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A modified critical-incident analysis technique was used in a retrospective examination of the charac-
teristics of human error and equipment failure in anesthetic practice. The objective was to uncover pat-
terns of frequently occurring incidents that are in need of careful prospective investigation. Forty seven
inferviews were conducted with staff and resident anesthesiologists at one urban feaching institution,
and descriptions of 359 preventable incidents were obtained. Twenty three categories of details from
these descriptions were subjected to computer-aided analysis for trends and patterns. Most of the pre-
ventable incidents involved human error (82%), with breathing-circuit disconnections, inadvertent
changes in gas flow, and drug syringe errors being frequent problems. Overt equipment failures con-
stituted only 14% of the total number of preventable incidents, but equipment design was indictable in
many categories of human error, as were inadequate experience and insufficient familiarity with
equipment or with the specific surgical procedure. Other factors frequently associated with incidents
were inadequate communication among personnel, haste or lack of precaution, and distraction. Results
from multi-hospital studies based on the methodology developed could be used for more objective
defermination of priorities and planning of specific investments for decreasing the risk associated with

anesthesia.

ute to anesthetic risk. Yet, the specific etiology of the con-

tribution has received little attention. Even estimates of
the magnitude of the contribution of error to anesthetic mor-
tality vary.! Human errors were believed to be a factor in 87%
of 80 deaths attributable to anesthesia reported by Dripps et
al,’ in 65% of 52 deaths reported by Clifton and Hotten,’ and in
83% of 589 deaths reported by Edwards et al." In the Beecher-
Todd study,’ 7.5% of the deaths reported were attributed to
“gross anesthetic mismanagement”. These and other risk
studies have concentrated primarily on quantitating overall
anesthetic risk, using mortality as the one measure of negative
outcomes. Attempts to identify risk factors have usually
encompassed only those variables directly associated with
operative procedures or the patient’s disease, age, physical sta-
tus, etc. Factors associated with anesthetists and/or factors
that may have predisposed anesthetists to err have, with a few
exceptions,’* not been analyzed. Furthermore, no study has
focused on the process of error—its causes, the circumstances
that surround it, or its association with specific procedures,
devices, etc—regardless of final outcome.

If the frequency of error is to be decreased, a clearer under-
standing of that process is needed. The circumstances that
encourage error should be identified and the relative frequen-
cies of different classes of errors should be established. While
most anesthetists are aware of the potential for certain types of
errors, corrective action is difficult to design or implement on
the basis of anecdotal information. Established techniques
exist for analyzing the etiology of error. However, they have not
been previously applied to the practice of anesthesia. We have
used a modification of the methodology known as critical-
incident analysis to study preventable anesthetic mishaps.’
Although a somewhat subjective technique, it is a useful tool
for transcending individual experience in a controlled manner,
and is used often in human factors research for collecting
information about human performance.

Preventable mishaps resulting from human error contrib-

*This is a reprint of a paper that appeared in Anesthesiology, 1978,
Volume 49, pages 399-406.

METHODS

Information about preventable mishaps was collected by inter-
views with staff and resident anesthesiologists in one large
metropolitan teaching hospital. A mishap was labeled a critical
incident* when it was clearly an occurrence that could have led
(if not discovered or corrected in time) or did lead to an unde-
sirable outcome, ranging from increased length of hospital stay
to death or permanent disability. In order to be included in the
study, each incident was also required to have the following
characteristics: (1) it involved an error by a member of the
anesthesia team or a failure of the anesthetist’s equipment to
function properly; (2) it occurred at a time when the patient was
under the care of an anesthetist; (3) it was described in clear
detail by a person who either observed or was involved in the
incident; (4) it was clearly preventable.t+ Outcome was recorded
when possible but was not considered a criterion for inclusion of
an incident. Despite use of these rules by the data analyst, no
such limits were suggested to the interviewee in the course of
the interview. Thus, interviewees reported whatever they felt
constituted preventable error or failure.

The interviewees were selected at random from a list of
departmental members and each was introduced to the study
by a brief letter. All interviews were tape-recorded with the
consent of the interviewees. They were conducted by the same
interviewer, in the same neutral location, with a technique
that had been developed and refined to minimize bias. Each
interviewee was given a brief introduction outlining the gen-
eral nature of the study, the population under study, the group

*As intended by Flanagan, the originator of the technique, the term
“critical incident” refers to an occurrence that is significant or pivotal, in
either a desirable or an undesirable way. For this study, we chose to
examine only those incidents that had potentially undesirable
consequences.

tMany complications of anesthesia are not “preventable” given the finite
limits of medical knowledge. The incidents considered here are those
where the anesthetist clearly failed to follow accepted practice or where
a piece of equipment ceased to function normally. When doubt existed
about preventability, the incident was excluded.
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conducting the study, and the anonymity and confidentiality
with which reported data would be treated. The interviewee
was then asked to describe preventable incidents that he or
she had observed or participated in that involved either a
human error or equipment malfunction.

The interviewer had extensive professional experience with
interview technique and was trained in the rudiments of
anesthesia practice. She was permitted to elicit details that
were not volunteered in the interviewee’s account of the inci-
dent. However, she was not allowed to suggest any specific
type of occurrence. In some cases, where the interviewee had
difficulty remembering incidents, the interviewer asked
prompting questions, taken in order from a prepared list.
These prompting questions were designed to be general and
not suggestive of types of incidents, e.g. “Can you think of
what might be called a ‘typical’ pitfall or recurrent problem in
anesthesia?”, followed by a request for an incident, when
appropriate.

The interviews lasted 60 to 90 minutes, depending
primarily upon the number of incidents the interviewee was
able to recount. After completion of the interview, the
interviewer prepared a condensed transcript from the tape
recording. Details of each incident were then coded with a
branching classification scheme. The coding of each incident
was reviewed by a second investigator and, in cases of
disagreement, by a third investigator. In all cases, incidents
were coded according to the evaluation of failure made by the
interviewee. Where this judgment was unclear, the incident
was not included in the data base.

The classification was designed to describe each incident,
including all circumstances that may have contributed to
occurrence (table 1). Not all information could be obtained for
each incident. Each of the 23 major categories of the classifi-
cation included multiple branches for the observed varieties of
data (fig 1). The data were first examined by generating sum-
maries of the major categories. Questions of interest were
posed and related data retrieved by selectively including or
excluding categories or branches. The data were also
examined by numerical sorting techniques in a search for
non-obvious clusters of incident types and surrounding
circumstances.

A series of 25 pilot interviews was conducted from January
to May 1975 in order to evaluate interview strategies and to
develop an interview format. The information collected
relative to specific incidents was used to develop an initial ver-
sion of the classification scheme and was not included in the
data base. A second series of 47 interviews was conducted
between September 1975 and April 1977 using the established
interview format. The 47 interviewees included 11 staff
anesthesiologists with ten or more years of practice each, 11
staff members with less than ten years of practice each, five
third year residents, 16 second year residents, and four first
year residents.

RESULTS

Three hundred and fifty nine incidents were identified and
coded. There were 193 other reported occurrences that were
transcribed but not coded because one or more of the criteria
for qualification as an incident were not met. The staff
reported an average of seven incidents per interview, while the
average for residents was eight.* Fifty five per cent of all inci-
dents reported had occurred within one year prior to the
interview. Twenty per cent had occurred three years or more
prior to the interview. Of the 359 incidents, 303 had occurred
at the institution involved in the study. Fifty three reflected

*The range of reported occurrences per interview was 2 to 27. The
range of critical incidents extracted frorn these occurrences was 1 to 15.
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Table 1 The 23 major categories of information
collected for each critical incident

Error or failure

Location of incident

Date of incident

Time of day

Hospital location

Patient condition before the incident
OR scheduling

Length of OR procedure

OR procedure

Anesthetic technique

Associated factors

Immediate consequence to patient
Secondary consequence to patient
Who discovered incident in progress
Who discovered incident cause
Discovery delay

Correction delay

Discovery of cause delay

Individual responsible for incident
Involvement of interviewee
Interviewee experience at time of interview
Related incidents

Important side comments

Table 2 The most frequent incidents*

Breathing circuit disconnection 27
Inadvertent gas flow changet 22
Syringe swap 19
Gas supply problem 15
Intravenous apparatus disconnection 11
Laryngoscope malfunction 11
Premature extubation 10
Breathing circuit connection errorf 9

Hypovolemia 9

Tracheal airway device position changes 7

*This list includes both human error and equipment failures. Note that
these somewhat arbitrary categories encompass only 39% of the total
database, with the remainder representing a larger variety.

tSee text for special nature of anesthesia machines involved.

experience of the interviewees at other institutions; locations
of three incidents were not given.

The incidents ranged in seriousness from laryngoscope
malfunctions, with no known consequence to the patient, to
breathing-circuit disconnections that resulted in death.
Human error was involved in 82% of the preventable incidents
reported (fig 2) and equipment failure in 14% (fig 3). The
remaining 16 incidents could not be clearly placed in either
category, although they did fit the definition and criteria for
inclusion in the study. All incidents involving disconnections
were arbitrarily treated as human error. However, since the
frequency of such disconnections is a direct consequence of
the design of the connectors, these incidents could alterna-
tively be considered equipment failures.

Ten categories of most frequently occurring incidents are
listed in table 2. Syringe swap refers to incidents in which two
syringes were inadvertently confused or interchanged and the
wrong drug nearly (3 incidents) or actually (16 incidents)
administered. Gas supply problems are difficulties or failures
of the oxygen or nitrous oxide supply such as exhaustion of a
cylinder’s contents, inadvertent disconnection from a central
gas supply, or a similar event. Premature extubation refers to
cases in which a patient’s trachea was extubated sooner than
was clinically indicated and where the interviewee clearly
described a failure to follow accepted practice (these were not
cases involving subtle discriminations). Hypovolemia refers to
incidents in which fluid replacement was not properly
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Error or failure

(011) equipment ------
E (012) human--------—--

(01n02) Anesthesia
machine

Breathing

(01n03)) circuit/ -—-—--—-
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Ventilation mode

(01n03f1)) ventilator ———-—
J£(01 n032) manual

(013) other-------------- . ventilation (01n033) spontaneous ------
o
other
branches
Problem Disconnect location
~(01n03nn01) leak (01n03nn0201)) endo. tube
Part (01n03nn02)) disconnect ------- (01n03nn022) absorber
— (01n03nn03) inadequate (01n03nn023) common out.
(0Tn03n1) absorber ---- ventilation (01n03nn024) ventilator
(01n03n2) conn/tub.-—-- 01n03nn04) incompetent (01n03nn025) other

(01n03n3) mask |
(01n03n4) ambu. bag--1

01n03nn05) delib. change
01n03nn06) inadv. change

(01n03né) exh. bag-----

(01n03n8) controls------1
(01n03n9) other---------

)
)
|
(01n03n5) res. bag
)
)
)
)

Figure 1

l

=

=

(01n03nn07) wrong conn.

(01n03nn08) jammed
(01Tn03n7) dir. valve ----1 (01n03nn09) erratic

~(01n03nn10) closed

~(01n03nn11) not closed

(01n03nn12) obstruction

~(01n03nn13) setting ———---------

~(01n03nn14) other

(01n03nn131) not set
(01n03nn132) forgot to change
(01n03nn133) spontan. change
of set.
(01n03nn134) other (describe)

One of the many branches of one of the 23 major categories in the classification scheme. The material shown is approximately 4%

of the entire scheme. The boxes represent a sample coding, that of an accidental disconnection in the breathing circuit at the endotracheal
connector during mechanical ventilation. The numbers preceding the chosen cords or phrases generate a numerical string suitable for entry into
a computerized data base. The string that describes this sample failure is 0120312021. Twenty three such code strings were generated and

entered for each incident included in the study.

Ventilation/breath. circ. 19.5% (57)
Drug administration :| 19% (56)
Anesthesia machine use :| 19% (56)
Airway management :| 12% (36)
IV apparatus use 7% (19)
Monitoring j 4.5% (13)

Fluid management j 4% (11)

Other 15% (45)

Total incidents = 293

* = disconnects

Figure 2 Distribution of human errors in subcategories defined by
the nature of the activity. Thus, “anesthesia machine use” refers to
errors primarily involving interaction with the machine. Numbers in
parentheses represent actual numbers of incidents. The
disconnections of breathing circuit components and iv apparatus are
distinguished by an asterisk, since their categorization as human
errors rather than equipment failures is somewhat arbitrary.

managed, again, in the presence of unambiguous clinical indi-
cations as judged by the interviewee. The other incident types
are self-explanatory.

Among the frequently occurring incidents, there were two
types that were peculiar to the hospital studied. Several years
ago, all anesthesia machines were modified by replacement of
the oxygen flow control knob with a large, square, protruding,
custom-made knob designed to provide obvious distinction by
touch from the nitrous oxide knob. In addition, two years prior
to the start of the study, all of the anesthesia machines were
fitted with one particular type of gas scavenging device with
an exhaust port that is adjacent to the reservoir bag

Monitor [ ] 24% (12)
Breathing circuit | ] 20% (10)
Airway components :| 18% (9)
Laryngoscope :| 12% (6)
Anesthesia machine :| 12% (6)
Other | ]14% (7)

Total incidents = 50

Figure 3 Distribution of equipment failures by subcategory.

connection and similar in shape. In eight of the 17 incidents in
which the oxygen flow was inadvertently decreased, the cause
was rotation of the square knob by impact from an object
being placed on the machine’s surface. Five of the nine
incidents of a wrong connection in the breathing circuit
involved transposition of the reservoir bag with the gas scav-
enging hose.

A category called “associated factors” was developed in
response to descriptions in interviews. The category grew to
include 44 possibly predisposing circumstances associated
with incidents. There were 481 citations of such factors being
in effect at the time of an incident, as stated or implied by the
interviewee (table 3).

Critical incidents occurred most commonly during the mid-
dle of anesthesia and frequently during its induction (fig 4).
The distribution of incidents by day (cases starting between
7:30 am and 5:00 pm) and night (all others) could be mean-
ingfully summarized only for the final 19 interviews, in which
a more deliberate effort was made to elicit this information.
For those interviews, the assignment could be made for 91% of
the incidents, with 79% of them occurring during the day and
21% at night. That distribution approximates the actual
caseload distribution of the hospital (85% day, 15% night).
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Table 3 Summary of associated factors cited

Inadequate total experience 77
Inadequate familiarity with equipment/device 45
Poor communication with team, lab, etc 27
Haste 26
Inattention/carelessness 26
Fatigue 24
Excessive dependency on other personnel 24
Failure to perform a normal check 22
Training or experience—other factors 22
Supervisor not present enough 18
Environment or colleagues—other factors 18
Visual field restricted 17
Mental or physical—other factors 16
Inadequate familiarity with surgical procedure 14
Distraction 13
Poor labelling of controls, drugs, efc 12
Supervision—other factors 12
Situation precluded normal precautions 10
Inadequate familiarity with anesthetic technique 10
Teaching activity under way 9
Apprehension 8
Emergency case 6
Demanding or difficult case 6
Boredom 5
Nature of activity—other factors 5
Insufficient preparation 3
Slow procedure 3
Other &
Total 481

Pre-induction D 4% (10)
During induction 26% (72)
Beginning of procedure 17% (48)

Middle of procedure

| 42% (115)

End of procedure |:| 9% (24)

After procedure (still in OR) D 3% (8)

Total incidents = 277

Figure 4 Distribution of incidents with regard to stage of
anesthesia delivery for induction and operating rooms.

It is possible to examine some individual types of incidents
in a detailed way. As an example, a summary of some of the
data associated with the 20 breathing circuit disconnections
during mechanically controlled ventilation is shown in table 4.
Analysis to this depth for most errors or failures will require
accumulation of more data.

DISCUSSION

This application of critical incident analysis to anesthetic
practice has led to the development of an interview and cod-
ing technique useful for monitoring anesthesia mishaps.
Although the kinds of incidents reported would probably be
familiar to the experienced anesthetist, the technique offers a
firmer basis for formulating and evaluating hypotheses about
the etiology of anesthetic errors, and for designing and evalu-
ating changes in training methods, procedures and equipment
design. In this respect, it permits the application of human
factors principles to anesthesia, following the example of suc-
cessful applications in fields such as aviation.

There are many inherent documented problems associated
with the use of retrospective interview techniques.”” The
experimenter’s dilemma is that any attempt to maintain a
high degree of objectivity and reproducibility by asking
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Table 4 Data associated with 20 incidents of
breathing circuit disconnections during mechanically
controlled ventilation

Location of circuit

Endotracheal tube connection 15
Other
Time of day
Day 10
Night 1
Not recorded 9
Anesthesia stage
Beginning 1
Middle 18

Not recorded 1
Consequence fo patient

Death

Arrest

Hypoxia

None
Associated factors

Visual restriction

Fatigue

Distraction

Unfamiliarity with equipment
Surgical procedure

Gastrointestinal

Urologic

Neurologic

Not recorded

Other

W wwom — O W N

N OwhN O

specific questions necessarily introduces bias. On the other
hand, a completely non-directed interview decreases subject
motivation and lowers the probability of obtaining pertinent
information. In our earliest interviews, these extremes were
intentionally explored. We then chose the following strategy
for the interviews. No firm definition of an acceptable incident
was presented to the interviewee in the introduction to the
interview. No specific types of incidents were suggested.
Details of incidents were, however, elicited with knowledge-
able questions after the interviewee volunteered an initial
description of an incident. He or she was not told how the data
would be analyzed, and was merely informed that we were
trying to learn more about preventable mishaps. The
interviewer was not an anesthetist and was unknown to the
interviewee prior to the interview.

This strategy served to collect incidents in a reasonably unbi-
ased fashion with sufficient technical detail to allow qualified
analysis.* It is difficult to assess in any objective way the extent
of residual bias. It is our opinion that the process was designed
and executed with sufficient care to be effective for answering
the qualitative questions we are asking of the data.

A non-judgmental and confidential atmosphere was deliber-
ately created for these interviews. Interviewees were extremely
cooperative, and the frankness of their reports may be indicated
by the frequency with which they ascribed responsibility for
errors to themselves (159 of the 255 human error incidents,
exclusive of disconnections). Nonetheless, some inaccuracies in
the data are inevitable due to the vagaries of recall. Given the
qualitative objectives that characterize this phase of our studies,
such inaccuracies can be tolerated in return for the larger quan-
tity of incidents that are generated using a retrospective
interview technique. The quality of the data could be improved
by employing a prompt reporting method." **

*We view the number of incidents retrieved in each inferview as a
sample representing an unknown fraction of the number actually
experienced by the interviewee. Thus, only relative frequencies can be
discussed.
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Most of the incidents reported in this study could be
described as simply being “near misses!” Indeed, 34%
(121/359) of the incidents had no reported effect on the
patient, and only 17% (61/359) were known to have had more
than a transient effect. Of these, there were 13 incidents that
could be indicted as having contributed to mortality. Yet, we
suspect that the factors inducing error are similar regardless of
final outcome. Decreasing the frequency of occurrence for the
entire set of errors should decrease it for the subset with
unfortunate outcomes.

It is notable that, when given an unrestricted opportunity to
discuss “pet peeves” in the form of incidents, anesthesiolo-
gists related their own errors more frequently than they did
the “errors” of equipment or of other people. Although general
complaints about equipment were frequently voiced, accounts
of overt failures were relatively rare (50 incidents), and these
only occasionally (9 of 50) resulted in sequelae lasting beyond
the correction of the immediate problem. Of specific interest is
that only six reported incidents involved the functional failure
of an anesthesia machine (not including the breathing
circuit), which may suggest a high degree of reliability or
effective maintenance. (These machines received semi-annual
preventive-maintenance inspections.) On the other hand, it is
conceivable that anesthesia machines may be failing in ways
that are not easily or rapidly detected by most anesthetists. In
four of nine incidents of loss of oxygen supply in a machine
equipped with a fail-safe system, the pressure fail-safe system
was known to have been activated before the absence of oxy-
gen flow was noticed by the anesthetist. Thus, at least one
design approach for alerting the anesthetist to a potential
problem appears to be a positive contribution.

Although the incidence of outright functional failure of
equipment was low, machines can have shortcomings or faults
in design by their propensity to encourage human error.
Indeed, a substantial fraction of reported incidents of human
error seemed to be related to the design or organization of
equipment or devices, i.e. breathing circuit disconnections and
misconnections, iv disconnections, inadvertent changes of gas
flow, Copper Kettle control errors, and syringe swaps.

Although the number of incidents of any specific variety
reported to date is relatively small, it is still interesting to
consider possible explanations or corrective actions for those
where a reasonable sample is available. The syringe swap was a
frequently reported incident despite the fact that such
occurrences are rarely described in the literature or mentioned
in case discussion conferences in this particular institution.
Although the reported consequences to the patients occurring
as a result of these incidents were not serious, the potential for
serious harm to the patient did exist for various periods in many
of the incidents. There were distinct patterns that characterized
the syringe swap incident. Relaxants or their antagonists were
almost always involved (17/19), and the similarities of size,
labeling or color were often (14/19) mentioned as a factor
related to the error. Anesthesiologists usually devise their own
systems for organizing their work spaces, and the motivation for
doing so is typically personal experience with such an incident.
The generic form of the problem is a familiar one to human fac-
tors specialists, and various labeling and packaging strategies
are available to emphasize and reinforce the differences among
various alternative controls or devices. A standardized system
that would discourage such errors in the use of a set of drugs in
syringes could be developed with relatively little difficulty, and
would appear prudent.

The frequent reporting of breathing circuit disconnections
with mechanical ventilators is probably not unexpected by
most anesthetists. Examination of the circumstances sur-
rounding such incidents (table 4) indicates that the outcome
can be serious, the offending component is most often the
endotracheal tube connector, and visual restriction, fatigue,
distraction, and inadequate familiarity with certain ventila-
tors may contribute to the probability of the occurrence. One
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can consider strategies for minimizing the likelihood of this
type of incident, such as use of locking endotracheal tube con-
nectors, use of integral disconnect alarm mechanisms for ven-
tilators, and early training of residents in proper use of venti-
lators, the likelihood of disconnections, and appropriate
precautions against their occurrence. Possible solutions
should be carefully evaluated before general implementation
in order to determine effectiveness.

The square oxygen knob and reservoir bag transposition
incidents cited here are examples of errors peculiar to institu-
tional practice. Yet they illustrate the need for evaluation
before implementation. Procedures for controlling the kinds of
equipment modifications that might lead to incidents of this
type are often informal at most institutions. Under present
conditions, many near misses and even serious incidents
might occur before such situations were formally recognized
and corrected.

We want to emphasize that the associated factors (table 3)
were merely parts of the descriptions given by the interview-
ees. These factors did not necessarily induce errors, nor does
their citation imply that they were invoked as excuses by
interviewees. No clear relationship emerged between any spe-
cific factor and any specific type of incident. However, it was
striking that the two most frequently occurring factors
involved inadequate training or experience of the responsible
anesthetist, who, in most cases, was a resident. Many of these
incidents occurred despite the presence of what the resident
felt was adequate supervision. Many are representative of the
kinds of error that residents are considered prone to commit in
the training process, e.g. premature extubation or anesthetic
overdose, and that one hopes to preclude by close supervision.
We are left with the impression that most of the errors and
associated outcomes could be averted by a more structured
approach to preparing residents for the environments into
which they are often suddenly immersed. To the extent that
certain kinds of errors are frequent, one could sensitize
residents more effectively prior to involvement with certain
devices or procedures.

In general, the reported errors and associated factors often
related to training situations. Even where staff anesthesiolo-
gists reported their own mistakes (62 incidents), the incidents
had often occurred earlier in their careers, when they were
themselves residents (33 incidents). However, this statistic
must be qualified by the observation that the staff members
had spent most of their recent time in supervisory roles.

The anesthesia department involved in this study does not
schedule relief from intraoperative anesthesia responsibilities,
but it does allow its staff and residents to secure relief, when
appropriate. In eight or nine incidents in which an anesthetist
was being relieved, the replacement anesthetist discovered
either the presence or cause of an incident in progress. In only
one incident was the exchange of personnel a negative factor.
Considering, in addition, that the reporting anesthetists men-
tioned fatigue as part of the incident description in 23
incidents and inattention or carelessness in 19 incidents, one
could argue that a policy allowing relief for anesthetists is
preferable to a policy that discourages relief.* The process of
discovery of error deserves further study.

A pattern appeared in distribution of incidents with regard
to the stage of anesthesia delivery. When prompted with the
question, “At what stage of anesthesia is a problem most likely

*Preliminary results from a second hospital show similarities in most
categories of incidents, but differ strikingly on the issue of relief. As many
incidents were induced by the exchange of personnel as were discovered
or corrected as a result of the relief process. It appears that transferences
of responsibility for a case from one anesthetist to another in the two
hospitals differ. Thus, providing relief may be a good practice, but only
when carried out with careful transfer of information and authority.
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to occur,” interviewees were usually of the opinion that induc-
tion or emergence, or both, were the most critical periods. Yet,
nearly half of the incidents were reported to have occurred
during the maintenance period (fig 4). This could mean that
many errors occur, or proceed to a point where they are recog-
nized as incidents, during the time when problems are least
expected. The induction-emergence preconception may be a
trap.

The decremental effect on vigilance of sustained observa-
tion over extended periods is a well established phenomenon
in the human factors literature.” ** Work-rest cycles are com-
monly employed in many situations where the vigilance task
is similar to that in anesthesia. Yet, there have been few, if any,
attempts to apply this and other ergonomic concepts to clini-
cal practice on a specialty-wide basis.” '

Some of the observations reported here have already been
used to influence the human factors design for a new
anesthesia delivery system."” The methods described are now
being applied at other hospitals to assess institutional
differences and to develop the classification scheme further. A
protocol is being evaluated for a prospective study to improve
the quality of information collected and to prepare for a con-
tinuous monitoring program. From this sort of information,
representing the compressed experience of a large set of anes-
thetists, can come the motivation and resolve to take specific
actions and make specific investments to obviate some of the
recurrent problems of anesthesia practice.
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LOOKING BACK ON THE ANESTHESIA CRITICAL
INCIDENT STUDIES AND THEIR ROLE IN
CATALYSING PATIENT SAFETY

In 1978 Cooper and colleagues published their landmark
paper' on the application of the critical incident technique,®
adapted from uses in aviation and other fields, to examine the
causes—and later prevention strategies—for adverse anesthe-
sia outcomes. Following on 20 years of rudimentary anesthe-
sia mortality studies, this was a brilliant approach that gave
anesthesia clinicians new insights on which we could act. As
the report told us: “. . . factors associated with anesthetists and/or
that may have predisposed anesthetists to err have, with a few
exceptions, not been previously analyzed. Furthermore, no study has
focused on the process of error—its causes, the circumstances that sur-
round it, or its association with specific procedures, devices,
etc—regardless of final outcome.” Data from the study at one hos-
pital and from an extension to four hospitals 6 years later’
provided two widely cited tables listing “the most frequent
incidents” and “summary of associated factors cited”. This
innovative examination of critical events provided the first
useful mirror for clinicians to reflect on their practice. In that
mirror we were able to see how our imperfections could lead to
errors and patient injury.

In my view this study was one of a few pivotal events
responsible for the dramatic success in promoting anesthesia
patient safety, starting with Beecher and Todd’s paper on the
rate of anesthesia mortality based on a large sample of opera-
tive cases.’ Later, in part catalysed by the reports from the
critical incident studies, the Committee on Patient Safety and
Risk Management in the American Society of Anesthesiolo-
gists (ASA) was created in 1984, the Anesthesia Patient Safety
Foundation was founded in 1985, and the Closed Claim
Analysis project was initiated by the ASA beginning in the mid
1980s.

Anesthesiology is the one domain in which patient safety
was identified as a problem long before the Institute of Medi-
cine’s 1999 wake up call to the healthcare community.® Not
only was the problem identified in the late 1970s, but
anesthesiologists faced the issues, taking actions to effect
changes that would reduce errors, adverse outcomes, and
injuries. While it is often difficult to trace the historical path of
change, there is reason to believe that the anesthesia critical
incident studies planted seeds of ideas for others, either
directly or subliminally. The studies demonstrated the power
of qualitative research (although that term was not used at the
time). They catalysed change in anesthesia. In combination
with the influences noted above, they fostered the strong cul-
ture of safety for which anesthesiology is recognised.

The first peer reviewed publication of the critical incident
studies “Preventable anesthesia mishaps: a study of human
factors”' is reproduced in this issue of QSHC. Several other
papers appeared over the next few years, the most widely cited
of which is the 1984 study entitled “An analysis of major
errors and equipment failures in anesthesia management:
considerations for prevention and detection” which also
appeared in Anesthesiology.” These papers describe a then
almost unknown methodology for medicine, although it had
been applied in two prior studies, one of hospital medication
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