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Background: Anaphylactic and anaphylactoid reactions during anaesthesia are a major cause for
concern for anaesthetists. However, as individual practitioners encounter such events so rarely, the rapidity
with which the diagnosis is made and appropriate management instituted varies considerably.
Objectives: To examine the role of a previously described core algorithm ‘‘COVER ABCD–A SWIFT
CHECK’’, supplemented by a specific sub-algorithm for anaphylaxis, in the management of severe allergic
reactions 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
performance as reported by the anaesthetists involved.
Results: There were 148 allergic reactions among the first 4000 incidents reported to AIMS. It was
considered that, properly applied, the structured approach would have led to a quicker and/or better
resolution of the problem in 30% of cases, and would not have caused harm had it been applied in all of
them.
Conclusion: An increased awareness of the diverse clinical manifestations of allergy seen in anaesthetic
practice, together with the adoption of a structured approach to management should improve and
standardise the treatment and improve follow up of patients suspected of having suffered a significant
allergic reaction under anaesthesia.

A
naphylactic and anaphylactoid reactions during anaes-
thesia are a major cause for concern for anaesthetists.
As they occur only once in every 5–10 000 anaes-

thetics,1 2 individual anaesthetists are likely to encounter only
a few cases in their working lifetimes. The possibility of
anaphylaxis or an allergic reaction must be specifically
considered and appropriate steps taken immediately when-
ever sudden hypotension or bronchospasm occurs, when
there is difficulty breathing or swallowing, or when a skin or
mucosal swelling is detected. However, as anaesthetists
encounter such events so rarely, the rapidity with which
the diagnosis is made and appropriate management insti-
tuted varies considerably.3

For this reason, the role of a structured approach in
diagnosing and managing anaphylaxis and severe allergic
reactions was examined. This paper builds on a previous
report on anaphylaxis.3 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 any crisis during anaesthesia where it is not
immediately obvious what should be done, or where actions
taken have failed to remedy the situation.4 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.5 It was
concluded that if this algorithm had been correctly applied,
a functional diagnosis would have been reached within
40–60 seconds in 99% of applicable incidents, and the
learned sequence of actions recommended 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.4 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 diag-
nosed or appropriately managed.4–6 It was decided that it
would be useful, for these remaining problems, to develop a
set of sub-algorithms in an easy to use crisis management
manual.7 This study reports on the potential place of the
COVER ABCD–A SWIFT CHECK algorithm in the diagnosis
and initial management of anaphylaxis and severe allergic
reactions, offers an outline of a specific crisis management
sub-algorithm for these problems during anaesthesia, and
provides an indication of the potential value of using this
structured approach.

METHODS
Of the first 4000 incidents reported to the AIMS, those which
made reference to any combination of anaphylaxis, allergy,
hypotension, bronchospasm, skin flush or rash, urticaria,
facial or airway oedema, or adrenaline administration, were
extracted and analysed for relevance, presenting features,
causes, diagnosis, management, and outcome.
The COVER ABCD–A SWIFT CHECK algorithm, described

elsewhere in this set of articles,7 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 anaphylaxis is not adequately dealt with by
this algorithm, a specific sub-algorithm for anaphylaxis was
developed (see figure) and its putative effectiveness was
tested against the reports. How this was done is described
elsewhere in this set of articles.7 The potential value of this
structured approach (that is, the application of COVER
ABCD–A SWIFT CHECK to the diagnosis and initial manage-
ment of the problem, followed by the application of the
anaphylaxis sub-algorithm) was assessed in the light of
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
Of the first 4000 incidents reported to the AIMS, 225 were
extracted for further study. Of these, 77 were excluded,
because a cause other than allergy was considered more
likely, leaving a total of 148 incidents for further analysis.
Seventy six of these were judged to have been severe
reactions (that is, life threatening and/or slow to resolve
despite intervention). The presenting signs of these reactions
are shown in table 1. Among the severe cases, there were five
deaths. In addition, 26 patients had an unplanned admission
to a high dependency unit or a prolonged hospital stay, and
in 10 cases the planned operative procedure was cancelled or
abandoned.
Of the 148 reports, patients in ASA grades I and II featured

in 65%, and ASA grades III and IV in 35%. This ratio was
similar for ‘‘severe’’ and ‘‘less severe’’ reactions. There were
101 reports of hypotension (68%), 62 reports of broncho-
spasm (42%), of which three presented late, and 71 of skin or
mucosal effects (48%), of which six presented late. Heart rate
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Figure 1 Anaphylaxis/allergy.

Table 1 Presenting signs of 76 severe anaphylactic
reactions

Presenting signs Number

Hypotension 31*
Hypotension + skin signs 21�
Hypotension + bronchospasm + skin signs 12
Hypotension + bronchospasm 4
Skin/mucosal signs 4
Bronchospasm 2
Bronchospasm + skin signs 2
Total 76

*One also reported ‘‘difficult ventilation’’.
�Two also reported ‘‘difficult ventilation’’.
Hypotension: includes a documented fall in systolic blood pressure,
unrecordable blood pressure, and impalpable pulses.
Bronchospasm: includes documented bronchospasm or difficulty with
ventilation.
Skin/mucosal signs: includes rash, urticaria, oedema, or swelling of any
part of the patient (including tongue and airway).
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changes were documented in 28% of reports, and were
equally split between tachycardia and bradycardia.
Bradycardia invariably heralded circulatory collapse. Nausea
and vomiting occurred in 45% of awake patients.
For all the reports of possible allergy, the management

employed and its effectiveness was compared with that
recommended in the literature.2 8–11 There was no evidence in
the cases reported to the AIMS of a separate beneficial
systemic effect of either antihistamine or steroid administra-
tion during the acute episode. There was ample evidence
throughout the reports of the beneficial effect of adrenaline
administration during the acute episode, on circulation,
bronchospasm, and skin changes. Post-crisis care, documen-
tation, and follow up of each incident were examined when
recorded.
Of the 148 incidents, 122 incidents (64 ‘‘severe’’) were

relevant to the core algorithm COVER ABCD–A SWIFT
CHECK and the specific anaphylaxis sub-algorithm; 118
incidents occurred during induction, maintenance, or emer-
gence from general anaesthesia and four occurred during
regional anaesthesia, when the patient was breathing gas
from an anaesthetic machine. In 35% of cases, the reaction
followed the use of several drugs at induction of anaesthesia.
Agents commonly implicated in the reactions were cepha-
losporins (24%), Haemaccel (9%), non-depolarising relaxants
(8%), penicillin (5%), thiopentone (5%), and blood products
(2%). Other drugs implicated include: suxamethonium,
propofol, protamine, and amide-type local anaesthetics.
When the COVER ABCD–A SWIFT CHECK algorithm was

applied to each report, it was considered that a problem
would have been detected in all ‘‘severe’’ cases at the C1
(circulation) stage of COVER or, failing that, at the R1
(review monitors) stage of COVER. The algorithm’s perfor-
mance was then evaluated for the 58 applicable less severe
reactions. It was considered that if the diagnosis had not
been made by the CHECK level of COVER that it should have
been made when the A (‘‘be Aware of Air and Allergy’’) of A
SWIFT CHECK was considered. It was judged that the
possible causes would be identified at the D (drugs) of the
ABCD part of the algorithm, and that the actions recom-
mended by COVER would have constituted appropriate
immediate steps for anaphylaxis or a severe allergic reaction.
It was also considered that carrying out the recommenda-
tions of the anaphylaxis sub-algorithm outlined in figure 1
would have constituted appropriate management in all cases.
When the potential effectiveness of the structured approach
represented by the COVER ABCD–A SWIFT CHECK algo-
rithm and the sub-algorithm for anaphylaxis (see figure) was
compared with that of the actual management, as documen-
ted in each of the 122 relevant incident reports, it was
considered that, properly applied, the structured approach
would have led to a quicker and/or better resolution of the
problem in 36 cases (30%). In these 36 reports there was
significant delay in diagnosis or a delay in giving, or failure to
give, adrenaline. For the 64 applicable ‘‘severe’’ reactions, the
15 incidents in which the algorithm would probably have
outperformed the anaesthetist during the crisis were largely
associated with delay in both the diagnosis of possible allergy
and the administration of adrenaline. In none of the
incidents was the application of the sub-algorithm consid-
ered harmful.

DISCUSSION
This review of 4000 incident reports reveals that up to 4% of
the incidents reported were thought to have had an allergic
aetiology, over half of which resulted in severe physiological
insult. It has been estimated that such reactions are
responsible for one life threatening situation in every
5–10 000 anaesthetics, and that once a reaction has started

the mortality is 3–6%.2 12 13 Our analysis of the AIMS reports
is consistent with these estimates.
The striking feature to emerge from our analysis was an

apparent reluctance on the part of some anaesthetists in the
AIMS reports to employ adrenaline as an appropriate early
intervention. When what may generally be considered to be
conservative doses of adrenaline were infused intravenously,
these were remarkably effective, even in the most severe,
multisystem reactions.
Although ‘‘allergy’’ was considered by the anaesthetist in

the differential diagnosis of the cause of the incident in 112
reports, and in many cases may well have received some
follow up, in only 27 reports was any allergy testing
specifically mentioned in the narrative, and only 10 results
of such testing were reported. Nine were positive. It would
seem that a higher awareness of allergy testing needs to be
promoted among anaesthetists;8 9 however, most reporters
would have submitted their reports without waiting for the
results of allergy testing, even if it had been arranged. The
drugs implicated in the incident reports differ somewhat
from those implicated in the literature. Overall during
medical and surgical procedures, muscle relaxants have been
shown to be responsible for 60–70% of cases, latex for
10–20%, antibiotics for 5–20%, colloids and induction agents
for about 3–5% each.2 12–15 Latex seems to be becoming an
increasingly frequent problem.14 In the AIMS reports, muscle
relaxants appear to have been implicated much less
commonly, and antibiotics more commonly than in most
series.
All patients suspected of having had an allergic reaction

should have plasma-histamine, tryptase, and specific IGE
concentrations determined at the time of the reaction and,
again, at one and six hours after the reaction. Skin tests
should be conducted at six weeks. In a series of 789 patients,
immune related (anaphylactic) reactions were implicated in
two thirds of cases and non-immune related (anaphylactoid)
reactions in one third, with anaphylactic reactions generally
being more severe.12

In summary, anaesthetists should always think of an
anaphylactic or anaphylactoid reaction with unexpected,
sudden, or severe hypotension. Bronchospasm occurs less
than half the time, under general anaesthesia, and skin and
mucosal presentations may be late or obscured in the patient
undergoing surgery.14 A high index of suspicion and early,
aggressive therapy with adrenaline by intravenous injection
is vital. An adrenaline infusion should be instituted as soon
as possible, with titration against the heart rate and blood
pressure. A very large dose may be required and the infusion
may have to be maintained for hours and occasionally for
days.11

Any diagnosis may be confounded by the use of multiple
drugs at induction, some of which can cause hypotension in
any event, the fact that the anaesthetist may be distracted by
many events that may be taking place at the same time, and
the fact that the patient may be extensively medicated.
As indicated above, all patients suspected of having had a

reaction require plasma-histamine, tryptase, and specific IGE
concentrations determined from the time of the reaction and
during the next 24 hours. Skin tests should be conducted at
about six weeks after the event.
Finally, it is important that a full explanation of what

happened be given to the patient, that the event and the
results of any tests should be documented in the anaesthetic
record, and that the patient be given a letter to warn future
anaesthetists. If a particular precipitating event was sig-
nificant, or a particular action was useful in resolving the
crisis, this should be clearly explained and documented. A
permanent warning bracelet should be worn by the patient.
Future use of muscle relaxants should be avoided, if at all
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possible, as there is crossreactivity for up to 75% of
neuromuscular blocking agents.15 16 It should be remembered
that a severe reaction can occur in response to almost any
agent including colloids, dyes such as isosulfan blue which
the surgeon may inject for sentinel lymph node mapping for
breast cancer,17–18 and even to chlorhexidine.19

The anaphylaxis sub-algorithm described in this paper is
considered a suitable, safe sub-algorithm for the manage-
ment of suspected anaphylactic and anaphylactoid reactions
under anaesthesia. Its widespread adoption has the potential
to significantly improve and standardise current manage-
ment practice. Improved documentation and patient educa-
tion, follow up of all ‘‘suspicious’’ reactions, and letters of
warning to give to future anaesthetists would also be of
benefit.
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Key messages

N There were 148 incidents that involved allergic
reactions among the first 4000 reports to AIMS; 76
were severe and five were fatal.

N Twenty six cases had unplanned High Dependency
Unit admission and in 10 cases the planned operative
procedure was cancelled.

N Main presenting signs in the 76 severe cases were:
hypotension alone (31), hypotension plus skin signs
(21), hypotension plus bronchospasm plus skin
changes (12).

N Hypotension was reported in 68% and bronchospasm
in 42% of the cases.

N The 28% of heart rate changes were equally tachy-
cardias and bradycardias.

N ASA grades I and II featured in 65% of the cases.

N Commonly implicated agents included cephalosporins
(24%), Haemaccel (9%), non-depolarising relaxants
(8%) penicillin (5%), thiopentone (5%), and blood
products (2%).

N Neither antihistamine nor steroid administration in the
acute phase conferred any separate beneficial effect in
this series of cases.

N There was ample evidence of the beneficial effect of
adrenaline administration during the acute episode.
Notable was the apparent reluctance of some anaes-
thetists in these reports to employ adrenaline early and
appropriately.

N When faced with sudden, unexpected, or severe
hypotension, anaesthetists should always consider an
anaphylactic or an anaphylactoid reaction.

N All patients suspected of having anaphylaxis should
have plasma histamine, tryptase, and specific IGE
concentrations measured at the time of the reaction
and at 1 and 6 hours after the reaction.

N Of the 122 reports (including 64 ‘‘severe’’) where
reported management was tested against the algo-
rithms, it was considered that the properly applied
structured approach would have outperformed the
anaesthetist in 36 cases (30%), including 15 of the
severe reaction cases.
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