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1.1 Introduction
Medication errors are believed to be a leading 
cause of avoidable harm to patients around the 
world, with an estimated cost of US$42 billion per 
year worldwide. In the end, human error is inevi-
table, but many of these errors actually relect fail-
ures in the design and resourcing of the system 
within which medications are administered to 
patients, and some relect violations of safe medi-
cation practices. hus, much could be done to 
improve medication safety. To this end, the World 
Health Organization (WHO) recently launched its 
third global patient safety challenge, “Medication 
Without Harm.” Its goal is to reduce the level of 
severe, avoidable harm related to medications by 
50% over 5 years, globally (1,2).

It has been estimated that 5% of all patients 
who are admitted to a hospital experience a medi-
cation error, and that an average hospital will have 
one medication error every 22.7 hours or every 
19.7 admissions. hese data come from a very 
large study, where 1116 hospitals reported 430,000 
medication errors, of which 17,338 adversely 
afected patient outcomes (3). In a recent study 
from the United States, 5.3% of medication admin-
istrations during anesthesia involved an error, an 
adverse medication event, or both, and 79% were 
considered  preventable (4). Medication errors are 
the most common of all medical errors (5,6) and 
pose a tremendous emotional and physical cost to 
patients and economic burden to our health system 
(7,8). Clearly, medication error is a major source of 
risk and adverse events for our patients.

Occasionally, medication errors have devastat-
ing consequences and generate national attention 
(Box 1.1). However, these seriously harmful events 
come from a tiny fraction of the vast number of 
medications administered every day. Could one 
argue, then, that this harm is simply the cost of 

doing business, that errors will happen, and that 
attempting to eliminate these errors is not worth 
the tremendous efort required to understand 
and rectify the processes that make us vulnerable 
to both error and harm? Certainly, the majority 
of errors that are either reported or observed are 
minor, many do not reach the patient, and of those 
that do, most are essentially harmless. Indeed, in 
a study of intensive care unit medication errors 
reported to the United States Pharmacopeia’s MED-
MARX and to the United Kingdom’s National 
Reporting and Learning System, only 3.4%–5% of 
all medication errors reported involved harm to a 
patient, and only 0.03%–0.1% resulted in death (9).
A central theme of this book is that, to the contrary, 
the fact that most medication errors are of little 
consequence has unjustiiably given rise to a cul-
ture of dangerous complacency. An argument of 
this type provides no answer for the young mother 
who died when bupivacaine for an epidural injec-
tion was given intravenously (this case is discussed 
in detail in Chapters 10 and 13) (19), the 153 young 
patients who died of vincristine administration 
errors (Box  1.1) (18), the babies lost to heparin 
overdoses (20), and 18-month-old Josie King and 
her lethal opioid administration (21) – in each of 
these examples, a medication error cost a patient’s 
life and let behind a devastated family who will 
never forget that their loss was preventable.

1.2 A Road Map to the Book
In this book we explore the landscape of medica-
tion errors as we understand it today, with a focus on 
advancing the cause of safe medication management 
for patients as they traverse a pathway from living in 
the community, preparing for a surgical operation, 
being admitted to a ward and then an operating 
room, going back to a ward, and then returning to 
their community. Of course, medication errors in 
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particular and errors in general are not conined to 
this perioperative period. However, this tends to be a 
period of increased complexity in any patient’s care. 
It is characterized by changes in routine medications 

before, during, and ater surgery, and the additional 
administration of potent medications for the pro-
vision of anesthesia, for the postoperative relief of 
pain, for the prevention of nausea and vomiting, and 

Box 1.1 The tragic story of vincristine

Discovered in the 1950s by Canadian scientists Rob-

ert Noble and Charles Beer, vincristine, vinblastine, 

and other vinca alkaloids have saved countless lives. 

These were among the earliest, and are among the 

most effective, chemotherapeutic agents available; 

they have been used in the battle against breast can-

cer, osteosarcoma, Hodgkin lymphoma, small-cell 

lung cancer, and brain tumors, to name but a few. 

But these agents are incredibly aggressive vesicants: 

they become merciless killers when delivered via 

the wrong route. Although vincristine is not typically 

used during anesthesia and the perioperative peri-

od, many of the points illustrated by the vincristine 

story are of general relevance to medication safety, 

and the story serves as an excellent introduction to 

the themes of this book.

A typical regimen for brain cancer includes 

methotrexate given intrathecally, with vincristine 

given intravenously. A typical chemotherapy visit 

would have a young patient come to an outpa-

tient setting, where the pharmacy delivers both the 

methotrexate and the vincristine, all too often in 

very similar syringes. The perceptive reader should 

now have a sense of dread.

The first case of fatal ascending myeloen-

cephalopathy and death caused by inadvertent 

administration of vincristine into the intrathecal 

space was reported in 1968 (10). It was learned 

that intrathecal vincristine  initiates a uniquely 

horrifying scenario: The young patient, told of 

the error, knows that he or she faces a rapidly pro-

gressing neuropathy, and an ascending encepha-

lopathy that will lead inevitably and painfully 

progress to paralysis, coma, and then death. Over 

the subsequent 50 years, it is estimated that 135 

patients have died (11), with the most recent case 

reported in 2018 (12). The true incidence is not 

known. Despite multiple safety alerts and highly 

publicized criminal prosecutions of some of the 

doctors involved in these tragedies, patient after 

patient has continued to die as a consequence of 

this known, predictable, and preventable medica-

tion error. And each skilled and compassionate 

physician who made this error while trying to do 

the right thing will have been beset by incredible 

guilt, and potentially even suicidal thoughts, as 

they are forced to watch a young patient, whom 

they hoped to save, die from this error (13).

The provision of vincristine and methotrexate, 

both in syringes and both with white labels, fits perfect-

ly what James Reason has described as an error trap.

The MD Anderson Cancer Center in the U.S.  

designed and implemented a solution to this dev-

astating error in 1980, dispensing vincristine only 

in 50-mL minibags, and never in syringes. Unfortu-

nately, the involved pharmacists did not publish this 

method widely. In 2001, Trissel and colleagues pub-

lished a paper (14), accompanied by an editorial (15), 

encouraging all to adopt this practice. Shortly thereaf-

ter, the Institute for Safe Medication Practices  Canada 

(ISMP Canada) published a safety bulletin endorsing 

this approach. This safety bulletin was followed by 

a sentinel event alert from The Joint Commission 

in 2005 (which has now been retired and updated), 

and one from the WHO in 2015 (16). Despite a clear 

mechanism to decrease the risk of this tragic event, an 

international survey in 2012 reported that a third of 

institutions overall, and 45% of United States hospi-

tals, continued to deliver vincristine in a syringe (17).

In 2010, Noble and Donaldson wrote of the “classic 

systems error which has proved intractable for nearly 

40 years” (18). The failures to learn from history, to 

communicate safety solutions, and to develop robust 

physical design changes that they cite are central 

themes to this book.

We acknowledge the incredible loss and pain that 

these errors have inflicted. This is a prime case of there 

but for the grace of God go I. Most of us who practice in 

anesthesia and perioperative medicine live in fear of 

one day committing an error that causes serious harm 

to a patient entrusted to our care. This book is for the 

patients that we as a profession have harmed through 

medication errors and their loved ones, particularly 

those who are bereft forever because of these errors. 

It is also for those idealistic, dedicated, and compas-

sionate people who (like us) work in healthcare and 

who, in spite of their very best efforts, to their deep 

distress, have inadvertently harmed the very patients 

they have been trying so hard to help. Medication 

safety is not easy. We hope that this book can contrib-

ute, at least in a small way, to making healthcare safer 

for patients and also for their caregivers.
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for various other aspects of postsurgical patient care. 
In general, then, our focus is on data from the perio-
perative period, but from time to time we extend the 
boundaries of our exploration to include data from 
other clinical contexts because some studies mingle 
medical and surgical populations, and some studies 
that do not include surgical patients are of general 
relevance.

In this introductory chapter, we outline the 
extent of the problem of medication error in gen-
eral and explain why we have chosen to focus on 
medication error in anesthesia and the periopera-
tive period. We provide an outline of the book’s 
contents. Substantial variation in terminology 
about diferent types of events related to the use of 
medications is to be found in the literature, so in 
the interests of clarity, we next present deinitions 
that we use in this book. We move to a discussion of 
measurement in the context of medication safety. 
Measurement is generally held to be important 
for improving any aspect of healthcare, but once 
again, there has been substantial variation in the 
way this has been done in the studies reviewed for 
this book. Our hope is that this discussion may be 
useful not only for readers who need to interpret 
this literature but also for those who are planning 
future research in this ield.

In Chapters 2 and 3, we consider failures in med-
ication safety before the patient reaches the operat-
ing room, in the operating room, in the intensive 
care unit (ICU) and in the postoperative ward. In 
Chapter 4, we explore the efects these errors have 
on patients and their families. In this book, we use 
the term “family” to mean all those people who 
are close to and important to the patient. Some of 
these might be relations of the patient by blood or 
marriage and others might not. he boundaries 
to which harm from an adverse medication event 
extends are wide. In fact, these boundaries oten 
extend to include the practitioners responsible for 
the care of the patient at the time an adverse medi-
cation event occurs. We discuss this important and 
rather complex issue in Chapter 5. We largely reject 
terminology that extends the concept of being “a 
victim” from the injured patient to those who were 
actually responsible for providing that patient with 
safe care. At the same time, we acknowledge that the 
consequences to such a practitioner may at times 
be out of proportion with any degree of blamewor-
thiness pertaining to the event, and that managing 

these consequences is important for the efective 
and safe provision of ongoing patient care.

In Chapter 6, we discuss the complexity that 
underpins the seemingly simple processes of med-
ication management in anesthesia and the perio-
perative period and consider how these processes 
can at times go wrong. In Chapter 7, we look at the 
human element within the system, the nature of 
human error, and the reasons why admonitions to 
simply try harder or be more careful are generally 
useless. In Chapter 8, we introduce the subject of 
violations, distinguish violations from errors, and 
argue that minor violations are endemic in health-
care and are a substantial contributor to avoidable 
adverse medication events. he importance of 
violations in the generation of adverse medication 
events is a second key theme of the book, closely 
aligned with the theme of a dangerous compla-
cency about medication errors. Improving medi-
cation safety depends on redesigning the system to 
reduce the likelihood of error, but system redesign 
will only occur if administrators and clinical lead-
ers decide that investing in medication safety is a 
priority and will only be efective if practitioners 
take advantage of such investment by following 
safe practices conscientiously.

In Chapter 9, we move to solutions. We present 
some examples of front-line interventions and pro-
cess changes that have been shown to reduce the 
likelihood of errors as well as interventions that 
seem obvious as critical steps toward improved 
safety. In Chapter 10, we extend this discussion to 
aspects of medication safety in special contexts, 
given the large gap between medication practices 
(and safety) and the economic resources to address 
them in high-income countries and also in low- 
and middle-income countries.

Chapters 11 and 12 are devoted to the question 
of accountability for medication safety. On the face 
of it, medication safety should be a given in our 
hospitals as much as sterilization of surgical instru-
ments. However, it oten seems that the law is less 
than efective in proactively ensuring safe practices 
in healthcare, and the litigation or prosecution that 
may occasionally follow a catastrophic medication 
event sometimes seems only to make terrible situa-
tions worse without substantially reducing the risk 
of similar events in the future. We consider some 
of the legal and regulatory approaches that operate 
in various countries today and discuss changes that 
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would support a “just culture” and thereby contrib-
ute efectively to improving medication safety.

he challenge lies not so much in knowing 
what to do to improve medication safety as in actu-
ally doing it. In Chapter 13, we acknowledge that 
change is hard to achieve, and ask why, for example, 
so many hospitals have resisted adopting a safer way 
to prepare vincristine and methotrexate for admin-
istration to patients (18). Nearly 20 years ago, Merry 
and colleagues described a multifaceted approach 
to safe medication delivery during anesthesia (that 
included barcoding) (22), and several studies have 
subsequently demonstrated the potential of such an 
approach to reduce medication errors in anesthesia 
(23–27). he Australian and New Zealand College of 
Anaesthetists published the irst edition of its profes-
sional document “PS51 Guidelines for the Safe Man-
agement and Use of Medications in Anaesthesia” 
over 10 years ago (28). Ten years ago, the Anesthesia 
Patient Safety Foundation published its “New Para-
digm” for medication safety during anesthesia (29). 
Certain core concepts of medication safety underpin 
all three of these approaches, and these have been 
captured in two systematic reviews (30,31). Given all 
of this, we ask why it is that only a handful of hospi-
tals around the world have implemented these prin-
ciples, even in wealthy countries.

In Chapter 14, we return to our patients’ stories, 
and to why medication safety in anesthesia and the 
perioperative period matters so much. We dis-
cuss a multilevel framework within which greater 
eforts could be made to manage the numerous 
domains of the medication process within safe 
limits. We inish with a call to arms, concluding 
that concerted action is long overdue to ensure that 
patients undergoing surgery receive safe manage-
ment of their medications during anesthesia and 
the perioperative period.

1.3 Some Deinitions and Concepts
hroughout this book, we use the term “medi-
cation” rather than “drug,” as the term “drug” 
includes nonprescribed substances that alter 
physiology, while “medication” deines the smaller 
subset of drugs that are given for the express pur-
pose of diagnosing or treating a disease state. hus, 
when medications are involved, although the term 
“adverse drug event” (ADE) is in common use, we 
use the more speciic term “adverse medication 
event” (AME).

1.3.1 Deinitions of Medication Error
One of the challenges in understanding the nature 
and rate of medication error lies in the multiplicity 
of relevant deinitions. his variation in deinition 
contributes to a substantial variability in the report-
ed rate of medication errors, which is compounded 
by variation in the methods used in diferent stud-
ies. Several authors have attempted to analyze these 
diferences and synthesize a uniformly accepted set 
of deinitions (32–35). Unfortunately, that has not 
yet occurred. Although some of the deinitions set 
out by societies and agencies are quite similar, a 
uniform terminology has not been widely adopted 
by researchers. Lisby and colleagues (36) reviewed 
45 studies that provided deinitions of medication 
errors and found 26 diferent forms of wording in 
relation to errors. Among these studies, the cited 
rate of “medication error” ranged from 2% to 75%, 
in large part because of varying deinitions.

For the purposes of this book, we use the fol-
lowing deinitions, adopted or modiied from vari-
ous sources (27–34,37–39).

Drug: Any substance other than food that, when 
inhaled, injected, smoked, consumed, absorbed 
via the skin, or dissolved under the tongue, 
causes a physiological change in the body. Drugs 
include medications and other agents taken to 
efect a physiological change in an individual. 
Vodka is an example of a drug that is not a 
medication; ketamine, owing to its recreational 
potential, can be both a medication and a drug.

Medication: A legal drug that is intended for use 
in the diagnosis, cure, mitigation, treatment, 
or prevention of disease. Medications may be 
prescribed by clinicians, directly administered 
by clinicians without prescription, or obtained 
over the counter without prescription. Many 
AMEs in anesthesia and the perioperative 
period involve medications of the irst 
two categories, but even over-the-counter 
medications can cause harm, including through 
interactions with prescribed medications. he 
term “drug-drug interaction,” unlike the term 
“medication-medication interaction,” includes 
interactions involving substances oten taken 
by patients such as marijuana, alcohol, and 
herbal remedies that are not medications.

Error: An error is unintentional; it involves either 
the use of a lawed decision or plan to achieve an 
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aim, or the failure to carry out a planned action 
as intended.1

Violation: A violation is an intentional – but not 
malevolent and not necessarily reprehensible – 
deviation from those practices deemed necessary 
(by designers, managers, or regulatory agencies) 
or appreciated by the individual as advisable 
to maintain the safe operation of a potentially 
hazardous system.2

Harm: Impairment of the physical, emotional, 
or psychological function or structure of the 
body, including pain.

Medication incident: Any irregularity in the 
process of medication management.3

Adverse medication event (AME): A response 
to a medication that is undesired and causes 
harm. AMEs can be avoidable (e.g., an allergic 
reaction ater giving penicillin to a patient 
with a known allergy) or unavoidable (e.g., 
an allergic reaction ater giving penicillin 
to a patient with no prior history of adverse 
reaction to penicillin). Undesired or harmful 
efects of the failure to administer an indicated 
medication should be included in AMEs.

Medication error: An error4 in any part of the 
medication process, irrespective of whether it 
reaches the patient or of its outcome.5

Figure 1.1 presents a schematic of the various types 
of incidents associated with the medication pro-
cess. Figure 1.2 presents a similar schematic, this 
time with real data from the observational study of 
intraoperative medication events by Nanji et al. (4).

We already noted that the majority of medica-
tion incidents involve errors or minor violations 
that cause little or no harm. In fact, many have no 

1 See Chapter 7 for discussion of this deinition.
2 See Chapter 8 for discussion of this deinition.
3 his deinition has been modiied from a deinition of 
an incident by Morimoto et al. in 2004 (40) by adding the 
word “medication” to indicate that its scope is conined to 
the context of this book; as discussed later in this chapter, 
the general concept of an incident is much broader.
4 As deined earlier.
5 he term “near miss” is oten used to describe a 
medication error that does not reach the patient, 
but some people view such events as “near hits” and 
prefer the term “close calls”: see www.youtube.com/
watch?v=zDKdvTecYAM, accessed January 25, 2020 
(personal communication, Professor Jan Davies).

serious potential to cause harm, such as admin-
istering acetaminophen instead of ibuprofen to 
a patient in the absence of a contraindication to 
acetaminophen (including the recent previous 
administration of acetaminophen, perhaps under 
a diferent brand name). Medication errors are 
at least theoretically preventable, and violations 
are certainly avoidable. Some adverse medication 
events arise from the innate properties of a medica-
tion, perhaps in conjunction with particular char-
acteristics of a patient, and are not preventable oth-
er than through advances in pharmacology (e.g., a 
Stevens–Johnson reaction in a patient without any 
history of sensitivity). Importantly, many AMEs 
may be ameliorable. We discuss the relevance of 
this to medication safety in later chapters.

1.4 Levels of Harm from 
Medication Errors
here are various taxonomies in the literature 
to describe the level of harm associated with a 

Medication

errors

Adverse

medication

events

Violations

A

B

C

Figure 1.1 Relationship between adverse medication 
events (AMEs), medication errors, and violations of safe 
practices. All errors and violations associated with the 
management of medications create the potential for 
an AME, but many are in fact without consequence (i.e., 
those not within intersects A, B, and C). Not all AMEs 
arise from errors or violations. Those that do (i.e., those 
within intersects A, B, and C) are potentially preventable, 
particularly those arising from violations. Note that violations 
predispose to errors, so some errors arise, at least in part, 
from violations. The term “medication incident” includes any 
irregularity in the process of medication management (i.e., 
any error, violation, or AME). The sizes of the circles are not 
intended to accurately represent the relative frequencies 
of these various categories of incidents (see Figure 1.2). 
Inspired by a figure from Morimoto et al. 2004 (40).
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medication error. In the early 2000s, on the heels of 
the publication of To Err Is Human, MEDMARX, 
which was established to facilitate electronic and 
anonymous reporting of medication incidents, 
was adopted by the United States Department of 
Defense as the incident reporting system for all mil-
itary hospitals. MEDMARX initially had just three 
levels of harm: near miss; error, no harm; error, 
harm. his quickly expanded to more complex 
standardized taxonomy with deinitions (see Table 
1.1), established by the National Coordinating 
Council for Medication Error Reporting and 
Prevention (NCC MERP). his severity index scale 
provides granularity for hospitals to understand 
their own error landscape and to compare their 
events with those in other institutions around the 
United States. Although many studies use the NCC 
MERP deinitions, there are still many reports that 
use their own unique deinitions of levels of harm. 
Indeed, we, like others, have chosen not to adopt all 
the deinitions recommended by the NCC MERP, 
notably in relation to deining a medication error 
(Box 1.2). Given that the NCC MERP deinition is 
strongly recommended and widely used, it is worth 

Table 1.1 National Coordinating Council for Medication Error Reporting and Prevention Index for Categorizing Medication Errors. 
Harm is “impairment of the physical, emotional, or psychological function or structure of the body and/or pain resulting therefrom.” 
Monitoring is “to observe or record relevant physiological or psychological signs.” Intervention “may include change in therapy 
or active medical/surgical treatment.” Intervention necessary to sustain life “includes cardiovascular and respiratory support 
(e.g. CPR, defibrillation, intubation, etc.).”

Error? Harm? Category

No error occurred No harm occurred A: Circumstances present or events occurred that have the capacity to cause error

An error occurred B: An error occurred but did not reach the patienta

C: An error occurred that reached the patient but did not cause patient harm

D: An error reached the patient and required monitoring to confirm that it 
resulted in no harm to the patient and/or required intervention to preclude harm

Harm less than death 

occurred

E: The error may have contributed to or resulted in temporary harm to the 
patient and required intervention

F: The error may have contributed to or resulted in temporary harm to the 
patient and required initial or prolonged hospitalization

G: The error may have contributed to or resulted in permanent patient harm

H: The error required an intervention to sustain life

Death occurred I: The error may have contributed to or resulted in the patient’s death

Source: This table is derived from the diagram at www.nccmerp.org/sites/default/files/indexColor2001-06-12.pdf with some 
modification.
Note: An Algorithm for Categorizing Medication Errors according to this index is available at www.nccmerp.org/sites/default/
files/algorColor2001-06-12.pdf.
aIn the diagram from which this table is derived, a comment in parentheses states, “An error of omission does not reach the 
patient.”  We disagree in that the consequences of such an error may well reach the patient and cause harm (e.g., awareness if 
an anesthetic agent is omitted). Similarly, in category D, it is arguable whether the requirement for an intervention is or is not a 
form of harm.

Nonpreventable

AMEs

Preventable AMEs

Nonintercepted

Little

potential for

harm

Medication

Errors
AME

405132

4 66

Near misses

(20.7%)(26.4%)(16.6%)

(2.1%) (34.2%)

Intercepted

prior to

reaching

patient

Figure 1.2 The 193 events detected in a study by Nanji 
et al. (4) included 153 (79.3%) medication errors (MEs) and 91 
(47.2%) adverse medication events (AMEs). Nanji et al. used 
the term “adverse drug events”; we updated the figure per 
our definition. A single event could involve both an error and 
an AME. Of these events, 40 (20.7%) were AMEs that did not 
involve a ME, 51 (26.4%) were MEs that led to an observed 
AME, 70 (36.3%) were MEs with the potential for an AME (4 
intercepted and 66 not intercepted), and 32 (16.6%) were 
MEs with little potential for harm. No attempt was made in 
this study to explicitly identify violations. Reprinted with 
permission from Nanji et al. 2016 (4).
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explaining our reasons for this. In practice, there 
is considerable overlap between our deinition and 
that of the NCC MERP, and it is likely that for many 
purposes the same events would be captured using 
either deinition. However, there are some impor-
tant diferences, which are explained in the caption 
of Box 1.2.

he harm typically reported or observed with 
medication errors is usually overt, tightly coupled 
with the medication error (coupling is discussed 
in Chapter 6), and closely related to it tempo-
rally (e.g., cerebral hemorrhage in an infant who 
received a 10-fold overdose of heparin) (20). How-
ever, overt harm may represent only the tip of the 
iceberg, because much of the harm from medica-
tion errors is actually covert. Covert harm may 
occur some considerable time ater the relevant 
error and may not be tightly coupled to that error. 
A classic example of this is a surgical site infection 
occurring days ater a missed redosing of prophy-
lactic antibiotics intraoperatively, an error that 
may or may not have contributed to this compli-
cation. An even more covert example is that of a 
fall precipitated by unsteadiness induced by a mild 
overdose of pain medication or sedation. hese 

covert errors are not usually captured in studies on 
AMEs, in part because the people making them are 
oten not aware of having done so, and therefore do 
not report them.

1.5 Measurement and Medication 
Safety in Anesthesia and the 
Perioperative Period
From the earliest days of anesthesia, there has 
been interest in measuring the harm that may arise 
speciically from the use of potent and potentially 
dangerous medications that is intrinsic to this spe-
cialty. Interest in measuring medication errors on 
the ward and in intensive care units during the 
perioperative period has tended to be aligned with 
investigations into medication errors in general. 
he third safety challenge of the WHO (mentioned 
earlier) extends even further, beyond the bound-
aries of the hospital into primary care settings. 
A patient undergoing surgery may experience a 
failure in the safe management of medications in 
any of these contexts, but very little research has 
attempted to capture the totality of this experience 
in a single study.

1.5.1 Early Days of Measuring Harm 
Associated with Anesthesia
he irst documented death from anesthesia was 
that of Hannah Greener at the age of 15 years, 
during the administration of chloroform for the 
removal of an infected toenail on January 28, 1848. 
Discussion over the exact cause of this death has 
continued until recent times, but a fatal arrhyth-
mia associated with the use of chloroform is cer-
tainly a likely possibility. A likely alternative pos-
sibility was aspiration (41). Within 15 months of 
Hannah Greener’s death, Dr. Snow published the 
irst study of anesthetic deaths (42). He attributed 
most of the deaths associated with chloroform in 
this study to what he called “cardiac paralysis” and 
later described how vaporization of chloroform, 
being distinctly diferent than that of ether, had 
an extremely narrow margin of error between the 
concentration of chloroform required for anesthe-
sia (5%) and that resulting in death (10%) (43).

Despite Dr. Snow’s recognition that deaths 
were oten due to too high a concentration of chlo-
roform and preventable with proper instruments, 
the prevailing view between the 1850s and the end 

Box 1.2 The National Coordinating Council 
for Medication Error Reporting and Preven-
tion definition of a medication error (38). 
The definition used in this book differs from 
this definition in that this definition would 
include violations and the malevolent use 
of a medication with intent to harm, both of 
which are excluded by ours; our definition 
also replaces the listed possibilities with 
the phrase “any part of the medication pro-
cess” (which is arguably more inclusive) and 
emphasizes that the definition of an error 
does not depend on outcome.

A medication error is any preventable event 
that may cause or lead to inappropriate medi-
cation use or patient harm while the medica-
tion is in the control of the healthcare profes-
sional, patient, or consumer. Such events may 
be related to professional practice, healthcare 
products, procedures, and systems, including 
prescribing, order communication, product 
labeling, packaging, nomenclature, com-
pounding, dispensing, distribution, adminis-
tration, education, monitoring, and use.
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of World War II was that the occasional “anesthetic 
death” was an inevitable concomitant of the medi-
cations used for anesthesia (44). In 1948, Robert 
Macintosh, Nuield Professor of Anesthesia at 
Oxford, published a scathing challenge to this 
concept. He stated that “there should be no deaths 
due to anaesthetics” and advocated that attention 
should be diverted from developing new anes-
thetic drugs to training young “anaesthetists” (i.e., 
anesthesiologists) in “the care of the unconscious 
patient and in the correct administration of the 
time-proved anaesthetics readily to hand in any 
hospital” (45). A few years later, in the Crawford 
Long Memorial Lecture during the Fourteenth 
Annual Postgraduate Course in Anesthesiology at 
Atlanta, Georgia, Arthur Keats challenged what he 
called an excessive emphasis on mistakes in anes-
thetic practice (46). He reminded his audience 
(and subsequently his readers) that many of the 
medications (and techniques) used in anesthesia 
are potent and potentially lethal. He argued that 
AMEs (which he called ADEs) were not always 
preventable, that pharmacologic advances were 
important, and most importantly that great care 
should be taken in attributing the cause of any 
death associated with anesthesia. He suggested 
that only 10% of anesthetic deaths were attribut-
able to error and provided an early warning against 
too ready a tendency to assign blame when things 
go wrong.

he irst substantial investigation into anes-
thetic mortality in the era ater World War II was 
undertaken in the United States by Beecher and 
Todd, who conducted a detailed examination of 
the results of 599,548 anesthetics given at 10 insti-
tutions between 1948 and 1952. heir objective was 
to establish the rate of death primarily attributable 
to anesthesia (which they found to be 1 in 2680 cas-
es) and in which anesthesia was an important fac-
tor (1 in 1560 cases) (47). hey were also interested 
in why these deaths occurred and in their relation-
ship to various medications used during anesthe-
sia (including, among others, curare, the vapors 
and gases of that day, and local anesthetic agents 
administered spinally). Further studies followed 
from Dripps et al. (48), Cliton and Hotten (49), 
and others. Unfortunately, diferences in deini-
tion and methodology made it diicult to compare 
results between studies and therefore diicult to be 
sure about improvement over time in anesthetic 

safety (50,51). A systematic review by Bainbridge 
et al. (52), conducted 10 years later, provided clear 
evidence of dramatic improvements in anesthetic 
mortality over time, particularly in high-income 
countries (the risk in low-income countries is 
oten two to four times higher.) Nevertheless, these 
authors still comment on disparate deinitions 
between studies, even in relation to the time frame 
for data collection. he one source of data collected 
on anesthetic mortality longitudinally in a consist-
ent manner is to be found in Australia.

In Australia, in 1959, Ross Holland persuaded 
the Government of New South Wales to establish 
the Special Committee Investigating Deaths Under 
Anaesthesia (SCIDUA). he work of this commit-
tee was extended around Australia and then to New 
Zealand and now continues under the overall coor-
dination of the Australian and New Zealand Col-
lege of Anaesthetists, which publishes a triennial 
report containing epidemiologic data and recom-
mendations for improved safety. here is no doubt 
from these reports that the safety of anesthesia has 
improved dramatically over the years since SCID-
UA was irst established. he most recent of these 
reports gives an estimated rate of anesthesia-relat-
ed mortality of 1 per 57,023 cases or 2.96 deaths 
per million population per annum. Furthermore, 
the vast majority of the deaths in today’s era involve 
elderly patients (87% were over 60 years of age) and 
patients with comorbidities (93% were ASA III-V). 
Interestingly, in light of the likely causes of Han-
nah Greener’s death, of the 23 deaths where it was 
“reasonably certain” that the cause was anesthesia, 
6 were due to cardiac arrest and 6 to aspiration. A 
further 7 were due to anaphylaxis, 2 to hypoxia 
following the loss of the patient’s airway, and 2 to 
strokes following accidental arterial placement of 
central venous catheters. Many comments in the 
report address aspects of management of medica-
tions used by anesthesiologists. he average num-
ber of contributory factors per death is now very 
low indeed, at 1.03, suggesting high standards of 
care overall (53).

his picture is one in which improvements 
have occurred in all aspects of the provision of 
anesthesia. Snow and Keats were correct: Many of 
the medications and techniques used in anesthe-
sia did carry inherent risk in their day, and even 
ater much development, they still do. Macintosh 
was also correct in calling for better training of 
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anesthesiologists. he standard of this training in 
high-income countries is now excellent. However, 
even well-trained anesthesiologists using modern 
medications and equipment can and do make mis-
takes, and systemic factors can and do contribute 
to adverse events in healthcare. he understanding 
of the importance of these factors in safe medica-
tion management in anesthesia and perioperative 
medicine owes its origins to leaders such as Jef 
Cooper and Dave Gaba, among others (54–61). In 
an important initiative in 1987, Jeep Pierce led the 
formation of the Anesthesia Patient Safety Foun-
dation, with the mission that “no patient shall be 
harmed by anesthesia” (61–63). All the reports 
referred to in this section, including the most 
recent, emphasize the need for ongoing improve-
ment if this mission is to be fulilled.

1.5.2 Metrics for Measuring the Rate of 
Medication Errors
It is a widely held tenet that measurement is fun-
damental to improvement. Medication errors turn 
out to be quite diicult to quantify. Some investiga-
tors have used the terms “incidence” and “preva-
lence” in attempting to do this. “Incidence” is gen-
erally understood to be the number of new cases 
per population that develop a certain condition in 
a given time period; “prevalence” is the proportion 
of a population who have a speciic characteristic 
in a given time period. Given that a medication 
error is an event rather than a condition, that a 
single patient may experience more than one of 
these events during a particular clinical episode, 
and that the likelihood of this may be inluenced 
by the number of medications administered to him 
or her within a particular clinical episode as well as 
the number of clinical episodes, “rate” is probably 
a better term for describing how oten medication 
error occurs. Even then, the denominator needs to 
be deined. Possibilities include the rate of errors 
per medication administration, rate per anesthetic, 
rate per hospital day, rate per hospital admission, 
and many others.

One of the most rigorous metrics used to report 
rates of medication error uses the total opportuni-
ties for error (TOE) as its denominator (see Table 
1.2). TOE is deined as the total number of doses 
given, whether correct or incorrect, plus any omit-
ted doses, or as the total number of doses sched-
uled plus any extra doses given (64). TOE rates are 

oten presented as “with timing errors” or “without 
timing errors” (64). he rationale for this report-
ing scheme is that nurses oten give medications 
early in order to complete all administrations prior 
to going of shit or because they have so many to 
give that some are necessarily late. As we discuss 
in Chapter 3, these minor variations in timing sel-
dom cause harm to a patient, so there may be an 
argument for omitting these particular events, or 
for setting limits of tolerance within which timing 
variations are deemed to be acceptable.

A common metric used in calculating rates of 
error is that of overall medication errors, where 
each dose or prescription can be judged only cor-
rect or incorrect. his metric can be applied across 
the entire medication process from prescription 
through monitoring, or to any single phase of the 
process. Another metric is the total number of errors 
(TNE), where a single medication administration 
could have multiple errors, including improper 
preparation or dilution, wrong dose, wrong time, 
or even wrong documentation. Even when precise 
deinitions of this type are used, variability contin-
ues to be seen in reported rates. For example, sys-
tematic reviews over the years have reported error 
rates based on TOE ranging from 1.7% to 72.5% 
(64), because of wide variations in the deinitions 

Table 1.2 Some metrics used to measure rates of medication 
error

Metric Comments

Medication 
errors per total 
opportunities for 
error

Total opportunities for error may be 
defined in various ways:

• Total doses due + total as-needed doses

• With or without timing error

• Can include each medication as a 
single opportunity for error, or as 
presenting an opportunity for error at 
each phase

• Can count only a single error per 
opportunity (each medication 
is thus binary) or count multiple 
errors (e.g., in prescribing phase, 
used dangerous abbreviation and 
omitted dose)

Medication 
errors per patient

• Can be binary (e.g., a patient does 
or does not have at least one error 
during his or her stay)

• Can be cumulative (how many errors 
any given patient experienced, from 
0 on up)

Medication 
errors per 1000 
patient days

• All reported errors normalized for 
total number of patient days in the 
study period
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of error, in who performed the observations, and in 
local processes and procedures.

A diiculty in reporting medication errors dur-
ing anesthesia arises from the fact that the number 
of medication administrations, or alternatively the 
TOE per case, varies considerably. here is thus a 
good argument for reporting the rate by admin-
istration or by TOE rather than by anesthetic. 
However, the data points are not independent with 
any of these metrics, and particularly not with the 
irst two. hus, treating administrations or TOE 
as independent will inlate the statistical power of 
any tests comparing rates between groups (25). To 
understand this point, it is useful to consider the 
30 (or more) intravenous medication administra-
tions made on a particular night by a particular 
anesthesiologist working with a particular sur-
geon during a single diicult emergency cardiac 
case, and compare these with 30 administrations 
divided among several anesthesiologists managing 
various diferent minor elective procedures during 
the day. he irst 30 administrations share many 
features that may inluence the likelihood of error, 
whereas the second 30 are more independent of 
each other. Ideally, potentially confounding factors 
should be included in statistical analyses used to 
compare medication error rates between groups or 
over time, and as a minimum these should include 
case and anesthesiologist.

Having decided on metrics, the next choice to 
be made is in the research method used to estimate 
the rate of medication error. his has been done 
using various distinct methods, each with its own 
strengths and weaknesses.

1.5.3 Incident Reporting in the Study of 
Medication Errors
Perhaps the easiest method for studying medi-
cation errors is voluntary incident reporting. 
Incident reporting had its genesis in the work of 
Flanagan (65), who in 1954 published an insight-
ful analysis of the “critical incident technique” 
that had been used throughout World War II to 
understand and reduce critical events among 
pilots during training. One of the irst studies of 
medication error, published in 1960 (66), used 
research methods based on Flanagan’s technique. 
In 1978, Cooper and colleagues published their 

seminal study in which they used a modiied criti-
cal incident reporting technique to examine the 
nature of human error and equipment failure in 
anesthesia practice: “syringe swap” errors were one 
of the three most frequent categories of incident 
identiied (54). Incident reporting methods vary 
from single surveys of practitioners (e.g., asking 
“have you ever made a medication error in your 
career?”), to annual or more frequent inquiries 
(e.g., asking “did you have a medication error in 
the past year?”), through the provision of ongo-
ing opportunities for an individual who commits, 
who participates in, or who observes an error or 
incident to voluntarily report it to a central data-
bank or research group, either anonymously or 
conidentially. Flanagan noted in his original 
description that contemporaneous inquiry, where 
events or incidents are reported immediately ater 
they occur, signiicantly increases the number and 
quality of incidents collected (65). Although sur-
veys can provide high-level information, such as 
how many anesthetists make medication errors 
over a lifetime, detailed information about the 
nature of individual incidents and about potential 
contributing or mitigating factors will be more 
comprehensive and more reliable when collected 
in real time. A particularly successful example of 
a national anesthesia reporting system with real-
time reporting of medication-related incidents in 
anesthesia was the Australian Incident Monitoring 
Study, established in the 1990s by Runciman and 
others, in anesthesia services across Australia and 
New Zealand (67–73).

Voluntary incident reporting and surveys are 
inexpensive and allow for thousands or even mil-
lions of participants. his increases the likelihood 
that even very rare events will be captured. Inci-
dent reporting is best used to describe the nature 
of medication errors and events. It can also show 
changes in the patterns of reported incidents over 
time. For example, on the basis of an analysis of the 
1000 most recent reports to the Australian Incident 
Monitoring Study in 2007, Williamson et al. were 
able to note that “unrecognised oesophageal intu-
bation is now extremely rare” (74). his presumably 
relected the beneit of technological developments 
in anesthesia, notably in relation to the establish-
ment of monitoring with pulse oximetry and cap-
nography as the standard of care in anesthesia (75).
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