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PA: Perioperative anaphylaxis
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Background: Basophil activation tests (BATs) are useful in
identifying culprits of perioperative anaphylaxis (PA), but their
utility remains limited due to technical limitations, cost, and
availability. Being able to prioritize patients with likely higher
yields for BATwould be useful in reducing costs and manpower.
Objective: We sought to investigate whether tryptase levels and
clinical parameters may be useful for selecting patients for BATs.
Methods: We performed a 10-year retrospective study in Hong
Kong to investigate the performance of BATs associated with
tryptase levels (taking during PA) and other clinical parameters.
Results: Of 90 patients, 70 (77.8%) showed significant tryptase
level elevation and 37 (41.1%) had a positive BAT result. BAT-
positive patients presented with significantly higher absolute
levels (15.9 mg/L vs 9.1 mg/L; P 5 .018), absolute elevation (12.8
mg/L vs 7.1 mg/L; P 5 .012), and fold elevation (5.6- vs 4.1-fold;
P 5 .014) of acute tryptase than did BAT-negative patients.
Among patients with positive BAT result, 94.6% (35 of 37)
demonstrated elevated acute tryptase, significantly more than
the BAT-negative group (66.0%; P < .001). In regression
analysis, tryptase elevation was the sole significant factor
correlated to BAT positivity (odds ratio, 10.14; 95% CI, 2.15-
47.85; P 5 .003). Overall, elevated acute tryptase demonstrated
a sensitivity of 94.7% and a negative predictive value of 90.0%
in predicting positive results with BATs.
Conclusions: We observed that tryptase elevation is a very
sensitive predictor of BAT positivity among patients with
identified culprits of PA. Acute elevation of tryptase would not
only aid in confirming anaphylaxis but may also help guide the
decision toward selecting labor-intensive and costly in vitro tests
such as BATs. (J Allergy Clin Immunol Global 2024;3:100297.)
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INTRODUCTION
During the perioperative period, various complications,

which may interrupt critical operations and be life-threatening,
may occur. Perioperative anaphylaxis (PA) is an uncommon, but
potentially lethal, immediate-type hypersensitivity reaction
with an associated mortality of around 5%.1 PA may be
frequently ‘‘missed’’ or misdiagnosed with various non–im-
mune-mediated reactions. Evidence of an elevated tryptase is
specific for mast cell (MC) degranulation and can be of immense
diagnostic value.2 Unfortunately, measuring this time-sensitive
tryptase sample acutely during PA is often forgotten (or not re-
quested) and may be ‘‘falsely negative’’ in up to 25% of
episodes.3

Following the diagnosis of PA, identification of specific
culprits has traditionally relied on in vivo testing such as skin tests
(STs) and/or drug provocation tests. Given the limitations of STs
and difficulties of drug provocation tests with anesthetic agents,
in vitro tests such as specific IgE (sIgE) and basophil activation
tests (BATs) have grown in popularity.2 AlthoughBATs are gener-
ally considered specific, they suffer from low sensitivity and are
less useful in ruling out potential culprits.2 Furthermore, BATs
require fresh samples and laboratory expertise and are not readily
available beyond research institutes. Therefore, being able to pri-
oritize patients with likely higher yields for BATs would be useful
in reducing unnecessary costs and manpower. We previously
observed that the performance of BATs may be poorer among pa-
tients with nonelevated tryptase levels, which may be a useful
parameter for selecting patients for BATs.4 Therefore, we per-
formed this 10-year retrospective study to further explore this
phenomenon.

This study was a retrospective chart review of all adult patients
with confirmed PA who completed workup at the General
Anaesthesia Clinic of Queen Mary Hospital between January
2012 and December 2021. Queen Mary Hospital is a tertiary
referral center accepting both public and private referrals from
1
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FIG 1. A, Acute tryptase elevation according to BAT results. B, Fold changes in tryptase (between baseline

and acute levels) according to BAT results. *P < .05; **P < .01; ***P < .001.

TABLE I. Tryptase parameters stratified by BAT results

Patients with culprit identified Total (N 5 90) Positive BAT result (N 5 37) Negative BAT result (N 5 53) P value

Significant tryptase rise 70 (77.8) 35 (94.6) 35 (66.0) .001*

Acute tryptase level (mg/L) 12.5 (7.3-25.9) 15.9 (10.1-29.3) 9.1 (3.7-24.4) .018*

Baseline tryptase level (mg/L) 2.9 (1.7-4.0) 3.0 (1.7-4.3) 2.7 (1.7-3.8) .409

Acute/baseline (fold) tryptase, times 4.9 (2.9-10.0) 5.6 (3.6-12.2) 4.1 (1.7-8.0) .014*

D tryptase (acute – baseline) (mg/L) 9.8 (4.4-23.8) 12.8 (8.0-25.0) 7.1 (1.7-21.4) .012*

Numbers were expressed in median (lower quartile – upper quartile) or number (percentage) as appropriate.

*Stastical significance.
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across Hong Kong. It is also the only center in the territory
offering formal allergy and immunology testing service for
suspected PA. Our diagnostic approach and technical details
have been previously reported, with STs, sIgE, and BATs
routinely performed for all patients.5 We included only those pa-
tients who had paired tryptase samples available (acute [<4 hours
following PA] and baseline [>24 hours]), completed STs, sIgE,
and BATs with all possible culprits, and were diagnosed with a
specific culprit (allergist-diagnosed with compatible history and
concordant allergy investigations). Patients with PA but where
an exact culprit could not be identified with more than 1 diag-
nostic modality (ST, sIgE, BAT, or provocation testing) and as
per allergist diagnosis were excluded. Patients who did not com-
plete full workup or have complete investigation results were also
excluded. Significant tryptase elevation was defined as acute level
greater than or equal to 1.2 3 baseline level 1 2 mg/L.6 In those
patients without a significant tryptase rise, PAwas clinically diag-
nosed as per documented objective parameters (vital signs, exam-
ination findings) documented in the operative records and met
diagnostic criteria for anaphylaxis. Patient demographics, clinical
details of the index reaction, and results of all investigations were
analyzed. Most statistical analyses were done using IBM SPSS
Statistics version 28.0 (IBMCo, Armonk, NY). Association anal-
ysis was performed with chi-square test for categorical variables
and Mann-Whitney U test for continuous variables, respectively,
followed by multivariate regression analysis. A receiver-
operating characteristic analysis was performed to evaluate the
performance of acute tryptase level and significant tryptase
elevation in predicting BAT positivity via the ROCit package on
R version 4.3.1 (R Foundation, Vienna, Austria).7 Based on their
area under the curve, their prediction performance was classified
into ‘‘excellent’’ (0.900-1.000), ‘‘very good’’ (0.800-0.899),
‘‘good’’ (0.700-0.799), satisfactory (0.600-0.699), or ‘‘unsatisfac-
tory’’ (0.500-0.599).8 An optimal cutoff point was defined as the
acute tryptase level with the highest Youden’s index (sensitivity1
specificity).8 P value less than .05 is considered statistically sig-
nificant. This study was approved by the Institutional Review
Board of the University of Hong Kong/Hospital Authority Hong
Kong West Cluster.
RESULTS AND DISCUSSION
A total of 90 patients with an exact culprit identified and

meeting all inclusion criteria were included for analysis. Seventy
(77.8%) showed significant tryptase elevation (Fig 1,A). In 41.1%
(37 of 90) of patients, BAT results were positive to the identified
culprit. BAT-positive patients presented with significantly higher
absolute levels (15.9mg/L vs 9.1mg/L; P5 .018), absolute eleva-
tion (12.8mg/L vs 7.1mg/L; P5 .012), and fold elevation (5.6- vs
4.1-fold; P 5 .014) of acute tryptase than BAT-negative patients
(Fig 1, B; Table I). Among patients with a positive BAT result,
94.6% (35 of 37) demonstrated elevated acute tryptase, signifi-
cantly more than the BAT-negative group (66.0%; P < .001).
Aside from acute tryptase results, no significant differences
were noted between BAT-positive and BAT-negative patients
(Table II). In regression analysis, tryptase elevation was the sole



TABLE II. Demographic and clinical characteristics of analyzed patients with PA

Patients with culprit identified Total (N 5 90) Positive BAT result (N 5 37) Negative BAT result (N 5 53) P value

Demographic characteristics

Male sex 44 (48.9) 18 (48.6) 26 (49.1) .970

Age of onset (y) 58.8 (48.5-65.9) 60.0 (50.9-69.8) 57.3 (44.6-64.3) .113

Han Chinese ethnicity 89 (98.9) 36 (97.3) 53 (100.0) .411

Interval between reaction and workup 1.7 mo (1.3-3.1) 1.6 mo (1.2-3.1) 2.0 mo (1.4-3.2) .080

Past medical history

Previous use of GA 33 (36.7) 14 (37.8) 19 (35.8) .847

Hypertension 33 (36.7) 12 (32.4) 21 (39.6) .486

Asthma 6 COPD 10 (11.1) 3 (8.1) 7 (13.2) .516

Autoimmune disease 5 (5.6) 2 (5.4) 3 (5.7) 1.000

Chronic urticaria 9 (10.0) 4 (10.8) 5 (9.4) 1.000

Previous drug allergy 17 (18.9) 6 (16.2) 11 (20.8) .588

ASA grading .896

Grade 1 18 (22.0) 9 (25.7) 9 (19.1)

Grade 2 39 (47.6) 16 (45.7) 23 (48.9)

Grade 3 23 (28.0) 9 (25.7) 14 (29.8)

Grade 4 2 (2.4) 1 (2.9) 1 (2.1)

Timing .136

Induction 51 (56.7) 18 (48.6) 33 (62.3)

Maintenance 31 (34.4) 17 (45.9) 14 (26.4)

Recovery 8 (8.9) 2 (5.4) 6 (11.3)

Clinical manifestations

Respiratory 40 (44.4) 16 (43.2) 24 (45.3) .848

Cardiovascular 80 (88.9) 35 (94.6) 45 (84.9) .188

Mucocutaneous 51 (56.7) 19 (51.4) 32 (60.4) .395

Ring & Messmer anaphylaxis grading

Grade 1 4 (4.4) 0 (0.0) 4 (7.5)

Grade 2 2 (2.2) 1 (2.7) 1 (1.9)

Grade 3 79 (87.8) 32 (86.5) 47 (88.7)

Grade 4 5 (5.6) 4 (10.8) 1 (1.9)

(severe, ie, grade 3/4) 84 (93.3) 36 (97.3) 48 (90.6) .394

Operation completed 60 (66.7) 24 (64.9) 36 (67.9) .762

Other allergy tests

Positive ST result 80 (88.9) 31 (83.8) 49 (92.5) .307

Positive sIgE 27 (30.3) 15 (40.5) 12 (22.6) .068

Numbers are expressed in median (lower quartile – upper quartile) or number (percentage) as appropriate.

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; GA, general anesthesia.

FIG 2. Performance of acute tryptase level and significant tryptase eleva-

tion in predicting positive BAT results. FPR, False-positive rate; TPR, true-
positive rate.

J ALLERGY CLIN IMMUNOL GLOBAL

VOLUME 3, NUMBER 4

MAK ET AL 3
significant factor correlated to BAT positivity (odds ratio, 10.14;
95% CI, 2.15-47.85; P 5 .003). In receiver-operating character-
istic analysis, both acute tryptase level (area under the curve,
0.647; 95% CI, 0.529-0.765) and significant tryptase elevation
(area under the curve, 0.646; 95% CI, 0.528-0.764) demonstrated
satisfactory performance for BAT positivity prediction (Fig 2). An
acute tryptase level of greater than or equal to 9.0 mg/L was iden-
tified as the optimal cutoff, which has a sensitivity of 89.2%, a
specificity of 50.0%, and a negative predictive value of 86.7%
(see Table E1 in this article’s Online Repository at www.jaci-
global.org). Overall, elevated acute tryptase demonstrated a
sensitivity of 94.7%, a specificity of 34.6%, and a negative predic-
tive value of 90.0% in predicting positive results with BATs. In
contrast, results of STs or sIgE were not significantly associated
with acute tryptase results (neither numerically, absolute-
change, nor fold-change; Table III).

To our knowledge, this is the first study to investigate the
associations between tryptase elevation and the performance of
BATs among patients with PA. In our large cohort of patients with
PA undergoing BATs, almost all (94.6%) positive results came
from patients with significantly elevated tryptase during the index
reaction. This phenomenon is reminiscent of previous reports
describing the association between BAT positivity and elevated

http://www.jaci-global.org/
http://www.jaci-global.org/


TABLE III. Tryptase parameters stratified by ST or sIgE results

Patients with culprit identified Total Positive test result Negative test result P value

ST N 5 90 N 5 80 N 5 10

Significant tryptase rise 70 (77.8) 64 (80.0) 6 (60.0) .220

Acute tryptase level (mg/L) 12.5 (7.3-25.9) 14.4 (7.5-26.2) 10.6 (3.6-23.1) .367

Baseline tryptase level (mg/L) 2.9 (1.7-4.0) 2.9 (1.7-4.1) 2.4 (1.3-3.6) .394

Acute/baseline (fold) tryptase, times 4.9 (2.9-10.0) 4.9 (2.9-9.5) 4.7 (1.2-12.9) .668

D tryptase (acute – baseline) (mg/L) 9.8 (4.4-23.8) 10.3 (4.7-23.8) 8.0 (0.7-21.4) .311

sIgE N 5 90 N 5 27 N 5 63

Significant tryptase rise 70 (77.8) 22 (81.5) 48 (76.2) .580

Acute tryptase level (mg/L) 12.5 (7.3-25.9) 14.7 (8.2-27.4) 11.6 (5.9-25.7) .672

Baseline tryptase level (mg/L) 2.9 (1.7-4.0) 3.3 (1.7-5.8) 2.8 (1.7-3.7) .369

Acute/baseline (fold) tryptase, times 4.9 (2.9-10.0) 4.4 (2.5-11.2) 5.1 (2.9-9.8) .954

D tryptase (acute – baseline) (mg/L) 9.8 (4.4-23.8) 10.4 (5.8-24.1) 9.6 (3.4-23.7) .745

Numbers are expressed in median (lower quartile – upper quartile) or number (percentage) as appropriate.

J ALLERGY CLIN IMMUNOL GLOBAL

NOVEMBER 2024

4 MAK ET AL
tryptase among patients experiencing reactions during desensiti-
zation with platinum compounds.9 Because tryptase exists
(almost exclusively) within both MCs and basophils, significant
elevation during PA may reflect the individual tendency for
MC/basophil degranulation (in context with the specific drug
culprit).10 Therefore, such individuals would have an increased
likelihood of positive BAT result with the same drug, in compar-
ison to those without significantly elevated tryptase levels.
Furthermore, recent reports suggest a close interplay between
MCs and basophils, and it is possible that a positive BAT result
reflects a more significant role of basophils in activatingMCs dur-
ing PA in certain susceptible individuals.11 Interestingly, this may
partly explain why the same associations with elevated tryptase
levels were not observed with positive ST result or sIgE. It would
be of great interest to investigate whether similar phenomena can
be observed in MC activation test assays or within the context of
non–drug-induced anaphylactic reactions.

There are several limitations to this study. The performance of
BAT is dependent on multiple other factors, including individual
laboratory variations, basophil counts, patient comorbidities, and
specific culprits, which were not studied. It should be noted that
BAT has varying sensitivity and specificity for different causes of
PA, with fairly satisfactory performance against, for instance,
neuromuscular-blocking agents and chlorhexidine, but not
b-lactam antibiotics.5,12-14 We did not specifically look into po-
tential differences in CD63 and CD203c expression. The exact
timing of tryptase sampling (within the 4-hour window) was not
available either. Furthermore, not all identified culprits were
confirmed by drug provocation tests. Despite the fact that
all included patients had an exact culprit identified by multiple
diagnostic modalities, which were concordant with a clinical
diagnosis made by an allergist, there remains a possibility of
false-positive results. Prospective and multicenter studies will
be required to overcome these limitations and evaluate this novel
utility of tryptase results. Regardless, we believe that our findings
are of empirical value and could help inform clinicians planning
their investigations in real-life practice.

In conclusion, we observed that tryptase elevation is a very
sensitive predictor of BAT positivity among patients with
identified culprits of PA. Given the additional utility of tryptase
levels in predicting BAT positivity, we strongly reinforce the
importance of measuring acute tryptase in all instances of
suspected PA. Acute elevation of tryptase would not only aid in
confirming anaphylaxis but may also help guide the decision
toward selecting labor-intensive and costly in vitro tests such as
BAT.
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