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ORIGINAL ARTICLE
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Background: Myocardial ischaemia and infarction are significant perioperative complications which are
associated with poor patient outcome. Anaesthetic practice should therefore focus, particularly in the at
risk patient, on their prevention, their accurate detection, on the identification of precipitating factors, and
on rapid effective management.
Objectives: To examine the role of a previously described core algorithm ‘‘COVER ABCD–A SWIFT
CHECK’’ supplemented by a specific sub-algorithm for myocardial ischaemia and infarction in the
management of myocardial ischaemia and/or infarction occurring in association with anaesthesia.
Methods: The potential performance of this structured approach for each of the relevant incidents among
the first 4000 reported to the Australian Incident Monitoring Study (AIMS) was compared with the actual
management as reported by the anaesthetists involved.
Results: Of the 125 incidents retrieved from the 4000 reports, 40 (1%) were considered to demonstrate
myocardial infarction or ischaemia. The use of the structured approach described in this paper would have
led to appropriate management in 90% of cases, with the remaining 10% requiring other sub-algorithms. It
was considered that the application of this structured approach would have led to earlier recognition and/
or better management of the problem in 45% of cases.
Conclusion: Close and continuous monitoring of patients at risk of myocardial ischaemia during
anaesthesia is necessary, using optimal ECG lead configurations, but sensitivity of this monitoring is not
100%. Coronary vasodilatation with glyceryl trinitrate (GTN) should not be withheld when indicated and
the early use of beta blocking drugs should be considered even with normal blood pressures and heart
rates.

M
yocardial ischaemia and infarction are significant
perioperative complications which are associated with
poor patient outcome.1 2 Anaesthetic practice should

therefore focus, particularly in the at risk patient, on their
prevention, their accurate detection, on the identification of
precipitating factors, and on rapid effective management.
Because management of this problem by anaesthetists varies
considerably, it was decided to examine the role of a
structured approach.
In 1993 a ‘‘core’’ crisis management algorithm, represented

by the mnemonic COVER ABCD-A SWIFT CHECK (the AB
precedes COVER for the non-intubated patient), was
proposed as the basis for a systematic approach to crisis
management during anaesthesia where it is not immediately
obvious what should be done or when actions taken have
failed to remedy the situation.3 This was validated against the
first 2000 incidents reported to the original Australian
Incident Monitoring Study (AIMS). AIMS is an ongoing
study which involves the voluntary anonymous reporting of
any unintended incident which reduced or could have
reduced the safety margin for a patient.4

It was concluded that, if this algorithm had been correctly
applied, a functional diagnosis would have been reached in
40–60 seconds in 99% of applicable incidents, and that the
learned sequence of actions represented by the COVER
portion would have led to appropriate steps being taken to
handle the 60% of problems relevant to this portion of the
algorithm.3 However, this study also showed that the 40% of
problems represented by the remainder of the algorithm
ABCD–A SWIFT CHECK were not always promptly diagnosed
or appropriately managed.3–5 It was decided that it would be
useful, for these problems, to develop a set of sub-algorithms

in an easy-to-use crisis management manual.6 This study
reports on the potential place of the COVER ABCD–A SWIFT
CHECK algorithm in the diagnosis and initial management of
myocardial ischaemia, provides an outline of a specific crisis
management algorithm for myocardial ischaemia and/or
infarction during anaesthesia, and provides an indication of
the potential value of using this structured approach.

METHODS
Of the first 4000 incidents reported to AIMS, those which
made reference to ‘‘cardiac’’, ‘‘infarction’’, ‘‘infarct’’, ‘‘ischae-
mia’’, ‘‘myocardial’’, ‘‘ECG-changes’’ or ‘‘ECG-ischaemia’’
were extracted and analysed for relevance, presenting
features, potential causes, diagnosis, management and out-
come. The COVER ABCD–A SWIFT CHECK algorithm,
described elsewhere in this series of articles,6 was applied to
each relevant report to determine the stages at which the
problem might have been diagnosed and to confirm that
activating the COVER portion would have led to appropriate
initial steps being taken. As myocardial ischaemia is not
adequately dealt with by this algorithm, a specific sub-
algorithm for myocardial ischaemia and/or infarction was
developed (see fig 1) and its putative effectiveness was tested
against the reports. How this was done is described elsewhere
in this series of articles.6 The potential value of this structured
approach—that is, the application of COVER ABCD–A SWIFT
CHECK to the diagnosis and initial management of the
problem followed by the application of the myocardial
ischaemia or infarction sub-algorithm—was assessed in the
light of the AIMS reports by comparing its potential
effectiveness for each incident with that of the actual
management as recorded in each report.
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RESULTS
Using the criteria described above, 125 incidents were
retrieved from the first 4000 AIMS reports. After individual
examination it was considered that myocardial infarction or
ischaemia had occurred in 40 of these (that is, in 1% of
incidents in the database). Myocardial infarction was
considered to have occurred in eight incidents and myocar-
dial ischaemia in 32. In all incidents electrocardiography
(ECG) was reported as the means of detection. Trans-
oesophageal echocardiography (TOE) was not used in any
of the 125 incidents retrieved.
In 29 cases there were associated cardiorespiratory

abnormalities of sufficient magnitude to warrant correction
even if not accompanied by ischaemia (hypotension in 17
cases, tachycardia or hypertension in 10, and desaturation in
two). In 11 cases ECG changes were the only initial evidence
of a problem.
Of the 17 incidents associated with hypotension, four

followed rapid intravenous injection of drugs at induction,
three were due to overdose of non-anaesthetic drugs, two
were associated with embolism, one was associated with
onset of a subarachnoid block, one was thought to be due to
peritoneal traction, one was due to hypovolaemia secondary
to blood loss, and the remaining five were cases of
hypotension which occurred for no identifiable reason during

maintenance of anaesthesia. Of this hypotensive group,
ischaemia was corrected in six cases by the restoration of
normotension alone and in four cases by restoration of
normotension and additional treatment with glyceryl trini-
trate (GTN).
Of the 10 incidents associated with hypertension or

tachycardia, six were secondary to light anaesthesia (three
at intubation), one followed drug administration, and three
occurred in theatre prior to induction. Three cases of
ischaemia were corrected by a reduction in heart rate alone;
six cases received GTN which corrected ischaemia in all but
one.
Two cases of myocardial ischaemia followed severe

desaturation. This was secondary to laryngospasm at induc-
tion in one case and was accompanied by tachycardia, while
in the other hypoxia was secondary to airway obstruction. In
one case ECG changes resolved once oxygenation was
restored, but in the other ischaemia persisted.
Eleven of the incidents were not associated with clinically

identifiable abnormal physiological parameters and were
detected by ECG alone. These were termed ‘‘silent’’ ischaemia
or infarction. Only one case received GTN which was
successful in correcting the ischaemia. In five cases no active
treatment was given and in two of these the ischaemia
persisted for a prolonged period. In two incidents in this
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Figure 1 Myocardial ischaemia.
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‘‘silent’’ group ECG changes were detected before induction,
yet in both cases anaesthesia was commenced without
corrective action being taken.
When the COVER ABCD–A SWIFT CHECK algorithm was

applied to each report, it was considered that the diagnosis of
myocardial ischaemia or infarction would have been made at
the R1 (Review monitors) stage of COVER in all cases.6 It was
considered that reversal of associated cardiorespiratory
changes alone, which would have been effectively diagnosed
by use of the COVER ABCD portion of the algorithm, would
have led to correction of ischaemia in 10 incidents
(hypotension in six cases, tachycardia in three, and desatura-
tion in one). Application of the ischaemia/infarction sub-
algorithm (fig 1) would have led to appropriate management
in a further 26 incidents. It was therefore considered that
application of COVER ABCD would theoretically have led to
appropriate effective management in 25% of the 40 incidents
of ischaemia or infarction reported, and that the addition of
the ischaemia/infarction sub-algorithm would have led to
appropriate management being used in 90% of cases. In four
cases (10%) it was considered that application of other
specific sub-algorithms was indicated. These involved water
intoxication secondary to bladder irrigation in one case and
embolism in three. While concomitant treatment of ischae-
mia would probably not have been inappropriate in these
cases, it was considered that application of other specific sub-
algorithms would have been required.
When the potential effectiveness of the structured

approach represented by the COVER ABCD–A SWIFT
CHECK algorithm and the special sub-algorithm for ischae-
mia or infarction was compared with that of the actual
management as documented in each of the 40 incident
reports, it was considered that, properly applied, the
structured approach recommended would have been likely
to have led to quicker and/or better resolution of the problem
in 18 cases (45%). In 16 of these cases it was considered that
treatment, or more rapid treatment, with a coronary
vasodilator was indicated.

DISCUSSION
Incidents of myocardial ischaemia or infarction retrieved
from the AIMS database represented 1% of all reported
incidents; however, many incidents involving ischaemia or
infarction which manifested as other problems such as
cardiac arrest or dysrhythmia would not have been retrieved
with the criteria used for this search of the database.
Furthermore, intraoperative ischaemia occurs much more
frequently than is detected by monitors such as the ECG. All
cases of ischaemia or infarction reported to AIMS were
detected by ECG; there were no reports of detection by
transoesophageal echocardiography, reflecting the low rate of
usage of these monitors in Australia at the time the first 4000
incidents were reported.
It is now well recognised that even sophisticated ECG

devices with automated segment analysis detect only a
proportion of ischaemic events.7 8 Furthermore, electronic
filtering, lead selection, the number of leads monitored, and
only intermittent checking of the ECG trace may reduce this
still further.1 8 Correct lead selection is particularly important
and a full 12-lead ECG, although often impractical intra-
operatively, remains the ‘‘gold standard’’ if accurate electrical
diagnosis is required. For the high risk patient, intraoperative
monitoring of leads V5 and V4 and II (in that order of
priority) is likely to optimise the chances of ischaemia
detection, but requires a more complex system than the usual
3 lead ECG in common use.9 10 It must also be remembered
that not all ST segment changes on ECG represent
ischaemia,11 and some of the incidents reported here may
not have been due to ischaemia. Finally, it must be

remembered that the ECG may remain normal in the face
of severe hypotension, arterial desaturation, hypercarbia and
metabolic acidosis, and that it should not be relied upon, in
any way, as a monitor of systemic abnormalities.5 12

Maintenance of the balance of myocardial oxygen supply
and demand is widely recognised as fundamental to the
prevention and treatment of ischaemia and infarction.13 An
increased incidence of perioperative myocardial infarction in
patients who had been hypotensive or tachycardiac intra-
operatively provides evidence of the importance of precise
control of heart rate and blood pressure in the ‘‘at risk’’
patient13 and the use of transoesophageal echocardiography
in high risk patients.14 This is supported, for example, by the
mounting evidence of the cardioprotective effects of peri-
operative beta blockers.15

Nearly three quarters of the cases of ischaemia or
infarction in this series occurred in association with
significant cardiorespiratory abnormalities which themselves
would have warranted an incident report. Although cause
and effect could not necessarily be differentiated, ischaemia
was reversed by correction of these cardiorespiratory
abnormalities alone in 10 of the 29 cases. It may be
reasonable to assume, at least in these cases, that ischaemia
was secondary to these abnormalities. Induction and intuba-
tion were obvious precipitants of cardiovascular instability
associated with ischaemia or infarction in seven cases,
emphasising the need for continuous on-line monitoring,
appropriate dose regimens, and a rapid response to cardio-
vascular abnormalities, particularly in the at risk patient.
Analysis of the relative effectiveness of the actual treatment
instituted and COVER revealed that practising anaesthetists

Key messages

N Forty (1%) of the first 4000 incidents reported to AIMS
were considered to demonstrate myocardial infarction
(n = 8) or ischaemia (n = 32).

N In all 40 incidents electrocardiography (ECG) was
reported as the means of detection. Transoesophageal
echocardiography was not used in any of the cases.

N Twenty nine cases (73%) were associated with
significant cardiorespiratory abnormalities: 17 with
hypotension and 10 with hypertension or tachycardia.

N Eleven cases not associated with any clinically identifi-
able abnormal physiological parameters (‘‘silent’’
ischaemia or infarction) were detected by ECG alone.
This emphasises the importance of continuous cardiac
monitoring.

N Acknowledging the low sensitivity of even sophisticated
ECGs for detecting ischaemic events, intraoperative
monitoring of leads V5 and V4 and lead II, in
descending order of priority, offers optimal conditions.

N In this series anaesthetists did not perform well with the
institution of coronary vasodilator therapy (such as
GTN) when it seemed to be indicated.

N Follow up in recovery with a 12-lead ECG, serial ECG,
cardiac enzymes and cardiological consultation are
important in these patients.

N It was considered that the structured approach using
both the ‘‘core’’ algorithm and then the specific sub-
algorithm for myocardial ischaemia or infarction,
properly applied, would have been likely to have led
to a quicker and/or better resolution of the problem in
18 (45%) of the 40 cases.
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performed well in the diagnosis and management of under-
lying cardiorespiratory problems, with early appreciation of
the significance of these abnormalities and rapid correction.
In the face of optimal cardiorespiratory parameters,

myocardial perfusion may be improved with coronary
vasodilators; GTN is the drug of first choice in this context
in anaesthetic practice. It was the only vasodilator used to
correct ischaemia in this series and proved effective, when
used, in all but one case. The use of other coronary
vasodilators such as calcium channel antagonists and
adenosine may have been limited by lack of either availability
or familiarity with dose regimens. It was considered that, in
general, anaesthetists did not perform well with respect to
the rapid institution of coronary vasodilator therapy when it
seemed to be indicated, and that the use of a structured
algorithm (fig 1) would have improved this aspect of
management in 40% of cases. At the time the first 4000
incidents were reported, the use of beta blockers was limited.
Early use of beta blockers should be considered, particularly
with normal or high blood pressure and normal or high heart
rates.14 15

It is also important to note that, in one quarter of the cases
of ischaemia/infarction in this series, there was no recogni-
sable precipitating event, emphasising the need for contin-
uous cardiac monitoring in patients deemed to have a
significant risk of ischaemia or infarction, and the need for
the selection and proper use of the most effective equipment.
The management of patients with acute myocardial

infarction or evidence of ischaemia does not end with
successful arrival in recovery. A 12-lead ECG should be
obtained as soon as possible and compared with the
preoperative ECG, if available. Serial ECG and cardiac
enzymes should be considered in conjunction with a
cardiologist, as should the ongoing management of the
patient in a suitably equipped and staffed high dependency or
intensive care unit. Finally, it is important that a full
explanation of what happened be given to the patient and
the problem clearly documented in the anaesthetic record. If
a particular precipitating event was significant or a particular
action was useful in resolving the crisis, this should be clearly
explained and documented.
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