of other systems, such as the Outreach Team in the United
Kingdom, and the Australian and New Zealand Intensive Care Society
MET team (20–24). The scope was rapidly expanded from highest severity
response and triage to provision of a high-level progressive care and pro-
cedural services.

The major advance was collaboration with the emergency medicine
department directed at eliminating ambulance diversion due to ICU 
bottlenecks, which resulted in a 45% increase in emergency department
visits, a 20% increase in institutional discharges, but only a 5% increase in
CCM discharges; similar focus was established at other major institutions
(25) (Figure 13.1). The consultation service arranged ICU admissions for
50% of patients, for whom primary services were requested by the CCM
team.The remaining 50% were triaged to either intermediate care after sta-
bilization or comfort care with the palliative team. When we reviewed the
impact of the triage system, the CCM-sensitive DRG analysis using the new
Clinical Looking Glass information system showed no increase in length of
stay or 30-day mortality. The volume of calls to the CCM consultants
increased to over 4000 formal calls per year (Figures 13.2 and 13.3). At this
point, the CCM resources were overwhelmed.While nursing leadership was
able to provide a senior CCM nurse to function as a part of the outreach
team for a number of years, with focus on managing the most unstable and
reversible patients prior to transfer to the ICU, this capability was lost due
to a continued critical care nursing shortage. In general, an integrated
response from an intensivist physician and an intensivist nurse provide the
best performance of the outreach team. The CCM team strongly supported



the addition of a palliative care service in 2001, and surgical hospitalist
service in 2002. The institution had already established a teaching hospital-
ist model in medicine, which was instrumental in providing the hospital with
the best length-of-stay results in our region. The palliative care service was
fully integrated with the CCM service. The primary university hospital set
up a modular staffing pattern for all 3 adult ICUs with 34 ICU beds, and
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Figure 13.2. ICU Without Walls, Volume 1998–2003.

Figure 13.1. Impact of ICU without walls within the hospital emergency depart-
ment and ward discharge structure.



after establishing 24/7 staffing, it was also introduced in the secondary uni-
versity hospital with 28 ICU beds. The secondary university hospital was
expanding a new 911 ER, and removing the medicine house-staff from the
14-bed medical-surgical intensive care unit. The CCM team was instructed
to develop staffing based on attendings, fellows, physician assistants, and a
limited number of daytime anesthesia residents. A full-time team for the
adjacent 18-bed cardiovascular intensive care unit was established. The
CCM service for all adult ICUs was unified and standardized; rotation of
faculty between all 5 ICUs and both hospitals created team recognition
standard. It should be noted that while the ICU beds were being increased
nationally, this medical center remained at the same ICU-bed level for more
than 10 years.

During this period, the CCM team covering 5 adult ICUs and the CCM
consultants received external risk adjusted recognition with the Solucient
Top 100 ICU study published in 2001 comparing the 6100 US hospitals, and
more specifically, the US hospitals with CCM fellowship programs (26).
Montefiore was 1 of only 2 national benchmark hospitals identified in New
York City. After additional investment in 24/7 coverage and supplementary
training, the Alliance 2004 Report Card/New York Department of Health
noted that the outcomes of coronary artery bypass surgery in our secondary
university hospital were the best in New York State, at 0.8% mortality, and
neurosurgery craniotomy results were the best in New York City (27).

CCM service currently functions as an institutional product/service line
reporting to the vice president of medical affairs,who is responsible for coor-
dinating the governance and collaborative practice issues among all con-
sumers of level-1 ICU services including the emergency department,
medicine, surgery, neurosurgery, and cardiothoracic surgery.The CCM team
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is also responsible for the medical direction of the respiratory therapy
department, with some 65 therapists—all of whom are qualified in endotra-
cheal intubation and some also in fundamental critical care support—and
participates in long-term ventilator rounds in collaboration with palliative
care and ethics.Effective collaboration has resulted in the new palliative care
service becoming the fastest growing service of its type in our institution,
collaborating on and securing a joint CCM-Palliative grant for dedicated 
palliative care physicians in critical care medicine, developing a palliative 
fellowship, and collaborating on a textbook encompassing both specialties.
As to the training program, many of the 200 graduates took on leadership
positions in regional ICUs,and some contributed to the literature in the man-
agement field. Program fellows have been voted “fellow of the year” in the
academic departments in competition with all other specialties 80% of the
time. Fellows have been incorporated into critical care medicine-based stan-
dardized training, such as the fundamental critical care support and difficult
procedure-simulator programs, and management programs.

In general, the CCM team and corporate management developed an iden-
tical agenda, and implemented it to institutional benefit.Advancing the 24/7-
coverage system in conjunction with mandatory ICU-without-walls response
allowed for performance to improve in areas beyond simple ICU-based
control. The supply crisis of physician staffing (28) was managed by main-
taining an accredited fellowship program and a pool of competent graduates
for recruitment, in addition to the consistent additions of external experts
with backgrounds in transplant and cardiothoracic surgery, nephrology,
infectious diseases, and pulmonary medicine. Economy of scale evaluations
showed that while the service of 16 intensivists is an expensive undertaking,
unification allowed for reduction in redundant coverage and expenses and
the economic argument of intensivist staffing was accepted (5). Demand
crisis was handled with a system for rapid delivery of critical care medicine
expertise to the bedside anywhere (29), including stabilization, triage, and
the continuous ability to provide alternate, post-stabilization routine hospi-
talization or humane comfort measures. And an expanding program target-
ing patient-family satisfaction, ranging from installing Internet stations and
videoconferencing phones in the waiting rooms to a functional critical care
medicine-ethics-palliative care team, has been established.

Where does the CCM service go clinically from this point, and what is
the role of the ICU-without-walls outreach system? After implementing
high-intensity staffing, computerized physician order entry, consensus stan-
dards, unification of medical and surgical systems, electronic morning report
teleconference, and developing non-physician teams, the major opportuni-
ties are in exploring technology advances (crisis simulation, telemedicine
[30]), options for regionalization of service (trauma and neonatal ICU
models) urged by national experts (31), and quantitative triggers for ser-
vices such as the consult team (MET standard). The business rationale for
high-intensity intensivist staffing, and institutional profitability of the
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service/product line was developed and implemented some 5 years before
the recent series of excellent publications (32), but continuing time-motion
analysis and adjustments of staffing to activity are required. Our service col-
laborated with others on assessing the national level of administrative train-
ing and problem solving in critical care medicine fellowships; it is clear that
improved management training for the leaders of tomorrow will be
required (33). We hope that this case study offers a learning tool for prac-
tical development of CCM service for large teaching hospitals and an alter-
native approach to model development.
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14
Hospital Size and Location and 
the Feasibility of the Medical
Emergency Team

Daryl Jones and Rinaldo Bellomo

Change is not made without inconvenience, even from worse to better.
—Samuel Johnson

We do not experience and thus we have no measure of the disasters we prevent.
—JK Galbraith

Introduction

Modern hospitals are complex institutions that treat increasingly unwell
patients with multiple co-morbidities. The aim of such institutions is obvi-
ously to improve the outcome of the patients they treat. Unfortunately,
up to 1 in 5 patients in hospital systems in the United States (1,2) and 
Australia (3,4) will suffer a serious adverse event or an unexpected death
during their admission. Although little data is available on such events
outside of these countries, there is no reason to believe that this problem
does not exist in other health care systems throughout the world.

The frequency and nature of serious adverse events and unexpected
deaths is likely to be affected by factors such as the number of patients
treated by the institution, the patients’ general health status, and the nature
of the services provided (e.g. trauma and cardiac surgery versus elective day
surgery).Thus, it is probable that university-affiliated teaching hospitals will
experience a greater burden of serious adverse events or unexpected deaths
than smaller regional hospitals.

On the other hand, reports from the United States suggest that the risk
of operative death is related to the total number of procedures that the hos-
pital performs each year (5). Smaller or medium-sized regional hospitals
may have a higher rate of postoperative complications for any given 
procedure, even if the total number of events is lower. Hence, serious
adverse events and unexpected deaths are likely to be a ubiquitous phe-
nomenon that all hospitals must somehow aim to prevent. At our Austin
Health in Melbourne, we have implemented a Medical Emergency Team
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(MET) to identify and treat acutely ill ward patients. This chapter outlines
the various approaches for the early warning systems that have been
employed to prevent serious adverse events and unexpected deaths, and
how METs can be implemented in different locations and in hospitals of
different size.

Antecedents, Cardiac Arrests, and Criteria for 
Medical Emergency Team Activation

The logic behind the concept of an early warning system that identifies
acutely unwell hospital patients has been outlined in detail in other chap-
ters in this book. A number of studies have demonstrated that serious
adverse events and unexpected deaths are preceded by a period of physi-
ological instability (6–8) manifesting in derangements of commonly mea-
sured observations and vital signs. These physiological derangements are
often present for some time before deterioration occurs, thus allowing time
for appropriate intervention.Accordingly, criteria for the activation of early
warning systems are typically based on acute changes in heart rate, respi-
ratory rate, blood pressure, conscious state, urine output, and oxygen satu-
ration derived from pulse oximetry.

At Austin Health, 82% of the MET reviews are initiated by a nurse (9).
It is perhaps not surprising that analysis of the timing of 2568 MET reviews
that have occurred at Austin Health in the 3.5 years since the introduction
of the MET service revealed that MET activation is more likely to occur
during periods of routine nursing observation and nursing shift handovers
(Figure 14.1). These findings emphasize the need for simple criteria in acti-
vating review of an unwell ward patient, regardless of the personnel that
comprise the team that performs the review.

Models, Location, and Size
The structure and personnel comprising the team that review acutely
unwell ward patients must by necessity vary among hospitals according to
local resources, patient acuity, and the frequency of serious adverse events
and cardiac arrests.

In well resourced, university-affiliated teaching hospitals, the high degree
of patient acuity and complexity demands an intensive care–based team. In
hospitals or district general hospitals with fewer resources that service
patients of lower acuity, alternative models may be adopted (Table 14.1).
In addition to variations in the team personnel, the team’s goals and objec-
tives may differ among the models.
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Teaching Hospitals
MET systems in teaching hospitals are typically composed of intensive care-
based staff. At Austin Health the MET includes an intensive care fellow
and nurse, as well as the admitting medical care fellow of the day. In the
last 12 months, our MET service was called to review 809 patients. At the
peak of activity, in April 2004, the MET was summoned to review almost 
1 in 12 of all surgical admissions. In the 3.5 years since the MET’s intro-
duction, 2568 reviews have occurred (an average of 734 calls per year).
The distribution of these calls was relatively even throughout the week,
indicating that the MET is an important mechanism for managing unwell
ward patients in the periods not staffed by the parent unit doctors.
This information also makes it clear that a model created for a teaching
hospital must deliver the service with uniformity 24 hours a day, 7 days a
week.

DeVita et al. (10) recently have reported a retrospective analysis of 3269
MET (“Condition C” team) responses in a 622-bed university medical
center occurring over 6.8 years (an average of 480 calls per year), further
highlighting the specific high-resource requirements associated with a MET
service at a large institution.

Figure 14.1. Number of MET calls made per half hour over a 24-hour period in
relation to aspects of daily nursing and medical routine for 2568 episodes of MET
review. Arrows demonstrate periods of nursing handover ( ), beginning and end of
daily medical shift ( ), and periods of routine nursing observations ( ). The dotted
line represents the average number of MET calls made per half hourly interval. Sta-
tistically significant (p < 0.05) levels of increased activity are also indicated (* ).
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Although larger institutions have a greater need for a MET service,
resulting in a greater demand on resources, they typically also have more
resources at their disposal to meet such demands.

The role of the MET in a university teaching hospital is to provide
advanced resuscitation for the patient, and to decide the location of a
patient’s continued care. If the patient is to remain on the ward, a man-
agement plan is communicated to the medical fellow and the parent unit
caring for the patient. Each institution needs to develop protocols for inten-
sive care medical handover of ward patients requiring MET review, as well
as protocols for the management of care for patients receiving multiple
MET reviews during a single admission episode.

In a university-affiliated teaching hospital, the MET system may reduce
the incidence of unplanned intensive care admissions (9–11). At other insti-
tutions with fewer critical care personnel and resources, the MET may facil-
itate the process of intensive care referral and admission.

Table 14.1. Summary of various models of emergency teams for reviewing acutely
unwell hospital patients
Description of team Personnel Roles and objectives

Intensive are-based Intensive care fellow Advanced medical
Medical Emergency Intensive care nurse resuscitation
Team Internal medicine fellow Safe transfer to critical care

e.g. university teaching Respiratory care environment if needed
hospital (9–12) practitioner Formulate and coordinate ongoing

management plan for patients
remaining on the ward

Level 1
Dual-level Medical Internal medical fellow Identification of patients

Emergency Team and hospital medical requiring  intensive care
e.g. Secondary referral officer fellow review

center with limited Treatment and follow-up for
criticalcare personnel acutely unwell ward patient not

requiring intensive care
review or admission

Level 2
Intensive care fellow Activated at the discretion of

and nurse ward staff or following review
medical fellow

Emergency department- Emergency department Resuscitation conducted by
based MET Hospital medical emergency department doctor

e.g. district general officer (Consultant Ongoing management by ward
hospital (14) and/or registrar doctors or visiting medical

attend if available) practitioner
Intensive care liaison Intensive care nurse Review complex patients prior to

nurse MET criteria developing
e.g. District general Follow-up of patients discharged

hospital, in conjunction from the ICUI
with MET (13) Consultation service
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Secondary Referral Centers
Several different models of review have been adopted for patients fulfill-
ing early warning system criteria in secondary referral centers. The MET
may supersede the existing cardiac arrest team (e.g. Lee et al. [12]) so that
it reviews all medical emergencies in the hospital. In this model, the crite-
ria for calling the MET are expanded to include criteria similar to those
described previously (9). This is an effective way to meet the resource 
challenge by simply redeploying those resources to intervene at an earlier
time in the evolution of critical illness. As most hospitals have a cardiac
arrest team, this is an easy initial way of allocating the necessary resources
for a MET service.

In centers with limited critical care personnel, the MET can be divided
into 2 levels or tiers (Table 14.1). The first tier (“MET review—medical”)
involves review by the medical fellow for patients who fulfill MET calling
criteria but are not critically unwell. The second tier (“MET review—
intensive care”) is activated at the discretion of the nurse initiating the call,
or following review by the medical fellow.

The implementation of a MET initially could be restricted to a limited
number of wards. In this model, wards with the highest incidence of cardiac
arrests and serious adverse events could be targeted to obtain maximum
impact, with minimal outlay of resources.

Alternatively, an intensive care nurse who is specifically trained can
perform the initial review of the unwell ward patient (13).

In all of these models, one of the aims of the MET review is to improve
the process of identification and referral for patients who require intensive
care management.

If a cardiac arrest team is deployed to provide a MET service, it is likely
that its workload will increase as it attends more patients. This may require
subsequent minor adjustments in resources. In addition, because the
demands of acute patient care under more complex circumstances require
a wider array of interventions and knowledge, specific nursing and medical
expertise and training may be required. These will have to be assessed in
each institution on the basis of patient characteristics and acuity.

District General Hospitals
For institutions with very limited or no critical care facilities, the MET can
be comprised of emergency department staff who review the ward patient
and then communicate with the patient’s visiting medical practitioner (14).
This system is appropriate for hospitals in which there are no dedicated
ward medical staff, and in which the overall number of MET calls is not
excessive. Daly et al. (14) reported on the implementation of such a model
at the Swan District Hospital in Western Australia. Over a 12-month period,
there were 68 reviews for 63 patients. The system reduced the time delay



for recognition of a life-threatening incident and improved the process of
communication with the visiting medical practitioner. This model required
the emergency department staff to be trained in advanced resuscitation.
This experience provides proof that an effective MET service can be pro-
vided in a small hospital. It also emphasizes the need to employ resources
that are already available by re-engineering their use and underlines the
need to provide adequate training.

Small City Hospitals with an Intensive Care Unit
The authors have recently implemented a MET service for a small private
city hospital in Melbourne containing a 7-bed intensive care unit (ICU)
with 24-hour coverage by an in-house ICU fellow.The hospital has approxi-
mately 120 beds and is adjacent to a university teaching hospital with an
established MET service. The hospital services a mixed population of 
surgical patients (including open heart surgery) and medical patients
(mostly cardiology and oncology). It does not have an emergency depart-
ment, and patient care outside of the ICU is provided by visiting special-
ists. In response to the occurrence of cardiac arrests (approximately 1 per
month) and other serious adverse events, the medical advisory committee
in conjunction with the ICU staff introduced a MET using the available
resources. The ICU fellow and an ICU nurse became the Medical Emer-
gency Team and hospital nursing staff was educated to the benefits of the
MET; additionally, the calling criteria were made known and available
throughout the hospital. The system was taken up rapidly, and over a 
6-month period the number of MET calls became stable at approximately
10 per month.

The service has proved sustainable and a preliminary review of data
shows that over a 6-month period there were only 2 cardiac arrests and the
lives of an estimated 6 patients probably were saved by the availability of
the MET.As the number of events is small, it is not possible to demonstrate
a statistically significant reduction in cardiac arrests. However, the benefits
of the MET service are already visible to nursing and visiting medical staff,
and the system is already fully supported by both groups of stakeholders.
Although the system is not perfect and may require additional resources,
as well as better auditing, it delivers a much better level of care than was
previously available to acutely ill patients on the hospitals wards.

Summary

Despite the best efforts of hospital medical and nursing staff, serious
adverse events and unexpected deaths are an unfortunate facet of medicine
in the modern-day hospital. Although the overall burden of such events
may be higher for teaching hospitals, all medical institutions can develop a
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system for the identification of and care management for seriously unwell
ward patients, and are likely to benefit from its introduction. This system
should be tailored to meet the burden of events and to incorporate the most
appropriately trained personnel available within the hospital. A some-
what imperfect system may initially be deployed, but this should not be a
justification for inaction. Even an imperfect early intervention system is
likely to be better than what is normally available in most institutions. The
need for ongoing auditing and modification of the system cannot be
overemphasized.
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15
Medical Emergency Teams in
Teaching Hospitals

Helen Ingrid Opdam

Introduction

Like other large organizations, hospitals are complex places. Providing
medical care for patients requires the coordination of a large number of
people, services, and interventions. The human involvement is immense, as
is the potential for error.

Teaching hospitals have additional dimensions of intricacy due to their
large size, a case mix high in subspecialty patients receiving sophisticated
treatments, and the employment of a rotating, and often inexperienced,
junior workforce.

Such an environment is ripe for critical illness and adverse events. A high
frequency of adverse events in acute care hospitals has been reported, many
of which are preventable. Earlier recognition of critical illness and timely
intervention may prevent adverse events, and when they do occur, limit
their impact on patient outcome. For a process of earlier detection to
endure, a systematic change is necessary, such as the introduction of a
Medical Emergency Team (MET). The introduction of the MET in teach-
ing hospitals has particular challenges but can result in reduced adverse
events and improved outcome for patients.

The Nature of Teaching Hospitals

Teaching hospitals share the complexities of other health care facilities and
large organizations, with the added dimension of a large number of incom-
pletely trained caregivers and perhaps a higher likelihood for error. Errors
in teaching hospitals may be augmented because of their typically larger
scale and more complex case mix.

Teaching hospitals are the training ground for junior health care workers
and as such, there is a high turnover of medical, nursing and allied staff.
Junior staff may rotate to a new position every few months (in essence,
removing them from an area of practice as soon as they have become com-
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petent, which ensures a progression of incompetence within teaching hos-
pital systems.) This changes the nature of the patients they care for and
requires them to provide unfamiliar treatments and follow new protocols;
in addition, trainees must regularly adjust to working with a different team
of people in an unfamiliar setting. This need to adapt to a new environment
is an even greater problem for foreign trainees, who comprise a significant
portion of the workforce in some teaching hospitals.

Junior staff are not only “knowledge deficient,” they are also “skills defi-
cient:” they perform procedures that are new to them. This initial learning
curve is associated with a greater risk of complications, which may be
reduced with adequate supervision but, unless training procedures are dra-
matically altered, will probably never be as safe as when performed by
experts. In addition, junior trainees may be reluctant to request support
from senior staff members with whom they have not had an opportunity to
develop rapport.

The constant shuffle of junior and inexperienced staff creates a perma-
nent situation akin to a sports team playing together for the first time.
Because of the lack of interpersonal knowledge that often occurs in teach-
ing hospitals, supervisors and trainees may not be aware of each other’s skill
levels and weaknesses, and consequently there is a reduced ability to com-
pensate for less competent staff members. A third problem with trainees is
they are “judgment deficient”—that is, they lack high-level judgment skills
that enable them to recognize and react to situations in a safe and consis-
tent manner. In particular, they may fail to recognize when they—or, more
to the point, their patient—require additional services.

The acuity of hospital patients is also increasing, along with the sophisti-
cation and technological demands of available treatments. Hospitalized
patient populations are now older and sicker, and face financial pressures
requiring them to have shorter hospital stays. Such patients will be more
prone to critical illness and adverse events. Junior and senior medical staffs
need to stay abreast of the growing range of complex therapies, and the
consequences of such medical advances include heightened expectation
from the community and better-informed, more demanding consumers.

The hospital’s physical structure and layout may contribute to adverse
events, since older hospitals were not designed for modern equipment and
workflows. For example, transporting a ventilated patient with an intra-
aortic balloon pump or extracorporeal membrane oxygenation to a com-
puted tomographic scanner becomes a logistic feat in older hospitals that
have small elevators and narrow corridors. Similarly, the historical evolu-
tion of clinical groups, training programs, and patient ward rounds may not
be best suited to modern workflows. The typical surgical unit, in which the
junior doctors are expected to spend long hours assisting after an early-
morning ward round, is a typical example. This clinical workday may have
been suitable decades ago, when the care of postoperative patients was
perhaps relatively straightforward. Today, surgical inpatients often require
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much more frequent medical review because of medical co-morbidities or
the complexity of the surgery performed.

Teaching hospitals do have the advantage of better staffing in the form
of around-the-clock medical coverage. However, it is the most junior staff
member who is first called to review a sick patient. The typical notification
from the least trained to the person with the most knowledge and skills
causes inevitable delays that hinder timely intervention. In a system of this
structure, it seems surprising that so many crises are averted.

The reluctance to overhaul this faulty system resides in the desire to
expose junior trainees to situations that they need to master in order to
become expert physicians. To date, no better system has been conceived or
developed for training. Perhaps there is also a reluctance to move away
from what is known and familiar. A teaching hospital has all of the politics
and powerbases common to large organizations, and individuals will resist
change if they believe the proposed alteration to the system will impact
them negatively.

Lastly, any major change to the system will have associated costs. In a
resource-poor system, which is typical of many teaching hospitals, there will
be financial restrictions due to fixed budgets. The potential for a system
change to improve patient outcome and save lives may, in itself, not be suf-
ficient argument for its implementation. Any proposal for change will need
to be supported in terms of cost efficiency. Frequently, in systems where
additional funds are not available, savings in terms of hospital bed days and
other cost markers must be demonstrated to obtain executive approval for
implementation.

A Milieu Ripe for Adverse Events

In the complex environment of a teaching hospital, it is inevitable that
errors will occur and result in adverse outcomes for patients. It is known
that adverse events in hospitals commonly occur and result in patient death
on a scale approximating 10 times the national road death toll in Australia.
Adverse events may be defined as an injury caused by medical manage-
ment—rather than the underlying disease—that results in disability, death
or prolonged hospital stay (1,2).

The Harvard Medical Practice Study reviewed 30 121 patient hospital
records in New York State in 1984 (1). They reported that adverse events
occurred in 3.7% of hospitalizations, and that 27.6% of these were due to
negligence and 13.6% led to death. In 1992, a similar study in Australia, the
Quality in Australian Health Care Study reviewed the medical records of
over 14 000 admissions to 28 hospitals (2). Adverse events occurred in
16.6% of admissions, of which 51% were considered highly preventable. Of
the adverse events, 13.7% resulted in permanent disability and 4.9% in
death (Figure 15.1).
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This data raises 2 important questions: are adverse events predictable,
and is there an opportunity to intervene and prevent their occurrence?
There is evidence in cardiac arrest literature to suggest that warning signs
precede the cardiac arrest in a large proportion of cases. A study of con-
secutive hospital cardiac arrests in a Miami hospital showed that 84% had
documented observations of clinical deterioration within the 8 hours pre-
ceding the cardiac arrest (3); in addition, most of the patients who suffered
the cardiac arrest had underlying disease processes that were not in them-
selves fatal. The most commonly observed forms of clinical deterioration
among the patients included worsening respiratory and mental functions,
and metabolic derangement. A study of 150 cardiac arrests in Chicago had
similar findings (4): in 66% of the cases, a nurse or physician documented
deterioration within 6 hours of the cardiac arrest. Premonitory signs and
symptoms included neurologic and respiratory deterioration.An Australian
study showed that critical events (cardiac arrest/unplanned intensive care
admission) were preceded by warning clinical signs for an average of 6.5
hours (5). Warning signs included abnormal physical observations and lab-
oratory test results (Figure 15.2).

Other studies have suggested that the response to critical illness in
general hospital wards may be suboptimal (6). This may be due to both
failure to recognize critical illness and a lack of knowledge about how to
appropriately respond to critical illness. It has been suggested that more
than 50% of intensive care unit (ICU) patients with emergency admissions
receive inadequate pre-ICU care (7).
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So it appears that some adverse events, such as cardiac arrests, may be
anticipated by the presence of preceding clinical deterioration (and the
cardiac arrest itself is a final result of a clinical deterioration that was unde-
tected and uncompensated). We believe that failure to detect such deterio-
ration and respond appropriately can be considered a medical error. This
leads us to ask: what is the best way to detect clinical deterioration, and
what is the best way to respond?

The Solution in This Environment

Given the complex nature of medical practice and the illness severity of
many hospitalized patients, the potential for adverse events is not surpris-
ing. While the final event leading to an adverse patient outcome, whether
it be failure to recognize clinical deterioration and critical illness or a treat-
ment error resulting in patient harm, usually is a “human error” often well
beyond the individual’s control, it actually is a system error.

The importance of poor system design as a cause of failures in complex
processes has become more apparent in the health care arena (8). These
latent errors are “accidents waiting to happen” and set up the individual to
fail. Such conditions include junior staff being expected to operate beyond
their level of expertise, inadequate supervision, unrealistic workloads, and
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inadequate training. Common to this system is the lack of a uniform
approach, often involving a multitude of ways of providing the same treat-
ment, frequently without written guidelines. Other conditions typical of the
hospital environment include a dependence on people for vigilance (for
example, to follow up on investigation results) and lack of use of available
technology, such as electronic prescribing with built-in protections against
incorrect drug dosing, drug interactions, etc. (9).

The importance of recognizing and responding to antecedents to adverse
outcomes has been understood in the aviation and nuclear power industries
and has led to the introduction of system changes that take the emphasis
off the individual and hence limit the potential for human error. This has
also contributed to the safety of both industries, creating a degree of safety
that is several magnitudes greater than that which exists in the health care
industry.

Clinical medicine’s slowness to recognize this and respond appropriately
may be related to a lack of awareness of the severity of the problem. To
date, unlike plane crashes or nuclear disasters, hospital-acquired injuries
and adverse events are not reported in the newspapers. And unlike nuclear
and aviation events, hospital errors are difficult to discover, and result
usually in a single death at a given time. Individual staff members may only
see occasional isolated and unusual events. It may be difficult to distinguish
between a poor patient outcome that is inevitable due to the underlying
disease and that which results from an error of omission or commission.

In addition, doctors and nurses may perceive a pressure to handle all 
situations; and in a sense, failure (or a request for help) can be seen as a
sign of intellectual or psychological weakness. Denial when things are going
wrong and erroneous hopeful thinking that everything will be all right may
prevail. There may be pressure on both junior doctors and nurses not to
seek help outside of the clinical unit. Even if requested, senior help may
not be readily available.

When things clearly have not gone well and the clinical deterioration of
a patient’s condition has not been recognized and responded to appropri-
ately, there is a tendency to blame the individual closest to the event. The
cause of the error may be attributed to a lack of experience, knowledge, or
judgment; a typical response may be that the individual, “having learned
from this experience,” will prevent similar occurrences in the future. This
focus on the individual is a poor solution, especially when a new, similarly
inexperienced junior staff member will be in the same decision-making
position with the next staff rotation.

Successful intervention is not based on training or changing the behav-
ior of individuals. What is required is a system and cultural change. One
such change that has the potential to meaningfully improve outcomes is the
introduction of a Medical Emergency Team. This single strategy bypasses a
number of barriers that prevent the provision of expert timely care. One
such stumbling block is the reliance upon junior staff to recognize and
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appropriately act upon critical illness. Another is the barrier to nursing and
junior staff that prevents them from obtaining sufficient senior and skilled
medical review of a critically ill patient in a timely manner; calling for help
must be viewed as an act of heroism, not weakness. This cultural change is
no small matter to accomplish.

Introducing a Medical Emergency Team System in a
Teaching Hospital

Implementing a MET successfully into a teaching hospital has more to do
with producing a cultural change than setting up the logistics. The logistics
are relatively straightforward, and their exact nature depends on the par-
ticular institution.

Acceptance of the MET Within the Hospital
With any introduction of change to a system, there will be resistance from
those individuals who may perceive it as having the potential to negatively
impact upon them. For the change to be accepted and implemented suc-
cessfully, such concerns must be addressed and alleviated. The MET should
be introduced only after consultation with all the stakeholders. Presenta-
tion of the proposal to all major hospital groups, followed by an open dis-
cussion that encourages concerns (voiced and unvoiced) to be addressed,
is a prudent approach. Possible concerns include that patient care will be
“taken over” by the MET, or that ward staff will become deskilled in man-
aging acute illness. An underlying fear is that the doctors feel that they will
look deficient and will “lose control” of their patient. To overcome this
hurdle, senior staff of clinical units must be reassured that they will be con-
sulted if a MET call results in an altered care management plan for their
patient. Junior staff of the admitting unit must be involved in the MET
review, and MET team members must behave in a professional, collegial,
and inclusive manner.

Setting Up the Team
The key members of the team should be sufficiently skilled in recognizing
and appropriately responding to critical illness. Both medical and nursing
expertise is required. Medical staff should be able to diagnose the cause of
the clinical deterioration and implement appropriate therapies. Required
capabilities may include intubation, obtaining (central) intravenous access,
and the administration of fluids and emergency medications quickly.
Nursing assistance may be required for instituting vital-sign monitoring,
drawing up medications, and applying other treatments like oxygen or
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assisted ventilation. Medical staff of the admitting clinical unit should also
be notified at, or soon after, the time of the call. This promotes an inclusive
environment and facilitates patient assessment by having staff present that
know the patient.

In Austin Health, the team includes an intensive care nurse and registrar,
the medical registrar and, if required, ICU consultant backup. The junior
doctor for the clinical unit under which the patient has been admitted is
also expected to attend. Finally, most teams in the United States have a res-
piratory therapist to assist oxygenation, ventilation, and intubation, and to
set up respiratory treatments like beta-agonist nebulizers.

Activating the Team
The ward staff needs to be educated as to when and how the MET should
be called. A poster with the MET criteria and how to call the MET should
be prominently displayed in every ward. Prior to the MET’s introduction,
nursing and junior medical staff should become familiar with the MET
process through preparatory education sessions.

Our Experience with the MET

A number of reports have described the benefits of the MET (10–13). Data
was collected at Austin Hospital before and after introduction of the MET
to assess its impact on cardiac arrests, serious adverse events, and hospital
mortality. Studied over 2 comparative 4-month periods, for surgical patients
the introduction of an ICU-based MET was associated with a 65% reduc-
tion in hospital cardiac arrests and 26% reduction in hospital mortality (14)
(Figure 15.3). A number of serious adverse events were studied in a cohort
of patients undergoing major surgery during these same periods. The MET
was associated with a statistically significant reduction in the frequency of
severe sepsis, respiratory failure requiring ventilation, stroke, emergency
ICU admission, and acute renal failure requiring renal replacement therapy,
and also in the number of postoperative deaths (15) (Figure 15.4). Sub-
stantial cost savings, far exceeding the cost of implementing the MET, were
estimated based on reduced length of hospital stay for patients undergoing
major surgery and reduced bed occupancy related to cardiac arrest.

Equally important to a hospital with a teaching mission, senior and junior
medical and nursing staff in Austin Hospital have embraced the MET. Pos-
itive feedback is regularly received regarding the MET, thereby providing
great support to ward staff and serving to educate junior members that
learn from the attending MET staff. Trainees report an equivalent or
improved teaching environment because of improved supervision, espe-
cially in critical situations, and because of improved psychological atmos-
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phere: they do not perceive themselves to be abandoned as they are trying
to simultaneously care for patients and learn.

The introduction of the MET has not been without some drawbacks. It
has increased the workload of the regular intensive care staff members who
comprise the MET, at times calling them away from responsibilities and
patient care within the ICU. There are currently 794 MET calls per year
(roughly 2 per day), necessitating the employment of an additional ICU
registrar/fellow.
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Figure 15.3. Illustration of the effect of the MET on cardiac arrests and hospital
mortality. From data in Bellomo et al. (14)
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Although most MET calls are justified, there are also occasions when
MET calls are made inappropriately. However, to promote getting help
early, every MET call must be approached as if it were correct. This fosters
trust (that the MET caller will not be reprimanded) and safety (that the
patient’s needs are always met, even if too many resources occasionally are
brought to bear).

In Austin Hospital, the MET has been a victim of its own success, with
nursing staff knowing they can obtain prompt medical attention instead of
persisting with trying to page the covering junior doctor, who may be slow
to respond. Of course, this safety mechanism creates pressure for the trainee
programs to develop more efficient methods of responding to nursing
requests.Additionally, calls in response to patient deterioration at night can
lead to early discovery of patients for whom cardiopulmonary and other
invasive critical care interventions should not be employed. The intensive
care staff then conducts an end-of-life discussion with families that should
ideally have been managed in-hours by the attending team.

Similarly, there are many occasions when the MET has not been called
despite the patient having MET call criteria. This has lead to a delay in pro-
viding appropriate treatment and may have resulted in a worse patient
outcome.

These points highlight the need for some level of ongoing education of
the MET users, which includes formal or informal feedback about their use
of, or failure to use, the MET.

In our teaching institution, the MET has been very successful, but this
has been dependent upon the approach taken: a careful and thorough intro-
duction and much ongoing support from medical and nursing staff. It is pos-
sible, and even likely, that a less enthusiastic implementation and lower
level of service would not have produced the same beneficial outcomes.

Conclusion

The MET system has great potential to reduce adverse patient outcome
through improving the early recognition and appropriate response to crit-
ical illness in teaching hospitals. Fundamental to its effectiveness is that it
is a system change that allows any attending health care provider to trigger
the rapid mobilization of appropriately skilled personnel. Its success
depends upon appropriate implementation, which must involve consulta-
tion with all the stakeholders, widespread education of hospital staff, and
enthusiastic MET providers. The MET is not incompatible with a teaching
environment, and in our experience, it seems to augment the educational
value of providing in-hospital care.
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16
The Nurse’s Perspective

Nicolette C. Mininni and Carol C. Scholle

Introduction

For emergency event response teams to be effective, an organized plan for
implementation must be established. This chapter outlines the essential
steps to prepare nursing staff for their roles during emergency events. The
first challenge is the need to change practice. The second is the methodol-
ogy to create a culture change. Finally, we will discuss the impact of the
Medical Emergency Team (MET) system and how the use of METs relates
to nursing empowerment, satisfaction, and retention.

Medical Emergency Teams and Continuity of Care

Although emergency events may occur anywhere in a hospital, they are
most common in patient care units.The human resources needed to manage
an emergency event adds to the workload to a nursing unit staff, and so to
maintain the efficiency and safety of the unit, additional resources must be
rapidly assembled. This sudden flux in care needs supports the need for a
well-organized emergency response team. Nurse-to-patient ratios vary from
unit to unit, based on the acuity of the patients’ illnesses, and are calculated
daily based on patient-care hours. Staffing ratios are designed to meet the
patients’ average or expected nursing needs and the formula does not con-
sider adequately the potential need to staff sudden, unexpected crises. As
a result, when an emergency event occurs with a single patient, the nursing
care delivered to all patients on the unit is affected.

In institutions that do not have an emergency response team, usually the
nurse will first assess a change in patient status and attempt to contact the
physician or resident. All too often, the response is delayed. When one is
obtained, it usually involves new physician orders that need to be im-
plemented: activation of multiple resources like respiratory therapy, the
electrocardiography department, consultations with other physicians, labo-
ratory work, radiology, and perhaps a transfer to an intensive care unit
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(ICU). These simultaneous needs can leave the nurse frustrated due to
system flow issues while she or he is trying to rescue the patient. Imple-
mentation of these multiple steps may remove the nurse from the bedside
of the patient in crisis, as well as the bedsides of all the other assigned
patients, leading to a sense that the nurse is abandoning patients. Other staff
nurses on the floor are also drawn away from their assignments to support
the nurse and patient in crisis. This can lead to delays in delivery of treat-
ments, patient satisfaction issues, or even delayed detection of deterioration
in the condition of 1 or more other patients on the unit, resulting in what
we colloquially term “domino codes.”

In institutions with a MET system in place, the flow is different. The
bedside nurse notes the change in the patient’s condition and, cognizant of
the autonomy and authority to trigger a MET response, can easily expedite
the essential care that the patient needs without ever leaving the patient’s
room. On average the first responders at the UPMC Presbyterian Shadyside
arrive within 90 seconds, and all essential personnel are assembled within 3
minutes. In some institutions the overhead speaker system calls the emer-
gency event, enabling first responders to arrive within 30 seconds.This rapid
response certainly reassures the nurse that help for the patient (as well as
assistance for the nurse) is on the way. In contrast to the preceding scenario,
where it may take up to 30 minutes to actually begin therapy, the MET
response is usually able to stabilize or transport the patient to a better site
of care within 30 minutes. The MET response process enables resources on
the floor during the time of crisis to support other patients or even family
members who may need assistance. This streamlined and coordinated
process is efficient: it enables minimal interruption to workflow for unit staff
and continuity of care delivery for all other patients on the floor.

Nursing staff are motivated and driven to care for patients to the best of
their abilities: that is the essence of being a nurse. When a patient is ex-
periencing a medical crisis, the bedside nurse wants to be able to deliver the
required as quickly as possible, and employing a MET response is one way
to do so. Data from our Nursing Emergency Event Response Team Survey
support the use of emergency event response teams.A summary of the survey
questions and responses related to nurse satisfaction are listed in Table 16.1.
When asked whether they thought the implementation of an emergency
event response team improves patient care,an overwhelming 89% of the 250
nurses surveyed responded “yes”, and 74% of the same nurses believe that
having a response team makes it a better place for nurses to work.

Changing Culture

Among hospitals within the University of Pittsburgh Medical Center health
system (a university-based, integrated delivery system including 16 hospi-
tals, thousands of practitioners, subacute care facilities, and an insurance
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product) that have adopted a MET system, nursing attitudes toward calling
for an emergency event team are positive. In the emergency event response
team survey, responses to the question “How much do you value your
ability to call a condition C?” were equally distributed among “important,”
“very important,” or “essential” (Table 16.1). A fourth option on the survey
“not important” was not selected. Institutions that have implemented
METs have been successful in changing the old behavior from a nurse indi-
vidually attempting to handle a situation 1 phone call at a time, to provid-
ing 1 phone call for help. Our nurses immediately recognized the value of
getting rapid assistance for a patient in crisis. A second benefit that they
have identified when a MET is called is the minimal negative impact on
patient care on the entire unit where the emergency event is occurring; in
particular, newer nurses report great satisfaction from immediate expert
support available during a crisis.

Prior to the existence of the emergency response team, it was not uncom-
mon for staff to stay beyond the end of their shift to complete work that
was deferred due to an emergency. Because of the additional resources that
respond to an emergency event when called, unit staff are not stretched or
thinned to the point where additional hours must be spent to catch up on
work missed while the emergency was being managed.

All of these factors have led to a culture change among nursing staff: they
no longer expect or are tolerant of delays in care to patients in crisis, and
they are empowered to assume a fundamental nursing role effectively—
being their patients’ advocates.

Table 16.1. Nursing Emergency Event Response Team Survey summary of nursing
satisfaction
Survey question Response of those surveyed

Have you participated in response to Condition 90% responded “yes”
“C” or “A”? (emergency medical response)

Do you think the implementation of Condition 89% responded “yes”
C criteria improved patient care?

Do you feel that the implementation of the 74% responded “yes”
Condition C criteria made this a better place to
work for nurses?

How much do you value your ability to call a 90% responded “important,”
Condition C? “very important,” or “essential”

Would you change the Condition C criteria or the 85% responded “no”
response process?

If you had the opportunity to work at an institution 55% responded “less likely to take
that did not have an emergency event response the job,” or “weigh this into the
team for Condition C criteria, would you? decision”
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Steps to Changing Culture

“Nursing intuition” is not a myth—it is synonymous with critical thinking.
Critical thinking is defined as the blending of knowledge, skills, and atti-
tude. It is the ability to translate subtle changes in a patient’s condition 
into information that assists in anticipating patient needs, and is the result
of years of clinical practice, expertise, and experience. Being in tune with
subtle changes is what nursing intuition/critical thinking is about. The
reasons that most emergency events are recognized by the bedside nurse
are: (1) the nurse’s sensitivity to subtle clinical changes, (2) his/her physical
proximity to the patients, and (3) his/her frequent reassessment. The devel-
opment and ongoing revision of the emergency response criteria come from
the accumulated past experience of nurses’ intuition and critical thinking
skills.

In the past 2 decades, nursing culture has changed include more inde-
pendent functioning recognizing the critical-thinking skills of the nurse.
Nursing care is frequently guided not only by physician orders written for
individual patients, but also by established protocols or treatment algo-
rithms, standards of care, and patient care guidelines. Given criteria, algo-
rithms, standing orders, or protocols, nurses use their assessment and
critical-thinking skills to deliver the appropriate standard of care. Addi-
tionally, nurses are practicing in an arena where regulatory and documen-
tation requirements and the hospital demographic workload (like
decreased staffing ratios and increased patient acuity) have resulted in more
work for staff nurses over the last 2 decades. A study of nurse staffing and
adverse events in hospitals suggests that the patient load for a licensed
nurse began increasing in the 1990s (1). This increased workload has
occurred at a time when a relative shortage of licensed professionals has
stretched personnel resources to a critical point. Carrying heavy patient
loads while lacking sufficient autonomy to implement procedures and 
make decisions is frustrating for nurses (2). Nurses are eager to adopt 
programs that make their workload more manageable, especially when 
such programs provide safer and higher quality care to patients in their
charge. For these reasons, ready adoption by nursing personnel of the 
emergency response team has been shown to grow steadily since its initial
introduction.

However, the startup can be difficult. The MET may be perceived as
interfering in the care provided by the unit physician and nursing staff.
Usual reporting mechanisms and work patterns are threatened. Doctors
have been known to quash calls for help, and nurses who activate a MET
response anyway may fear reprisal. There are several methods to change
perceptions, practice, and ultimately culture. The first step is to establish
objective criteria for activation of the emergency response team (develop-
ment of crisis criteria is discussed in detail in Chapter 5), for which nursing
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input is essential. Criteria may vary based on patient populations; e.g. pedi-
atric versus adult patients. Having nurses participate in the criteria’s devel-
opment will increase their investment in the process and foster knowledge
of the criteria and their purpose. Establishing objective criteria also is
important: this helps to decrease the nurse’s fears of appearing weak for
not being able to handle patient deterioration. Instead, nurses are identify-
ing a crisis (and requesting help) rather than being perceived as being
scared, weak, or lacking knowledge. In addition, the objective nature of the
criteria empowers nurses by allowing them to call for outside assistance
without fear of physician reprisal. An audit of the event and the presence
of the criteria are sufficient to demonstrate that the MET call was “the 
right thing to do for the patient,” and thus the nurse becomes a hero, not a
weakling.

The second phase of culture change is to redefine and enforce the bedside
nurse’s role and tasks after the MET is called. Prior to the team’s arrival,
the nurse has several basic responsibilities: assess the patient’s airway,
breathing, and circulation, and call for or bring emergency equipment and
the patient record at the bedside. In addition to basic life-support training,
UPMC has developed education regarding the bedside nurse’s role and
responsibilities in an emergency event (Table 16.2). Assembling key data
for the arriving team can speed and increase the accuracy of the handoff of
care to the MET responders, while using the acronym AMPLE (Table 16.3)
simplifies the verbal report to the team.

Of the many steps that need to be taken to fine-tune the MET response,
the most important step is to empower the bedside caregiver to activate the
team without fear of reprisal. Consistent and obvious support of the bedside
nurse by physician, nursing, and administrative leadership are important to
success. Objective criteria take human emotion and ego out of the decision-
making process, focusing attention on the patient in crisis. One of the most
reinforcing aspects of the MET response is that all of the tools and
resources needed to deal with a crisis are no further away than a single
phone call.

Continuing Quality Improvement

About one-third of crisis events are preceded by errors, and another third
could be prevented by some process change even though no error occurred
(3). This finding was discovered in retrospective review of the 48 hours
leading up to the MET response. We involve nurses in the retrospective
review of emergency events because they are essential to discovering
process flaws and repairing them. The goal is a redesign that might pre-
vent future events. Once a process flaw is discovered, a multidisciplinary
taskforce of content experts is created. The taskforce then focuses on
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deconstructing and analyzing similar events, designing a new or improved
process, and leading implementation of the process. Future events are for-
warded to them for further refinements.

Are METs a Recruitment and Retention Tool? 

Nursing Emergency Event Response Team Surveys indicate that having the
autonomy and ability to call for an emergency event team is important.
Blegen and McNeese-Smith identified through their research that METs
increase job satifaction and retention rates, and have an indirect effect on
recruitment (4,5). Prospective nurses interviewing for employment should
inquire about average length of employment of nurses, nursing involvement
with decision making, ongoing educational opportunities, Magnet hospital
status, and should meet nursing staff and have an opportunity to discuss job
satisfaction and job stressors. The majority of nurses surveyed report that
they would, if looking for a new position, inquire about the availability of
an emergency response team and would weigh this information in their
decision to accept or reject a new position.

At UPMC nursing recruiters and unit directors report that potential can-
didates are interested in attending Advanced Cardiac Life Support certifi-
cation programs. Candidates are told that in addition to these programs,
they will be offered the opportunity for additional MET training. The avail-
ability of continuing education has been identified not only as a retention
tool but also as a recruitment tool (4–6). Currently UPMC is talking about
the MET team and its value to nursing at recruitment events for the orga-
nization (Table 16.4).

Nursing Education

Education of nursing staff is dependant on specialty care area requirements
(for example, nurses in a coronary step-down unit will have different needs
than those in a postsurgery unit), acuity (ICU versus a general medical or

Table 16.3. AMPLE system for verbal report to MET
on patient in crisis

AMPLE Acronym

A Allergies
M Medications
P Past medical history
L Last meal
E Events prior to emergency situation
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surgical unit), and experience of nursing staff.All staff should have repeated
exposure to the emergency event response process. For the new nurse, part
of the initial orientation process is to review: (1) the institutional culture
for calling for help in a crisis (MET), (2) the criteria for recognizing a crisis
event, and (3) the process for calling an emergency event. The orientation
program plan should also include a review of the crash cart location and
contents, as well as the proper documentation for the events leading up to
and following the MET response.

The UPMC orientation program includes periodic, unit-based, educa-
tional “mock code” simulations. We use a Laerdal SimMan human simula-
tor in a patient room. On the days prior to the mock code, we review with
staff the MET criteria and unit responsibilities. We record the event on
video, as well as the MET team response via the SimMan software. After
the simulation, the facilitator reviews the assigned roles that every crisis
response team must fill, emergency medications, use of emergency equip-
ment (defibrillators, pacemakers, suction apparatus), and the quality of
interpersonal communication and behavior during emergency events. The
frequency of these reviews is based on staff needs, but occurs at least annu-
ally to ensure competency in emergency event response performance and
to update any procedural changes. For example, when a new nursing unit
opens, a mock code simulation is staged to assess and improve crisis

Table 16.4.
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response. Nursing staff that works on high-risk telemetry units or intensive
care units also attend American Heart Association Advanced Cardiac Life
Support (ACLS) classes offered through the institution. We have built into
these skill station-based programs the required American Heart Associa-
tion guidelines for interventions for specific emergency events, and also our
institution’s MET criteria, procedure for calling emergency events, and the
MET team roles we have specified (see Chapter 21, Figure 21.2).These roles
are discussed further in the chapter on simulator education for METs by
Fiedor et al. (see Chapter 21). The ACLS course is multidisciplinary and is
attended by attending physicians, residents, ICU nursing staff, telemetry
nursing staff, respiratory therapists, and anesthesia personnel.An additional
and important educational program is our simulation-based crisis team
training course. Experienced ICU nurses, respiratory therapists, attending
physicians, and fellow and resident physician trainees comprise the training
team (along with, of course, the hospital’s crisis response team). The crisis
team course has been found to be the most valuable part of their training,
because it adds structure and confidence to their role in an emergency
event.

Summary

Nursing experiences at our organization related to the implementation 
and ongoing development of a MET team have been positive. A survey of
nurses in the organization has shown that they value their ability to call for
an emergency response team (Table 16.5).
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Table 16.5. Nurse response to survey regarding value of their ability to call for an
emergency response team



The ability to call the MET team has allowed nurses to do what they 
do best: give outstanding patient care by using their critical-thinking 
abilities, and know that they have a system that is supported by the 
administration.
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17
The Hospital Administrator’s
Perspective

Craig White and Rinaldo Bellomo

Introduction

Hospitals are places that people usually come to for healing, for the relief
of pain and, sometimes, to die. However, common health care processes
sometimes encounter problems, and as a result, preventable adverse events
occur, and serious morbidity and mortality are well documented (1–5). Yet
efforts to improve this situation are slow to emerge and can be hard to imple-
ment (6,7). The reasons for such apathy toward change are many and are
complex in nature: they involve logistical, cultural, financial, political, social,
professional, and knowledge-based processes. Hospitals are places where
many people also come to work and, sometimes, to learn or do research.
Their work is usually complex in addition to being technically and emo-
tionally demanding.These are intensively human endeavors.The difficulties
faced by hospital administrators who are dedicated to the development of
a culture of safety within their institution can be daunting.This chapter pro-
vides a backdrop for a management perspective toward the successful—but
not perfect—implementation of a Medical Emergency Team (MET) system.

The Concept of a Medical Emergency Team System

The authors deliberately refer to the “MET system” rather than just the
MET itself, because the successful implementation of a system change
requires much more than just having a Medical Emergency Team available
(8–10). As this chapter will illustrate, it is a system change that should be
aimed for, not just the creation of a specific team of physicians and nurses.
Moreover, irrespective of the requirements, the MET should be viewed as
part of an overarching strategic plan to make the hospital safer. The admin-
istrator should see the introduction of a MET system as just 1 tactical 
component of this strategic process. Other important and simultaneously
developed components of a safety strategy should, at the very least, include
several other steps (Table 17.1).
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In providing patient safety in hospitals, it is useful to remember the quip
“every system is perfectly designed to produce the results it produces.”
Accordingly, to make a hospital safer for patients by earlier detection and
response to physiological deterioration (11–14), we have to change the
approach used to monitor the condition of as well as the response to the
early signs of such deterioration. A MET system is a major and important
component of such a change.

The setting for the MET system that we have developed and applied is
a large academic hospital in Australia.This hospital comes with all the usual
logistic, political, and administrative challenges. Acute patients are treated
in 2 campuses, separated by about half a mile. One main campus has full
intensive care unit (ICU) services, while the other is dedicated to more
chronic services including psychiatry, geriatric medicine, and postoperative
rehabilitation. This latter campus contains only 1 acute care ward, because
acute services were consolidated to the first campus for financial and logis-
tic reasons. This immediately creates additional challenges to solutions for
the emergency care needs of patients admitted to the institution.

From the point of view of the administrator faced with facilitating the
introduction of a MET-based safety system for patients who require rapid
deployment of emergency care within such an institution, the challenges are
ensuring the availability of resources, planning, and financial support for the
multiple components of the process. While some components of a MET
system are obvious, others may be less so. In the opinion of the authors,
there are at least 5 essential components to the successful administrative
implementation of such a system.

1. The team
2. Obvious clinical and management leadership commitment
3. A receptive culture
4. Performance monitoring, evaluation, and feedback
5. An ability to create and sustain change (i.e. being able to change how

people do their work beyond simply adding new services or roles)

Each of these components is equally important. Without one of them, the
system can easily fail.

Table 17.1. Fundamental components of a hospital patient safety strategy

• Continuing staff education
• Continuing optimization of information technology use
• Fully developed clinical governance processes
• Formal auditing of medical and surgical unit activities and performance
• Regular comparison of such activities to intra-hospital, regional, national, and

international benchmarks
• Implementation of professional clinical outcome review committees
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The Administrative View of the Team
The MET needs to contain some fundamental elements to ensure success
(Table 17.2).

First, to deliver the appropriate level of care at the highest degree avail-
able in the hospital (ICU care), the logical approach is to have a team that
delivers ICU expertise. Recreating what a patient would have at the bedside
if he or she were in the ICU can accomplish this. In our hospital, this means
an advanced trainee in ICU medicine—a fellow in the United States, a 
registrar in Australia and the United Kingdom—and a trained ICU nurse.
These 2 people must also be able to contact and obtain the assistance of an
ICU specialist 24 hours a day, as would be the case if the patient was in
ICU. Emergency equipment and medications must be immediately avail-
able. In our institution, these specialized ICU staff members take a small
trolley with them that has all the necessary medications for initial emer-
gency care (second element) and monitoring. As recently reported, this
system can deliver such care to a patient within an average of 4 minutes.

The team must have clinical credibility (third element). This concept is
difficult to measure but essential. It refers to the perception of the medical
and nursing community within a given hospital that, when the MET arrives,
it consistently delivers rapid, high-quality, clearly professional, competent,
and compassionate care. This care must be perceived by other staff
members to clearly and immediately help make their patient safer. If this
element of competence is missing, the MET system will fail. The adminis-
trative manager must work with senior ICU practitioners to ensure that the
care delivered by the MET contains each of the 5 “C’s” of good medical
practice—competence, care, compassion, communication, and collegiality—
at all times.

This system must be available around the clock (fourth element). Patient
safety must be viewed as a priority, and not a secondary concern that only
operates from 9 to 5. The role of the hospital administrator and the ICU-
based Medical Emergency Team is to ensure that a 24/7 patient safety
approach is the only one acceptable.

Table 17.2. Fundamental elements necessary to ensure the success of a MET
system

• Appropriate level of skills within team to provide ICU level of care within minutes
• Necessary medications and devices to be delivered anywhere in the hospital
• Clinical credibility
• Availability 24 hours a day, 7 days a week
• Auditing of all emergency calls
• Excellent communication skills



Auditing (fifth element) is a vital component of this process, as is prompt
and collegial communication with the primary unit that triggered the call
(sixth element). It is the manager’s challenge to ensure the availability of
such services 24 hours a day. This can be challenging, especially because 
in a large institution, once the MET system matures, there can be up to 
6 to 7 calls during a busy day. All MET calls must be documented. In 
Austin Health, this means that the MET fills out specifically designed data-
collection tools with demographic, intervention, and outcome data that is
later entered into an electronic database. All calls are recorded by the hos-
pital switchboard, which acts as a source of verification for each call. Audit-
ing must also include overall collection of information on major adverse
events (cardiac arrests and deaths) in the hospital. These are collected 
separately via the coronary care unit, the clinical governance unit, and, of
course, the hospital’s electronic database of admissions discharges and
deaths.

Financial Support

In a large hospital within a system like the Australian state-funded hospital
system, where allocation of resources is capped, obtaining financial support
often requires a multi-pronged approach. This includes better deployment
of staff, optimization of rosters to provide more staff at times of greatest
need, re-allocation of resources within the hospitals from areas of decreas-
ing priority to areas of greater priority (this is difficult and politically
complex), and presentation of the case for more funding from the central
department of health (Department of Human Services in Australia).

In the private sector, a more direct case can be made for funding, as 
evidence is growing that implementation of the MET system might re-
present an important increase in efficiency (10). In smaller hospitals, where
resources are fewer, an initial step might be rethinking the use of the cardiac
arrest team. All hospitals have these teams as a matter of accreditation, and
such a team should be able to deliver advanced life-support skills promptly.
It would make sense to simply change the trigger for such calls from cardiac
arrest to physiological instability (MET calling criteria). These are practi-
cal solutions from an administrative point of view; however, the astute
manager will realize this cannot happen without clinical and managerial
leadership, which is needed to overcome political barriers (patient owner-
ship, control of process of care in each unit) as well as sociological barriers
(old framework of reference, hierarchical models of care).

Additional costs beyond those related to personnel include the costs of
extra equipment and medication use associated with MET calls. However,
this typically requires some reallocation of funds, as the hospital itself would
require such mediations and equipment for patient care anyway in the
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absence of a MET system. Finally, there is the cost of auditing, or the cost
of infrastructure: the operators, pagers, computer use, or personnel who
enter or review data. However, operators already exist and simply have to
make different calls, computers are already widely available, and pagers can
be readjusted; the major additional cost relates to the need for an office
dedicated to MET education, auditing, data entry, and research. Typically,
a nurse coordinator can complete these roles successfully.

Clinical and Management Leadership Commitment
Leadership is a difficult concept to define and measure. It is often most
evident from the consequences of its absence. Unless opinion leaders and
management within the hospital fully commit to the MET system, the
approach will fail. Depending on the institution, leadership has to be
applied at different levels. There must be board leadership and support in
favor of a culture of patient safety. Physician leadership is also essential in
ensuring that, across the hospital, the work of the MET is perceived as
important and that there is support for its continued implementation.
Administrative leadership is vital to convey to all staff that the hospital
administration sees this activity as essential to the institution; this type of
leadership has repercussions throughout the hospital at board levels as well
as medical and nursing levels. Nursing leadership is also fundamental, as
nurses are the initiators of more than 80% of MET calls. Without support
and encouragement from hospital and nursing management, the system
cannot develop and be sustained. There are different leadership techniques
for change, and no one is necessarily right or wrong. From a manage-
ment point of view, one needs to understand the organization and the 
stakeholders, and present the case for change gradually and in a way that
emphasizes the gains to the organization’s members. Education and the
demonstration, through anecdotes and data, that a problem exists are
important. Emphasis that the change will be gradual is important. Expla-
nation and persuasion with an opportunity for people to express their con-
cerns and ideas are also vital. Once the system has been changed, successes
must be reported, emphasized, and celebrated. Anecdotes and data are
powerful to both describe problems with the old system and successes with
the new one.

Receptive Culture
Even if there is leadership and commitment, the MET system will fail in
the absence of a receptive culture. If the hospital has an internal culture of
“unit versus unit” antagonism, if it operates in “specialty silos” with little
communication among groups of practitioners, if caregivers and their needs,
agendas, or goals are allowed to take precedence over the patient’s needs,

17. The Hospital Administrator’s Perspective 177



then the MET will fail. It is the role of management to enforce, support,
and promote a culture that is receptive to change, innovation, and greater
cooperation. A favorable cultural environment is one that focuses on the
system and not the individual. It is one that sees near misses as opportuni-
ties, not as defeats. It is a system where the team is celebrated, not the indi-
vidual. It is one where auditing of performance is embedded in patient care,
where formal structures of clinical governance exist, and in which staff 
are encouraged to identify areas where safety can be improved and are
acknowledged for their contribution.

Performance Monitoring: Evaluation and Feedback
An ability to create and sustain change (i.e. being able to change how
people do their work beyond simply adding new services or roles) is fun-
damental to the success of the MET. The system must have a means of 
monitoring outcomes, regularly reporting such outcomes to the users/callers
and offering people the opportunity to provide feedback.Without the appli-
cation of this constant quality cycle, it will not succeed. The reason for this
is that every change requires time to become embedded in the system and
become the “way we do things around here.” Systems are known to natur-
ally regress back to old practices. To overcome this natural tendency, the
administrator must ensure that clear and realistic outcomes are set and that
appropriate measuring tools are available to detect changes in such out-
comes. In Austin Health, MET calls that highlight specific system problems
are regularly presented at the surgical and medical grand rounds. A regular
update on outcomes is presented to the clinical governance unit and to the
hospital grand round.

The Structure of Hospitals

Many hospital structures across the Western world and their ways of orga-
nizing medical care have changed relatively little since the 19th century,
despite monumental evolutions in our understanding of disease and the
development of many new and effective therapies.

The traditional care provision model is one largely dependent on the
knowledge and memory of the caregiver. It is an intensively human and
social process, with all the potential this model creates for adverse events.
Understanding this concept is an initial but fundamental step in being able
to modify the system and the culture. The basis of the personal and human
dimension of the doctor-patient and the nurse-patient relationships needs
to be appreciated. These relationships have evolved over more than 2 mil-
lennia of medical care in the West and are based on the construct of a deep
trust and professional commitment that operate at an individual level. This
is a powerful, emotionally charged model but one with which patients are
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deeply comfortable. This model immediately identifies the “person respon-
sible,” removes the risks of impersonal care (I do not know the patient;
he/she is not “my” patient; I do not know the family; I have never spoken
to him; I do not know what he wants; the patient is old; etc.), and has great
potential to ensure respect for the patient’s wishes.

For this potential (and often realized) benefit, patients are willing to sac-
rifice much, and even suspend rational thought (e.g. by pretending that their
doctor/nurse would always know the right thing to do). This model has
many pluses and seems to perform reasonably well in the chronic care 
situation, where time allows for adjustments, consultations, change of mind,
reassessment, second opinions, follow-up of initial therapeutic efforts, etc.
In the acute care setting, it performs less well. Therefore, it is not surpris-
ing that hospitals are perhaps not as safe as they could be (1–5). They must,
however, become safer, and this should be the administrator’s viewpoint.
This value judgment might mean that the traditional model of care has to
be challenged. There are different tactical responses to this strategy of and
need for greater safety: for example, outside the traditional model of care,
the use of information technology is increasingly being explored as 1 tacti-
cal approach to providing new ways to enhance safety through better access
to current knowledge, as well as more sophisticated monitoring and com-
munications. In electronic prescribing, the evidence is supportive that infor-
mation technology can deliver such increased safety. This section will not
deal with information technology, but rather will focus on patient and staff
needs at different levels. Managers might wish to think of a MET system,
as one designed to meet people’s needs, an approach that provides yet
another way of thinking about safety. Simultaneously focusing on the needs
of patients, clinical staff, and management provides a useful way to illus-
trate how such a system can work, and how the hospital can try to simul-
taneously meet these seemingly diverse needs. The requirements of these 3
groups might be summarized as such:

1. Patients want to be confident that they will be safe and receive excellent
care.

2. Clinical staff wants to provide safe and effective care and find satisfac-
tion in their work.

3. Management wants a safe hospital offering properly funded services,
which are efficiently provided to the patients who need them.

One possible approach to simultaneously meeting these major needs
within the institution is to increase safety through education. Education
alone, however, is inadequate for this task because—as is the case for most
things requiring personal change, like fitness, weight control, smoking, drug
use, and the application of current evidence in clinical settings—the data
show only very limited penetration and ability to sustain change.

A MET system, on the other hand, can be an effective and affordable
means of significantly reducing preventable in-hospital death and limiting
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complications, thereby meeting the needs of patients, staff, and administra-
tion (4,10). While an important part of an improved “safety net” to offer
tertiary prevention, it should only be part of a hospital-wide comprehen-
sive patient safety program. This program should address all aspects of 
clinical safety and quality improvement (15–19).

Financial Issues

In the end, the financial aspect is a major component of the implementa-
tion of a MET system and of the institution’s ability to sustain it. Health
care settings have radically different funding models, each with their own
incentives (some of which may even be perverse) and constraints. In 
Victoria (the second-largest state of Australia in terms of population, with
4 million inhabitants in the capital city of Melbourne) public hospitals are
allocated funds by the state government on an output-funded, case-mix
model where the total value of work being funded each year is capped.
Standard prices are paid according to the procedures done and diagnoses
made during the hospital stay, up to the value of the cap.

Given that the aim of a MET is to prevent more serious complications,
its effectiveness will translate into shorter lengths of stay and/or fewer/less
severe complications for patients admitted to the hospital. Generally, these
can lead to reduced costs. However, such savings are offset by any addi-
tional costs arising from the MET itself, which includes a relatively modest
investment to be able to convene a suitable team on a 24/7 basis and also
any additional ICU days or investigations.

The impact on hospital revenue is likely to vary according to the local
funding model. There are no direct financial incentives for the MET in 
Victoria’s system. Indeed, there may be, on a case-by-case analysis, poten-
tial disincentives arising where there is a less favorable cost/revenue equa-
tion. Nonetheless, no matter how potentially “perverse” the funding model
might be, failing to prevent adverse events or deaths would be hard to
justify on financial grounds, aside from any moral or ethical considerations.

Another function of the academic hospital is the teaching and training
of new professionals at undergraduate and postgraduate levels. Part of the
management mandate is to ensure that these future professionals, whether
they are training to be nurses, doctors, or allied health practitioners, achieve
proficiency in handling clinical emergencies.Training of young professionals
is becoming more difficult as reduced working hours and changed models
of care also limit their exposure to emergency situations. The transition
from novice to expert is thus hindered.

The astute administrator can create a synergy of needs to obtain funding
for a MET system: the need for government to be seen as promoting safety,
the need to deliver more cost-effective care, the need to provide an educa-
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tional framework where young doctors can learn to make decisions without
jeopardizing the safety of patients, and the need to promote the hospital
within the community as a center of excellence that provides new and 
effective services. Additionally, the administration should have a risk-
management strategy for the hospital, the ethical need to be seen to strive
toward better patient care and the research need to be conducting con-
tinuing investigations into better ways of providing acute hospital care. All
of these areas are potential sources of funding and can be used for the
purpose of supporting a MET system.

The Road Ahead

Greater efforts and investment are essential to improve hospital safety.
Organizations focusing only on the latest technical innovations will be
exposed as inadequately addressing the need for a fundamental change in
how systems of care are organized and managed. If we are to make the
system and culture changes required, some attention and funding will have
to be directed toward developing the capacity to achieve rapid clinical prac-
tice change and more effective leadership.

Further study of clinical and other indicators predictive of deterioration
might allow even earlier detection of deviation from expected recovery, and
even earlier intervention and prevention. Information technology may be
able to assist this process by facilitating measurement and communication
of vital signs, as well as linking with laboratory result systems. Electronic
collection of patient observations within the whole hospital may represent
another step toward the activation of even earlier intervention by specific
teams (sepsis team, tracheostomy team, trauma team, etc.)

We know that the MET system works in Austin Health because there are
so many fewer in-hospital cardiac arrests. Other hospitals will soon make
similar observations. We will know that the next innovation works when we
have a similar reduction in MET calls.

Clearly, the MET system is an important part of a comprehensive patient
safety program and is a paradigm shift for the clinical practice system. The
incremental costs of funding a MET system are modest compared with 
the benefits, and thus represent an excellent investment yield. Funding the
MET system likely requires an imaginative solution and is dependent on
the funding model and the setting. The system’s success demands a recep-
tive and change-capable organization.

Patient safety culture requires and deserves at least as much attention
and management as the hospital budget. The changes necessary for the
MET system to be effective require active clinical and non-clinical leader-
ship across the entire hospital. Patients will benefit if implementation of the



182 C. White and R. Bellomo

MET system is thoughtful and organized. Staff will benefit from the MET
system in terms of education, understanding, and job satisfaction if their
patients do better and are seen to be safer. Management will benefit if it is
seen to take a leadership role in patient safety initiatives, rather than always
taking the role of financial gatekeeper.
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18
Personnel Resources for 
Crisis Response

Andrew W. Murray, Michael A. DeVita, and 
John J. Schaefer III

Introduction

Care for patients who are in a medical crisis has historically entailed man-
agement by their physician and nursing staff in a way that was somewhat
haphazard and reactive. The system’s success was based largely on whether
the established hierarchy was followed in an appropriate and timely
manner, allowing the patient to receive the required attention rapidly
enough to prevent further deterioration. Staff learned how to respond 
to crises on the job: they were handed pagers and told to respond, but 
never received specific instruction regarding who else should respond, who
had responsibility for what, and what was expected of them during a crisis
event. It is no wonder that crisis team responses are often described as
chaotic.

There is a problem with identifying the need for a crisis team response,
which is deeply imbedded in medical care. A strict hierarchy has made the
patient’s individual attending physician the “captain of the ship.” This is a
great strategy for coordinating care in routine situations, but can become
an obstruction to rapidly responding to changes in a patient’s status. In
some clinical settings, such as the operating room or intensive care unit
(ICU), this hierarchical system further adds to the potential confusion when
multiple “captains” are responsible for different aspects of a single patient’s
care. The problems with this hierarchical style of management stem partly
from the commonly held belief that the hierarchy must be “ascended”
instead of being “transcended.” For example in, a medical education model,
a nurse assistant would first call the nurse, who would then call the intern,
who would call the resident, who would then call the attending physician
of record, with each call occurring when the individual perceived that he or
she was incapable of managing the situation. A similar problem occurs in a
non-educational health care setting: the nurse assistant notifies the nurse
who calls the primary physician, who then calls the consultant. For a patient
with sudden onset of respiratory distress, one can imagine that it could take
30 minutes or more just to contact the person best able to manage the
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problem. By then, the patient’s condition could have significantly deterio-
rated, to the point where the patient could be in extremis. These hierarchi-
cal considerations are not limited to the administrative chain of command,
but are found in many settings and cultures and reflect a social hierarchy
that in a crisis setting can interfere with optimal patient care. For example,
a nurse responsible for a patient experiencing a crisis may feel reluctant to
offer suggestions and even important information to a perceived higher
authority, because they feel that it is not their “place” in the social or pro-
fessional order.

The Medical Emergency Team (MET) system is a vastly improved
method of providing care for these patients, because it brings the necessary
individuals to the bedside within minutes and establishes a “flat” hierarchy
that prioritizes the patient’s immediate interests above any social or pro-
fessional considerations. Unfortunately, devising strategies is less than half
the battle, and change needs to occur in the minds of the caregivers to
implement plans to best benefit patient.While this paradigm shift starts with
individuals, to be effective it must reach the institutional level. Implemen-
tation is difficult primarily because it requires a true institutional commit-
ment of leadership and resources, as is discussed in other chapters in this
book.

Shortcomings of the Current System

It has been assumed that once physicians and nurses have completed their
training, they are adequately equipped to deal with any crisis that may arise.
The method of training has been based on the time-honored method of
apprenticeship, which relies on individuals learning by observing more
experienced individuals, assuming that the longer you are in the situation,
the more expert you become. Some people do this very well and naturally,
but others not at all. Inherently, this is a very time-inefficient process. The
question is whether staff can be trained to a point where there is a greater
pool of people able to deal effectively with crises (1). This is analogous to
the concept of herd immunity—in this case, enough people are adequately
trained in a system such that for any individual patient crisis, enough
responders with adequate training show up so that the crisis team effec-
tively and efficiently provides care. Most crisis responders have basic life
support and/or Advanced Cardiac Life-Support training, and while this is
important, crisis care is rarely delivered well by any one individual: an opti-
mally functioning, well-coordinated team delivers optimal care. Knowledge
of the causes of respiratory distress and what treatments are indicated may
facilitate care management of patients. Advanced education and training in
a profession, specialty, or subspecialty are also beneficial. However, an addi-
tional form of training is necessary: teamwork training. The current para-
digm of delivering crisis care to a patient at risk of morbidity or mortality
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is analogous to asking a group of mechanics who do not know each other
to show up when paged to a NASCAR pit stop, spontaneously organize into
a team, get the work done as fast as a trained team, and neither hurt them-
selves or the driver through their action or lack thereof. No matter how
capable each of the individuals, they cannot be expected to be as effective
as a trained team. This type of methodology would be risky for both the
patient and members of the crisis team.

Untrained crisis response individuals may make myriad mistakes that are
representative of latent errors in the system and which are only discovered
when the individual is being stressed. The authors have observed that when
first exposed to the crisis inexperienced anesthesiology residents respond
in the following ways:

1. Compulsion to do something
2. Loss of routine
3. Fixation on a task
4. Loss of effective communication

In a crisis, caregivers may feel compelled to do something to help the
patient, even if they are not certain as to the best course of action. While
this “need to act” is noble, it may not be done with forethought as to
whether it is the most important task or what the ultimate outcome might
be for the patient. The loss of the routine has the effect of putting blinders
on the provider, as they no longer look at data streams and thus are unable
to respond to them. When caregivers place themselves in a situation where
they are engrossed in 1 action, they can often become fixated on that task
and stop paying attention to the situation as a whole. Communication
breaks down to the point that no direction is given to any other responders
to the crisis about what has happened to the patient, what has been done
to rectify the situation, or what still needs to be addressed. Planning and
practice are needed to overcome both intrapersonal and interpersonal bar-
riers to effective crisis management.

How Organization Can Help in Crisis Response
Organizing the response to a crisis is an attempt to ensure that a team of
different people can respond to an unexpected event and, once there, co-
operate to perform a series of mindful responses that benefit the patient.
Group training creates a coordinated response that allows people to act
intelligently within the bounds of the team and adapt to the differences in
each situation. This concept of adaptability, or flexibility, is a highly useful
team attribute considering the potential myriad and complexity of medical
crises. From an educational design perspective, this concept allows one to
focus on role-oriented goals and objectives for the individual as they apply
to the collective team goals and objectives. To maintain integration among
roles and introduce enhanced collective responsibility for the patient, the
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goal is not to simply perform designated tasks, but also to constantly
monitor the situation and note how an individual response has to change
to coordinate with that of others and to benefit the patient. From a learner
perspective, this collective approach allows them to focus on their own 
specified set of treatment, monitoring, and communication goals. Through
a focused understanding of how their actions both influence and are influ-
enced by other team members’ goals, the learner can become more efficient
and flexible in both achieving individual goals and contributing to other
team members’ performance, all to the benefit of the patient. The institu-
tional or system advantage of training individuals in functioning as a team
is that while the individual composition of a crisis team can be expected to
change, both the individual and the team training objectives are uniformly
developed. As long as the responders know what their interactions should
be within the group and also understand that they are to retain their own
monitoring of the situation, then any combination of trained individuals can
gather to solve the problem (2). This collective pool of capabilities tran-
scends skills to include social or professional behaviors and expectations
centered on the primary goal of the patient’s welfare, as a counterpoint to
the typical, hierarchal professional and social barriers that can decrease a
team’s flexibility.

The process of training responders also provides an opportunity to
uncover and correct latent errors. The individuals that arrive at the scene
of a crisis are usually either overwhelmed into not doing anything, or they
try to correct everything that they see as a problem. Both of these responses
are undesirable, the former because the patient receives no care, and the
latter because the care is haphazard, at great risk for things getting missed,
inadequately managed, or an additional risk (i.e. a therapy that includes risk
of a complication). Individuals who feel they have to do everything run the
risk of providing inadequate, if not poor, care, although this is not their
intent. If they are not made aware of the pitfalls of the situation, they cannot
avoid them. In the training environment, this individual performance trait
can be identified, corrected, and re-evaluated.

One author’s observations of anesthesiology trainees in the training envi-
ronment has been that they tend to become fixated on 1 task or piece of
information while the situation requires that many tasks be completed in a
prioritized manner. This can be referred to as a fixation error (1) where the
operator becomes so engrossed with the task at hand that all other input 
is actively or passively ignored or rejected. Organizing crisis responders
empowers them to focus more effectively on the tasks assigned. With fewer
tasks to accomplish (due to better division of labor that occurs with better
design and rehearsal) they become positioned to either help with another
team member’s tasks or to perform their next required task. This directly
improves the efficiency of both the individuals’ and the team’s perfor-
mances, with the added potential benefit of improving the outcome for the
patient.
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When the position of leader is predetermined or accepted by all members
of the team, it allows that person to observe the situation and make clear-
minded, informed decisions regarding care. This role should be regarded
more as a coordinating position than a hierarchical one. In our hospital
crisis team training, each person already knows what his or her respon-
sibility is and therefore self-assigns. Because team leaders do not have 
to organize personnel resources or perform a specific therapy, they can 
efficiently focus on the coordination of the collection of data, data inter-
pretation, treatment prioritization and intervention, reassessment, etc.
If the leader is instead focused on organizing the team, less time and
thought is spent on the leader’s primary responsibility: orchestrating the
treatment.

Rethinking the Thinking

The thought processes involved in the management of a crisis need to be
quick, reliable, and able to adapt easily to an ever-changing situation. Effec-
tive performance requires that the person be able to process simple routine
tasks while simultaneously performing and using all sensory-motor input 
to adjust the way that they are performing. Cognitively, this implies the 
efficient combination of pattern recognition and reflexive response.
Until now, we have expected this development to occur through expe-
rience in an apprenticeship training process. However, the author’s 
experience with anesthesiology residency training is that often simple rou-
tines have not been established through experience and they become 
all-consuming (1).

The greatest challenge lies in the position of the leader. This individual
needs to be able to step back from the situation and not physically do any-
thing unless absolutely necessary. This will allow for that person to be able
to survey the situation and ensure that tasks assigned are being done, that
appropriate interventions are occurring, data is being collected and relayed
appropriately, treatment decisions are being made, and therapy is delivered
as ordered. They are functioning on 2 different levels. The first level is that
of: what is happening, what are we doing about it, are our actions effective,
are we causing more problems, and are we on the right track. The second
level is that of oversight. They need to develop supervisory control of the
amount of attention that they are devoting to any given task.This will allow
the leader to decide what inputs are worth paying close attention to and
create a priority list for the next point of care that needs to be addressed
(1). Resource management is also included in this level of cognition., in
which the leader uses all resources, human and otherwise, most effectively.
This may occasionally entail changing the roles of the team members to
ensure that the efficiency is maintained. An example would be calling addi-
tional help or requesting the departure of a member.
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Structure
One of the keys to caring for these patients better is being able to treat the
patient early in the progression of the crisis. This entails equipping the
nursing staff and junior physicians with the tools and training that they need
to feel comfortable asking for help at the best possible time—earlier rather
than later. However, once the communication has been improved, it has to
be met with a structure that creates a meaningful response.

Structure is necessary from various aspects. The obvious initial goal is
deciding on the structure of the human resources to be applied to the
medical emergency situation. A second aspect is the structure of team acti-
vation, from the initial call to their arrival. This needs to be reliable, con-
stant, and unambiguous. The next aspect is the structure that needs to exist
so that the patient is cared for in the most efficient manner, ensuring the
best outcome from the emergent situation. This is probably the structure
point that is best managed by training, so that the responders can function
as a team. The final structure point should be that of the physical resources,
such as intravenous fluid and supplies, medications, defibrillators, and 
monitoring and laboratory testing.

Human Resources
Whereas it would be very comforting to have a dedicated team that has no
responsibility other than responding to crises, this does not seem feasible
in a system that is already laden with costly care. Cross training is a must,
and to this end the Medical Emergency Teams that have been created have
consisted of people with the necessary expertise being called together at a
moment’s notice from different ends of the hospital to focus their collec-
tive care and attention on a single individual. The team needs to be large
enough to be able to provide all the technical and knowledge resources that
are required but not so big that it becomes cumbersome. The 2 required
constants are a team leader and a record-keeper (1).

The treatment leader must remove him/herself from the fray to under-
stand the larger picture of the unfolding crisis. This person’s performance
can be crucial in the crisis being handled appropriately and efficiently. The
person needs to be able to develop situational awareness to not only
monitor what is happening or evaluate what has occurred, but, most impor-
tantly, also to extrapolate the result of their current direction. The leader
must be able to avoid the trap of getting fixated on the minutiae of the
problem, but at the same time be able to ensure that the little things do get
done as requested.

The remaining team members must assume identified roles and complete
the essential tasks for each. The roles need to be designed to ensure appli-
cation of monitors, airway management, intravenous access, and patient
examination. The details of these roles and responsibilities are described
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below in terms of skills required to assume the task, and a separate chapter
in this book focuses on team training in detail (see Chapter 25).

The team should consist of people who are familiar with the crisis situa-
tions and have the required knowledge. These would invariably, but not
exclusively, be people who frequently are involved in the care of acutely 
ill patients. The authors’ institution, the University of Pittsburgh Medical
Center (UPMC), employs the use of intensivist physicians (fellow and
attending), an intensive care nurse, and the medicine residents on call for
that day. Specialists in airway management and surgical management are
also available, although they do not respond to every MET activation. An
additional member is an administrator to facilitate the rapid transit of the
patient to an ICU location to continue care of the patient.

Activation of the MET
A system is of no use if it is not activated. The next step is to get the MET
activated when a crisis develops. Herein lies a great challenge, in that the
standard approach is one of individual management of the patient’s care
by the most junior member of the staff. This mindset needs to change so
that the MET is activated instead of “business as usual.”A study performed
in United Kingdom examined the results of the establishment of a dedi-
cated code team. This study showed a more rapid response to the crisis, and
the survival to discharge was 10%, which falls in the range of other studies
that have investigated cardiac arrests (3).The amount of time that the MET
takes to respond also affects the outcome, as illustrated in a study in Italy
that showed that in cases where the crisis response took longer than 6
minutes, none of the patients survived (4). Where the absolute response
time has not been established in such a way that a benchmark exists, cer-
tainly the concept of “more time is worse” must be accepted.

The Ad Hoc Team

The individuals will respond to a call and instantly be inserted into an ad
hoc team (Table 18.1). The members who respond to a call bring with them
experience and skill sets that can be very necessary and specialized. The
varying skill sets and the nature of an ad hoc team can be both a strength
and a potentially a significant weakness. The strength is that enough people
respond to be able to divide the workload and function as a collective
mind—think in terms of the adages, “Many hands make light work” and
“Two heads are better than one.” The responders need to enter the situa-
tion in such a way that they understand that their primary goal is to ensure
that the patient’s care is the best possible, regardless of who is seen to be
right or wrong in the management of the situation. The individuals need to
perceive themselves as useful to the structure that has been created. They

190 A.W. Murray et al.



18. Personnel Resources for Crisis Response 191

need to feel that their opinion will be regarded thoughtfully and applied if
appropriate.

The ad hoc structure also presents the greatest challenge. Ideally, the
people who arrive upon activation of the MET previously would have prac-
ticed working together. More often than not, however, they may have only
occasionally worked together and in some instances may have not even met.
There needs to be a way of training and structuring so that the responders,
who may have vast amounts of technical skills but very limited skills of
working with the particular individuals in that situation, will be able to form
a cohesive team in an extremely short period of time.

Each institution must create its own structure in response to the per-
ceived needs that they experience on a day-to-day basis.

Changing the Existing Culture
Much of the difficulty in altering the way things are done exists in chang-
ing the minds of the people involved. The longer things are done a certain
way, the stronger the culture becomes. As stated previously, the historical
culture is that a knowledgeable, skilled physician should be able to deal with
any crisis, and this is to be achieved with the knowledge that has been
obtained during the short years of training in medical school. All too often
these years have been jammed full of other competing, yet important, con-
cepts. The management of crises has only been addressed by providing the
didactic knowledge.

Accordingly, there needs to be a modification at the training level if one
expects the system change to last. Medical trainees should be introduced to
the concept of a team approach and team training at a very junior level.

Table 18.1. Roles and goals for crisis team in the operating room
Responder roles Skills/expertise

Team leader Experience in managing acutely ill patients, preferably current
attending anesthesiologist/surgeon

Advanced Cardiac Life Support training
Technician Blood sampling (arterial blood gas, coagulants,

thromboelastography)
Troubleshooting equipment
Supply equipment needs

Scribe Keep accurate record of interventions and results
Airway management If needed in airway emergency
Medication delivery Knowledge of allergies

Knowledge of ongoing medicinal therapy
Knowledge of pharmacology
Advanced Cardiac Life Support training

Circulatory support Provide cardiopulmonary resuscitation support if needed
Surgeon Surgical intervention to correct or prevent problems



This will allow for the development of respect for one’s limitations, as well
as for the contributions of other responders.

The training should stress that the concept of being “all-capable” is false:
the well-trained team should perform better than the sum of its individu-
als. In a training setting, the student can be nurtured in an environment that
is non-threatening to both the learner and the “patient,” rather than having
to learn from poor performance in the real world. This also opens the pos-
sibility of constructive, retrospective review of the management of crises in
a way that is nurturing to all team members.

Unfortunately, human nature is often concerned with being the one with
the correct answer in a given situation. While this is a noble goal, it can
often be destructive in a team setting. MET system training puts much focus
on the non-medical, non-technical aspects of team management of a
medical crisis (5). The emphasis is on the concept of being a member of a
team, a cog in the machine that is taking care of the patient.

Communication is a key concept that needs to be taught. Communica-
tion needs to be clear and organized. Speaking should be limited to what
is absolutely necessary in order to minimize confusion and missed orders.
Such communication should function as a closed loop, so that the individ-
ual who asks the question or gives the order is absolutely sure that they
were heard, understood, and that the request is being carried out or is
already completed.

Resource management is also a concept that needs practice and training.
The person functioning as the leader needs to be trained so that all their
resources, human and otherwise, are managed effectively and brought to
bear against the problem. Some of the pitfalls that face the leader are the
risk of getting too involved in the micromanagement of the patient care,
forgoing the oversight function that they are responsible for, and becom-
ing fixated on a certain aspect of the patient’s problem while the patient’s
overall situation deteriorates. The focus must be on data acquisition, analy-
sis, and treatment delivery.

An important component of resource management is recognizing the
crisis and reliably alerting the team. The UPMC had a system in place for
responding to crises for a decade, but it saw limited use while physicians
were still being paged urgently and sequentially to the bedside to care for
their patients. The institution then started reviewing the incidences of
sequential stat pages and reminding the nursing units to use the team
response, and the individuals responsible for the delay in team activation
were given feedback on their actions. However, the most effective two poli-
cies that were implemented were: (1) the establishment of calling criteria,
and (2) the dissemination of these criteria to the nursing units and other
caregiver groups. The result was a significant positive change in MET use,
with a corresponding drop in the number of sequential stat pages (6).

Because hospital resources differ, one would expect that their MET com-
positions would be different (Table 18.2); yet all will have to fill the needs
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of the patients in crisis. In our courses for training teams, we have identi-
fied a number of different roles that must be filled: airway manager, airway
assistant, circulatory support person, someone to deliver medications,
someone to deploy medications and equipment from the crash cart, a
person who makes therapeutic decisions after analyzing the data, and
finally, someone to collect data and record the events.

The skills and knowledge needed for each position is different. For
example, the airway manager will be responsible for assessing the airway,
positioning the head, choosing whether ventilation needs to be assisted, and
if so, determine the methodology for that. The airway manager must know
how to mask ventilate the patient, suction the airway, and intubate the
trachea if necessary. In addition, because of the location relative to the
patient, the airway manager should be able to assess the patient’s level of
consciousness, check pupils, and feel carotid pulses. Finally, the airway
manager must have the capability to deliver medications for sedation, anes-
thesia, or neuromuscular blockade to facilitate intubation when necessary.
Because of the complexity of these skills for set of duties, the airway
manager role can be filled by only a few types of professionals. Usually
anesthesia, critical care, and emergency medicine physicians, as well as
nurse anesthetists have this capability, and so they are usually responsible
for this role. Respiratory care personnel have the training and experience
to non-invasively manage the airway, and at some hospitals, they also have

Table 18.2. Roles and goals of MET responders, Pittsburgh methodology
Responder roles Skills/expertise

Treatment leader Management of acutely ill patients in ER, OR, or ICU
Airway manager Mask ventilation

Endotracheal intubation
Neurological assessment
Administer medications (sedative, neuromuscular blocking agents)

Airway assistance Mask ventilation
Bedside assessment Attain reliable intravenous access

Delivery of medications
Knowledge of allergies
Obtain vital signs

Equipment manager Deploy medications and equipment
(crash cart) Run defibrillator

Circulatory support Rapid assessment of the patient’s physical examination
Mechanical circulatory support
Place defibrillator pads

Data manager Keep accurate recording of the events of the crisis
Obtain key data from chart, caregivers
Deliver data to treatment leader

Procedure physician Check pulse, adequacy of chest compressions
Perform procedures



the skills to perform endotracheal intubation using standardized physician
order sets for sedation. Every team must have a person from one of these
professions to manage the airway, oxygenation, and ventilation during a
crisis response.

The airway manager cannot function alone, because it is difficult to both
manage an airway and simultaneously set up the necessary equipment for
this.An airway assistant therefore is assigned to deploy and assemble a bag-
mask unit for use, connect the oxygen source to the airway devices, set up
suction, assist intubation, prepare the endotracheal tube and laryngoscope
prior to insertion, testing carbon dioxide in exhaled air, and connect the
patient to a ventilator if necessary. In addition, because so many METs are
due to respiratory causes, they must have the knowledge and skills to
deliver respiratory treatments and adjust oxygen levels. Usually a respira-
tory therapist, respiratory technician, or nurse can tend to these duties.

Most hospitals have a crash cart that contains the medications and equip-
ment needed for a crisis response. The medications must be located swiftly
and mixed expertly, and then delivered via the appropriate route. The crash
cart manager will be better able to manage the defibrillators if all of the
institution’s defibrillators are the same. The crash cart manager should be
trained and should practice frequently. Several types of professionals have
the skills to run the crash cart, including nurses, pharmacists, respiratory
therapists, and perhaps physicians. Regardless of the profession, the crash
cart manager must be able to operate the defibrillator efficiently and effec-
tively, and be knowledgeable about and trained on the crash cart equip-
ment and medications. Creating appropriate admixtures are usually in the
professional skills and experience of ICU nursing staff and pharmacy staff,
so they may be preferred to take on this responsibility.

Most teams have a person responsible for recording what happens during
the crisis, usually focusing on the vital signs and treatments delivered. We
had trained (and depended on) the crash cart manager to also keep the
records. However, when the same person both manages the crash cart and
the record keeping, there tend to be errors. We therefore have delegated
two people to manage these responsibilities separately. We have also
attempted to make the recorder a more active position, since one of the
more common mistakes in a crisis response team is a failure to collect data
and deliver it to the person (role) who needs that information to make deci-
sions. In our training, we have changed the recorder into a data manager
who is active, collects a database that includes recent laboratory results,
electrocardiogram and chest x-ray results, and physical findings by the team.

A person is needed at the patient’s bedside to deliver the medications
and to obtain vital signs. Most responders should be able to take vital signs
and, if this person delivers medications under the supervision of another
nurse (for example, when an ICU nurse is the equipment/medication
manager), then medication delivery is within the scope of this person’s
capabilities. We prefer the patient’s bedside nurse to assume this role
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because she or he usually is aware of the prior state of the patient and can
tell the team if findings change. The bedside nurse also is usually aware of
allergies and recent medication administrations, and this knowledge if
relayed to the treatment leader can prevent error or lead to a diagnosis of
the etiology of the crisis.

At the UPMC, we have sufficient personnel to have 1 person assume each
role. Other institutions may not have as many responders, and so 1 person
may need to assume more than 1 role. In designing a crisis team response,
the directors should attend to these roles, and make sure that responders
with adequate skills and knowledge are assigned to them.

Redundancy needs to be built-in when establishing the teams; people
should be cross-trained adequately to be able to fill in for other members
until they arrive.

Operating Room Crisis Teams
Crisis teams may be needed for other purposes than a crisis on a hospital
ward or lobby area. Much has been written about anesthesia (or operating
room [OR] crisis teams) (1). Personnel considerations for METs need to
reflect organizational and hierarchal realities from these environments to
create effective training programs. OR crisis teams respond to anesthetic
emergencies, such as a difficult airway with failure to ventilate, malignant
hyperthermia, OR fires, massive hemorrhage, and obstetrical emergencies.
In contrast to the floor crisis response teams described previously, OR per-
sonnel that could be used in a MET are often largely already present on-
site or immediately available (with other duties) when the crisis emerges.
A surgical team is constructed, organized, and focused on a collective task
such as a surgical procedure. A typical one includes an anesthesiologist
and/or anesthetist, a surgeon, a scrub nurse, and a scout nurse. The hierar-
chal structure is quite variable, with ranges of perceptions including a
surgeon, anesthesiologist, or a nurse anesthetist who may each believe
themselves to be “captain of the ship,” or some combination thereof. This
often changes with the introduction of a crisis, where the assumed team
leader during a regular surgical procedure—usually the surgeon—switches
to the case anesthesiologist for management of the crisis. Additional
resources are dictated by the type or severity of a crisis and may include
equipment like a defibrillator, a bronchoscope or perhaps a “difficult airway
cart,” central line placement kits, blood products, blood administration
devices including rapid infusers, and emergency medications that require
preparation, like dantrolene. The number and composition of additional
personnel required, as well as specialized equipment, depends on the type
and severity of the specific crisis.

For purposes of discussion, an OR crisis can be viewed as any adverse
event that requires additional personnel or equipment beyond that nor-
mally anticipated for the specific surgical procedure. OR crises can either
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present as a sudden, obvious event that requires significant immediate
resources, or can arise as a slowly escalating continuum that requires a
matching escalation of resources to manage appropriately. Similarly, an OR
crisis usually occurs in the setting of an ongoing surgical procedure that
requires its own resources at the same time. Crisis management and per-
sonnel decisions need to take this into account, as they draw resources from
the same pool—whether from personnel involved in the case during which
a crisis occurs or from resources earmarked for other cases, either ongoing
at the time or about to be started (Figure 18.1).

Administrative control and communication channels of these resources
are site-specific and often varied. Compared to a generic MET response
system and training program, design and training for OR crisis management
must include significant leadership training for the anesthesia team to be
able to rapidly recruit and organize resources. Institutionally, for the oper-
ating room environment the burden of this can either be left to the indi-
viduals involved in a crisis, such as the anesthesiologist (currently the most
predominant method), or addressed at the system level such as with the full
MET concept level. For example a hospital’s OR system could systemati-
cally address: the composition of a MET for the OR; the method to 
activate this team and address effective cross-coverage for the responding

Airway
management 

Team 
Leader 

Airway
Management 

Airway
assistance 

What happens 
if the airway 
manager is 
late? 

Figure 18.1. Resource management is the key to successful treatment of a patient
with an airway crisis



members’ responsibilities, so that they can focus on the crisis; and an admin-
istrative process for capturing the information about the root causes of the
OR crisis, to benefit from the lessons learned. If systematically addressed,
then the emphasis for training is less centered around how to de novo
recruit and deploy a MET, but rather is focused on getting the optimal per-
formance out of a MET designed for the OR.

At our facility, we train around the existing operational, administrative,
and hierarchical operating room environment, where there is no highly
organized MET response for a crisis. Therefore the crisis training program
focuses on training the anesthesia care team, including: (1) generic patient
safety principles and concepts, (2) how to rapidly tap into existing resources
to organize a scalable crisis team in the setting of an ongoing surgical pro-
cedure, and (3) expanding capabilities of effectively treating uncommon
and common types of crisis through simulated experiential and reflective
learning methods. This is an interdisciplinary approach including all
members of the anesthesia care team. Over the last 10 years we have trained
approximately 1000 anesthesiology residents, student nurse anesthetists,
and anesthesia technicians.The objective validity and reliability of the train-
ing methods and outcomes have still to be proven, yet the subjective survey
and incidental case reports suggest a valuable outcome (7).

Conclusion

Crisis teams are an effective response system to emergency situations.
For crisis teams to be effective and efficient, they must be well designed.
The best design requires bringing together the personnel who will partici-
pate in the response and determine what is needed for that institution’s
crisis team. We have delineated the roles needed for a ward crisis and an
OR crisis team. How each institution fills these roles depends on many local
factors. The planning team needs to ensure that sufficient people with
knowledge and skills to accomplish the task respond, and that appropriate
equipment and resources are made available. Furthermore, there must be
a strategy for bringing those resources to bear; simply making sure they are
available is not sufficient. In addition, a plan must exist for both assembling
the equipment and personnel and deploying them in a crisis. Finally, crises
by their nature require more than 1 person to respond effectively; cooper-
ation and coordination are necessary. Like any group effort, knowledge of
what to do is insufficient, so group practice is needed to maximize poten-
tial. We believe that full-scale simulation is the best tool at this time to
enable the responders to perform the skills needed to save lives. The dif-
ference between the knowledge of what to do and the skill of actually 
doing it in a group setting is huge. Developing this group skill can be 
life-saving.
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Equipment, Medications, and
Supplies for a Medical Emergency
Team Response

Edgar Delgado, Wendeline J. Grbach, Joanne Kowiatek,
and Michael A. DeVita

Introduction

Once a patient has a crisis event, it is essential to deliver safe, accurate, and
timely emergency care. Patient survival depends on the efficiency of the
response (1). This response must include not only the appropriate person-
nel, but also the supplies, equipment, and medications that are needed. We
have noted that most people who have been involved in a cardiac arrest (or
Medical Emergency Team) situation characterize the crisis response using
words like “disaster,” or “chaos;” at best, it may be termed “ineffective.”
This does not have to be the case, as an organized response can be planned
and achieved. This chapter will describe a methodology for providing an
organized equipment and medication supply response.

Institutional Oversight of Equipment

To obtain a quality emergency response team, education of the personnel
deemed responders is critical. All staff members in contact with direct
patient care are required to have basic life support education, and critical
care staff is also educated in advanced life support. However, depending
upon the acuity of the patient’s condition and observations, one may not
have experience in a crisis until it actually happens, and some medical staff
may not feel adequately prepared to participate in a crisis event. To help
staff understand the importance of correct procedures, everyone should be
educated during hospital and/or unit-based orientations regarding their
specific role in a crisis. Annual competency evaluations are another method
of training for crisis event management; to reinforce and test the knowl-
edge base, we use “mock code” scenarios. The mock code can also deter-
mine system and personnel deficiencies, and promote processes to decrease
or eliminate them. By using programmable, computer-based, full-scale
human simulation, events can be repeated and data obtained regarding spe-
cific personnel tasks. For example, one may determine the range of how
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long it takes for a crash cart to get to the scene of a crisis, or how long it
takes personnel to defibrillate a patient in ventricular fibrillation. This data
can determine equipment needs and personnel education. By retesting,
frontline staff can gain the comfort level and knowledge necessary to
improve patient outcomes in any crisis situation, and hospital leaders gain
confidence in the adequacy of their crisis response program.

The Medical Emergency Response Improvement Team (MERIT) com-
mittee at our hospital ensures that personnel and equipment are prepared
for crisis events. The committee noted that all nursing units and clinic set-
tings had various types of equipment stock for crisis response, including
intubation equipment, individually designed and stocked crash carts, and a
variety of personnel designated by individual units to respond to crisis 
calls. This resulted in problems related to equipment mismatch and 
malfunction.

First, we noted variation of the crash carts throughout the hospital, with
each designed according to specific unit needs. Nursing staffs were respon-
sible for restocking the carts after the event. At times, because of normal
patient care activities, this task was delayed, perhaps posing a safety risk in
that if a subsequent emergency occurred, the cart was not prepared. The
organization’s pharmacy and central supply were enlisted to improve med-
ication delivery and restocking. Fully stocked crash carts were kept ready
in the central supply area and exchanged for used carts, dramatically short-
ening the time it took a unit to have a restocked cart. When all the carts
are prepared in a central area, it is possible to employ a systematic method
for stocking: we use a sectional medical tray system that can quickly be
changed out, thus limiting the time it takes to restock the cart.

To improve patient safety, the intubation equipment was removed from
all non-intensive care units and placed in a portable orange airway bag.This
bag was stocked in central supply to ensure reliable, functioning equipment.
After every intubation, the old bag is exchanged for a new one. The bag
was kept only by the on-call anesthesia and critical care personnel. This
forced novice physicians to intubate patients under the supervision of physi-
cians with airway management experience and training.

Personnel Response

Efficiency in personnel response during a crisis event is also desirable.There
is evidence (citation: GABA, DeVita, Raemer) that teamwork during crisis
events is deficient, and consequently errors may be made. Personnel
response and teamwork therefore should be improved. Two models for
teamwork improvement have been advanced: the first depends on the train-
ing for the crisis team leaders, and the second emphasizes a flat hierarchy
wherein each team member has a specified role and responsibilities. The
personnel designated to respond, the rationale for choosing those respon-
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ders, and team training are discussed in Chapters 18 and 21 (Murray et al.
and Fiedor et al.).

Nursing Responder Equipment

At the University of Pittsburgh Medical Center, we provide equipment
from several sources. Intensive care nurse responders are designated to
respond to geographic zones, resulting in a very rapid response time.
Because the equipment cart may arrive after the ICU nurse if the crisis is
located outside a patient care area, the nurses have created an equipment
bag that contains items necessary for immediate intervention, such as a
blood pressure cuff, stethoscope, gloves, and equipment for intravenous
catheter insertion and intravenous fluid resuscitation. However, the packs
do not contain medications. The nurses are responsible for restocking the
bag afterward.

Airway Equipment

Success during a crisis response requires a secured airway and adequate
ventilation and oxygenation. Therefore, personnel, equipment, and med-
ications must all be brought to the scene within about a minute of the onset
of the event.

Over the years, hen attempting to establish an airway, clinicians have
been frustrated by unfamiliarity with the equipment, lack of available
equipment, or lack of process standardization. This presents a significant
challenge in an institution where medical students, residents, or fellows are
required to learn and perform airway management. To facilitate and
improve this skill set, a system was set up which uses a portable emergency
airway bag (identified house-wide as the “orange bag” mentioned previ-
ously), which contains the necessary equipment to allow a clinician to
quickly ensure adequate oxygenation and ventilation.

The bag’s contents are standardized, so that any member of the response
team will know where to find any needed item. The airway bag is divided
into 2 compartments; a “quick intubation kit” and “other accessories.” The
division improves organization and facilitates rapid intubation, since the
equipment for most intubations is placed in one location. The bag contents
are in Table 19.1. They include: an intubation kit with laryngoscopes and
blades, and a variety of endotracheal tube sizes, a mask with a bacterial filter
for mouth-to-mask ventilation, gloves, nasal and oral airways, a CO2 detec-
tor, syringes, tape, an endotracheal tube fixation device, Magill forceps,
suction equipment, and a hand-jet insufflator in case of an emergency
cricothyrotomy. A locked side compartment contains medications to facili-
tate intubation, including: etomidate, succhinylcholine, benzocaine topical
spray, and lidocaine jelly are included.The critical care medicine fellow must
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ensure the integrity of the bag at each exchange between fellows. Once the
crisis event is over, the orange bag is returned to the central supply depart-
ment and exchanged for a new, fully stocked one. The used bag is then sent
to the pharmacy for medication restocking and medication integrity assur-
ance by means of a numbered, red lock seal, and then returned to central
supply for equipment restocking. Then the bag’s contents are locked with a
white plastic seal to assure the integrity of the contents.

Emergency Cart Standardization

To organize crash carts, it is essential to thoroughly review all emergency
carts in hospital departments and patient units, including the operating
rooms and post-anesthesia care units. Emergency carts may differ in both
organization and contents (disposable supplies, durable equipment, medi-
cations, and documentation). Following a review of the differences among
the hospital’s emergency carts—and of individual units’ special needs—
a central committee (often the hospital’s medical emergency response 
committee) can negotiate and develop a standardized emergency cart.
Standardization includes medications, supplies,equipment,and layout for all
general patient units, intensive care units, hospital departments, emergency
department, post-anesthesia care units, operating room, and hospital-based
outpatient clinics. On the outside of the cart, crisis algorithms and dosing
charts can be securely attached for use by the emergency response team.

This strategy facilitates the actions of the emergency team and reduces
the potential for error. For example, if one unit stocks dopamine at 8mg
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Table 19.1. Emergency airway bag contents
Intubation kit Other accessories

1. Surgi-lube 1. CO2 detector
2. 6≤ Tongue blade 2. Mask with filter set-up
3. Gum bougie 3. Mask (child)
4. #3 Mac blade 4. Mask (small adult)
5. #4 Mac blade 5. Mask (large)
6. Laryngoscope handle with 6. Exam gloves

batteries 7. Suction catheter kit
7. #3 Miller blade 8. Salem sump 16 fr.
8. Adult Magill forceps 9. 1≤ tape
9. Green oral airway 80mm 10. Nasal airway 28Fr.

10. Yellow oral airway 90mm 11. Nasal airway 30Fr.
11. Red oral airway 100mm 12. Nasal airway 32Fr.
12. Intubation stylet 13. Syringe 30cc Luer lock
13. Yankauer suction 14. Syringe 10cc Luer lock
14. #9 Endotracheal tube 15. Biohazard specimen bag
15. #8 Endotracheal tube 16. Splash mask with shield
16. #7 Endotracheal tube 17. Endotracheal tube
17. #7 Endotracheal tube holder

18. 20 gauge 1.5≤ needles
19. Jet ventilation kit



per 250cc, and another stocks it at 16mg per 250cc, it is probable that a
dosing mistake will occur. Another mistake is a misreading error. If mag-
nesium is stocked on one cart, but morphine is placed in the same spot on
another cart, it is more likely there will be a morphine-for-magnesium
switch. In addition, the committee must decide whether certain medications
that are needed in only a few sites are worth putting on the standardized
cart. The cost goes up as additional medications are included, and the prob-
ability of a medication being used goes down as medications are excluded.
Stocking crash cart contents are thus a collaborative and ongoing process.
We continuously review and revise, and implement changes once a year.
This facilitates and organizes the process for change and education.

Selecting an Emergency Cart

The emergency cart we chose as a model was an anesthesia cart, with a
workstation on the top (Figure 19.1). We chose it because it was able to
accommodate an oxygen tank, needle box, and backboard that our com-
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Figure 19.1. Adult Crash Cart.



mittee required. The emergency cart had 5 drawers, 2 for medications and
3 for supplies and equipment.

The crash cart needs to be durable, mobile, and secure; it should have suf-
ficient capacity for the equipment and medications, and accommodate a
workspace.A number of suppliers make carts that meet these specifications.

The 2 medication drawers hold trays (medication cassettes) that can be
prestocked and sealed in clear plastic by the pharmacy for easy replace-
ment. The medications contained within the cassettes are arranged alpha-
betically, and so can be found and viewed easily through the plastic (Table
19.2).

Because the cart has a locking mechanism that can be secured with num-
bered, plastic, break-way locks, reviewers can determine whether the cart
is “ready for use.” This facilitates central supply restocking and storage, as
well as the unit auditors (every shift checks crash carts).

Need for Specialty Carts

Pediatric crash carts present difficult logistic problems because a wide array
of equipment and medications is required to meet the needs of the large
range of ages and sizes of the patients. While our institution is not a 
pediatric facility, we have nevertheless prepared for the pediatric crisis
(Figure 19.2). Although we rarely have a pediatric inpatient, children visi-
tors are common, and they may have a medical crisis while visiting. The
most common events are seizures, syncope, and asthma exacerbation. Obvi-
ously, for any child less than 40 kilograms, the medications and equipment
used to care for adults are inappropriate. There are 2 techniques for pedi-
atric crash carts that we will briefly discuss. The first is a cart that is orga-
nized according to equipment type: for example, all airway equipment is
stored together in a single drawer, and all medications in another. The
second is the so-called Broslow cart. In this cart, each drawer is color-coded
according with Broslow tape, which delineates medication dosing based 
on the child’s weight and size. Each drawer contains the equipment and
medications for a certain size child. At our institution we use the former
style of cart, but it is a different color than the standard adult cart to avoid 
confusion. These carts, like the adult carts, are standardized.

Medication Selection

Every hospital must decide which emergency medications and supplies will
be readily available in patient care areas. We referenced the medications
and supply requirements from the Advanced Cardiac Life Support (ACLS)
algorithms and our own clinical experience. Because 90% of the events we
respond to are crises and not cardiopulmonary arrests, our cart is modified
to accommodate our needs. Although our goal was to provide the 
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necessary medications and equipment, another goal was to limit medica-
tion choices to one drug from each class where possible. The 3 reasons for
this are: fewer medications reduces opportunity for error, practice stan-
dardization also reduces error, and fewer medications means lower costs.
When medications are commercially available in a premixed dosage form
(i.e. magnesium sulfate, esmolol, dopamine), we chose that formulation to
reduce the chance for errors in admixing.A final goal was to create an emer-
gency cart that requires minimum maintenance (except for the required
daily checks by nursing staff to ensure that the cart is intact, up-to-date, and
ready to go).

The cart is organized to improve efficiency and limit errors. Medications
on the emergency cart are arranged in alphabetical order by the generic
(not trade) drug name. The individual drug vials are placed in the vial 
trays and are clearly labeled with the generic name, the drug concentra-
tion, and the stock quantity. The top medication drawer holds boxes of
needle-less emergency medication syringes, pre-mixed medication intra-
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Figure 19.2. Pediatric Crash Cart.



venous solutions, and odd-sized medications (i.e. topical gels or sprays that
do not fit into the drawer 2 cassette).Table 19.3 displays the plan for drawer
1. The second drawer holds all of the medication vials and ampules in a vial
display racks as shown in the plan in Table 19.4. When medications are
stocked in the cart, they must have a minimum of at least 6 months 
until their expiration date. This reduces medication waste due to outdated
items and reduces the frequency that carts need to be exchanged due to
expiration.

The medications in the emergency cart are reviewed annually by the
MERIT committee members and are based on the American Heart Asso-
ciation Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care (2). Changes to the medications and other emergency
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Table 19.3. UPMC syringe drawer contents list, expiration dates, and billing
Quantity Expiration

Medication How supplied stocked date # to bill Mnemonic

Albuterol 5mg/ml 20ml 1 ALBT20L
inhalation vial

Atropine syringe 1mg/10ml 3 ATRP1S
Topex spray 54gms 1

(Benzocaine
20%)

Dextrose 50% 50ml 2 D5050S
syringe

Dopamine 800mg/250ml 1 DPMN800I
premix

Epinephrine 1mg/10ml 8 EPNP10S
syringe (1 :10,000)

Lidocaine jelly 2% 5ml 1
Lidocaine 2g/250ml 1 LDCN8I

premix
Lidocaine 100mg/5ml 4 LDCN25S

syringe
Esmolol 2.5gm/ 250ml 1

premixed bag or 10mg/ml 2
50ml

Magnesium 80mg/ml 50ml or 1 MGS80
sulfate 4gm/50ml
premixed bag

Racemic 2.25% 0.5ml 1 RCPN225
Epinephrine
inhalation

Sodium 50mEq/50ml 6 SDBC50S
bicarbonate
syringe

Hextend (place 500ml 2 HXTD500I
in Drawer #5
on cart)



cart stock are permitted only once per year, due to the workload involved
in updating each of the emergency carts in the hospital.

The MERIT members, in particular a pharmacist and a critical care 
medicine physician, review requests to add or remove medications on the
emergency cart. Medication requests that have been particularly trouble-
some include controlled substances (such as morphine), lorazepam
(because of it activity against seizures), and insulin. Controlled substances
are difficult to add to the emergency cart because the federal requirements
for double locking, daily audits, and concern for diversion create too much
work. Medications that require refrigeration, such as lorazepam and insulin,
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Table 19.4. UPMC vial tray contents, crash cart medication list, expiration dates,
and billing

Quantity Expiration
Medication How supplied stocked date # to bill Mnemonic

Adenosine 3mg/1ml 2ml 5 ADNS6I
Amiodarone 150mg/vial 3ml 3 AMDR3
Aspirin, chewable 81mg 2
Calcium chloride 1g/10ml 2 CACH10I
Diphenhydramine 50mg/1ml 1ml 2 DPHNI
Dobutamine 12.5mg/ml 20ml 2 DBT250
Epinephrine 1mg/1ml 30ml 2 EPNPI

(1 :1000)
Syringe labels 10 N/A N/A N/A
Flumazenil 0.1mg/ml 10ml 1 FLMZ1I
Furosemide 10mg/1ml 10ml 2 FRSM10S
Heparin 1,000 units/ml 2 HPRN10I

10ml
Lidocaine 2% 20ml 1 LD20I
Methylprednisolone 125mg 2 MTHL125I
Metoprolol 1mg/ml 5ml 4 MTPR1I
Midazolam 1mg/ml 2ml 5 MDZL2I
Naloxone with 0.4mg/ml 1ml 4 NLXN4I

10cc sodium
chloride

Nitroglycerin 0.4mg tablets SL 1 NTRG4
#25

Norepinephrine 1mg/ml 4ml 4 NRPNI
Phenobarbital 130mg/ml 1ml 4 PHNB130I
Phenylephrine 10mg/ml 1ml 4 PHNY10I
Phenytoin 50mg/1ml 5ml 4 PHNY250
Procainamide 100mg/ml 10ml 3 PRCN10I
Vasopressin 20`units/ml 1ml 3
Vecuronium 10mg 2 VCRN10I
Verapamil 2.5mg/ml 2ml 4 VRPM2I
Bacteriostatic 30ml 1 WTR30I

water
0.9% sodium 10ml 5 SDCL10

chloride



and have a reduced stability when not refrigerated (i.e. 30 days) should not
be stocked in the crash cart. Again, the additional workload of maintaining
and tracking short expiration medications on emergency carts is prohibi-
tive. In addition, some medications (insulin) have a high propensity for
error, and yet may not be required in virtually any crisis situation. While
insulin may often be helpful (as in hyperkalemia), there may be other 
medicines that can be used with fewer risks and logistic difficulties.

Some medications in the cart require additional warning labels or infor-
mation to ensure safety in preparation and administration. Examples are
warning labels on phenytoin to note that the drug must be mixed in 0.9%
sodium chloride solution, and specific dilution and administration instruc-
tions for use of naloxone injection to reverse opioid overdose.

Pharmacy Emergency Cart Exchange Process

Regulatory agencies like the Joint Commission on Accreditation of Health-
care Organizations (3) have outlined requirements for the emergency cart.
These include: restocking, maintaining appropriate inventory, securing 
medications in emergency carts, and verifying that the carts themselves are
secure in their location within the hospital. After opening and using med-
ications and equipment from the emergency cart, the supplies must be
replaced as soon as possible in order to be prepared for the next event.
We have an exchange process to meet performance standards that was
developed with all of the involved disciplines—nursing, respiratory therapy,
central supply, pharmacy, and critical care medicine physicians.

Restocking Medications in the Emergency Cart

As discussed previously, medications placed on the cart must have at
minimum a 6-month expiration. The outside of the cart contains the name
and expiration dating of the first medication to expire in the cart. During
the monthly pharmacy inspections of the patient units and hospital depart-
ments, the pharmacy checks for outdated carts and to ensure that nursing
staff is performing the daily required emergency cart checks and docu-
mentation. Inside the emergency cart there are billing forms with the 
medication trays, so that patients can be charged for medications used, and
preprinted labels denote specific emergency response team assignments
during the code. Table 19.5 shows our cart replacement process. We offer it
as an example; many different processes are possible, and the one chosen
at a specific hospital depends on that institution’s resources.

The pharmacy keeps a sufficient supply of backup emergency carts on
hand for immediate exchange with units that have used their carts. In addi-
tion, the pharmacy maintains complete and sealed medication cassettes, so
that the exchange process within the stocking area can be performed
quickly on all shifts.
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Additional Methods for Supplying 
Emergency Medications

In addition to the crash cart process, other methods have been developed
to provide emergency medication before or during a MET response. We
have created transport emergency boxes and orange airway management
bags (Figure 19.3). Both contain a small assortment of medications, and the
orange bag also contains intubation equipment and supplies. Transport
boxes are for units that care for patients on monitors and must be trans-
ported for a test or similar transport. The box contains the 3 most highly
used medications for emergencies: atropine injection, epinephrine injection,
and lidocaine injection. The emergency airway bag contains a sedating
agent for intubation (etomidate), local anesthetic (benzocaine aerosol and
lidocaine jelly), and a neuromuscular blocking agent (succinylcholine).
Other orange bag contents are described elsewhere in this chapter.

Barriers to Implementation

The potential barriers to implementation of the emergency medications,
equipment, and supply exchange systems include cost, ability to standard-
ize contents (resolving the variation), dynamic administrative backing and
leadership, education and training needs, knowledge deficits, time involved,
and the staff needed to maintain the processes. To break through these bar-
riers, the focus must be on a common goal—patient safety. Our approach
to standardizing the emergency carts was to define a core group who shared
the need to simplify the cart restocking procedure, and improve the relia-
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Table 19.5. Cart Replacement Process

Medication cart exchange process:

Emergency cart is opened by nurse caring for patient:

• At completion of crisis care, nurse calls pharmacy department to exchange the cart.
• Pharmacy technician brings new cart and a black plastic lock marked “do not use” (this

denotes the cart as “used” and prevents unintentional redeployment) to central supply.
• Central supply department technician brings new cart and black seal to unit. New cart is

left on unit and black seal is placed on used cart.
• Used cart is taken to pharmacy and 2 medication drawers are removed.
• Used cart is taken to central supply for cleaning and to replenish supplies and

equipment. A form is placed on top of the cart stating the first expiration date of the
supplies.

• Newly stocked cart is taken to pharmacy.
• Pharmacy replaces the 2 medication drawers.
• An inventory-tracking sticker is applied. The stick notes the date the cart was filled and

checked, the supervising pharmacist’s signature, and date and name of the first
medication to expire.

• The cart is secured with red plastic lock (denotes new cart that is ready to go).
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bility of the equipment. With administrative help, other groups that were
also relatively easy to convince were included. Consensus regarding content
was achieved, and the hospital administration provided the funds to pur-
chase the carts and their content. After staff education, the carts were
deployed only on those units. After observing the improved reliability and
decreased effort by unit nursing staff, other units requested inclusion in the
system.The few “stragglers” were then easily brought on board as their own
system now fell outside the hospital standard.

There is a cost associated with crash cart standardization. In many hospi-
tals, cart purchases are part of a nursing unit’s budget, and the individual
unit must prioritize purchasing a new crash cart above other expense items.
Most units see use of the emergency carts as exceptions to the rule, and many
may therefore consider it a low priority. The administration was essential in
creating funds for the purchases and creating the imperative for units to
make the appropriate purchase. While there were costs, there were also
savings. First, standardizing the carts reduced the number of medications on
carts, and provided a mechanism for systematically reviewing and choosing
medications and supplies with global costs in mind. Second, it reduced
nursing work for restocking and checking the medications. Third, less waste
of outdated medications occurred. Fourth, because all the carts are the same,
staff became very familiar with their contents so there were fewer episodes
of 2 crash carts being opened to deal with a single crisis event.

Figure 19.3. Emergency Bag Layout.



Crisis events are low-frequency, high-stress occurrences. Therefore train-
ing is important, and performance is unreliable unless practiced frequently.
Training nurses, respiratory therapists, and physicians to perform well
during crisis situations is an essential component to crisis response 
preparedness. Standardizing the medication and equipment response 
dramatically facilitates training. However, if the hospital’s educators are not
involved in the process, there are 2 potential problems. First, they may not
train people according to the hospital’s process design. Second, the design
team may make decisions that seem sensible from one perspective, but may
create huge training issues. Overcoming this barrier is relatively simple if
the education staff is included.

Supply Standardization in the Emergency Carts

The normal supply stock for the cart needs to be uniform for the same
reasons as outlined above. To achieve this goal, central supply staff was
enlisted to develop consistency in all crash carts. The methodology was
similar: review of the current carts’ contents, determine relevance and
necessity, and consider which items could reasonably be provided from floor
stock. The emergency cart drawers 3, 4, and 5 are standardized, which helps
prevent restocking errors, limits the time crisis response staff needs to find
items, and decreases the probability of error (either through misuse, or a
mistaken impression that the equipment is not present). Table 19.6A and
19.6B show the equipment drawer configuration and contents.

Emergency cart standardization in all areas of the institution is an impor-
tant patient safety methodology. In our opinion, the most important piece
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Table 19.6A. Syringe Drawer Layout

Drawer 1 Layout: 1 Dopamine 800 mg/250 ml premixed bag will be placed on the top of the
Bicarb

Atropine 1mg/10ml Syringe Dextrose 50% 50ml Sodium Bicarbonate
3 Syringe 50meq/50ml

2 Syringe
6

Epinephrine 1 :10,000 Lidocaine 2g/250ml premix bag Magnesium Sulfate
1mg/10ml Syringe Premix 80mg/ml 50ml
8 1 1

Lidocaine Jelly 2% 5ml Esmolol Premix 1
1 2.5gm/ 250ml

Albuterol Inhalation Topex Racemic
5mg/ml 20mlvial SPRAY Epinephrine

Lidocaine 100mg/5ml syringe 1 57gm Inhalation

4 1 2.25% 0.5ml
1



of equipment to standardize was at first overlooked by our MERIT
members. All crash carts in the institution are mandated to hold a defibril-
lator (with monitoring, pacing, defibrillation and synchronous cardioversion
capabilities); however, they were not initially standardized. If cables, pads,
paddles, and defibrillators are not standardized, mismatches result and the
equipment cannot be used. Further, if the responding staff is not familiar
with a particular model, an inability to use the equipment could result. Both
problems might appear to be “equipment failure” although the equipment
might be in perfect working order. At one point, a survey of all defibrilla-
tors in this institution yielded up to 8 different varieties. Figure 19.4 shows
several models, including the required assortment of pads, paddles, and
cables that they use, and it is possible to imagine the confusion that might
result from an assortment of equipment in an emergency. While stopgap
measures like writing “No Pacing” or colored stickers to prompt recogni-
tion of compatible equipment might be enticing, they are unlikely to
prevent error. Instead, standardized defibrillators provide an important
patient safety measure.

Standardization facilitates education. Unfamiliarity may contribute to
hesitation on the part of less experienced staff to perform defibrillation
without an expert clinician. To address this, we chose to purchase “hands-
free” and “auto-analyze” defibrillators. Because pads and not paddles are
used, the staff is more willing to perform a “quick look” maneuver with the
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Table 19.6B. Vial Drawer Layout
Drawer 2 Vial Layout

Procainamide Procainamide Vasopressin Vecuronium Vecuronium Verapamil Verapamil
100 mg/ml 100 mg/ml 20 units/ml 1 mg/ml 1 mg/ml 2.5 mg/ml 2.5 mg/ml
10 ml 10 ml 1 ml 10 ml 10 ml 2 ml 2 ml
1 1 3 1 1 2 2

Naloxone Naloxone Naloxone Nitroglycerin Norepinephrine Norepinephrine Norepinephrine
0.4 mg/1 ml 0.4 mg/1 ml 0.4 mg/1 ml 0.4 mg 1 mg/ml 1 mg/ml 1 mg/ml
with 10 cc with 10 cc with 10 cc SL 4 ml 4 ml 4 ml
NSS NSS NSS #25

Tab bottle
1 1 1 1 1 1 1

Flumazenil Furosemide Furosemide Heparin Heparin Lidocaine Methylpred
0.1 mg/ml 10 mg/ml 10 mg/ml 1,000 units/ml 1,000 units/ml 20 mg/ml 125 mg
10 ml 10 ml 10 ml 10 ml 10 ml 2%

20 ml
1 1 1 1 1 1 1

Adenosine Adenosine Amiodarone Amiodarone Aspirin Calcium Calcium
3 mg/ml 3 mg/ml 150 mg 150 mg 81 mg chloride chloride
2 ml 2 ml 3 ml 3 ml Chewable 1 g/10 ml 1 g/10 ml

3 2 2 1 2 1 1
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Drawer 2 Vial Layout

Bacterio-static 0.9% Sodium 0.9% Sodium 0.9% Sodium 0.9% Sodium 0.9% Sodium
Water Chloride Chloride Chloride Chloride Chloride
30 ml 10 ml 10 ml 10 ml 10 ml 10 ml

1 1 1 1 1 1

Norepinephrine Phenobarbital Phenylephrine Phenytoin Phenytoin Procainamide
1 mg/ml 130 mg/ml 10 mg/lml 50 mg/ml 50 mg/ml 100 mg/ml

4 ml 1 ml 1 ml 5 ml 5 ml 10 ml

1 4 4 2 2 1

Methylpred Metoprolol Metoprolol Midazolam Midazolam Naloxone
125 mg 1 mg/ml 1 mg/ml 1 mg/ml 1 mg/ml 0.4 mg/1 ml

5 ml 5 ml 2 ml 2 ml with 10 cc NSS

1 2 2 3 2 1

Diphenhydramine Dobutamine Dobutamine Epinephrine Epinephrine Syringe
50 mg/ml 12.5 mg/ml 12.5 mg/ml 1 : 1000 (1 mg/ml) 1 : 1000 (1 mg/ml) Labels

1 ml 20 ml 20 ml 30 ml 30 ml
INJECTION INJECTION

2 1 1 1 1 10

Figure 19.4. Various models of defibrillators.



defibrillator. In addition, the hands-free pads are safer to use for staff and
patients, because there is less chance of electrical “arcing” or short circuit
(particularly if the patient or the person delivering the shock is wet). The
auto-analyze function tells the staff whether a shock is indicated; when a
shock is recommended, the staff needs only to assess consciousness, and, if
absent, defibrillate.

In high-traffic areas such as lobbies, corridors, and cafeterias, neither per-
sonnel nor equipment are readily available. We have placed emergency
airway equipment (like a bag-mask device) and automatic external defib-
rillators to promote early intervention.Automatic external defibrillators are
easy to use by lay personnel as visitors in an institution or the site, and who
may possibly find themselves to be the first responder in a crisis.

Summary

To mount an effective emergency response, medication and equipment
resources must be available, reliable, and organized in a way to make them
easily usable. Staff must be trained adequately so that they know what their
resources are and how to manage them. Standardizing the equipment and
medications contributes to a safe system by improving a number of logis-
tic issues, including staff training, performance, error reduction, equipment
maintenance and replacement after a crisis, and finally the institution’s
ability to revise medication and equipment resources for crises. We believe
that improving efficiency and reliability can reduce delays and errors, and
contribute to the primary goal of improving patient outcomes following a
crisis event.

Acknowledgments. We acknowledge the contributions of Jan Phillipps and
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this chapter.
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20
Resident Training and the Medical
Emergency Team

Geoffrey K. Lighthall

Introduction

Periodic re-examination of health care delivery systems have led to reforms
aimed at improving the welfare and safety of patients. Medical Emergency
Teams (METs) have emerged at the same time as resident work-hour
restrictions have come into effect, public awareness of medical error has
increased, and new models of residency program accreditation have 
been proposed (1,2). While well intentioned, the noted reforms and
improvements in health care have not emerged as a coherent and user-
friendly package. Concerns over medication error, for example, have led to
directives for computer entry of drug orders, but this is not always com-
patible with a desire to maximize time at the bedside in the face of work-
hour limitations. Likewise, the implementation of protocols and pathways
that have provided higher quality of care may pose a threat to the concept
of applying and individualizing basic and clinical science at the bedside.And
while resident work-hour restrictions have been promulgated as a measure
to improve patient safety, compliance with these new rules means even
greater reliance on shift care or cross-coverage schemes, where there is
greater likelihood that physicians will be responsible for patients with
whom they have little familiarity.While numerous challenges abound in res-
ident education, the question here is whether the implementation of a
Medical Emergency Team (MET)—a classically patient-centered interven-
tion—interferes with medical education, or whether there are ways in which
medical education can be enhanced through the existence and operation of
a MET.

Origins of the MET: A Solution to a Real Problem

The impetus to create Medical Emergency Teams comes from studies exam-
ining the quality of care and clinical decision making in patients who expe-
rienced cardiopulmonary arrest, or who had unplanned admission to an
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intensive care unit (ICU).The studies were notable for demonstrating great
variations in quality of care, and in particular, the widespread finding of care
that was inadequate.

Studies evaluating patterns of ward care prior to ICU admission show a
general lack of time urgency in evaluating and treating patients with abnor-
mal vital signs and other forms of deterioration (3–5). Patients initially
admitted to hospital wards (as opposed to ICU) had up to a 4-fold increase
risk of mortality, suggesting that the nature of the care was a more sig-
nificant determinant of the ultimate clinical trajectory than the admitting
diagnosis (4). Both deterioration in the admitting condition and the 
development of new problems were key risks for a worse outcome.

In a study done by McQuillan et al., patients considered to have “sub-
optimal” care had twice the ICU mortality rate of the other groups (6).
Areas considered problematic were: timing of admission (late), and man-
agement of oxygen therapy, airway, breathing, circulation, and monitoring.
Reasons underlying the suboptimal care were “failure of organization, lack
of knowledge, failure to appreciate clinical urgency, lack of experience, lack
of supervision, and failure to seek advice.” Our own experience in examin-
ing the dynamic decision making of house staff in a fully simulated ICU
revealed similar deficiencies, including non-adherence to established 
protocols (7).

Two different studies of antecedents to cardiac arrest demonstrated that
75% to 85% of the affected patients had some form of deterioration in the
hours prior to the cardiac arrest (3,8). Nearly one-third of such abnormal-
ities persisted for greater than 24 hours prior to cardiac arrest, with a pop-
ulation mean of 6.5 hours (3). In one series, the majority (76%) of the
disease processes eventually progressing to cardiac arrest were not consid-
ered intrinsically, rapidly fatal (8). In another series, over half of the cardiac
arrests presented ample warning of decompensation: the majority of pa-
tients had uncorrected hypotension, and half of these had systolic blood
pressures less than 80mmHg for more than 24 hours (9). Other patients in
this series had severe but correctable abnormalities such as hypokalemia,
hypoglycemia, and hypoxemia. This collective experience suggests that
quality of care, more so than the disease, may be responsible for the poor
immediate survival of these patients. Inattention to or unawareness of a
developing serious condition causes the additional problem of hasty deci-
sion making at the time of cardiac arrest. Once a cardiac arrest has
occurred, the clinician’s hand is forced, and ICU admission becomes
mandatory for surviving patients in the absence of a do-not-resuscitate
order.

Problems with establishing proper care were found to exist at multiple
levels: nurses were not calling physicians for patients with abnormal vital
signs or changes in sensorium; physicians did not fully evaluate these abnor-
malities when they were contacted; ICU consultants were not called in rou-
tinely, and senior level or consulting ICU caregivers did not obtain routine
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studies, such as blood gasses, hematocrit and electrolyte studies, that would
have defined the patient’s problem. In cases when laboratory studies 
were done, they were not always interpreted correctly, and when they were,
therapy was not always initiated (5).All of the aforementioned studies were
conducted in academic centers where junior team members are tradition-
ally called to evaluate a patient and there is a varying degree of engage-
ment by more senior staff members. Loss of valuable time in patient
evaluation and stabilization may have been further compounded by attend-
ing staff that lack knowledge of seriously ill patients and their problems,
and who lacked the skills to direct an appropriate resuscitation (6,10).
Further, teaching hospitals have also increased their reliance on cross-
coverage schemes, which also have been associated with a higher incidence
of potentially preventable adverse events (11).

General Overview of a Medical Emergency Team

The MET’s composition and scope will vary according to specific institu-
tional needs and staffing patterns. Some have designed METs around the
existing “code teams,” while others use various combinations of critical care
nurses and physicians. Ideally, the MET works best with some constancy in
leadership and team membership. Having a team that draws on a smaller
core of individuals over a wide range of times and schedules is a test of indi-
vidual and institutional commitment, and poses a set of challenges that will
not be dealt with here. Instead, the question of how to incorporate trainees
into the team’s operation will be considered. To provide one example, we
are currently proposing a team with the following composition:

• Intensive care attending or senior critical care fellow as a leader
• Crisis nurse
• Anesthesiology resident or attending
• Internal medicine or surgery resident

The overall goals are: (1) perform a quick analysis of vital signs, ventilatory,
and oxygen delivery status to assess the severity of acute and chronic con-
ditions, (2) make timely decisions about triage, goals of care, or need for
the involvement of other services (surgery, cardiac catheterization labora-
tories, etc.), and (3) rapidly stabilize respiratory and cardiovascular status
prior to ICU transfer if needed. Moreover, the approach needs to be pre-
dictable and systematic.

This design reflects a desire to use the minimum number of people to
accomplish all tasks related to the team goals: patient examination and his-
torical investigation, invasive procedures including mechanical ventilation,
analysis of laboratory values and clinical course, communication with con-
sultants, and ongoing monitoring of patient and care plans until transfer to
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another setting. Additionally, the presence of an ICU attending physician
assures proper supervision and backup for invasive procedures and airway
management. Pharmacists, respiratory therapists, and electrocardiogram
technicians can be summoned as needed without being part of every MET
call. The primary caregiver or team would also be summoned to participate
in evaluation and decision-making.

Concerns Over Implementing a Medical 
Emergency Team

While barriers to MET implementation are discussed in detail in Chapter
9, a brief discussion is needed here to understand the complexity of the bar-
riers to implementing a teaching program that includes METs.

Acceptance and sustained success of METs has historically involved 
the cooperation and support of all major departments and services that
interface with the team or its patients (12). In approaching department
heads about instituting a MET, concerns that one should anticipate are:
(1) whether the MET will move decision making authority away from 
the physician or the service with primary responsibility for a patient,
and (2) whether the team’s activity will deprive trainees of valuable patient
care experience. We will examine how these concerns may have originated
and critique the current state of affairs, and see that, at its core, the 
MET is more about restructuring resource delivery than about radical
change.

One can understand, if not sympathize with, departments that are reluc-
tant to accept an extra- or multi-departmental group caring for patients 
in their service. Yet interdepartmental cooperation frequently occurs at
bedside, where the caregiving team is happy to relinquish significant por-
tions of a patient’s care management to a cardiologist, nephrologist,
surgeon, or oncologist. Indeed, the latter specialties possess certain types of
technology, protocols, and detailed knowledge of pathophysiology that can
be key to the optimal care management and survival of a patient. In the
context of specific organ-based derangements, it is rational to seek this type
of support—so why not for critical illness as well? Intensive care may be
poorly understood by other physicians, and mainly in narrow, stereotypic
roles such as the use of mechanical ventilation, invasive monitoring, and
hemodynamic support. In addition, the appearances of illnesses that per-
meate multiple systems do not present clear triggers for consultation with
critical care specialists. To some extent, this is a fault of critical care spe-
cialists, who have not done the best job informing colleagues to the nature
and spectrum of critical care (13). Likewise, criteria defining “critical
illness” have been lacking. Unlike the patients with either myocardial
infarction or anuria, it is difficult for physicians to identify when a constel-
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lation of nonspecific findings becomes a critical illness. Finally, without good
feedback to ward medical teams as to the type of patients that end up in
the ICU—and especially the ones that do poorly—intensive care has failed
at creating demand for its services outside of the ICU.

Concern over lack of resident experience gained in caring for unstable
ward patients probably comes from a fixation on the concept of the MET
as an extension of ICU personnel to other patient care domains. However,
most METs have some role for resident participation and the overall model
is not rigid (12,14–17). Some teams have had the ICU resident participate,
and others have used a senior ward resident on a rotating basis. In any case,
the common denominator of nearly all MET systems is a concurrent
summons of the primary ward team (18). Involvement of the primary team
is beneficial to patients not only because it builds upon an existing rela-
tionship, but also because it creates a bridge of continuity where vital infor-
mation can be passed on in the proper context. From a training perspective,
having the primary ward team work with the MET not only maintains their
exposure to interesting cases and proper care management, but also
demands some agreement of care goals, and when there is no consen-
sus, begs for an evidence-based settlement. Additionally, as MET team
members, medical residents achieve cross-discipline training by caring for
surgical patients, and surgery residents can gain valuable experience caring
for medical patients. Since most METs have been developed outside the
United States, the uninitiated can be confused by the description of some
teams; teams are mostly composed of senior ICU nurses in the United
Kingdom, senior residents and clinical fellows in Australia, and ICU nurses
and physicians in the United States (19). Table 20.1 describes current resi-
dent involvement in different teams and the rough equivalent to post-
graduate trainees in the United States (20).

Will a MET interfere with resident training, or more specifically, deprive
the junior-level trainee of practical, problem-solving experience? Different
types of arguments have been unconsciously incorporated into the culture
of medical training: that it is the mission of residency training programs to
provide experience and training to residents through the care of patients,
and cognitive challenges and decision making are the payoffs for the invest-
ment of time, emotion, and hours of dull, unsatisfying work. Unfortunately,
we are now learning that the current system has been hazardous to unsta-
ble patients, and the MET owes its genesis to the poor outcome of this 
population (3,8). Residents have other responsibilities and activities 
besides ward patient care (such as the operating room or clinic) and are not
always available for evaluation of patient vital sign abnormalities. Instead,
temporizing measures are instituted over the phone, and data and impres-
sions gained from a bedside examination are frequently lacking. Valuable
time is wasted as evaluations and decision-making proceeds slowly up a 
traditional hierarchy (3). Further, many resident teams feel that the care of
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unstable patients is a test of their mettle, and that to solicit outside help is
a sign of weakness. In many instances, the team’s attending physician is
never called to help with evaluation. Even when an one is summoned, they
may not have the best understanding of how to prioritize diagnostic and
stabilization efforts and organize and lead a multidisciplinary team, or
possess the technical skills and knowledge required by the situation.

Medical training is structured around the concept of gradually increas-
ing responsibility and decreasing supervision, and a belief in learning from
mistakes. Given this, it is reasonable to consider whether a team-oriented
approach to unstable patients undermines medical education by depriving
residents of the ability to make and learn from their medical decisions. An
argument could be made that there is little to be gained from allowing mis-
takes to occur (21). Observational studies in the intensive care unit as well
as in a simulated environment have demonstrated that physicians make
errors without even realizing that they occur (7,22); in the case of real
patients, it is difficult to imagine how any educational benefit could result
from such mistakes if the physician is unaware of them. When errors are
detected, there is great variability among individuals, departments, and 
specialties in acknowledging errors and their sources. In one study on self-
reported errors—despite 90% being associated with serious outcomes—
only 54% of the house officers discussed their mistakes with an attending
physician (23). In a more recent study of morbidity and mortality confer-
ences in internal medical departments, cases containing errors were pre-
sented in less than half of the conferences, and were addressed as errors in
only one-half of the applicable instances (24). By the authors’ estimation,
a substantive discussion of error would occur in the studied department’s
morbidity and mortality conferences only 7 times a year.

If one of the prime modalities of resident training is learning from mis-
takes, additional thought should be directed toward maximizing the yield
of this process. Simulation training may be a superior alternative to prac-
ticing on patients—especially for development of crisis management skills
(25–28). Simulation training for individuals and teams provides greater
exposure to situations that generate errors, and allows residents to acknowl-
edge errors immediately after they occur and to discuss them with peers
and senior staff in a constructive, non-punitive environment (7,29). The use
of simulation training as part of MET development will be discussed in
greater detail below. To summarize here, the MET is not likely to interfere
with the assimilation of knowledge and experience in residency training.
There is good evidence that allowing too much independence in critical sit-
uations may create errors and hazards that are not known, caught, or dis-
cussed in a manner that maximizes the educational yield of each mistake.
Resident participation in a MET rearranges resident responsibilities in a
way that maximizes patient safety and survival, and may in part replace the
ethically untenable system of “learning from mistakes” with one that does
things the right way.
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Procedures

Depending on design, a MET may differ from the current mode of ward care
by having attending physicians or fellows involved early on in an evaluation
and resuscitation. At first glance, this “top-heavy” approach may seem to
deprive residents of valuable experience in performing procedures and eval-
uating bedside and laboratory data. Personal experience as a triage attend-
ing suggests that the opposite is true: when working with medical or surgical
house staff to evaluate and stabilize patients in their care, the primary teams
are typically pushed toward doing more—whether it is obtaining arterial
blood gas studies, placing arterial or central venous catheters, or making
changes in ventilatory or fluid therapy. Residents are actually encouraged to
look deeper into the patient’s problems and to understand more.

Not all critical care attending physicians are likely to participate in a
MET; rather there is likely to be a self-selection bias toward those with a
more hands-on approach to patient care. Having the MET led by a critical
care-based faculty member or fellow is likely to bring to the bedside
someone who is comfortable supervising and performing procedures, and
who has the skills to back up the care by the primary team. To give a con-
crete example, our proposal for a MET includes a technology bundle that
features a portable blood gas/chemistry analyzer, a portable monitor that
can display invasive pressures and exhaled CO2, and a portable ultrasound
machine for analysis of cardiac structure and function. Thus, while the
overall mode of care may be different for a ward emergency, the MET
brings with it new and perhaps more advanced opportunities for patient
evaluation and skill development.

Another example is central lines. Many of our residents on the ICU rota-
tion complain that they get little experience placing central lines because
the majority of patients have them placed in the operating room. However,
these residents, hungry for experience, rarely place central lines on patients
in the emergency room or in the intermediate care unit—even when indi-
cated for safety reasons (for example, vasopressor administration) or by
clinical evidence (for example, as a guide for fluid therapy in early sepsis)
(30). With the loosening of critical care boundaries that would be seen with
a MET, residents will learn more about different invasive procedures, their
indication, and the interpretation of their data. Although unproven, we feel
that based on this understanding, residents will actually perform more pro-
cedures than at present.

A Win-Win Situation

Many of the changes in health care delivery associated with METs are likely
to facilitate the development and assessment of competencies now required
by the Accreditation Council for Graduate Medical Education (ACGME)
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and the American Board of Medical Specialties. As part of the Outcomes
Project, ACGME residency review committees have required accredited
programs to develop competencies in 6 key areas: (2)

• Patient care
• Medical knowledge
• Practice-based learning and improvement
• Interpersonal and communication skills
• Professionalism
• System-based practice

Accordingly, residencies must define specific skills or knowledge for each
competency and provide training to attain those objectives. Viewed as a
whole, governing bodies not only expect trainees to assimilate medical
knowledge in specific areas (as is still required to pass board examinations,
qualify for fellowships, etc.) but also develop a more dynamic style of prac-
tice. For application of medical knowledge, this means the resident in train-
ing must be able to understand the natural history of a certain disease or
finding, seek recent information that applies to the patient’s case, critically
evaluate the differences between the contexts of a given study and the clin-
ical context of the current patient, and from this, synthesize a treatment
plan. At the same time, a premium is attached to understanding patient
needs and to develop models for shared decision-making. Finally, the resi-
dent is also required to attain some understanding of health care systems
in general, and how their economics and structure impact the delivery of
patient care.

Reading this description conjures up the image of an outpatient physi-
cian managing chronic illness with the struggles of balancing efficacy, cost,
and complexity of treatment. However, ward emergency care also provides
the opportunity to understand the interaction between individual needs and
disease processes, care delivery systems, concepts of resource utilization and
the culture of academic medicine. In fact, resident involvement in a MET
will quite likely provide a reliable structure in which some of the compe-
tencies may be mastered, particularly those aspects of “patient care” that
arise as urgent, life-threatening situations. The latter is an area of medicine
where the stakes are very high and typically not accompanied by an equally
high degree of faculty expertise, supervision, and mentorship. Creating a
system—albeit a “top heavy” one—where patient care is enhanced by early
expert intervention should be regarded as a win-win situation, even in the
context of medical education.
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How a Medical Emergency Team Can Teach Residents
about Patient Safety

Emergency ward care also provides a microcosm of health care in which
other competencies can be mastered. Practice-based learning requires not
only evaluation of medical evidence in literature, but improvement in care
based on the analysis of experience using a systematic methodology.As part
of systems-based practice, residents are required to “effectively call on
system resources to provide care that is of optimal value” (2).The existence
of a MET reflects an institution’s commitment to self-examination and its
willingness to rearrange resources and disciplinary lines to create more effi-
cient care and better outcomes for patients—but what is really learned from
this? Some direct learning objectives can and should be built into MET
operation, but a trainee will also benefit from the collective unconscious of
an institution that encourages:

• Doing things the right way—placing a premium on patient safety over
training

• Understanding the connection between events and errors, how sources
of errors are analyzed, and how change results from this

• Understanding how safety underlies patient-system, doctor-patient, and
doctor-system relationships and how institutional, cultural, and individ-
ual change has come from this focus

• Appreciating multidisciplinary teams and teamwork

While the MET aims to provide immediate service to patients in need,
an educational component can be designed into its operation in a number
of ways. First, the MET should engage in research that monitors patient
outcomes and ensures that its calling criteria are properly aligned to the
target patient population. Data from cardiac arrests, ICU admissions,
quality assurance projects, and disease-specific treatments can be analyzed
to understand patient care characteristics, and any gaps that need to be
filled. Second, the MET should have routine debriefings (immediately after
the event is best) with an emphasis on self-critique, team dynamics, and
error analysis. Competency assessments can be designed into debriefings,
and enhanced by the use of audio- or videotape analysis. Error analysis can
provide important insight into whether improvements need to be made in
technical training, teamwork, or organizational structure (31,32). The
overall handling and discussion of errors and “near misses” is likely to
increase the extent of error reporting if done in a proper manner. A system
that that rewards admission of mistakes creates a healthy climate where
there is a greater likelihood of identifying and correcting “latent” sources
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of future errors (29). Residents exposed to such a culture of safety may let
this philosophy shape behavior and improve patient care in other settings.

In brief, the role of the resident is likely to change with the inception of
a Medical Emergency Team. Despite what some may perceive as a loss of
autonomy or independence with the change, a more favorable structure for
patient care could be the product. Table 20.2 summarizes some differences
one would likely see.

Table 20.2. Effect on Residents of a MET
Training Objective Current Status With MET

Patient evaluation Relatively independent, gain Get to see a refined operation
and therapy sense of responsibility Learn proven methods of evaluation

Bad habits may be reinforced Consistent method of analysis applied
No clear feedback on what Can develop models for individual

was done correctly or not actions within framework of a team
Heterogeneity in methods Latest evidence and methods likely
Process based on individual applied

action Process based on multidisciplinary
teamwork

Resident education Learn through experience See evidence-based methods applied
and medical Time-critical mistakes can strengths, weakness
knowledge be made while “learning Debriefings allow appraisal of
that address by doing” Would see development of curricula 

Culture of “see one, do one” that address acute resuscitation
Would receive some training on

teamwork concepts
Patient safety Occasional discussions High-reliability organization concepts

roundson patient safety Provides a model for a “culture of
during rounds safety”

Different institutions are Allows design of a process that
studying threats, or “near includes debriefings and open
misses” analysis of actions

Morbidity and mortality, Potential for videotape review of real
QA conferences events

Culture of “see one, do one” Recognizes need for simulation and
practice

Invasive procedures Senior resident supervises Expert may perform procedure if
(might not be that skilled) time is critical (resident gets to see

May be avoided due to lack procedure done right)
of comfort or lack of Expert supervises resident during
expertise later procedures, (mistakes and

Other party performs the technique lapses are corrected)
procedure Emphasis on comfort, speed, and

Patient comfort and safety safety
variable Structured and systematic use of data,

Unclear use of data from Patient benefits from procedure
invasive lines with potentially less risk



Promoting Performance Standards: A Role for 
Human Patient Simulation

As opposed to a cardiac arrest team, the MET is charged with managing a
wide array of conditions with greater diagnostic and therapeutic uncer-
tainty.Therefore, the goals of the MET are best achieved by programs com-
mitted to additional training and continued re-examination of performance.
From the outset, training activities should be geared toward managing 
critical conditions that commonly recur in the pre-arrest stage. Experience
with antecedents to cardiac arrest and ICU admission has led to the devel-
opment of a list of calling criteria that are designed to identify patients at
risk (12,14,33). One such list, published by Buist et al. is reproduced below
(14).

These different types of emergencies require different tasks and prior-
ities, and the role of personnel will vary according to the situation. Non-
technical aspects of patient care, such as teamwork, leadership, and task
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Criteria for calling medical emergency team:

Airway
Respiratory distress
Threatened airway

Breathing
Respiratory rate >30 breaths/min
Respiratory rate <6 breaths/min
Oxygen saturation <90%
Difficulty speaking

Circulation
Systolic blood pressure <90mmHg despite treatment
Pulse rate >130bpm

Neuroligic
Unexplained decline in mental function
Agitation or delirium
Repeated or prolonged seizure

Other
Concern about patient
Uncontrolled pain
Failure to respond to treatment
Unable to obtain prompt assistance

Table 20.2. Continued



distribution, are probably best applied to real emergencies if they have been
practiced at an earlier time. Medical simulation has been used to teach crisis
management skills in a number of acute care professions, including critical
care, and is a natural fit for MET training (7,30,34). As a training modality,
human patient simulation guarantees the resident exposure to the desired
case mix, and at no risk to the patient. Ideally, the MET will have periodic
practice sessions to maintain competency, refine methods, and to in-
corporate new members. Scoring systems that rate individual performances
in the management of specific patient emergencies have been developed
and used in simulated patient scenarios, and may be applicable to the 
training and evaluation of MET teams as a whole (34,35).

As an operating principle, the MET should practice evidence-based med-
icine. Simulation training provides an opportunity for team members to
discuss new diagnostic modalities and therapies and to rapidly incorporate
them into team operations.There is certainly a basis for resident attendance
and involvement in such activities, and this alone can provide some direct
training experience in crisis management as well as engender some consis-
tency in the evaluation of patients in uncontrolled settings.

The use of vasoactive and analgesic medicines in medical emergencies is
vastly different from that in other settings, including advanced cardiac life
support emergencies; our own work in ICU crisis simulation suggests that
this remains an esoteric body of knowledge and a frequent source of error
(7). A simulated environment is especially valuable in learning the use and
pitfalls of these medicines for different types of patients and in dynamic 
situations. Most residencies lack direct skill development in crisis manage-
ment, so, insofar as a MET can increase exposure to and assimilation of 
such skills, it should be regarded as another plus for the training of medical
residents.

Summary

The need to train and develop house staff for independent practice may
conflict with the needs of patients who require rapid stabilization. Finding
a healthy balance between the 2, where the patient receives the best care
possible, is a challenge to those in academic medicine. Increasingly, data
suggests that the traditional models of resident training have in part failed
to place the patient first.The contributors to this text believe that the imple-
mentation of Medical Emergency Teams will offset some of these short-
comings in care and improve the public accountability of medical
education. The MET can also offer opportunities for the development of
competencies in patient care for both trainees and established physicians.
Likewise, the MET can provide an educational structure from which house
staff can learn a great deal more about interdisciplinary teamwork, patient
safety, and the responsiveness of health care to patient needs.
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21
Teaching Organized Crisis 
Team Functioning Using 
Human Simulators

Melinda Fiedor, Elizabeth A. Hunt, and Michael A. DeVita

Introduction

A recent report by the National Registry of Cardiopulmonary Resuscita-
tion (NRCPR) of 207 hospitals within the United States revealed that the
majority (86%) has an organized team to respond to in-hospital cardiac
arrests (1). Despite the existence of these teams, there is mounting evidence
that errors in the management of care for patients with in-hospital cardiac
arrests and other medical crises may contribute to poor outcomes (2–8).
Currently, no standards exist in terms of how such “code teams” are dis-
patched, how many members are on the team, or the team’s composition.
There are even fewer reports regarding the make-up of Medical Emergency
Teams (METs). Training to enhance the quality of care delivered by crisis
teams in hospitals is essential. Although the composition of these 2 types
of hospital teams varies from place to place, the principles of team training
remain the same, and are reviewed in this chapter.

The word “team” typically refers to a group of people that work together
on a regular basis, in a coordinated and coherent fashion. Professional ath-
letic teams provide an example of how a classic team functions: team
members all have a common goal of winning their athletic events; they prac-
tice together regularly; individuals typically have 1 designated role or posi-
tion that they play, and in which they become a true expert; team members
often develop some type of shorthand to aid in communication; and the
team typically functions best with a good team leader or captain.

Unique Aspects of Hospital Crisis Teams

Hospital crisis teams serve a critical purpose: to prevent death in suddenly
critically ill patients. To succeed, they must function effectively and effi-
ciently. Delays in action, miscommunication, and errors can increase the
likelihood of a fatal outcome for the patient. Such a critical function should
be the target of frequent and effective training programs, but ironically,
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training crisis teams is particularly difficult because of the dynamic nature
of the teams. In many ways, crisis teams represent the antithesis of the 
well-trained athletic team and must overcome major barriers to function 
effectively.

The Ad Hoc Nature of Crisis Teams

Code teams are ad hoc teams—they consist of people who are brought
together in a crisis, although previously they may never have worked
together. Once the crisis is over, they return to their other activities and
may not work together again. It seems impossible to train all of the possi-
ble combinations of a code team. A study by Pittman et al. of a cardiac
arrest team revealed that 67% of team leaders had had no communication
with the team members prior to the cardiac arrest event (9); 33% had
“informal” communication prior, and only 7% had a debriefing session after
the cardiac arrest (9).

The ad hoc nature of crisis teams makes it difficult to practice commu-
nication, organization, group problem solving, and the integrated function-
ing skills necessary for teamwork. The difference between a team that
practices until they function like a well-oiled machine and the team whose
members have literally never met becomes obvious when video recordings
of crisis events are reviewed. Crisis team training programs must directly
address the fact that the team that assembles for a crisis may not have
worked together previously.

Simulation of Crises as Diagnostic Tool

Sullivan and Guyatt published one of the first studies of the use of cardiac
arrest simulations in the hospital setting to identify deficiencies in the crisis
team response (4). They concluded: “Mock arrests are an extraordinarily
powerful means of revealing suspected and unsuspected inadequacies in
resuscitation procedure and equipment, and in motivating physicians and
administrators to correct the deficiencies rapidly” (4). Subsequent work by
other teams has similarly revealed that simulation can be a powerful diag-
nostic tool in revealing inadequacies in a hospital’s crisis response (5–8).

The mock code work by Dongilli et al. provides an example of applying
crisis team training principles successfully as a diagnostic tool (6). Mock
codes were run over several months in an adult hospital that is part of a 22-
hospital health institution (6). The aim was to evaluate the first responders
and the elapsed time until appropriate resuscitation maneuvers. Measure-
ments included elapsed time: time to call the operator about the crisis, time
to send a voice page to the code team, time to code pagers tones, and time
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to first responder arrival (6). Analysis of the results revealed that it took up
to 4 minutes for the first responder to arrive at the crisis (6). In reviewing
the hospitals’ operator notification procedure, it was discovered that the
operators received the call, entered information into the paging system, trig-
gered the belt paging system (which requires 3 minutes to deliver the page
alert), and then paged the code team on the overhead speaker system (6).
This process caused an unnecessary delay in the time to the first responder’s
arrival to the crisis. Procedure was changed, and the operators were in-
structed to voice page the code team immediately after receiving the call
and to set off the pagers afterwards (6). After this protocol change, time to
arrival of the first responder at the next mock code was improved to 1 minute
and 46 seconds, and has reliably remained around 90 seconds since (6).

Hunt performed a series of 34 surprise, multidisciplinary mock codes over
a 3-year period at 3 hospitals that care for children (8). The mock codes
consisted of scenarios of pediatric respiratory distress, respiratory arrest, or
cardiopulmonary arrest (8). Evaluation revealed delays to the assessment
of airway, breathing, circulation, administration of oxygen, initiation of
chest compressions, and decision to defibrillate, as well as errors in leader-
ship and communication (8). Hunt concluded that the study identified
“targets for educational interventions to improve pediatric cardiopul-
monary resuscitation and, ideally, outcomes” (8).

Crisis team training should focus on organizational skills, not on medical
and nursing assessment and treatment skills. Required elements in a crisis
team training session include well-written, simulated resuscitation scenar-
ios and skillful debriefing that focuses on organization. General principles
to follow for crisis team training scenarios include using life-like situations,
having a specific learning objective or objectives for each scenario (or more
accurately, each debriefing), and incorporating team quality improvement
goals. In addition, real-life errors can be replicated to train teams to avoid
similar mistakes. Finally, scenarios should be focused: they can be as short
as 1 minute if the learning objective is to see how long it takes a person to
recognize a crisis, request a MET response, and have the first responder
arrive. On the other hand, if the goal is to focus on diagnosis and triage to
an appropriate ICU, the scenario may require as long as 20 minutes.

In any case, one should not expect to use a simulator and suddenly be
able to train teams. Team training requires an organized curriculum and
effective teaching directed at achieving specific behaviors. This chapter will
address some key elements in developing a crisis team training curriculum.

What to Teach

The first step in developing a curriculum for crisis team training is to create
clearly defined educational objectives for the session.Although these objec-
tives will vary slightly at each institution, based on identified deficiencies,
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the training must openly acknowledge the unique nature of crisis teams and
provide a road map to enable the ad-hoc group to function well together.
The following principles will invariably need to be covered: the team’s goals,
designated role assignment, communication, and leadership.

Goals of Crisis Teams

For crisis teams to function in an organized manner, they must devote time
and effort to organization at the beginning of a crisis response. In our
opinion, the major reason that crisis team responses tend to be disorganized
is because individual members jump into medical and nursing actions prior
to organizing the team. Teams are more likely to function well if the indi-
viduals have common goals, and they coordinate their efforts. Once orga-
nization has occurred, then medical and nursing interventions will proceed
more efficiently.

The first and most important goal of the team is to deliver effective and
efficient basic life support throughout the entire episode. This includes
assessment of airway, breathing, and circulation, and if necessary rapid ini-
tiation of bag-mask ventilation and chest compressions, rapid defibrillation,
and frequent reassessment. If the patient is in a shockable rhythm, the spe-
cific goal should be for the first shock to be delivered within 3 minutes of
patient collapse.

The second goal is the effective and efficient delivery of appropriate
advanced life support, including diagnosis of the underlying problem and
delivery of definitive care. Finally, appropriate triage must occur.

Merely making team members aware of their overall goals and of the
time intervals by which a specific resuscitation maneuver should be per-
formed likely will be associated with better performance (10).. In addition
to the team goals, each individual member should be aware of the goals for
their specific role, as each specific job, if done appropriately, will help meet
the overall goals.

Designated Roles: Assignment and Definition

When a crisis occurs in the hospital, the worst-case scenario is to have no
plan for dealing with it. This is very unlikely in the 21st century. However,
it is surprisingly common for a hospital to make a concerted effort to deter-
mine who will carry code beepers and how they will be activated, and yet
neglect to plan who will perform which resuscitation job, or even what the
jobs are. Unfortunately, this often results in important jobs or resuscitation
tasks being left undone—for example, a delay to the performance of chest
compressions or placement of intravenous access.
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The key to designing a crisis team response is to determine the specific
roles and corresponding responsibilities that are desired, and then desig-
nate them ahead of time, during training. There are 2 effective approaches
to role assignment. The first is to have very clear roles that need to be
assumed; often it does not matter who assumes which role, only that each
role is filled.The second approach is teach each person who carries the code
beeper what their expected specific role will be when they arrive, so they
know what they should do. If that role is filled while another remains open,
the responders must recognize that circumstance and fill the empty role.
Failure to do this may result in failure to perform key tasks and lead to
patient harm.

Each institution also must determine how its team will be structured—
that is, who will participate in the response. Organizing the team and choos-
ing roles go hand-in-hand. One must be familiar with available personnel
for a crisis team response and choose roles accordingly. For example, one
institution may only have 4 available crisis team responders, while another
may have 10. The latter team will be able to expand the number of avail-
able roles, i.e. having 2 crash cart managers instead of 1. Once it is clear
how many people (and from which disciplines) are available to the team,
assignment of the responsibilities for each role is the next step. Explicitly
designating roles and responsibilities will remove the ambiguity that con-
tributes to the chaos often seen during a crisis situation.

At the University of Pittsburgh, we have chosen 8 roles for our crisis team
response. We initially used 6 members, but found repeated specific errors
during training. We adjusted the team composition and added members
until the training teams reliably succeeded in meeting preset task com-
pletion goals. We also decided that it is important that all team members
are trained to assume any 1 of several roles that they are capable of per-
forming. This cross training improves the team’s flexibility and the under-
standing of the roles that other team members play, and failure to
cross-train leads to errors of omission. For example, if a team has no anes-
thesiologists or intensivists, it is common that no one manages the airway;
instead they wait for the airway expert to arrive, even though team
members often possess sufficient skills to manage the airway until an expert
arrives.

All members of the Medical Emergency Team—including residents,
fellows, attending physicians, critical care nurses, respiratory therapists, and
pharmacists—take part in crisis team training sessions at the WISER Sim-
ulation Center. These full-scale, human simulation training sessions have
allowed us to analyze team function and have been the impetus for changes
in team structure.

At the beginning of the team training sessions, MET members who have
usually never worked together during a medical crisis are required to com-
plete an online didactic program. Upon arrival to the simulation center, the
facilitator reviews key concepts of the didactic, and orients the group to the

236 M. Fiedor et al.



21. Teaching Organized Crisis Team Functioning 237

simulator. They then participate in a simulated crisis scenario. We currently
have 8 scenarios (including a “null” scenario in which the simulated patient
is not in a crisis). We have observed that the first attempt by the team is
invariably chaotic, and many important resuscitation tasks are either
delayed or will not be performed at all. For example, after training over 500
Advanced Cardiac Life-Support trained individuals, only 1 team (usually
16 to 20 people participate in a crisis team training course) has successfully
defibrillated ventricular fibrillation in under 3 minutes in their first simula-
tor session; by the end of the training program, virtually all teams are suc-
cessful. See Figure 21.1 for crisis task performance and Figure 21.2 for
simulated survival during the training sessions.

During the training session, crisis team members familiarize themselves
with all goals and the roles that they are individually capable of perform-
ing; we ensure this by not allowing any person to play the same role twice
during training. After debriefing in which participants determine whether
they assumed all the roles of our response, and whether they completed all
the tasks associated with each role, they then move on to more simulations.
The team participates in 4 simulations, with debriefings to assess role assign-
ment, task responsibility, and team interaction. Because participants take
on different roles in each simulation, they develop an understanding of how
the team begins to function more effectively and efficiently when each role
is filled and the responsibilities clearly defined. This “roles and goals”
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approach teaches ad hoc teams to work well together, since no matter who
arrives to the crisis response (or the order they arrive), they will be able to
step into a role and perform the associated responsibilities. One of the key
tasks during training is to teach the members important steps in effective
management of a crisis team response (Table 21.1).

The University of Pittsburgh has reclassified responsibilities at a crisis
response to remove professional “tags” and promote assumption of roles
regardless of which professionals arrive (11) (Table 21.2 and Figure 21.3).
Training sessions are multidisciplinary, with nurses, respiratory therapists,
and physicians all attending a single training session. The group becomes
adept at filling roles according to their individual capabilities, and they
begin to see how individuals can come together for the first time and func-
tion as a team.We have also discovered that mapping out positions for each
crisis team member is vital; in this way, confusion is kept to a minimum and
each team member can be in the proper position at the bedside to perform
their responsibilities (11).

Full-scale human simulation can be used to train pediatric crisis response
teams as well. At the Johns Hopkins Children’s Center, we approach the
team structure and function by training individuals on what their job will
be upon arrival at every crisis they attend. We also avoid the term Pediatric
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Table 21.1. Key lessons for crisis team training

Organize the team
Choose roles
Identify and complete responsibilities
Communicate data to relevant person
Analyze data
Diagnose patient
Treat patient

Table 21.2. Roles and goals of crisis team members
Roles Goals

Airway manager (#1 in Fig. 22.3) Manages ventilation and oxygenation, intubates if
necessary

Airway assistant (#2) Provides equipment to airway manager, assists with
bag-maskventilation

Bedside assistant (#3) Provides patient information including AMPLE*,
medications delivery

Equipment manager (#4) Draws up medications, supplies crash cart 
contents to appropriate team members

Data manager/recorder (#8) Records vital signs, exam findings, test results, chart
Circulation (#6) Evaluates pulses, performs chest compressions
Procedure MD (#7) Performs procedures such as central lines, chest 

tubes, pulse check
Treatment leader (#5) Analyzes data, diagnoses, and directs patient

treatment

Figure 21.3. Graphic representation of team roles
and goals. Numbers correspond to roles listed in
Table 21.2.



Code Team, preferring instead Pediatric Rapid Response Team. The reason
is that the team usually encounters a crisis, and not a cardiac arrest. The
team has 10 members, in addition to the floor team, and each member has
a specific role. The roles are defined in a hospital protocol, described to 
individuals during orientation and are practiced during various team-
training sessions. For example, pediatric residents are trained to under-
stand that during their internship year, any time they respond to a medical
crisis their sole job will be to perform compressions if needed. The second-
year pediatric residents are trained such that their job will be to defibril-
late the patient if needed and otherwise assist with placement of vascular
access.

In addition, there are monthly resuscitation training sessions for the res-
idents rotating through the wards.They participate in a series of short mock
codes and take turns practicing: 1) identifying themselves as a leader, 2) ful-
filling the roles they will be expected to perform during actual events,
3) communicating during crises, and 4) performing important resuscita-
tion tasks i.e. CPR, bag-mask ventilation, defibrillation, and placement of
intraosseous needles.

Developing a method to ensure that every important resuscitation task
will be completed at every crisis depends on creating: 1) clear role defini-
tions, 2) a clear method for determining who will fill each role, and 3) train-
ing exercises to allow team members to practice filling the roles and
completing the tasks as a cohesive unit.

Communication

Training to ensure effective communication is the next piece to organize.
Closed-loop feedback communication is an important method: this term
refers to the process whereby a team member will speak to another member
and the second member will confirm hearing the message and confirm when
he or she has completed the assigned task. For example, the team leader
says, “Jimmy, can you check a pulse.” Jimmy then states, “I will check the
pulse” and completes his job by saying “I still do not have a pulse.” The
leader should then confirm receiving this information, “Okay there is no
pulse, Jimmy please continue CPR.” Jimmy confirms, “I am continuing
CPR.” The closed-loop method of communication serves to lessen chaos
and to ensure safe and appropriate management of patient care.

Not only should communication occur in a closed-loop manner, it should
be aimed at the specific team member who requires the information, such
as the team leader or the crash cart manager; use of first names is impor-
tant and effective. The team leader can then analyze data from the team
members provided via closed-loop communication, assimilating the infor-
mation and diagnosing the patient, and then again via closed-loop commu-
nication give instruction about appropriate patient treatment.
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Simulation of cardiopulmonary arrests allows crisis team members to
practice these communication skills. A particularly effective method is to
allow code team members to visualize the effect of communication errors
that occurred in the safe environment of the simulation center. For example,
during a mock code of a patient in profound septic shock, a pediatric resi-
dent orders a 20 cc/kg bolus of normal saline, and when the blood pressure
remains low, repeats the order 2 more times; at the end of the mock code,
the resident believes the patient has received 60 cc/kg of normal saline.
Upon discussion with the nurses, it becomes clear that they were almost
done preparing the first bolus, but none of the fluid had actually been deliv-
ered.They had not even heard the second or third orders, and did not realize
that the normal saline was a priority, believing that the antibiotics were
more important.

Within a crisis team, there are “mini-teams” that have more specific func-
tions, and communication channels must be developed within the group as
well as among groups. The 3 mini-teams are the breathing team, the circu-
lation and patient assessment team, and the diagnosis and treatment team.
The breathing team consists of an airway manager and an assistant. They
obviously must work closely together, and must have one-to-one commu-
nication independent of other communication. The circulation team is
responsible for determining the presence and quality of circulation, and
delivering both circulatory assistance and medications. They need to cross-
check findings and coordinate tasks that might interfere with each other,
like doing chest compressions, placing a central venous catheter, and placing
defibrillator pads. Finally the diagnosis and treatment team must assemble
all the data, make treatment decisions, and implement them. Recognition
of the presence and role of these mini-teams can help improve communi-
cation. The goal of the emphasis on organization and communication is to
foster a collective consciousness, in which team members coordinate to
collect, transmit, and act on data as a group rather than as individuals. Such
a goal has been described in the military for aircraft carrier flight crews,
(12) but it is as yet not well described in the Medical Emergency Team 
literature.

Leadership

Multiple studies demonstrate that poor leadership during cardiopulmonary
resuscitation efforts is associated with poor team function (3,13). Cooper
and Wakelam observed actual cardiopulmonary arrests and used the Lead-
ership Behavior Description Questionnaire (3). This study revealed that
leaders who participated in tasks in a “hands-on” manner were “less likely
to build a structured team, the teams were less dynamic, and the tasks of
resuscitation were performed less effectively” (3). Marsch et al. studied sim-
ulated cardiopulmonary resuscitation efforts and observed that “absence of
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leadership behavior and absence of explicit task distribution were associ-
ated with poor team performance” (13).

While good leadership can help ensure good team functioning, a system
must be in place to make sure that the team functions well even without an
effective leader. For this reason team members should be taught to assume
their roles without needing to be reminded to do it. However, simulation
of cardiopulmonary arrests will allow the code team members to practice
their leadership skills and actually see the effect of poor leadership. More
importantly, training can allow leaders to practice until they can compe-
tently head a team.

At the University of Pittsburgh, we avoid using the “team leader” desig-
nation for several reasons. First, if there is a team leader, other participants
hesitate to assume responsibilities until they are assigned, this in turn can
lead to delays. Second, if the team leader is assigning roles and tasks, then
the leader is not attending to the patient ( he or she is caring for the team
instead). Third, if the team leader responds late, key treatments may be
delayed while people await the leader’s arrival. Additionally, a hierarchical
role structure assumed during codes may impede communication, espe-
cially when the team leader is perceived to be wrong. We choose a “flat”
hierarchy: if everyone knows their roles and self-assigns, then the leader can
attend to diagnostics and appropriate therapeutics. The terminology we
prefer is “treatment leader” for the person who designates treatments, and
“data manager” for the person who ensures all roles are assumed and
obtains the data from each team member. The flat hierarchy aids commu-
nication and the crosschecking of data and treatment decisions. No study
has yet been performed to determine what kind of team training results in
best performance.

Debriefing

Debriefing is an essential component of crisis team training. Marteau et al.
state there is a “well described tendency to invoke competence after success
but not question it after failure.” (14) Their data demonstrated that re-
suscitation experience without feedback increased confidence, but not 
competence (14).

The principles of debriefing include timeliness, objectivity, specificity, and
balance. Timeliness means that debriefing is most effective for the learner
if it occurs immediately after the scenario. This ensures that the experience
is fresh in the minds of the trainees, allowing for the greatest learning from
feedback and self-assessment.

Debriefing should be objective and specific. It should focus on particu-
lars—not “you did a good job” but “you appropriately applied oxygen to
the patient within 30 seconds.” Debriefing can be made very specific using
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simulation and video recordings. Video review of team performance using
an objective evaluation instrument allows exact and detailed debriefing.

Finally, debriefing should be balanced. Both successes and errors should
be discussed. The key to successful debriefing is to be positive, even if an
error is the learning point. The error should be noted, but the focus should
be on correct actions. Prior to team training, it should be reinforced that
errors will occur during the simulation scenarios just as they occur in the
real world. Simulation, however, allows for errors to happen in a safe and
educational environment. In the simulated setting, errors can be powerful
instructional aids and provide motivation. At the University of Pittsburgh,
we believe that it is difficult if not impossible to objectively debrief team
members after a real crisis, especially if there is a bad outcome. First, they
are not objective, balanced, and specific: there are no video and audio
recordings upon which to base an objective assessment. Second, because a
live person is involved, team members may have significant emotional or
psychological responses to the event and the outcome that impair their
ability to be objective or to learn.

What to Measure

Crisis team training is important for education, patient safety, and research.
For each of these areas, training is most effective if its components can be
measured. Measurement can identify deficiencies and demonstrate im-
provements, if they occur. The key is to measure the correct outcome.

If the aim of crisis team training is education, scenarios should be written
with tasks centered on a specific educational goal, such as correct bag-mask
ventilation. The measurement will ultimately be a dichotomous value, i.e.
“yes” or “no,” as to whether the skill was performed effectively. The results
help to identify areas on which to focus during debriefing. Institutions may
use this technique of successful skill completion to qualify individuals for
privileges in a hospital. For example, anesthesiologists may have to suc-
cessfully demonstrate difficult airway maneuvers in order to receive privi-
leges in their institution.

If the goal of crisis team training is patient safety, measurement could be
of patient outcome. However, since many of the outcomes we seek to avoid
are rare, it may not be reasonable to look solely at changes in the rate of
these outcomes.A second approach can be to observe adherence to desired
procedures. For example, if simulation of airway management during a crisis
increases the proportion of times that the team remembers to apply cricoid
pressure during bag-mask ventilation, it is probable that aspiration events
will be decreased.

Research using crisis team training can focus on combinations of the
above. Measurement of successful tasks completed by a team member or
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the entire team can be compared before and after team training, as well as
over time. Studies by Gaba et al. show that both technical and behavioral
performance can be assessed via evaluation of videotapes of simulated crisis
events (15).Their results show that cognition and crisis management behav-
iors vary considerably (15).This has been seen before and demonstrates the
ability of simulation to be used as a “needs assessment tool.”

Blum et al. describe the development of an anesthesia crisis resource
management course (16). The course objectives were to understand and
improve participant skills in crisis resource management and learn debrief-
ing skills (16). Course usefulness, debriefing skills, and crisis resource man-
agement principles were highly rated by participants (16). It is interesting
to note that course participants were eligible for malpractice premium
reductions (16).

Conclusion

Data from both real and simulated events reveals that errors in the man-
agement of in-hospital cardiac arrests and other medical crises may con-
tribute to poor patient outcomes (2–8). Successful crisis team training may
improve the effectiveness and efficiency of crisis teams, and ultimately
improve patient outcomes. Crisis team training should include: 1) clear
delineation of the goals of the team, 2) designated role assignments of crisis
team members, 3) communication training, and 4) leadership training. The
training can be successfully achieved using simulation in combination with
well-written scenarios, skillful debriefing, and specific measurements of defi-
ciencies and achievements related to training.
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22
Information Systems Considerations:
Integration of Medical Emergency
Team Clinical Indicators

Lis Young, Jack Chen, and Kenneth Hillman

The Components to Implementing MET

There is increasing pressure within the health system to guarantee patient
safety. This is not new. Serious adverse events have attracted widespread
media attention lately and possibly reflect a growing international trend (1).
Evidence of the magnitude of the problem began to emerge in the 1990s,
signaled by the Harvard Medical Practict study (2,3). This seminal study
found that 4% of patients suffer harm during their hospital stay: 70% of
the adverse events resulted in short-lived disability, but 14% of the events
led to death.When these figures were extrapolated across the United States,
it was estimated that medical errors caused between 44000 and 98000
deaths annually.

The Quality in Australia Health Care Study (4) published in 1995, found
a rate of adverse events of 16.6% among hospital patients, estimated to
cause 10000 to 14000 potentially preventable deaths every year. Subse-
quent studies in New Zealand (5,6), the United Kingdom (7), Denmark (8),
and Canada (9) have suggested adverse event rates of around 10%.

The reasons for such high rates of adverse events are many. Some are
likely related to the increasing complexity of health care delivery, as well
as patient vulnerability. Hospitals are increasingly caring for an aging pop-
ulation, in which co-morbidities and age-related frailty invariably increase
the inherent dangers of complex operations, the side effects and interac-
tions of polypharmacy, and the multiple therapeutic interventions to which
these complex patients are likely to be subjected. The system’s capacity to
guarantee patient safety has not matched the increase in complex patient
morbidity and high-risk therapeutic interventions.

Hospital infrastructure today is not very different from the one, which
existed in the early part of the 19th century. Patients present with increas-
ingly complex problems, yet they are admitted under the care of physicians
who specialize in 1 organ disease. Coordination of care for patients with the
complex medical problems of today, involving several specialist teams and
expensive and sophisticated diagnostics, poses a mounting challenge to hos-
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pital administrators and clinical managers. The team responsible for the
overall patient care tends to leave the day-to-day management to the less
experienced doctors, who, on the other hand, are likely to be pursuing a
specialty career path themselves. Thus, they tend to be less focused on
acquiring and applying skills in the care of the critically ill patient with mul-
tiple organ problems. As a result, patients who may be deteriorating within
hospital wards are managed by a staff that is relatively inexperienced and
has inappropriate skills, and which is working within a system that does not
have the capacity to respond rapidly and proactively to early warning signs
(10,11). This situation is exacerbated by workforce issues related to an
endemic shortage of nursing staff, which in the past would have had the
time and the experience to remain vigilante while providing care for their
patients.

The current system and staffing mix cannot meet the growing needs of a
patient population with complex disease patterns and the associated high-
risk, complex interventions. The adverse events that result from the gap
between what patients require and what the hospital is able to provide are
more likely related to deficiencies in system design and implementation and
the relative scarcity of experienced staff, than to individual human errors
or faulty products. For example, studies have attributed 15% of adverse
drug events to system failures (12,13). The significance of system failure has
been emphasized in the US Institute of Medicine’s publication To Err Is
Human (14). Using a system approach ensures that every component of
patient safety is considered, rather than focusing on narrow and specific
aspects of a problem.

The World Health Organization (WHO) states that patient safety in-
cludes 3 complementary actions: preventing adverse events, mitigating their
effects when they occur, and making them visible.

The Medical Emergency Team (MET) system (15,16) provides a hospital-
wide approach to patient safety consistent with the first two aims of 
WHO. The MET system offers intervention based on the principles of early
identification and intervention for seriously ill hospital in-patients.The MET
team is similar to the cardiac arrest team; the significant difference between
them is the timing. The MET team intervenes before the patient suffers a
cardio-respiratory arrest or serious complication (Figure 22.1).

Whatever the specific antecedents, associated events, or possible mistakes
that lead to the deterioration of a patient’s condition, the MET system
ensures early identification of at-risk patients, and most importantly trig-
gers a rapid response. The system has significant potential for mitigating
complications of serious adverse events in patients who are critically ill.The
MET system crosses the geographical and professional boundaries within
the hospital and is patient-focused, thereby meeting the first two WHO
objectives for patient safety: preventing and mitigating adverse events.

The third action recommended by WHO is visibility (17). Currently a
widespread lack of awareness of the system issues associated with adverse
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events in hospitals prevails. Traditionally the emphasis has been on report-
ing events “upward,” to committees and similar administrative and bureau-
cratic structures. This reporting is neither targeted nor specific, and
significant potential for informing change and empowering staff at the 
clinical interphase is lost.

Current mandatory hospital reporting provides information on outcomes
such as an unexpected return to the operating room, in-patient deaths, and
patient complaints, as well as processes such as credentialing of medical
staff and adherence to peer-review meetings.

The capacity for gathering data and turning it into information and tar-
geted reporting has been hampered by several factors: a lack of robust,
simple, and cost effective measures; reporting systems that are tailored to
the audience; concerns relating to the possibility of breaching patient con-
fidentiality; fear of professional liability; and a preoccupation with report-
ing “up” to those least able to adjust the system, rather than “down” to
clinicians who—if empowered—can act on information about issues that
lead to serious adverse events.

Merely collecting data is likely to simply result in a “data graveyard.”The
system must produce a visible and useful response for the users of the infor-
mation. Within this context, the reporting system is as important as the
response system.There has been an abundance of rhetoric about the serious
nature of quality issues in hospitals (18,19), yet so far there is a paucity of

ACUTE HOSPITAL 
POPULATION

MET CRITERIA SAFETY NET

POOR OUTCOME

Death
ICU admissions
Cardiorespiratory arrest

1/0078

Figure 22.1.



validated, robust, and cost-effective indicators of the quality of the hospi-
tal itself (20).

System Integration of Clinical MET Indicators

The MET Indicators
When a systematic approach to improving patient safety is the aim, the key
deliverable is the timely availability of the MET indicators at:

• The level of the patient
• The level of staff providing care for the patient
• The level of clinical and administrative managers

Both the collection and the reporting of the MET indicators must be ade-
quately resourced. The criteria for adequate resource allocation is the
demonstrated availability of reports to staff who provide care for the
patient, and managers who are accountable for improving patient safety for
critically ill patients. The MET indicators have been successfully integrated
when MET outcomes are available as user-friendly reports across the hos-
pital environment. Another way of ascertaining successful integration of
clinical MET indicators is to demonstrate closure of the loop within the
quality cycle that monitors the safety of critically ill patients. However,
closure of the quality loop using timely, meaningful, and reliable informa-
tion has remained elusive within clinical practice so far, in spite of a signif-
icant investment in quality assurance and the associated infrastructure in
most hospitals.

The MET indicators are clinical indicators (Table 22.1) and reflect quality
of care. They are universally distributed within the hospital environment:
“Wherever there is a patient, there is a potential for a MET indicator.”
From a patient safety perspective, these indicators offer the opportunity of
instituting universal monitoring of serious incidents across a hospital; timely
feedback of clinical, quality indicators is the major draw of the MET system.
Secondly, the MET provides high-quality, multipurpose data for monitor-
ing trends in adverse events across the organization over time. When 
combined with other, existing clinical and administrative databases, a 
comprehensive picture of patient safety across hospitals can be made be
available. The MET indicators (Table 22.1) embody the aims of the MET
system: the prevention of potentially avoidable deaths and serious compli-
cations for the critically ill.

Implementing Clinical Indicators
Policy, hospital culture, and staff should all be part of the implementation
plan for the clinical MET indicators (Table 22.2). The implementation
should be aligned with the hospital’s patient safety infrastructure, but the
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preparedness of the hospital culture for systematic and standardized imple-
mentation of the MET performance indicators is equally important. A cul-
tural assessment using off-the-shelf tools is the most cost-effective way to
achieve this. A needs assessment of staff (medical and nursing) in regards
to their awareness, knowledge, and skills in the collection of MET indica-
tors is also essential (Table 22.2).

The MET Database
The MET indicators should be integrated into the information architecture
supporting existing patient safety monitoring. At this stage the appropriate
bio-statistical and epidemiological expertise should be available within the
implementation team (Table 22.2). If such expertise is omitted from the
setting-up phase, the organization might not reap the full benefit of 
the ongoing collection of MET indicators.

Data definitions and standards for the MET indicators should be aligned
with local data standards. The data sources for extraneous data collection
(data other than those data variables generated at the time of a MET call)
need to be identified and appraised for completeness, accuracy, and ease of
access. In instances of mixed data gathering (paper-based and electronic),
a protocol for data extraction and data entry must be established. Accurate
and reliable denominators for each key indicator are essential if an accu-
rate and reliable monitoring system is to be established and maintained
over time. Some relevant denominators at the hospital level include:

1. Total number of cardiac arrests (preferably updated monthly)
2. Total number of in-hospital deaths (preferably updated monthly)
3. Total number of do-not-resuscitate orders for all cardiac arrests and in-

hospital deaths (should be captured over time within the hospital)

Table 22.1. MET-related clinical indicators

Unexpected deaths All deaths excluding those that have been categorized as
“do not resuscitate”

Unexpected cardiac arrests All cardiac arrests excluding those with explicit do-not-
resuscitate orders

Unplanned admission to the All admissions to ICU from the clinical areas where optimal
Intensive Care Unit (ICU) monitoring is not part of patient care. For example, these

would include general wards but not the emergency
department, operating room, or the coronary care unit.

Although the criteria for an unplanned ICU admission aim to be generic, they may need mod-
ification and clarification within individual hospitals to allow for local variation in physical
ward structures and their clinical functions.



T
ab

le
22

.2
.

C
om

po
ne

nt
s 

of
 t

he
 M

E
T

 s
ys

te
m

M
E

T
 c

lin
ic

al
 in

di
ca

to
rs

M
E

T
 d

at
ab

as
e

C
lin

ic
ia

n 
ow

ne
rs

hi
p

M
E

T
 c

oo
rd

in
at

or

C
lin

ic
al

 M
E

T
 in

di
ca

to
rs

:
1.

U
ne

xp
ec

te
d 

de
at

hs
—

B
io

st
at

is
ti

ca
l,

ep
id

em
io

lo
gi

ca
l,

In
fo

rm
 a

nd
 c

on
su

lt
 w

id
el

y 
ac

ro
ss

R
ec

ru
it

 M
E

T
 c

oo
rd

in
at

or
(s

) 
w

ho
 h

as
al

l d
ea

th
s 

ex
cl

ud
in

g 
th

os
e 

th
at

an
d 

he
al

th
 in

fo
rm

at
ic

s 
ex

pe
rt

is
e

th
e 

ho
sp

it
al

.D
ev

el
op

 a
 p

la
n 

to
 

kn
ow

le
dg

e 
an

d 
sk

ill
s 

in
 t

he
 c

ar
e 

of
 t

he
ha

ve
 b

ee
n 

ca
te

go
ri

ze
d 

as
 “

do
sh

ou
ld

 b
e 

av
ai

la
bl

e 
w

it
hi

n 
th

e
en

su
re

 t
ha

t 
th

e 
st

af
f 

ha
s 

be
en

 
cr

it
ic

al
ly

 il
l,

as
 w

el
l a

s 
ev

al
ua

ti
on

 a
nd

no
t 

re
su

sc
it

at
e”

im
pl

em
en

ta
ti

on
 t

ea
m

 d
ur

in
g 

th
e

sy
st

em
at

ic
al

ly
 in

fo
rm

ed
 a

nd
 c

on
su

lt
ed

re
se

ar
ch

 e
xp

er
ti

se
.

se
tt

in
g-

up
 p

ha
se

.
w

it
h.

2.
U

ne
xp

ec
te

d 
ca

rd
ia

c 
ar

re
st

s—
D

ev
el

op
 d

at
a 

de
fin

it
io

ns
 a

nd
A

s 
pa

rt
 o

f 
th

e 
co

ns
ul

ta
ti

on
 p

ro
ce

ss
,

P
ro

vi
de

 t
ra

in
in

g 
in

 M
E

T
 d

at
a 

co
lle

ct
io

n,
w

it
h 

al
l c

ar
di

ac
 a

rr
es

ts
 e

xc
lu

di
ng

st
an

da
rd

s 
fo

r 
th

e 
M

E
T

 c
lin

ic
al

id
en

ti
fy

 t
he

 s
ta

ff
 m

em
be

rs
 w

ho
 a

re
re

po
rt

in
g,

an
d 

co
m

m
un

ic
at

io
n 

(M
E

T
th

os
e 

ex
pl

ic
it

 “
do

 n
ot

 r
es

us
ci

ta
te

”
in

di
ca

to
rs

.
op

in
io

n 
le

ad
er

s,
an

d 
th

os
e 

w
ho

 a
re

re
su

lt
s 

ar
e 

se
ns

it
iv

e-
po

te
nt

ia
l f

or
 “

bl
am

e
or

de
rs

lik
el

y 
to

 t
ak

e 
on

 t
he

 r
ol

e 
of

 “
ch

an
ge

cu
lt

ur
e”

)
ag

en
ts

.”

3.
U

np
la

nn
ed

 a
dm

is
si

on
s 

to
 t

he
D

ev
el

op
 d

at
a 

de
fin

it
io

ns
 a

nd
B

as
ed

 o
n 

th
e 

co
ns

ul
ta

ti
on

 p
ro

ce
ss

Su
pp

or
t 

an
d 

as
si

st
 t

he
 M

E
T

 c
oo

rd
in

at
or

(s
)

In
te

ns
iv

e 
C

ar
e 

U
ni

t 
(I

C
U

)—
st

an
da

rd
s 

fo
r 

de
no

m
in

at
or

s,
an

d
de

ve
lo

p 
a 

ch
an

ge
 m

an
ag

em
en

t 
pl

an
in

 e
ng

ag
in

g 
w

it
h 

th
e 

ho
sp

it
al

 c
ul

tu
re

al
l a

dm
is

si
on

s 
to

 I
C

U
 f

ro
m

ot
he

r 
ex

tr
an

eo
us

 d
at

a 
va

ri
ab

le
s

in
cl

ud
in

g 
ti

m
ef

ra
m

es
 a

nd
 a

 r
is

k
ac

ro
ss

 t
he

 e
nt

ir
e 

en
vi

ro
nm

en
t.

cl
in

ic
al

 a
re

as
 w

he
re

 o
pt

im
al

re
le

va
nt

 t
o 

M
E

T
 r

ep
or

ti
ng

.
m

an
ag

em
en

t 
st

ra
te

gy
m

on
it

or
in

g 
is

 n
ot

 p
ar

t 
of

pa
ti

en
t 

ca
re

251



T
ab

le
22

.2
.

C
on

tin
ue

d
M

E
T

 c
lin

ic
al

 in
di

ca
to

rs
M

E
T

 d
at

ab
as

e
C

lin
ic

ia
n 

ow
ne

rs
hi

p
M

E
T

 c
oo

rd
in

at
or

4.
A

ll 
M

E
T

 c
al

ls
D

ev
el

op
 d

at
a 

di
ct

io
na

ri
es

D
ev

el
op

 t
he

 u
se

r 
sp

ec
ifi

ca
ti

on
s 

fo
r

Su
pp

or
t 

an
d 

as
si

st
 t

he
 M

E
T

 c
oo

rd
in

at
or

##
##

in
cl

ud
in

g 
st

an
da

rd
s 

fo
r 

ho
w

 d
at

a
th

e 
M

E
T

 r
ep

or
ts

,a
nd

 li
ai

se
 w

it
h

w
it

h 
de

ve
lo

pi
ng

 a
nd

 m
ai

nt
ai

ni
ng

 o
w

ne
rs

hi
p

Po
te

nt
ia

lly
 p

re
ve

nt
ab

le
 e

ve
nt

s
is

 c
ol

le
ct

ed
:w

he
n,

w
he

re
,h

ow
,

th
e 

in
fo

rm
at

io
n 

te
ch

no
lo

gy
 s

ta
ff

 t
o

of
 t

he
 M

E
T

 c
lin

ic
al

 in
di

ca
to

rs
 a

nd
 r

ep
or

ts
ar

e 
th

os
e 

w
it

h 
pr

ec
ed

in
g 

M
E

T
by

 w
ho

m
.

de
ve

lo
p 

re
po

rt
in

g 
fo

rm
at

s 
th

at
cr

it
er

ia
 w

it
hi

n 
24

 h
ou

rs
 o

f 
th

e
ta

rg
et

 s
pe

ci
fic

 a
ud

ie
nc

es
:e

.g
.d

ai
ly

In
te

gr
at

e 
th

e 
M

E
T

 c
oo

rd
in

at
or

 in
to

 t
he

ev
en

t,
w

he
re

 n
o 

M
E

T
 w

as
 c

al
le

d
Se

le
ct

 a
pp

ro
pr

ia
te

 s
of

tw
ar

e 
th

at
or

 r
eg

ul
ar

,f
re

qu
en

t 
re

po
rt

s 
of

ex
is

ti
ng

 q
ua

lit
y 

as
su

ra
nc

e 
in

fr
as

tr
uc

tu
re

,
##

##
m

ee
ts

 t
he

 lo
ca

l i
nf

or
m

at
io

n
id

en
ti

fie
d 

in
fo

rm
at

io
n 

ta
rg

et
in

g 
an

d 
pa

ti
en

t 
sa

fe
ty

 in
fr

as
tr

uc
tu

re
 w

he
re

te
ch

no
lo

gy
 d

ep
ar

tm
en

t 
an

d 
lia

is
e

cl
in

ic
ia

ns
 a

t 
th

e 
po

in
t 

of
 p

at
ie

nt
on

e 
ex

is
ts

.
w

it
h 

it
s 

st
af

f 
as

 w
el

l a
s 

ot
he

r 
te

am
s

ca
re

 s
ho

ul
d 

be
 c

on
ve

ye
d:

“a
t 

a 
gl

an
ce

.”
w

ho
 a

re
 c

ol
le

ct
in

g 
pa

ti
en

t 
sa

fe
ty

da
ta

 w
it

hi
n 

th
e 

ho
sp

it
al

.

So
m

e 
us

ef
ul

 M
E

T
 d

en
om

in
at

or
s:

A
gr

ee
 o

n 
m

od
e 

of
 d

at
a 

en
tr

y;
E

ns
ur

e 
th

at
 t

he
 a

pp
ro

pr
ia

te
 le

ve
l o

f
Su

pp
or

t 
an

d 
as

si
st

 t
he

 M
E

T
 c

oo
rd

in
at

or
(s

)
de

ve
lo

p 
pr

oc
es

se
s 

fo
r 

ch
ec

ki
ng

ex
pe

rt
is

e 
in

 e
pi

de
m

io
lo

gy
,s

ta
ti

st
ic

s,
in

 c
lo

si
ng

 t
he

 lo
op

 f
or

 t
he

 M
E

T
 r

ep
or

ti
ng

:
A

.
To

ta
l n

um
be

r 
of

 c
ar

di
ac

 a
rr

es
ts

.
th

e 
va

lid
it

y,
ac

cu
ra

cy
,a

nd
an

d 
he

al
th

 in
fo

rm
at

ic
s 

pr
ov

id
e 

th
e

sy
st

em
at

ic
 c

ap
tu

re
 o

f 
th

e 
is

su
es

 a
nd

 a
ct

io
ns

(p
re

fe
ra

bl
y 

up
da

te
d 

m
on

th
ly

)
co

m
pl

et
en

es
s 

of
 M

E
T

 d
at

a
al

go
ri

th
m

s 
th

at
 w

ill
 d

el
iv

er
 a

cc
ur

at
e

id
en

ti
fie

d 
as

 a
 r

es
ul

t 
of

 M
E

T
 m

on
it

or
in

g.
ov

er
 t

im
e.

an
d 

re
lia

bl
e 

tr
en

d 
re

po
rt

in
g 

ov
er

 t
im

e
A

 c
lo

se
 a

lig
nm

en
t 

w
it

h 
ho

sp
it

al
 q

ua
lit

y
B

.
To

ta
l n

um
be

r 
of

 in
-h

os
pi

ta
l

as
su

ra
nc

e 
st

af
f 

m
ay

 b
e 

a 
us

ef
ul

 s
tr

at
eg

y
de

at
hs

.(
pr

ef
er

ab
ly

 u
pd

at
ed

 m
on

th
ly

)
th

at
 w

ill
 e

ns
ur

e 
th

at
 M

E
T

 r
ep

or
ti

ng
 d

ri
ve

ch
an

ge
 w

it
hi

n 
th

e 
ho

sp
it

al
 o

ve
r 

ti
m

e.

C
.

To
ta

l n
um

be
r 

of
 d

o 
no

t
O

ve
ra

ll 
ob

je
ct

iv
e:

de
ve

lo
p 

an
d

re
su

sc
it

at
e 

“f
or

 a
ll 

ca
rd

ia
c 

ar
re

st
s

su
st

ai
n 

a 
M

E
T

 d
at

ab
as

e 
to

an
d 

in
”—

ho
sp

it
al

 d
ea

th
s 

sh
ou

ld
 b

e
sc

ie
nt

ifi
c 

st
an

da
rd

s 
as

 a
n 

in
te

gr
al

ca
pt

ur
ed

 o
ve

r 
ti

m
e.

pa
rt

 o
f 

cl
in

ic
al

 p
ra

ct
ic

e.
(p

re
fe

ra
bl

y
up

da
te

d
m

on
th

ly
)

252



Standardization of Data Collection
Current experience within the hospitals in the South Western Sydney Area
Health Service, New South Wales,Australia (where the MET was conceived
and developed) suggest that capturing a valid, accurate, and reliable denom-
inator for do-not-resuscitate orders across the hospital environment is 
a critical success factor for MET. If the process of allocating a do-not-
resuscitate status to individual patients is not clearly defined, agreed, and
adhered to by all senior clinicians within the hospital, a standardized
approach to the collection of do-not-resuscitate data may be particularly
challenging. Furthermore documentation of do-not-resuscitate status for
individual patients may not be systematically implemented across the hos-
pital environment.

IT Requirements
The technical standards and the software used to create the MET database
must be consistent with the local IT environment (Table 22.2). Particular
attention should be given to user access (privileged). The level of technical
security required to guard the confidentiality of this data must be negoti-
ated and implemented with particular care.

System Integration in the Collection of MET Indicators
Embedding the data collection within the individual hospital environment
represents a vital step for a robust and sustainable collection of MET indi-
cators over time. The process should be based on well developed and easy-
to-use data dictionaries and data collection methods. It is cost effective to
train 2 or 3 clinical staff in data collection methods, standards, and report-
ing for a 600-bed acute hospital. The tools and manuals available to super
trainers should be clear, exhaustive, and easy to apply within all hospital
wards.

Reporting of Clinical MET Indicators
Timely, meaningful information is the hallmark of reporting aimed at
driving change. In conjunction with the establishment of the database, the
reporting needs for the MET indicators should be documented. An exten-
sive consultation process that involves relevant staff across the hospital 
will procure the user specifications for regular, standardized MET reports
(Table 22.2). Where hospitals are currently reporting on other clinical indi-
cators (scorecards, control charts), MET reports should be integrated into
them. A useful and effective process might be to identify and agree on:
1) which non-MET indicators are relevant for MET reporting, 2) how 
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and when the indicators should be collected, and 3) who will assist with the
integration of MET and other relevant patient safety indicators.

Clinical Ownership
The consultation with staff to identify reporting needs offers ample oppor-
tunity for engagement with key stakeholders and in the overall ward
culture. An approach that balances the provision of information with staff
consultation has the potential to nurture staff ownership of the clinical
MET indicators across the hospital culture.The timetable for the MET indi-
cator reports and the manner in which the reports are contextualized will
vary with the objectives within the hospital. The message is best conveyed
“at a glance”—this is pertinent for daily or regular, frequent reporting
aimed at supporting clinicians in monitoring when, where, and why critical
incidents occur. Clinicians include all health professionals who provide care
for a patient who suffered a serious adverse event. The less frequent trend
reporting (quarterly, biannually, and annually) provides more complex
information based on the Liverpool experience; the more condensed infor-
mation represented in trend reporting will benefit from the availability of
an “interpreter,” and an obvious candidate for this role is a MET co-
ordinator. Staff working on related reporting within the hospital may also
assist with “facilitated” dissemination of such information based on MET 
indicators.

The MET Coordinator
Establishing the database, developing the reports, and embedding the tech-
nical solution within the system of the local information technology envi-
ronment require a multidisciplinary approach. As mentioned previously,
knowledge and skills in data management, epidemiology, statistics, and
health informatics are crucial in the setting-up phase. The integration of the
knowledge generated through the collection, manipulation, and reporting
of MET indicators is critical to successful incident monitoring. In Liverpool
a MET coordinator performs this role. Dedicated staff resources that 
have experience in information management are the key. The MET 
coordinator must possess a mix of skills and competencies that include:
experience in the care of the critically ill, data management and manipula-
tion, and communication principles that enable a targeted approach to 
disseminating information about serious adverse events throughout the
hospital.

Interpersonal skills and the ability to communicate information about
serious adverse events while avoiding blame are important attributes of a
MET coordinator. The coordinator is responsible for integrating the MET
quality cycle into the overall hospital environment. The human resource
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requirements for a 600-bed, acute tertiary referral center are 2 full-time
equivalent senior nursing staff (estimates based on the Liverpool MET
system).

The 6 MET coordinators in South Western Sydney Area Health Service
(6 hospitals) provide capacity for collecting and reporting the MET indi-
cators daily throughout the year. Proof of universal monitoring of the hos-
pital environment is critical to the successful implementation of MET at a
system level. Over time, the key role of the MET coordinator is assisting
hospital staff in identifying issues and the actions that will remedy factors
that have contributed to serious adverse events reported via the MET
system. Capturing the information in the form of timely feedback to the
clinical environment poses the greatest challenge to a MET coordinator.
Factors contributing to a serious adverse event may be at a system level, a
staff level, or a patient level. MET indicators reflect the functioning—or
nonfunctioning as it were—of a complex system providing care for critically
ill patients in hospitals.

The range and the nature of the factors that contribute to an adverse
event at these 3 levels of the system do not allow for standardization of data
variables, such as would occur for quantitative MET reports. Rather, this
data—capturing the issues and explaining the occurrence of serious adverse
events—are of a qualitative nature. Collecting, reporting, and depicting
trends of such qualitative information over time are evolving processes.
Scoping of this task is best assessed on a regular basis to ensure that “a
graveyard of comments and unstructured information” is not inadvertently
created.

Providing synergy between the role of the MET coordinator and the hos-
pital’s overall quality assurance infrastructure may assist in a focused
approach to the MET implementation. When addressing the task of man-
aging a mixture of qualitative and quantitative information, one should be
aware that the phase between quantitative and qualitative data still repre-
sents relatively uncharted territory within complex system monitoring. This
area ought to be targeted as part of MET evaluation and research in the
future.

Summary

Clinical MET indicators are simple, robust, and cost effective. First, they are
the calling criteria for activating a MET response, and they constitute the
outcomes for the MET intervention. Second, they are universally measured
for all hospital patients, although the frequency of measurement depends
on the ward.The last of the 4 MET calling criteria,“worry,” encourages indi-
vidual clinicians to apply and act on their professional experience and
knowledge of the patients whom they care for. In the Liverpool experience
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(the cradle of MET) the “worry” criteria is a potent enabler for empower-
ing staff to practice early identification of patients who are deteriorating
within their ward.

Embedding the MET indicators within the local culture, communication
flow, and information technology environment is best done as parallel but
integrated tasks. This stage must be supported by a multidisciplinary imple-
mentation team that includes the relevant research expertise.

Sustainability can only be secured if senior and multi-skilled members of
the staff are available in dedicated MET positions. Frequently, monitoring
systems are conceived, developed, and ride on a wave of initial enthusiasm
and individual leadership. The MET information coordinator guarantees
the future of the MET system, ensuring that information is generated and
knowledge about the incidence of serious adverse events among the criti-
cally ill is integrated into the organization at all levels.

Data collection, management, and reporting on both the processes and
outcomes of the MET system are some of the duties and responsibilities of
a MET coordinator.The coordinator should have expertise in caring for the
critically ill patient, as well as knowledge and skills in data management
and reporting. This is the lynch pin of the MET system, because the MET
coordinator establishes and maintains clinician ownership of the MET indi-
cators across the hospital environment.
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23
Evaluating Complex System
Interventions in Patient Safety

Jack Chen, Lis Young, and Kenneth Hillman

Following the landmark reports from the Institute of Medicine (1) and
other studies, numerous intervention programs have been introduced to
improve hospital patients’ safety (2–6). The evaluation of such a complex
system of interventions continues to be a challenge—there is little robust
evidence about the effectiveness of intervention programs aimed at system
improvement (7).A rigorous evaluation of the systems for delivering health
care presents a different challenge in evaluating single, simple interventions
such as a new drug or a new piece of medical technology.

First, the paradigms must be decided on for the evaluation—whether
quantitative or qualitative methods, or both. If the latter, what then is the
sequence, what will the scope be, and how might the two methods be inte-
grated? Secondly, the objectives of the evaluation must be clearly defined.
Are we satisfied with knowing the final clinical outcomes of the interven-
tion, or are we also interested in gaining new knowledge about the
processes and their impact within complex systems? Health promotion
experts have argued the importance of assessing all 3 aspects (8,9).The con-
ceptual drawback of a singular focus on outcomes is the lack of knowledge
about why the intervention did not produce the expected results.

In the case of the Medical Emergency Team (MET) intervention (10),
the relevant clinical outcomes are assumed to be: unplanned admissions to
the intensive care unit (ICU), unexpected deaths, and cardiac arrests.
However, if the implementation of a MET system in a hospital does not
produce these expected outcomes, how will we know whether the failure
was due to specific factors—such as inadequate implementation, sub-
optimal calling criteria, a short study period, lack of skills on the part of the
MET team, lateness of MET response—or if the whole concept just does
not work? To understand the critical links is perhaps as important as assess-
ing the clinical outcomes (Figure 23.1).

Other organizational characteristics, such as the value placed on patient
safety, may also contribute to the effectiveness of the MET (11,12). The
readiness of the hospital culture may be a very important dynamic, if the
changes associated with the implementation of MET are to gain accep-
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tance: e.g. the need to modify the traditional balance of power between
medical and nursing staff, a reconfiguration of interdisciplinary relation-
ships, and the need to be proactive in accepting innovation within the local
culture and context. All of these factors may impact upon both the
processes and outcomes of a system intervention like MET, and so it is nec-
essary to consider how they can be taken into account when evaluating the
MET implementation.

An evidence-based approach to medicine tends to classify research evi-
dence based on the design and the features of the evaluation. The single,
large randomized controlled trial (preferably double-blind) is the ultimate
gold standard. In randomized controlled trials, the emphasis is on the
study’s design and scale. This is very different from a research paradigm

Valid calling criteria: with good 
sensitivities and specificities 

 Frequent observations of the 
criteria with high documentation 
rate as required clinically  

Readiness to assess patients’ status 
against ‘worried’ MET criteria 

Willing to make a MET call 
should the documented vital sign 
over the thrash-hold value of the 
criteria

Willing to make a MET call if  the 
patients’ overall status causes 
concern and make one ‘worried’ 

The MET teams arrive in a 
timely fashion and has 
appropriate knowledge, 
skills and expertise

Clinical improvement of the selected outcomes 

Thorough and adequate implementation of 
the MET system 

Figure 23.1. The critical links leading to successful MET outcomes.



based on organizational development and learning (13). The evaluation of
the organizational aspects of systems could also adopt the participatory
research and action research approach (14,15). This paradigm places less
emphasis on the rigor of the design, and more on the development of an
iterative and cyclical program with the potential for supporting a learning
culture. Researchers who lead and design research exploring organizations
and complex systems need to base their thinking within a systems per-
spective. They need to pay more attention to factors such as the interac-
tions among subsystems, and the unexpected benefit or harm of an
intervention that may go beyond the original expectations (16,17).

The cost-effectiveness of system interventions should be taken into con-
sideration in the design of the evaluation. It has been widely recognized
that well-considered and coordinated interventions are the prerequisites to
a successful system change. However, it is also important to know whether
the organization can afford to implement and sustain an intervention such
as the MET system. This raises the issue of whether a health economic per-
spective should be incorporated into evaluation projects. We also need to
consider the marginal gain when implementing protracted and extensive
system change (18,19).

The experimental and quasi-experimental designs have the highest inter-
nal validity for the purposes of complex system evaluations. It is often
impossible and unethical to adopt a simple randomized controlled trial
design (20) for the evaluation of a system intervention. A system interven-
tion often requires a cluster randomized controlled trial design. However,
it may be more difficult to find suitable controls for this type, as the number
of units are often relatively small, each with a unique set of characteristics.
Contamination (the phenomena that the control group also adopt the 
intervention) does pose a unique threat to causal inference within social
intervention programs with a cluster randomized controlled trial or an
experimental design. It is often very difficult, if not impossible, to prevent
the control units from learning and mimicking the intervention applied to
the experiment groups. This is especially true when the intervention has
good face validity and is intuitively appealing. On the other hand, for a
complex system intervention that targets structural, cultural, and behavioral
change, not all the units within the experiment group will embrace the
changes with the same willingness and commitment. Skepticism, ineptitude,
and a dislike of the unknown may easily derail a great initiative. The very
complexity of complex system interventions sends the researcher down a
path fraught with challenges, relating to both the conceptualization and the
implementation of a robust and useful evaluation. The third major hurdle
is the large variation among hospitals in terms of their size and organiza-
tional characteristics. These attributes impact significantly on the cluster
randomized controlled trials targeting hospitals. The greater the variation
in these characteristics, the greater the number of hospitals required to
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achieve sufficient statistical power to test the primary and secondary out-
comes (21). Due to the prohibitive costs incurred by this type of study, one
frequently does not have reliable information on the variations or intra-
class correlation coefficients (ICCs) (22) from previous research. Conse-
quently researchers hesitate to embark on a study of this nature, for fear
that there may be insufficient power to test the hypothesis. The power issue
could become even more complicated, as there are often no reported crude
ICCs (the ICCs calculated based on the whole sample or the control and
the intervention group separately, without controlling for other covariates
[23,24]). Moreover, the information for the conditional ICCs (after adjust-
ing for key confounding factors such as hospital status—teaching, urban, or
rural—in the multivariate analysis model) is even scarcer. If one mixes all
of these hospitals, one may run the risk of comparing apples with oranges.
A conditional model (conditional on the key confounding factors) could
reduce this problem: a study that is underpowered based on the raw ICCs
may have adequate power based on the conditional ICCs.

The fourth dilemma when evaluating a complex system intervention is
the time dimension. Internalization of system change may often require a
lengthy time frame to succeed, and this requirement translates into sig-
nificant costs. For large-scale evaluation projects, such costs may become
prohibitive, especially as they are already expensive and cumbersome 
compared with the conventional gold standard: a simple randomized con-
trolled trial. This dilemma became very real for the researchers designing
and implementing the Medical Early Response Intervention and Therapy
(MERIT) study.The evaluation of the MERIT study involved a cluster ran-
domized controlled trial, where 23 hospitals in Australia participated.

In studies such as the MERIT, there are many other associated challenges
and difficulties: the plethora of databases, extracting and cleaning adminis-
trative data, the matching and linkage of administrative data with the study-
specific data, and the multilevel nature of the data structure. Before
embarking on such a large evaluation project, it was important to consider
all of these conceptual and technical issues, and design a plan that was com-
prehensive yet achievable.

The MERIT Study: An Example of the Challenges in
Conducting a Complex System Evaluation

The MERIT study’s major aim was to evaluate the effectiveness of the
MET system based on a cluster randomized controlled trial with 23 partic-
ipating hospitals. The primary outcome was the aggregate of unplanned
ICU admissions, potentially avoidable deaths, and cardiac arrests. Other
sub-studies were incorporated into the design to systematically understand
the processes and the impact of the intervention:
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• A matched case-control study to explore the sensitivity and specificity of
the MET calling criteria.

• A before-after repeat survey in MET hospitals to explore awareness 
of and attitudes toward the MET system; the willingness and the intent
to call the MET team; the value the overall hospital culture assigned 
to patient safety; the readiness to change and possible resistance to 
innovations.

• The process and impact evaluation of components of the interventions
(nurse education sessions and their participation rates).

• The systematic evaluation of the timing, assessment, and treatment 
provided by both cardiac arrest teams and METs within participating
hospitals.

• Limiting discussions to design issues and the implications of the main
MERIT project: the 23 hospitals, cluster randomized controlled trial.

The Design
Potential hospitals for recruitment into the study were identified using the
Australian Hospital and Health Services Yearbook (25). Public hospitals
with more than 20000 estimated annual admissions, that had an ICU and
an emergency department as part of their service profile, and did not
already have a MET system, were eligible.The director of the ICU or emer-
gency department was contacted and invited to participate. Approval to
participate was obtained from the human research ethics committee of each
hospital.

Process and outcome measures were collected in all hospitals during a
baseline period of 2 months. Midway through the baseline period, an inde-
pendent statistician randomly assigned hospitals to either a standardized
MET implementation or a control status. The randomization process was
concealed from the panel of investigators and the participating hospitals.
The randomization was stratified by teaching versus non-teaching status
and blocked by number of hospital beds, using a group size of 4.

During the following 4-month period, an educational strategy was imple-
mented to prepare hospitals for the introduction of the MET system (imple-
mentation period). Data collection continued during this period.At the end
of the implementation period, the MET system was activated in the inter-
vention hospitals only, where it was implemented and supported hospital-
wide for the following 6 months (Figure 23.2). The control hospitals were
unaware of what was happening in the intervention hospitals. The man-
agement and resuscitation committees in the control hospitals resolved that
their cardiac arrest teams would continue to function as per normal for the
duration of the study period—including the intervention phase. Process and
outcome data were collected in all hospitals for the 6-month study period.

Prior to the start of the project, all the data collectors were trained by
dedicated project staff based at the Simpson Center for Health Services
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Research. The MERIT project was led from and coordinated by research
staff at the center. A standardized data collection manual stipulated data
standards, and scanable forms were used to capture primary data. Over the
course of the study, 3 audits were carried out to ascertain data accuracy.The
data audits targeted the accuracy of the project for specific data with ref-
erence to source documentation, accuracy of scanning techniques, and study
outcomes.

The primary study outcome was the composite outcome of the incidence
(captured events divided by the number of eligible patients admitted to 
the hospital during the study period) of cardiac arrests without a pre-
existing do-not-resuscitate order, unplanned ICU admissions, and un-

Assessment for eligibility (46 hospitals) 

Exclusions:  9 hospitals already had a 
MET system, 14 declined stating 
resource limitations 

Randomisation (23 hospitals) 

2-month baseline period (23 hospitals) 

Allocated to MET: (12 hospitals) 
median admission number during the 
baseline period = 5856; range: 1937 –
7845

Allocated to control: (11 hospitals) 
median admission number during the 
baseline period  = 6494; range: 958 –
11026

Lost to follow up: none
Analysis: 12 hospitals, median 
admission number over the study 
period = 18512; range: 2667 – 33115

Lost to follow up: none
Analysis: 11 hospitals, median 
admission number over the study 
period = 17555; range: 5891 – 22338  

Four-month MET implementation 
period with continued data collection   

Four-month period with continued 
data collection 

6-month study period with MET 
system operational 

6-month study period  

Figure 23.2. MERIT study flow diagram.



expected deaths (deaths without a pre-existing do-no-resuscitate order)
that occurred within general wards. The ICUs, ICU-supervised high-depen-
dency units (HDUs), operating rooms, post-operative recovery areas, and
emergency departments were defined as non-general wards. The coronary
care unit was considered a general ward, as was a HDU not under the
supervision of an intensive care specialist. Thus general wards were defined
as those that did not include monitoring of the critically ill patient as part
of their duties of care.The secondary outcomes were cardiac arrests without
pre-existing do-not-resuscitate orders, unplanned ICU admissions, and
unexpected deaths.

A cardiac arrest was said to occur when a patient lacked a palpable pulse.
An unplanned ICU admission was defined as any unscheduled admission
to the ICU from a general ward. Unexpected deaths included all deaths
without a prior do-not-resuscitate order, including those with a preceding
cardiac arrest. If a patient had more than 1 event during a hospital stay, only
1 event was included in the composite measure. The following events were
excluded from the study: events that had occurred in patients who were less
than 14 years of age, who had died on arrival at the hospital, or who had
not been formally admitted to the hospital.

Statistical Analysis
In order to detect a 30% reduction in the incidence of the composite
primary outcome (from 3% to 2.1%) with 90% power, and assuming an
average of 20000 admissions per year per hospital, 18 hospitals would be
required with a 6-month follow-up (13). The intra-class correlation co-
efficient (ICC) used for the sample size calculation (ICC = 0.00127) was
obtained from a previously published, 3-hospital non-randomized study
(26).

A weighted t-test was used to assess cluster level differences in event inci-
dence rates (21,27). Individual level differences were assessed using the
Rao-Scott chi-square test in categorical variables, and the adjusted t-test for
continuous variables (20).

Analytically weighted, multiple linear regression (weighted by the admis-
sion number of the study period) was used to adjust for stratification by
teaching hospital status at randomization, and other differences in hosp-
ital (cluster) level characteristics (including baseline outcome variables)
(6,28). A multi-level logistic regression model was used to adjust for the
individual-level (gender, age) and cluster-level (bed number and teaching
status) differences (29). A post-hoc exploratory analysis, using paired
weighted t-tests, examined the difference in incidence rates between the
study period and baseline.

The outcome-specific ICC and the design effect (22) were reported; these
are measures used to adjust sample size in cluster randomized trials (24).
The ICCs were derived from the null multi-level logistic regression model,
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with no independent variables.The design effects of the intervention effects
(MET versus control) were calculated from the survey estimator logistic
regression with the intervention effect only.The design effect in this context
is the ratio of the standard error of the intervention effect from the model
with adjustment for the cluster effect, to the standard error of the inter-
vention effect from the model ignoring the cluster effect (30).

A p-value less than 0.05 was considered a statistical significance. All sta-
tistical analyses were conducted using Stata version 8.2 (30).

Discussion

So far, evaluations of the MET concept are limited. Three previous 
Australian studies suggest that the implementation of a MET system is asso-
ciated with a reduction in the incidence of unplanned admissions to ICU,
cardiac arrests, and deaths (26,31–33). Some important limitations in these
studies include the use of historical controls and the lack of randomization.

The drawbacks to using historical controls are the difficulties in separat-
ing the efficacy (if any) from a secular trend or a regression to the mean.
The seasonal effect, changes in case mix, potential investigator biases, and
the Hawthorne effect could threaten the validity of the findings. These
earlier studies were also conducted within relatively large hospitals (with
over 300 hospital beds), and most of them were single-hospital based. Often
these hospitals had an inspirational and charismatic clinical leader who
championed the cause. Such factors limit the ability to generalize about the
results, and given the small number of hospitals involved, it is not possible
to gain any knowledge about the organizational characteristics and envi-
ronmental factors that may have enabled or impeded the success of the
system intervention. The information available on the implementation and
the associated processes were insufficient to judge the weakest link of the
implementation chain.

In comparing these earlier studies with the MERIT project, we should
be aware that they used different outcomes.The calling criteria (upon which
the MET was activated, see Table 23.1) applied within these studies also
varied from the MERIT project. For example, Buist et al. (33) explored the
incidence of cardiac arrests without a prior do-not-resuscitate order and the
related deaths; their working definition of a cardiac arrest event was based
on the cardiac arrest calls made via the switchboard.The primary endpoints
of the Bristow et al. (26) study were all-cause mortality, cardiac arrests
(including those with do-not-resuscitate), unplanned ICU/HDU admis-
sions, as well as deaths without a prior do-not-resuscitate order; here, the
definition of an unplanned ICU/HUD required that the patient was admit-
ted to ICU/HDU for the same reason that he or she was admitted as an in-
patient. The study by Bellomo et al. (31) explored the incidence of cardiac
arrests and the related deaths, the number of post-cardiac-arrest bed days,
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and the overall number of in-hospital deaths. It is worth noting that the
study outcomes evaluated for MERIT are somewhat different from these
definitions. For example, in the MERIT unplanned admissions to ICU are
defined as those admitted to the ICU only, excluding those admitted to a
HDU that was not supervised by an ICU specialist, as well as admissions
to the ICU directly from an emergency department and operating room.

The decision whether or not to include do-not-resuscitate related patients
as part of the outcome could influence the evaluation of the efficacy of the
MET. If the investigators hope to demonstrate that the MET concept is
effective as a pre-emptive effort to saving patients who exhibit signs of rapid
deterioration, they may elect to include those patients without a prior do-
not-resuscitate order in the primary outcome. Given that the evidence
emerging from other studies suggest that an increasing number of do-not-
resuscitate orders were issued at the time of a MET response to a medical
emergency (34,35) there is good reason to advocate caution. Investigators
were concerned that this practice could lead to the more severely ill being
allocated a do-not-resuscitate “prematurely” to achieve an artificially
improved outcome—e.g. the mortality rate for those without do-not-
resuscitate. Thus in future studies, the rationale for including patients with
a prior do-not-resuscitate should be scrutinized, and results of sensitivity
analyses (with or without those with do-not-resuscitate) should inform the
discussion wherever possible.

Another body of research, mainly from the United Kingdom, was trig-
gered by the recommendations from the Audit Committee (36) and the
Department of Health (37) based on the introduction of the outreach team
concept there (34,38–42). The rationale for the outreach team service is
similar to that of the MET, although the scope of the outreach service is
much broader. There are 3 major aims:

Table 23.1. The MET calling criteria
Airway Threatened

Breathing All respiratory arrests
Respiratory rate <5
Respiratory rate >36
All cardiac arrests

Circulation Pulse rate <40
Pulse rate >140
Systolic blood pressure <90

Neurology Sudden fall in level of consciousness (Fall in
general consciousness level of >2 points)

Other Repeated or prolonged seizures
Any patient you are seriously worried

about that does not fit the above criteria



1. Early identification of patients who are deteriorating, with the aim of
either intervening to prevent an admission to ICU or securing a timely
admission to ICU to achieve the best possible outcome for the patient.

2. Facilitated discharge, by supporting and assisting with the continued
recovery of ICU patients discharged into the wards, as well as support for
the patients and their family following hospital discharge.

3. Educate and support staff on the general wards and in the community
in the application of critical care skills, as well as gather information about
the process and outcomes of care for critically ill patients on the wards and
in the community that will lead to improved critical care services for
patients and their caregivers (37).

The broad scope of the outreach team concept poses even more challenges
to evaluation and research efforts compared to the MET.

There are other important differences between the MET concept and the
outreach team, such as the activation criteria for an intervention, which are
structured very differently within the 2 systems. MET calling criteria were
deliberately designed to be as simple and easy to implement as possible and
include a subjective category, “worried”. The intent behind the “worried”
category is to empower individual staff to activate a MET call for patients
who do not meet the simple, measurable MET criteria. In contrast, the cri-
teria for activating the outreach team response are more structured and
complex. The range of interventions that the outreach team can mount to
address the needs of the deteriorating patient are also much broader than
those provided by the MET (43). Again, the implications for any com-
prehensive evaluation efforts of this more complex intervention are 
substantial.

The results from UK-based literature are mixed. Pittard (41) found that
the outreach team reduced the rates of emergency admissions to ICU, short-
ened the length of stay for patients admitted as an emergency to ICU, and
produced a lower re-admission and mortality rates. Ball et al. (40) found that
the implementation of an outreach team reduced readmissions to the criti-
cal care area and improved survival to discharge from hospital following dis-
charge from critical care. However, these differences were not statistically
different. Priestly et al. (39) found reduced in-hospital mortality following
the implementation of an outreach team, but the results for length of stay
in hospital were equivocal. Kenward et al. (34) did not demonstrate any sig-
nificant improvement with respect to incidence rates of cardiac arrests,
cardiac arrest excluding those with do-not-resuscitate and all-cause in-
hospital mortality. The authors did find that about a quarter of the patients
were designated a do-not-resuscitate status following a MET intervention
(24-hour time window) compared with the 14% reported by Buist et al. (33).
Each of the 4 studies involved 1 large hospital only. Three of them adopted
a before-after design, while the fourth, Priestly used a well-crafted, ward-
based, randomized, controlled trial design. The previously discussed limita-
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tions of the before-after design are pertinent to the 3 studies here. As for
the fourth (Priestly), the possibility of contamination and investigator bias
are relevant for the ward-based randomization, as are other technical issues
such as the project design, and the complex statistical analyses.

Recent research in the United States has produced results from a study
evaluating a hospital wide implementation of the MET concept. DeVita 
et al. showed a significant reduction in cardiac arrests (from 6.4 to 5.4 per
1000 admissions) following the implementation of a MET system. An
overall increase in MET responses (from 13.7 to 25.8 per 1000 admissions)
indicates how important time is, if the effectiveness of systems is to be 
measured. This study also found that the proportion of fatal cardiac arrests
was similar before and after the increased use of the MET.

The above studies had a strong preference for a before-after design.They
provide little, if any, evidence about the quality of the implementation. The
process and impact evaluations were inadequate, and weaknesses in the
design of the evaluation make causal inference relatively difficult within
these studies.The studies also used different definitions and outcomes: some
specifically excluded patients with a prior do-not-resuscitate, yet others
used all the cases. There is also a lack of detail about how some of the data
were defined and extracted. For example, it appears that all-cause deaths
were extracted from the in-hospital, administrative databases, but the reli-
ability and validity of the data were not described. Most of the studies were
based within a single hospital, and hence it is hard to know how generaliz-
able the results might be. Nor is it possible to link organizational charac-
teristics to the outcome in a quantitative way.

The implementation of the MET system is complex. A hospital-wide
system change is required, involving comprehensive re-education of clini-
cal staff in resuscitation skills, as well as managerial support at all levels to
achieve the relevant restructuring of operations and the associated cultural
change. Most of the studies discussed here assessed the effect of a MET
implementation conducted over a 1 to 2 year period. By comparison, the
introduction of similar complex interventions such as a trauma systems
have taken up to 10 years before any impact on mortality could be detected
(47,48). Whether the MET system will produce similar improvements 
in the outcomes for critically ill patients over time remains a matter of 
conjecture.

Summary

The MERIT Study was designed to minimize the limitations of previous
studies. However, many questions remain. We have completed the first
round of our major analyses. We have assessed the process, the impact, and
the outcomes of the study, paying special attention to possible contamina-
tion effects. We have explored the possible effects of hospital variation, and
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how these affected our sample size. We have addressed possible statistical
artefacts by employing a comprehensive analysis strategy, and following an
a priori designed, statistical plan as much as possible. We explored the pos-
sible relationships between organizational/contextual variables and the out-
comes. We tried to understand not only whether on average the hospitals
improved, but also why the results varied across hospitals. We also evalu-
ated the unintended increase in do-not-resuscitate orders that resulted from
the MET system intervention. The MERIT study can also provide some
insight into process issues, based on the result of several sub-studies specif-
ically designed to explore the processes and the impact of the MERIT
project. Finally evaluating a complex system intervention such as MERIT
requires careful planning and considerable commitment. It remains an
enormous challenge and a daunting task.
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24
Integrating MET into a Patient
Safety Program

John Gosbee

Overview

Since at least the publication of the Institute of Medicine report To Err Is
Human (1), most health care organizations have been struggling to find and
eliminate hazards. Their struggle arises from the complex mixture of issues
that plague any organization dealing with the seemingly easy problems to
be solved by a new safety program. Many health care organizations soon
realize they are dealing with organizational psychology issues that require
tools from change management. Somewhat fewer facilities are aware of the
problems ingrained in human factors engineering of systems, devices, and
tools.We will define these terms and how they apply to Medical Emergency
Teams (METs) throughout this chapter. A MET response is not just a won-
derful tool to improve morbidity and mortality associated with hospital
medical crises and cardiopulmonary resuscitation, it is also an indirect tool
to address the struggles to improve quality and safety throughout a health
care organization. Conceptually and empirically, most hospitals will likely
need MET programs due to findings from human factors engineering and
health care.

Creating and Sustaining Safety

The difficulty of creating and sustaining a patient safety program cannot be
underestimated. Logistic and strategic questions quickly overwhelm the
best and brightest: What are the most frequent or remediable adverse
events that hurt and kill patients? Why did these adverse events occur?
What can we do about the root causes of these events? What sources can
provide effective remedies? Why are people so resistant to using safety
remedies?

To answer these questions, hospitals have used safety methods required
by regulatory organizations (e.g., Joint Commission on Accreditation of
Healthcare Organizations (JCAHO)) or governments (e.g., state depart-
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ments of health).These methods include root-cause analysis (RCA), failure
mode and effect analysis (FMEA), and traditional quality improvement
tools (2,3). These safety and quality approaches work best in organizations 
that are developing a so-called “high-reliability organization” (4). METs can
complement RCA and FMEA activities that will be described more fully.

A MET can also provide the tangible proof that the organization is
serious about the “safety culture” described for high-reliability organiza-
tions. Specifically, certain aspects of METs are especially suited to meet
many of the criteria in a specific model of organizational change described
by Rodgers (5), a model that has been accepted for many decades. This
theory looks at factors such as perceived relative advantage, compatibility
with existing values, and norms and trial-ability.

Definition and Relevance of Human 
Factors Engineering

The human factors engineering field is several decades old and has been
applied in various organizations and domains when they face design, per-
sonnel, and policy issues such as those surrounding MET (6). Briefly, human
factors engineering is the discipline that studies human capabilities and lim-
itations and applies that information to safe, effective, and comfortable
system design (7,8). It includes the design of tools, machines, and systems
that take into account human capabilities, limitations, and characteristics.
Ergonomics, usability engineering, and user-centered design are considered
synonymous or closely related to human factors engineering, which is 
based on design-related aspects of several biomedical disciplines. From a
systems perspective, a person is receiving input from a “clinical assessment
machine,” processing that input, and creating an output that goes to the
“health care machine.” Anthropometrics and biomechanics cover most of
the physical aspects of input and output. The science of sensation and per-
ception is related to input to the person. Cognitive psychology, which covers
models and theories of human performance, memory, and attention, relates
to the processing of the input and initiating the output.

Observations and studies regularly conclude that many design issues
thwart even the best attempts at resuscitation and the application of criti-
cal care expertise (9). Some researchers have seen problems with using
defibrillators—even those made for novices (10). Others have identified
design problems with defibrillators, even when testing individuals like para-
medics who use them often (11). The layout and human factors aspects of
the medication drawers in many crash carts can add minutes of delay to
well-intentioned and motivated clinicians and their ability to retrieve key
medications (12). Lack of proper transitions of care and teamwork during
and following resuscitation exists even in the best clinical care (13). The
breakdowns and missed opportunities are accentuated by time pressure,
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design of devices, and even the layout and furnishings of the resuscitation
area (14). All of this evidence points to the need to use METs to avoid or
abort crises—even if the most highly skilled personnel and fully staffed set-
tings are available.

MET as a Driving Force for a Patient Safety Program

For many reasons, METs can be a key driving force for a hospital safety
and quality program. First, there are the difficulties and limitations of com-
monly used safety methods. Second, a MET is a broad-sweeping safety 
initiative that impacts and is visible to many sites in the health care 
organization, and to many types of professionals and personnel. Third, as a
safety or quality activity, METs have the most successful change attributes
that are cited in change management theory and practice.

Root Cause Analysis (RCA)
Most health care organizations perform many RCAs per year due to
JCAHO requirements and the general standard of practice in the patient
safety movement. The basics of the RCA include:

1. Deciding when to do an RCA
2. Figuring out what happened (e.g., people and devices involved, sequence

of events)
3. Making decisions about root causes and contributing factors
4. Developing remedies or action plans, and approaches to measure 

effectiveness
5. Convincing and Selling to management and staff,, and then (hopefully)

implementing the action plans

There may be more than 1 team or individual doing these general steps.
Depending on the event to be studied, each general step might take hours
or weeks to complete.

MET can aid all 5 general steps in the RCA process, but has the most
effect on 2 troublesome steps: deciding when to do an RCA, and convinc-
ing, selling, and implementing action plans. When initiating an RCA on an
adverse event, the hospital has to know several things besides just the sever-
ity of that specific event: what is the severity of events like the one in ques-
tion, what is the frequency of this kind of adverse event, and how often is
the event severe.

In a robust MET program, there are several adverse events that lead to
the MET being called. Braithwaite et al. identified 31% of MET events that
were associated with medical errors (adverse events and close calls) (15).
In their hospital system experience, they found 18.4 events per 1000 hospi-
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tal admissions. This is similar to the experience of Australian hospital
systems (16), which reported 5 MET responses per 1000 admissions. Thus,
most hospital systems could have a rather large body of knowledge about
adverse events and close calls. This data would be several times larger than
that obtained from auditing just cardiac arrest events, because crises seem
to occur 5 to 10 times more frequently.

If the operators log all MET calls they make, the MET call itself provides
2 functions: it provides additional resources to prevent that patient from
dying, and it enables creation of a database of crisis events to fuel patient
safety reviews. Thus MET calls may help overcome perhaps the most diffi-
cult aspect of performing quality indicator activities: finding errors worth
fixing. (People are notoriously poor at recognizing errors as they occur, or
reporting them when they do recognize them.) As mentioned previously,
the events detected by MET are quite diverse. This can aid in determining
which of the many types of reported events upon which a hospital should
do an RCA. Braithwaite et al. (15) identified 67.5% of the 114 adverse
event–associated METs as diagnostic errors, such as incorrect or delayed
diagnosis or delay or incorrect action following monitoring or test data.
They also saw 59.6% related to treatment errors, including problems during
or following surgery and medication administration. Finally, 26.3% of the
MET events included problems arising from “prevention;” examples of pre-
vention problems encompassed prophylactic treatment (e.g., anticoagula-
tion for deep vein thrombosis) and telemetry monitoring issues for patients
with hyperkalemia.

The richness and diversity of data from events or vulnerabilities that lead
to MET can help the RCA team throughout their process. In short, people
do poor root-cause analyses; some studies have demonstrated that devel-
oping accurate and specific root causes and contributing factors is prob-
lematic. Carroll et al. (17) looked at problem-investigation teams in nuclear
power plants and chemical plants. In a quantitative analysis of 27 RCA
teams at 3 different nuclear power plants, they found “a disappointing level
of depth and completeness, insight, and clarity.” The researchers were able
to make some correlation between some attributes of the team members
and the deeper and clearer RCAs. Their analysis found that “more training
in teamwork” and “more varied plant experience” were the strongest pos-
itive predicting attributes. These attributes may be more widespread or
likely to be increased in organizations that accept the central concepts
behind MET processes, such as calling for help early (18).

Another troublesome step in RCA is the final one: convincing, selling,
and implementing the action plans. Action plan implementation is the step
where health care organizations and RCA teams discover how hard it is to
change a system, and how resistant personnel can be if the organization has
not embraced a culture of safety. It is difficult to convince managers and
frontline personnel that 1 event or close call is serious enough for them to
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change. In essence, one must convince caregivers that their current work-
flow is wrong and a new, untested work plan is better. With data from
adverse events leading to the creation of a MET, and workflow changes
directed at preventing repeats of actual near-death events, it is much more
likely to change mindsets and practices.

For instance, an RCA about an empty oxygen cylinder almost being used
during patient transport might result in an action to purchase cylinders 
with a more direct indication of contents (indicator valves). However the 
same problem that caused a near-death event from hypoxemia would more
highly motivate not only the bedside caregivers, but also the administrators
who oversee purchasing choices and materials management. Further-
more, procurement committees will likely accept the additional cost if 
there was more than 1 event. Because METs tend to find similar types of 
errors, creating lists of similar events is not difficult. For example, if the orga-
nization had 5 MET events that involved confusion over oxygen cylinder
levels, the organization would be less likely to blame an individual and 
more likely to blame the system. Also, frontline respiratory therapists, pur-
chasers, transport personnel, nursing staff, administrators, and physicians
are more likely to become allies instead of naysayers if they know about
all 5 events.

Failure Mode and Effect Analysis (FMEA)
Most health care organizations perform at least 1 FMEA per year due to
JCAHO requirements and the general standard of practice in the patient
safety movement. The general steps of a FMEA include (19):

1. Identifying and prioritizing a high-risk process
2. Flowcharting the process and subprocesses
3. For each subprocess, developing potential failure modes and prioritizing

based on risk (risk priority is usually the product of severity, frequency,
and detectability)

4. For each failure mode cause, identifying actions to remedy them
5. Convincing, selling, and then (hopefully) implementing the action plans

There may be more than 1 team or individual performing these general
steps. Depending on the process to be studied, each general step might take
hours or weeks to complete.

Much less has been written about the problems or shortcomings in apply-
ing FMEA in health care (20). However, since FMEA shares many attrib-
utes with RCA, many of the ideas and findings about the complementary
role of the MET are likely true. In addition, some safety professionals think
that there are many ways to inadvertently misuse FMEA as a safety tool
(21). One could infer that data from the events preceding MET events and
close calls seems invaluable for the FMEA team in all 5 general steps listed
above.
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For example the MET data can be used to develop realistic failure modes
and failure mode causes. An FMEA team might only consider two failure
modes in the monitoring and treatment of conscious cardiac care unit
patients: 1) malfunction of physiologic monitors; and 2) the patient falling
while getting out of bed. MET data would have provided them with a third
failure mode such as that described by Braithwaite: bradycardia/asystole
from delay in pacemaker placement. Or the team might not conceptualize
the failure mode cause of “permanent pacemaker placement considered a
low priority consult.” Having a body of MET data associated adverse events
and their causes will make the FMEA process more efficient.

The process of convincing and selling the action plan from FMEA is more
difficult than RCA, since many health care personnel may not be motivated
to change when no “real” event occurred. But just as the MET data helps
sell and convince personnel to try and to accept action plans from RCAs
(as described above), it will help promote FMEA action plans.

Safety Culture and High-Reliability Organizations
METs can also provide the tangible proof that the organization is serious
about the safety culture described for high-reliability organizations. MET
characteristics meet many of the criteria in 1 specific model of organiza-
tional change described by Rodgers (5). This model has been accepted and
applied by many organizations for many years.The theory looks at 5 crucial
factors for organizational change to occur:

1. Perceived relative advantage
2. Perceived as compatible with existing values and norms
3. Perceived low (or lack of) complexity
4. Trial-ability (ease of doing it on a trial basis)
5. Observe-ability (visibility of the change to non-experts)

As a contrast, one can see that the required safety method of RCA fares
only average in each of the 5 organizational change factors. For those con-
vinced that safety is an issue, they would positively perceive the relative
advantage RCA (factor 1). However, many novices would see the several-
hour process of RCA as burdensome when they believe the remedies, such
as enforcing policies, are apparent in minutes of analysis. RCA is also per-
ceived as somewhat compatible with existing values/norms (factor 2) and
high complexity (factor 3). Since RCA team meetings often occur weekly
and last 2 hours, busy clinicians would say that trialability is low (factor 4).
Finally, as evidenced in Carroll’s work (17), many RCAs result in train-
ing or policy changes that will not be viewed as really much of a change
(factor 5).

MET comes out much better than RCA when judged against each of the
5 crucial factors for organizational change. The following analysis assumes
that management of the organization is serious about rewarding, not pun-
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ishing, providers for calling for help early. Providers see a large relative
advantage to have an outside team deal with the clinical issues of their
patient efficiently and effectively (factor 1). Certainly if an organization
using MET has nearly the success with decreasing mortality and crisis code
frequency as some US and Australian hospitals, the relative advantage will
be clear to all stakeholders, from the boardroom to the classroom.

Calling for help early, accurate and reliable team communication, and
teamwork are the hallmarks of high-reliability organizations as well as
MET. Thus, Rodgers’ second factor, compatibility of values and norms, will
increase as the organization moves forward. In contrast, organizations that
do not value teamwork and constructive critique will have dissonance with
this crucial factor for change.

METs will have to be perceived as being of low complexity. This book
contains many examples of the importance of making METs seamless with
code teams, paging systems, and other hospital ward activities (see chapters
12, 17, and 18). Also, short lists of understandable, objective criteria for 
initiating METs increase organizational acceptance.

There are mixed aspects of METs when judging against the last 2 factors,
trial-ability and observe-ability of success in organizational change (factors
4 and 5). Some providers are unaffected by changes in the organization due
to MET implementation; for them, METs seem easy to try out. However,
a MET trial may not seem so easy or non-threatening to personnel in crit-
ical care units, existing crisis code teams, and others who play a role in
solving urgent or emergent problems. Fewer codes for acutely ill ward
patients can be understood more easily by non-experts, if they are made
aware of this. Changes in morbidity in critical care areas may not be as
appreciated by some management. However, in many facilities quality and
outcome measures of various types are now tracked by many non-direct
care providers, so visibility of better outcomes would be higher and orga-
nizational change more likely in those settings of transparency.

Patient Safety Overall

General concepts discussed in patient safety communities include normal-
ization of deviance and normalization of complexity—overly complex
phrases that get at the observations in health care of something being out
of place or hard to use. The general observations, if correct, also conspire
to permit certain complication rates for procedures and patient interven-
tions. Careful analysis of MET predecessors provides a stark set of data
about how health care devices have grown overly complex, or standard poli-
cies needlessly convoluted. Once again, the attention of health care per-
sonnel is focused on these issues by the criticality of the event (respiratory
or cardiovascular distress) and the fact that many of the events recur.
Implementation of METs will tend to move the norm: instead of trying to
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prevent deaths, organizations have a tool to prevent crises, and to help
prevent those crises that do occur from turning into a death. Calling for
help early can be promoted to become the norm instead of the exception
(22).

Conclusion

Using the prescribed patient safety tools of RCA or FMEA has only par-
tially helped health care organizations with the struggle to find and elimi-
nate system vulnerabilities. Organizations soon find that easy problems with
easy answers are not common. Fortunately, METs provide a service that is
complementary and supportive of other safety methods, since up to 30% 
of METs are associated with patient safety issues. METs are also needed
since there are many ingrained problems with human factors engineering
of systems, devices, and tools involved in resuscitation. That is, there are
intransigent constraints to the maximum effectiveness in dealing with 
cardiopulmonary emergencies. Most important are the MET features that
organizational theory and observation support as crucial success factors to
turning an organization into a highly reliable one, with a solid safety culture.
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25
Are Medical Emergency Teams
Worth the Cost?

Daniel Brown and Rinaldo Bellomo

Little information and evidence are available on the impact of change in
hospital systems and their economic evaluation. The cost implications of
system changes in resuscitation are not part of the previous literature or
historical background of how hospitals provide emergency care to their in-
hospital population. In an environment where return on investment and
providing the best possible quality care at the lowest possible price is para-
mount, there is no answer to what that cost amount totals.

This chapter will attempt to provide some information on the cost impli-
cations of implementing a MET system using information obtained from 2
teaching hospitals and from the Medical Early Response, Intervention, and
Therapy Study (MERIT). To understand costs, a quick explanation of the
MET system and the background of its development are presented.

Adverse events occur in all hospitals, and the reasons for them may not
always be evident (1). However, the cost to patients and the economy have
been estimated in the millions of dollars, at a range of $95 to $4485 US per
patient (2–5).These costs relate mainly to drug-related adverse events and
errors. A study conducted in New Zealand found that the average cost for
adverse events is $10264NZ per patient; adverse events are estimated to
cost the New Zealand health system $870 million NZ per year (6). In 
Australia, a study conducted in 1995 showed that between 10000 and 14000
Australians are likely to die of preventable deaths in acute care hospitals
each year. The Quality in Australian Health Care Study found that adverse
events would likely account for 3.3 million bed days and equate to $867
million AUS per year (7).

Issues of Financial Cost

If the MET system can identify these patients early and prevent them from
having a cardiac arrest or being transferred to intensive care units (ICUs),
what are the financial cost savings, and what are the monetary costs needed
to ensure that its implementation is effective?
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As already stated, the MET system needs to be implemented and
adopted across the entire hospital system, and there are costs associated
with its start up and maintenance. Ideally the MET system should have a
coordinator, someone who sees that the system is implemented and moni-
tored. In most large hospitals that have the MET system, this is usually a
nurse who has critical care experience. It is the coordinator’s responsibility
to ensure that flyers, calling criteria wall charts, and identification badges
are available, and that time is allotted in orientation programs to ensure
that all new staff members are aware of the system and how to employ it.
Using previous experiences, the cost of wall charts, flyers, identification
badges, and other related items in a large hospital would equate to approx
$7500. (Unless otherwise noted, costs are listed in Australian dollars, and
the exchange rate at the time of writing is 1 AUD = 0.75 US$).

Depending on the hospital size, the coordinator position can be full- or
part-time.A hospital with more than 400 beds would likely require full-time
management. Hospitals larger than 800 beds may require more than 1 staff
member to fill the role, and this may include another nurse or ICU fellow,
or clerical support. The responsibilities include educating new staff, col-
lecting data on MET calls, ensuring there is a roster of appropriately trained
staff on duty 24/7, and organizing regular MET meetings. They may also
need to review notes and disseminate the latest information on advanced
resuscitation, and maintain the equipment used by the MET. The average
cost of the coordinator position is around $47000 per year for a full time
registered nurse at $24 per hour. It should be noted that the forecasting of
costs for further staff has not been included and would certainly depend on
the numbers of calls. A large hospital might need to employ a dedicated
ICU fellow on the team (at least for a large part of the 24-hour cycle) to
assist with research, while secretarial support to the MET coordinator may
be required. A computer and printing costs for the year would add around
$10000.

Most hospitals that use cardiac arrest teams have advanced resuscitation
equipment available on every ward. This is not cost effective, as equipment
maintenance is costly and checking the equipment is time consuming. It is
also important to note that many hospitals use contracted external staff and
so this equipment may go unchecked for some time (18). The MET takes
its own equipment and relies on ward staff to provide basic life support
until the team arrives with the necessary resuscitation equipment. It is
important to note that all nursing and medical staffs in Australian hospitals
are accredited each year on basic life support, so this system allows them
to use the skills that they have already been taught. The MET system does
not advocate the removal of advanced resuscitation equipment from criti-
cal care or high dependency areas of the hospital. The MET equipment
comprises a trolley, bag and mask ventilation equipment, defibrillator, and
a backpack containing circulation and respiratory packs, emergency drugs,
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and other consumables. Most large hospitals would require 2 of these setups
in case there is more than 1 MET call at a time. The estimated cost of the
MET equipment is approx $45000 with a further $8000 for consumables
per year.

Allowing for part-time clerical support to assist the coordinator at a cost
of approximately $23000 per year, the total start-up cost is around $133000
while the maintenance each year is approximately $83000.

Hospitals around the world spend millions of dollars to set up and main-
tain fire safety programs to provide patient safety. Yet the numbers of
deaths from in-hospital fires is extremely low (19). Why not look at cheaper
alternatives for fire safety and ensure that money is spent on an early
warning system such as the MET? This is not to say that fire safety should
not be ensured in hospitals, but simply that fire prevention is a patient safety
issue that costs a lot and has very little measurable benefit.

The Data

In a 650-bed tertiary and referral hospital in South Western Sydney,
Australia, an observational study was conducted over a 12-month period
reviewing all the MET calls (for patients over 14 years of age) that had
occurred to ascertain its economic impact. Although not published, the
results show 855 MET calls on 625 patients; of these 625 patients, 477
remained on the ward, meaning that 148 patients were transferred to ICU.
Of these ICU patients, 79 required ventilation. The study found that the
ICU group stayed on average 5.9 days longer than those left on the ward.
The average cost per day of an ICU bed in Sydney is just over $3122 (20),
and if one multiplies that by the 6 days, the savings are $18737 per patient.
Bristow et al. (15) has suggested that the MET may have the ability to
prevent 60 patients per 10000 admissions from being transferred to ICU in
a hospital with approximately 50000 separations (admissions) a year, as was
the case in this study hospital. This would equate to 300 patients each year
and a potential saving of $5.6 million a year. In a further recent study 
comparing the incidence of cardiac arrests in a large teaching hospital, the
introduction of a MET system was associated with an 80% decrease in post-
cardiac arrest ICU bed days and an 88% decrease in post-cardiac arrest
hospital bed days (Figure 25.1 and 25.2) (17). This decrease represented a
savings of approximately $3 million per year for cardiac arrest patients
alone. In the same institution, the introduction of a MET system also
reduced overall length of stay for patients having major surgery (Figure
25.3) (21). Given the yearly throughput of such patients in that teaching
hospital, this would translate to savings of approximately $9 million annu-
ally. In the same study, unplanned ICU admissions in patients having major
surgery were reduced by 44.4%, representing a further approximate saving
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of $1 million. Given these observations, it is difficult to argue that the intro-
duction of a MET system is too costly.

In addition, costs attributed directly to in-hospital cardiac arrest studied
recently in the United Kingdom state that the average cost of resuscitation
is just over £928. However, for the patients that survived more than 24 hours
post-cardiac arrest the cost was £1589 (22). If these costs were similar in
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Australia, for the MET system to be cost effective in a large hospital it
would need to prevent 55 cardiac arrests or 26 unplanned ICU admissions,
or a combination of both. In the study quoted above (17) it prevented 133
cardiac arrests per year and also 133 unplanned ICU admissions per year.

There are non-monetary costs and non-monetary gains associated with
METs as well. The non-monetary costs might relate to issues of hospital
politics: for example, if the introduction of the MET does not occur along
appropriate lines of broad consensus and information, some colleagues
(medical or nursing) and/or specific units may become alienated and hostile.
If execution is not inclusive, the same might happen. There might be a
deskilling effect on junior staff. As argued elsewhere in this chapter and
book, we believe this is not the case.

There are likely non-monetary savings associated with the MET, which
are not easily assessed, and which go beyond improved patient outcomes.
They include an effect on family complaints about the care received by their
relative while in the hospital, an effect on medico-legal liability, and, in a
competitive health care environment, an impact on the marketing of an
institution to the community. The possible non-monetary costs and benefits
are summarized in Table 25.1.

Does the MET System Have Flaws?

A common concern about the MET system is that it might “deskill” ward
staff in relation to advanced resuscitation. But do ward staff have those
skills in the first place, and if so how often do they ensure their skills are
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maintained? We believe it would make more sense that ward staff should
be trained to identify potentially critically ill patients through clinical ob-
servation, and then to alert appropriately trained members of staff who
practice these skills on a daily basis.

Another concern is that the MET system may be turning many “unex-
pected deaths” into “expected deaths” simply by making more patients do-
not-resuscitate status when the team arrives and evaluates the situation.
This would decrease a hospital’s unexpected death rate in an artificial way.
On the other hand, if the MET system facilitates the making of appropri-
ate, compassionate, dignified, and respectful end-of-life decisions, then we
consider such changes desirable.

Conclusions

Available data suggests that the cost of implementing a MET system is rel-
atively small, and that financial savings far exceed the costs. Other indirect
non-monetary savings may also occur. More importantly, the data also 
suggests that METs save lives, prevent cardiac arrests, and decrease post-
operative complications. We believe that the MET system is a cost-
effective intervention for any modern hospital, provided it is implemented
thoughtfully and according to the principles outlined in other chapters in
this book. METs are clearly worth the cost and effort.
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Table 25.1. Indirect possible non-monetary costs and benefits of Medical 
Emergency Teams
Costs

Antagonism from other physicians
Antagonism from other nurses
Antagonism from one or more units
Deskilling of junior staff
Temporary removal of ICU staff from care of ICU patients
Increased level of technology utilization
Increased level of ICU utilization
Increased use of pharmaceutical agents

Benefits

Marketing advantage in a competitive health care environment
Decreased patient or family complaints
Greater medico-legal protection and decreased liability
Defense against litigation
Improvement in identification of patients requiring palliative care
Avoidance of unnecessary ICU admissions
Teaching of junior staff under safer circumstances
Decrease in job-related stress for ward nurses
Decrease in job-related stress for trainee doctors
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