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Abstract

Background: Anaphylaxis is recognized mainly through clinical criteria, which may

lack specificity or relevance in the perioperative setting. The transient increase in

serum tryptase has been proposed since 1989 as a diagnostic tool. Sampling for

well‐defined acute and baseline determinations has been recommended. We

assessed the performance of four proposed algorithms with tightly controlled time

frames for tryptase sampling, their robustness with inadequate sampling times, and

the possible use of mature tryptase determination.

Methods: A retrospective study was performed on 102 adult patients from the Aix‐
Marseille University Hospitals who had experienced a perioperative hypersensitivity

reaction clinically suggesting anaphylaxis. EAACI and ICON criteria were used to

diagnose anaphylaxis. Mature and total serum tryptase levels were measured.

Results: Based on EAACI guidelines, clinical diagnostic criteria for anaphylaxis were

found in 76 patients and lacking in 26. The most effective algorithm was the inter-

national consensus recommendation of 2012 that acute total tryptase levels should

be greater than ([1.2×baseline tryptase] + 2] μg/L to be considered a clinically signif-

icant rise. In our cohort, this algorithm achieved 94% positive predictive value (PPV),

53% negative predictive value (NPV), 75% sensitivity, 86% specificity, and a You-

den's index value of 0.61. A detectable acute mature tryptase level showed lower

sensitivity, particularly in patients with acute total tryptase levels lower than 16 μg/

L. Acute tryptase levels varied as a function of the clinical severity of anaphylaxis.

Conclusion: Total tryptase levels in serum discriminated between nonanaphylactic

and anaphylactic events in a perioperative setting when acute and baseline levels

were collected and analyzed by the consensus algorithm.
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1 | INTRODUCTION

Hypersensitivity reactions account for 9%‐19% of complications

related to perioperative anesthesia.1-3 The latest World Allergy Organi-

zation (WAO) definition of anaphylaxis is “a life‐threatening systemic or

hypersensitivity reaction (SHR) with sudden onset”.4 The estimated

incidence of perioperative anaphylaxis (PA), that is, anaphylaxis during

the perioperative period,1 is 1 in 20 000 to 1 in 10 000,2-5 although

underdiagnosis might be frequent.4 Despite recent progress, the diag-

nosis of PA remains challenging.1,6 Anaphylaxis is recognized mainly

through clinical criteria.4,7 As an example, EAACI criteria for anaphy-

laxis include “reduced blood pressure after exposure to a known aller-

gen for that patient”,7 but previous reactions to drugs or intake of

pholcodin may not be reported prior to the surgery. Reactions may also

occur upon the first exposure. During the perioperative setting, as

opposed to a usual workup of immediate SHR, the question is not sim-

ply whether allergic symptoms meet criteria for anaphylaxis, but

whether the acute worsening of a patient's status stems from an imme-

diate hypersensitivity cause. Laboratory results supporting mast cell

(MC) degranulation are valuable for classifying a perioperative event as

anaphylaxis, even if they are not available until after the acute event

subsides.8 The transient increase in serum tryptase has been proposed

since 1989 as a diagnostic tool for anaphylaxis9 and sampling for acute

and baseline determination has been recommended,4,5,7-10 as well as a

consensus algorithm for determining what is a clinically significant rise

in the acute above the baseline level of tryptase.10 The WAO and the

consensus of the 2010 Working Conference on Mast Cell Disorders

recommend tryptase determination acutely, 15 minutes to 3 hours

after the onset of symptoms, and at baseline, either before or at least

24 hours after complete resolution of all symptoms and signs.4,10

Tryptase comprises a family of MC specific proteases.9 The α and

β isoforms contribute to tryptase blood concentrations, at baseline as

protryptases and with systemic anaphylaxis as pro‐ plus mature tryp-

tases.11,12 A portion of the α and β monomeric pro‐forms are

secreted continuously at baseline from MC at rest. Another portion

of the pro‐forms are converted inside MC to mature tryptase tetra-

mers that are stored in secretory granules, and are secreted when

MC are activated to degranulate. The collective measurement of the

pro‐ and mature forms of α and β tryptases provides the total serum

tryptase value and will be called tryptase in this manuscript, whereas

measurements of mature α and β tryptases will be called mature tryp-

tase. An acute serum tryptase (sAT) level greater than {[1.2 × serum

baseline tryptase (sBT)] + 2} μg/L has been recommended as a con-

sensus decision threshold to confirm clinically significant MC degran-

ulation.10 Other decision thresholds for total tryptase variation during

MC degranulation have been proposed, including sAT being >

(1.35 × sBT),13 >(1.2 × sBT), >(3 + sBT) μg/L,14 >11.4 μg/L (the man-

ufacturer's upper limit of reference values for sBT,15), or >14 μg/L.16

Yet, serial tryptase determination is seldom implemented and a com-

mon decision threshold has not been adopted in daily practice.14,16-18

Our main objective was to determine the diagnostic performance

of paired sAT and sBT at adequate sampling times for the diagnosis

of PA in adults. Secondary objectives included evaluating the impact

of inadequate tryptase sample timing on the performance of
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algorithms, evaluating the diagnostic value of mature tryptase, and

searching for a link between sAT, sBT, and severity of PA.

2 | PATIENTS AND METHODS

2.1 | Study population

Patients from the Aix‐Marseille University Hospitals (Hôpital Nord,

Hôpital de la Timone, Hôpital de la Conception), Marseille, France,

aged 18 years or more, having experienced a perioperative SHR clin-

ically suggesting anaphylaxis from November 2011 through May

2017, and for whom at least two tryptase determinations had been

performed, were retrospectively identified.

2.2 | Ethics statement

This retrospective, noninterventional study was based on the review

of clinical and laboratory medical records. Under the French law, ethics

committee approval and patient consent were not required for this

type of noninterventional study, provided the patients had received

information about the potential use of anonymized medical data for

research purposes, and retained the right to oppose it (SFAR CERAR

committee IRB 00010254‐2018‐004; CIL/APHM registry 2017‐24).

2.3 | Diagnosis of anaphylaxis

According to current international guidelines,4,7,19-21 diagnosis of ana-

phylaxis was based on clinical criteria aiming at the recognition of “a

serious, life‐threatening generalized or systemic hypersensitivity reac-

tion”20 “with sudden onset”.4 Following the ICON guidelines, the term

“anaphylaxis” was preferred to “anaphylactic shock” because shock is

not necessarily present in patients with anaphylaxis.19 Conversely,

mild reactions graded 1 or 2 are not consensually considered as ana-

phylaxis.1,6 Confirmation and grading of the SHR were performed ret-

rospectively, after the acute event, either by the anesthesiology team

while the patient was in the hospital or by an allergist, 6 weeks to

3 months after the acute event. In both cases, results of laboratory

tests for confirmation of clinical diagnosis, that is, tryptase results,

together with IgE results for suspected triggers, were available for the

medical team at the retrospective diagnostic evaluation. Specialized

allergy workup was performed by the same allergist (MG) and relied

on clinical information and a set of complementary procedures.

Allergy skin tests, including skin prick tests and intradermal tests,

serum specific immunoglobulin (Ig) E, and drug challenges, were

employed in line with current recommendations.5,21 A specialized

allergy workup was performed on 44 patients. The etiological diagno-

sis was based on history, timing, and in vitro tests only, in 12 patients.

2.4 | Data collection

For each patient, we collected data on age, gender, atopic history

(asthma, allergic rhinitis, atopic dermatitis, food, drug, or latex

allergy), operative procedures, and anesthesia records. Perioperative

involvement of organs, including cutaneous, gastrointestinal, respira-

tory, and cardiovascular systems, was documented. The severity

score was graded using the 4‐class scale adapted from Ring and

Messmer.22 The preoperative physical status was evaluated with the

American Society of Anesthesiology physical status (ASA‐PS) classifi-
cation describing patient demographics, clinical characteristics, and

comorbidities, widely used by anesthesiologists as a risk predic-

tor.23,24

2.5 | Laboratory workup

Serum total tryptase and specific IgE were measured with Immuno-

CAP (Thermo Fisher Scientific, Uppsala, Sweden). IgE to suspect

molecules received during the perioperative procedure prior to the

initiation of symptoms were routinely assayed in the perioperative

samples: latex, penicillins G and V, amoxicillin, cefaclor, succinyl-

choline, quaternary ammonium groups. The lower limit of quantifica-

tion was 1 μg/L for tryptase and 0.10 kUA/L for IgE.

2.6 | Samples

For perioperative SHR events clinically suggesting anaphylaxis, our

institution recommends two sampling time‐points: an acute sample

collected 0.5‐2 hours after the initiation of symptoms and a baseline

sample before the start of a reaction or at least 24 hours after reso-

lution of all signs and symptoms.10 Blood samples are sent to the

laboratory with a document specifying the exact time of sampling,

the exact time of symptom initiation, the complete list of drugs the

patient received prior to the initiation of symptoms, and whether

latex equipment was employed.

2.7 | Mature tryptase determination

Mature tryptase was measured in the VCU Laboratory using the bio-

tin‐conjugated G5 monoclonal anti‐tryptase IgG for detection and

the B12 monoclonal anti‐tryptase IgG for capture.9,12,25 Consecutive

acute samples from 42 patients were retrospectively selected from

the study population. The selection was blinded with respect to the

final confirmation or rejection of PA. Samples belonged to three

groups based on sAT level: ≤11.4 μg/L (n = 35), 12‐20 μg/L (n = 4),

and >20 μg/mL (n = 3). In 13 of these 42 patients, mature tryptase

was also assayed in baseline samples.

2.8 | Statistical analysis

Category variables were presented as frequencies. Continuous quan-

titative variables were each presented as a median, range, and

interquartile range (IQR). The association between category variables

was evaluated with the khi‐2 test and Fisher's exact test as applica-

ble. Continuous variables were compared with Student's t test and

multiple t tests for comparison of groups. PPV, NPV, sensitivity,

specificity, and Youden's index of tryptase concentrations were cal-

culated, with sensitivity + specificity−1 = Youden's index. The
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associations between sAT, sBT, tryptase acute‐to‐baseline difference,

and clinical severity were evaluated with Spearman's rank test. Sta-

tistical analysis was performed with GraphPad Prism version 7.

3 | RESULTS

3.1 | Demography and clinical presentation of PA

We identified 102 patients with perioperative SHR clinically suggesting

PA, for whom at least two serum tryptase determinations had been

performed from November 2011 through May 2017 (Figure S1).

According to the EAACI clinical criteria,7 PA was confirmed in 76 (75%)

patients. PA was associated with an increased prevalence of cutaneous

and cardiovascular symptoms, and more frequent referral to an allergist,

positive allergy skin tests, and specific ImmunoCAP IgE positivity

(Table 1). Respiratory and gastrointestinal symptoms, atopic history, and

ASA‐PS score for preoperative physical status did not differ between

anaphylactic and nonanaphylactic events. Cutaneous symptoms were

more frequent during grade 1 and 2 PA, while cardiovascular symptoms

and older age were preferentially associated with grade 4 PA. No peri-

operative death occurred in the study sample.

3.2 | Allergy workup

Forty‐four (43%) patients, comprising 38 with clinically confirmed PA

and 6 without, attended the allergy department after the perioperative

event. Detailed results of allergy workup are presented in Material S1.

3.3 | Time frame and number of time‐points for
tryptase determination

The patients were categorized as follows: adequate sAT and sBT

(n = 85), adequate sAT and inadequate sBT (n = 16), inadequate sAT

and adequate sBT (n = 1).

Paired sAT and sBT determinations within the recommended

time frame occurred in 85 (83%) patients (Figure 1). Proper sAT but

incorrect sBT timing was found in 16 (16%) patients: 14 because the

“baseline” sample was taken 4‐20 hours after the onset of the SHR,

and two because blood was taken less than 15 minutes after the ini-

tiation of SHR symptoms, followed by an optimal sample for sAT

being taken between 30 minutes and 2 hours after onset of symp-

toms (Figure 1).

In 10 out of 16 patients with a proper sAT but inadequate sBT

(9 taken 4‐20 hours after the initiation of symptoms, 1 taken

<15 minutes after), tryptase algorithms confirmed a transient

increase in tryptase concentrations during the perioperative event.

Overall, interpretation of tryptase results was feasible in 85+10 = 95

(93%) patients (Figure 1).

3.4 | Diagnostic performance of tryptase algorithms
for PA

The diagnostic performances of three published algorithms and of

the manufacturer's upper reference value were compared. One

patient for whom sAT sampling had not been performed was

excluded from the analysis.

In 85 patients (64/85, 75% confirmed PA) with adequate

sAT and sBT sampling times, the highest Youden's index (0.61)

was obtained with ([1.2 × sBT]+2) μg/L. The other algorithms

displayed lower Youden's index due to either lower sensitivity

(the manufacturer's 11.4 μg/L limit and the [sBT + 3] μg/L algo-

rithm), or lower specificity (the [1.35 × sBT] μg/L algorithm)

(Table 2).

Among 16 patients with inadequate sBT timing, 12 (75%) were

confirmed as PA, and in 10 of these 12 a transient increase in sAT

was observed, resulting in Youden's index ranging from 0.58 with

the manufacturer's 11.4 μg/L threshold to 0.83 with the three other

TABLE 1 Relevant demographic and clinical features according to the final diagnosis of perioperative anaphylaxis (PA) and the severity
score. Patient groups are presented according to the final diagnosis of confirmed or rejected PA and severity scoring according to Ring and
Messmer. Briefly, grade 1, cutaneous‐mucous signs; grade 2, previous plus cardiovascular and/or respiratory signs; grade 3,
previous + cardiovascular shock ± bronchospasm; grade 4, previous ± cardiac arrest. Significant differences between PA grades and
nonanaphylactic events are presented in bold characters. IQR, interquartile range; n, sample size; P, P‐value (multivariate analysis); PA,
perioperative anaphylaxis

No PA
n = 26

Grade 1
n = 9

Grade 2
n = 12

Grade 3
n = 45

Grade 4
n = 10

All PA
n = 76 P

Age (years) median, IQR 57 (44‐67) 37 (28‐50) 47 (34‐58) 55 (37‐67) 64 (62-79) 53 (37‐66) 0.009

Range 18‐88 23‐88 21‐70 21‐83 56-86 21‐88

Adequate tryptase sampling 81% (21/26) 89% (8/9) 75% (9/12) 84% (38/45) 90% (9/10) 84% (64/76) 0.9

Atopy 38% (10/26) 56% (5/9) 42% (5/12) 40% (18/45) 20% (2/10) 39% (30/76) 0.6

Skin involvement 15% (4/26) 100% (9/9) 83% (10/12) 60% (27/45) 20% (2/10) 63% (48/76) 2 × 10−6

Respiratory involvement 38% (10/26) 0/9 33% (4/12) 44% (20/45) 20% (2/10) 34% (26/76) 0.1

Gastrointestinal involvement 8% (2/26) 0/9 0/12 4% (2/45) 0/10 2% (2/76) 0.3

Cardiovascular involvement 58% (15/26) 0/9 84% (10/12) 93% (42/45) 100% (10/10) 82% (62/76) 1 × 10−8

Allergy workup 23% (6/26) 44% (4/9) 67% (8/12) 51% (23/45) 40% (4/10) 51% (39/76) 0.01
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algorithms (Table 2). Tryptase was uninterpretable in 6 (38%) out of

16 inadequate pairs.

The prevalence and severity of PA were similar in patients with

and without adequate sampling times (not shown). sAT was higher in

patients with inadequate sampling times (median 22.8 μg/L, IQR 6.1‐
42.1) vs patients with adequate sampling times (median 9.0 μg/L,

range 3.9‐21.9), although the difference was not significant (P 0.15,

not shown).

3.5 | Acute and baseline tryptase concentrations
and clinical severity of PA

sAT levels, analyzed in the overall SHR population (n = 101), were

higher in patients with grade 2, 3, and 4 PA as compared to the

nonanaphylactic ones (Figure 2). The difference between sAT and

sBT levels, analyzed in patients with adequate sampling times

(n = 85), was higher in patients with grade 2‐4 PA, consistent with

higher sensitivity of tryptase algorithms (Table 3).

Levels of sBT >5 μg/L were more prevalent in the patients expe-

riencing grade 3 and 4 PA (Table 3).

sAT was higher than sBT in 15 out of 21 (71%) nonanaphylactic

events with adequate sAT and sBT. Although the increase did not

exceed 236% of sBT, it resulted in 3/15 (20%) false positives with the

([1.2 × sBT] + 2) μg/L and the (sBT + 3) μg/L algorithms, and in 11/15

(73%) false positives with the (1.35 × sBT) μg/L algorithm (not shown).

3.6 | Mature tryptase determination

Mature tryptase was detected in 6/42 acute samples. Detectable

mature tryptase was associated with grade 3 and 4 PA, with higher

TABLE 2 Compared diagnostic performances of tryptase algorithms for perioperative anaphylaxis (PA). Adequate timing (n = 85) denoted
paired acute tryptase sampling 0.5‐2 h after the initiation of hypersensitivity symptoms suggesting PA, and baseline tryptase ≥24 h after
complete resolution of symptoms and signs of anaphylaxis. Inadequate timing (n = 16) denoted paired tryptase sampling with an adequate
acute sample and an inadequate baseline tryptase sample less than 24 h after symptom resolution. Confirmed PA was 75% in both adequate
(64/85) and inadequate (12/16) timing groups. One patient lacking acute tryptase determination was excluded from the analysis. IQR,
interquartile range; NPV, negative predictive value; PA, perioperative anaphylaxis; PPV, positive predictive value; Se, sensitivity; Sp, specificity;
Y, Youden's index

Algorithm

Adequate timing (n = 85) Inadequate timing (n = 16) Overall (n = 101)

Se Sp PPV NPV Y Se Sp PPV NPV Y Se Sp PPV NPV Y

>1.35 × sBT 0.81 0.52 0.84 0.48 0.33 0.83 1 1 0.66 0.83 0.82 0.60 0.86 0.52 0.42

>1.2 × sBT + 2 μg/L 0.75 0.86 0.94 0.53 0.61 0.83 1 1 0.66 0.83 0.76 0.88 0.95 0.55 0.64

>sBT + 3 μg/L 0.72 0.86 0.94 0.50 0.58 0.83 1 1 0.66 0.83 0.74 0.88 0.95 0.52 0.62

>11.4 μg/L 0.53 0.95 0.97 0.40 0.48 0.83 0.75 0.91 0.60 0.58 0.58 0.92 0.96 0.42 0.50

Perioperative hypersensitivity reaction
clinically suggesting anaphylaxis

and ≥2 tryptase samples
n = 102

Adequate sAT No sAT
n = 101 n = 1

Adequate sBT Inadequate sBT
n = 85 n = 16

Intermediate sample Sample <15 min
n = 14         n = 2

Transient increase Similar values Transient increase Similar values
n = 9 n = 5 n = 1 n = 1

F IGURE 1 Definition of patient groups
according to tryptase sampling times.
Adequate acute tryptase (sAT) was defined
as a sample taken 0.5‐2 h after the
initiation of symptoms of a perioperative
hypersensitivity reaction clinically
suggesting anaphylaxis. Adequate baseline
tryptase (sBT) was defined as a sample
taken ≥24 h after complete resolution of
signs and symptoms of hypersensitivity.
Intermediate samples were defined as
taken more than 3 hours, but less than
24 hours, after the initiation of symptoms.
Samples taken less than 15 min after the
initiation of symptoms were not
considered as acute tryptase, given the risk
of false negative results. Overall, tryptase
changes during the perioperative event
could be interpreted in 95 patients
(denoted in bold font), of whom 85 had
had adequate acute and baseline tryptase
determination
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sAT and higher difference between sAT and sBT levels (Table 4). In

fact, mature tryptase was not detected in samples with total sAT

level lower than 16 μg/L, irrespective of the clinical severity (Table

S1). Mature tryptase levels did not identify any of 12 patients with

grade 1 and 2 PA and missed 10/15 patients with grade 3 PA and 4/

5 of those with grade 4 PA. In acute samples with detectable mature

tryptase, its level accounted for only a fraction of the total tryptase

level (Table S1).

4 | DISCUSSION

We set out to assess the value of proposed algorithms for tryptase

interpretation when adequate sampling for acute and baseline total

tryptase is performed, their robustness in case of inadequate sampling

times, and the value of mature tryptase determination in a real‐life, ret-
rospective study on PA. We included 102 patients who had experi-

enced a perioperative SHR clinically suggesting anaphylaxis and who

F IGURE 2 Relationship between acute
tryptase values and perioperative
anaphylaxis diagnosis and severity. Data
are presented for the 101 patients with
available acute tryptase determination.
Median acute tryptase with IQR is shown
for each patient group. Tryptase values are
presented as raw data (μg/L). The y‐axis is
set as a log10 scale. IQR, interquartile
range; P, P‐value. Results were considered
as significant when P < 0.05

TABLE 3 Tryptase values and algorithm performance according to perioperative anaphylaxis (PA) grades. Patient groups are presented
according to the final diagnosis (clinically established PA or no PA) and severity scoring according to Ring and Messmer. All acute (n = 101)
and baseline (n = 102) tryptase results are presented. Tryptase difference acute‐to‐baseline calculations are restricted to 85 patients with
adequate sampling times for acute and baseline tryptase, that is, acute tryptase 0.5‐2 hours after the initiation of symptoms suggesting
anaphylaxis and baseline tryptase ≥24 h after complete resolution of symptoms and signs of anaphylaxis. Significant differences between
anaphylaxis and nonanaphylaxis groups are shown in bold font. IQR, interquartile range; n, sample size; PA, perioperative anaphylaxis; sBT,
serum baseline tryptase determination; P, P‐value

No PA

PA
Multiple
t test (P)

Correlation
Spearman's r; 95%
confidence interval; PGrade 1 Grade 2 Grade 3 Grade 4 All

Acute tryptase higher than:

1.35 × sBT 48% (10/21) 25% (2/8) 89% (8/9) 92% (35/38) 78% (7/9) 81% (52/64) 7 × 10−5

(1.2 × sBT) + 2 μg/L 14% (3/21) 13% (1/8) 67% (6/9) 92% (35/38) 67% (6/9) 75% (48/64) 2 × 10−8

sBT + 3 μg/L 14% (3/21) 13% (1/8) 67% (6/9) 87% (33/38) 67% (6/9) 72% (46/64) 3 × 10−7

11.4 μg/L 8% (2/25) 22% (2/9) 42% (5/12) 69% (31/45) 60% (6/10) 58% (44/76) 2 × 10−5 0.48 (0.30‐0.62; 0.0001)

Tryptase difference acute‐to‐baseline (%)

N 21 8 9 38 9 64 0.36 (0.16‐0.53; 0.0008)

Median 134 119 280 440 354 359 2 × 10−16

IQR 98‐148 104‐144 200-434 242-532 161-506 183-502

Range 71‐236 81‐751 122‐498 52‐1631 89‐4934 52‐4934

Baseline tryptase

>5 μg/L
18% (4/22) 25% (2/8) 0/9 45% (17/38) 56% (5/9) 38% (24/64) 0.02

1162 | VITTE ET AL.



had had at least two sequential blood samples collected for tryptase

level determination. Based on clinical criteria from EAACI and ICON

guidelines,4,7,19,20 PA was rejected in 26 and confirmed in 76 of these

patients. Adequate tryptase sampling for sAT (0.5‐2 hours after the

initiation of symptoms) was performed in almost all patients (101/102),

while for sBT (≥24 h after the complete resolution of symptoms and

signs of anaphylaxis), the figures were lower (86/102, 84%). Overall,

paired adequate sAT and sBT values were available in 85 patients.

The diagnostic performances of three algorithms were compared.

The most effective was the international consensus recommendation

of 201210 that sAT should be greater than ([1.2 × sBT] + 2) μg/L to be

considered a clinically significant rise. This algorithm achieved 0.94

PPV, 0.53 NPV, 0.75 sensitivity, 0.86 specificity, and a Youden's index

value of 0.61 in cases of adequate timing of sAT and sBT sampling.

This compound algorithm takes into account sBT and its absolute ele-

vation, achieving good sensitivity even when sAT is within the normal

range of 1‐11.4 μg/L, and excellent specificity through correct classifi-

cation of nonanaphylactic patients. This algorithm performed poorly in

patients with grade 1 reactions, that is, its sensitivity increased with

clinical severity, particularly as it related to a drop in blood pressure.

Issues related to specificity likely include the small increases in sAT

concentrations occurring with random variations or nonanaphylactic

events, and mechanisms of anaphylaxis that do not involve MC

degranulation.4,26 Indeed, MC activation has been reported in

atherosclerosis‐related cardiovascular events,27,28 coagulation abnor-

malities,29,30 and response to infectious agents.31,32 In line with previ-

ous cohorts,14,16-18,33 our results confirm that the consensus algorithm

sAT >([1.2 × sBT] + 2) μg/L is a good compromise between empirical

thresholds such as >(1.35 × sBT), which privileged sensitivity as high

as 0.91 in previous literature12,34 and 0.81 in our study, or (sBT + 3)

μg/L, which resulted in sensitivity values as low as 0.63 in the litera-

ture33,34 and 0.72 in our hands. It achieves a good performance level

even in patients whose sAT does not exceed 11.4 μg/L. In our cohort,

these patients accounted for 42% of confirmed PA, while the NAR-

COS (National Adverse Reactions Advisory Service, Sheffield) cohort

of UK perioperative events reported 54% out of 3400, 1998‐2015.14

This underlines the major pitfall of dismissing MC degranulation in the

absence of an elevation of sAT above 11.4 μg/L.

Mature tryptase was measured in a subset of 42 patients with an

in‐house method.25 Mature tryptase consists of both tetramers that

are functionally active molecules stored in the secretory granules of

MC, and monomers that either never formed tetramers or decayed

into inactive monomers from their tetramers.11,12 A serum level

≥1 μg/L likely reflects MC degranulation releasing preformed mature

tryptase tetramers. To our surprise, mature tryptase was only

detected in acute samples with a total tryptase level of 16 μg/L or

higher, and it only accounted for a minor part of total tryptase level,

reflecting both mature tryptase and protryptases. The acute rise over

baseline in total tryptase during mild to moderate episodes of anaphy-

laxis in the absence of a detectable rise in mature tryptase has been

reported previously.25,35 Overall, mature tryptase determinations did

not improve diagnostic sensitivity for the identification of MC degran-

ulation in patients with sAT <16 μg/L. Thus, the diagnostic sensitivity

of an acute mature tryptase level is less than that of acute and base-

line total tryptase levels when analyzed by the consensus algorithm.

Only in cases where an acute sample alone is available might the

TABLE 4 Comparison of patients with and without detectable
acute mature tryptase. Mature tryptase was measured using the
biotin‐conjugated G5 monoclonal anti‐tryptase IgG for detection and
the B12 monoclonal anti‐tryptase IgG for capture in the VCU
Laboratory (Pr LB Schwartz) in acute samples from 42 patients who
had experienced a perioperative hypersensitivity reaction clinically
suggesting anaphylaxis. Patients were retrospectively selected and
divided into those with low levels of acute tryptase (≤11.4 μg/L
[n = 35]), those with moderate levels of acute tryptase (12‐20 μg/L
[n = 4]), and those with high acute tryptase levels (37, 39 and 93 μg/
L [n = 3]). The selection was blinded with respect to the final
confirmation or rejection of perioperative anaphylaxis. Significant
differences associated with the detection of mature tryptase in
acute samples are shown in bold font (P ≤ 0.03). F, female; IQR,
interquartile range; M, male; SHR, systemic hypersensitivity reaction

Detectable acute
mature tryptase

Undetectable
acute mature
tryptase

Sample size 6 36

Age (years) 57 (41‐61) 61 (41‐72)

Median, IQR range 34‐66 21‐88

Sex ratio (M/F) 6 F, no male 14 M, 22 F

Storage time (years)

Median, IQR 2.0 (0.8‐3.2) 2.0 (0.8‐3.7)

Range 0‐4 0‐5

Mature tryptase (μg/L)

Median, IQR 3.5 (1.7‐7.8) <1

Range 1‐20

Acute total tryptase (μg/L)

Median, IQR 27.2 (16.4-38.7) 6.0 (3.0‐9.0)

Range 16-93 2‐13

Total net tryptase

variation (acute‐
baseline [μg/L])

Median, IQR 21.5 (13.2-29.9) 2.5 (0.7‐5.1)

Range 12-85 0‐10

Baseline tryptase (μg/L)

Median, IQR 6.0 (3.5-8.0) 3.4 (2.5‐4.2)

Range 3.2-9.0 1‐10

Confirmed mast cell

degranulation according

to the (1.2 × sBT + 2)

μg/L algorithm

100% (6/6) 42% (15/36)

SHR grade

Median, IQR 3 (3-3) 2 (0‐3)

Range 3-4 0‐4

Detail of SHR severity 5 grade 3; 1 grade 4 10 no anaphylaxis;

4 grade 1;

8 grade 2;

10 grade 3;

4 grade 4
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mature tryptase level by itself or together with a total tryptase level

be more helpful than the total tryptase level alone.

We found an association between higher sAT, higher acute‐to‐
baseline level variations, and grade 3 and 4 PA. This result is in line

with the NARCOS findings,14 in contrast to some earlier studies.36 We

speculate that a tight control of proper timing for sAT and sBT sam-

pling is of paramount importance. In patients with confirmed PA, sBT

levels >5 μg/L were more prevalent in grade 3 and 4 reactions. Ele-

vated sBT may indicate MC‐related conditions such as mastocytosis or

hereditary alpha‐tryptasemia,37,38 and has been associated in some

but not all studies with an increased risk of PA.39,40

Tryptase determination at the appropriate time‐points is not

always achieved in clinical practice.14,17,18 In our study, sAT measured

between 0.5 and 2 hours after the onset of SHR symptoms was avail-

able in 99% patients, but optimal sBT samples were lacking in 16%.

Nevertheless, our results showed the robustness of the compound

algorithm in real‐life, as 63% (10/16) of the latter allowed a confirma-

tory result for clinically significant MC degranulation when used as

sBT. This result is not unexpected given that the peak net tryptase

level, occurring 0.5‐1.5 hours after insect sting‐triggered anaphylaxis,

declines with a half‐life of about 2 hours.9 Sensitivity (0.83), speci-

ficity,1 PPV,1 and Youden's index (0.83) were higher with the consen-

sus algorithm as well as with the other algorithms in the group lacking

sBT. As sAT was higher too, we speculate that the knowledge of an

elevated sAT might have been perceived by anesthesiologists as a con-

firmation of PA even in the absence of comparison with sBT, especially

with grades 2 to 4, hence making sBT sampling seem dispensable.

Postanaphylaxis management recommendations include referral to

an allergist.7,18 In our cohort, 43% of patients with a perioperative SHR

clinically suggesting anaphylaxis were subsequently seen by an allergist.

This figure is stable over decades, despite continued efforts for medical

education.41,42 The most frequent culprits were NMBA, antibiotics, and

latex in 18 (28%), 13 (20%), and 9 (14%) of the anaphylactic patients.

Considering patients with adequate sAT and sBT sampling times, the con-

sensus algorithm confirmed perioperative MC degranulation in 17/17

NMBA cases, in 12/13 antibiotic cases, and in 6/7 latex cases.

In our study, nonanaphylactic patients often displayed severe features,

such as cardiovascular and respiratory involvement, which can be due to

both anaphylactic and nonanaphylactic causes. Current EAACI and ICON

guidelines state that anaphylaxis, including PA, is a clinical diagnosis, while

laboratory tests only have a confirmatory value. Our real‐life study showed

that tryptase determination in the perioperative setting has become a rou-

tine procedure and therefore can be a reliable supplementary criterion for

PA. Tryptase levels clearly discriminated between nonanaphylactic and

anaphylactic events, emphasizing its utility for identifying PA as a contri-

buting factor to an acute perioperative adverse event.

The main strength of our study resides in reporting on tightly con-

trolled time frames for collecting tryptase samples, a feature that is usually

lacking from real‐life studies on PA. Limitations include the retrospective

design, the small cohort size, and the single‐center design. A special fea-

ture was the initial search in the Immunology laboratory database to iden-

tify patients with at least two tryptase determinations, thus excluding

those with no or single tryptase determination. However, this could have

introduced a bias in the selection of patients experiencing a perioperative

SHR, as some of them might not have been sampled twice for tryptase

determination. Therefore, prospective multicenter studies are needed to

validate the current findings. We also report that mature tryptase determi-

nations did not improve the sensitivity for detecting PA as compared with

total tryptase levels in acute and baseline samples analyzed by the consen-

sus algorithm, sAT >([1.2 × sBT] + 2) μg/L.

In conclusion, better use of measuring serum tryptase levels dur-

ing acute (0.5‐2 hours after the initiation of the symptoms) and

baseline (before onset or at least 24 hours after complete resolution

of the symptoms) time periods, and analyzed by the consensus algo-

rithm, might increase the diagnostic accuracy of PA and promote

referrals to an allergist for a further workup.
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1

1
Tryptase determination November 2011- May 20172

n = 45173
4
5

≥ 2 tryptase determinations6
7
8

Yes No9
n = 673 n = 384410

11
12

age ≥ 18 years13
14
15

Yes No16
n = 551 n =12217

18
19

Perioperative hypersensitivity reaction20
clinically suggesting anaphylaxis21

22
23

Yes No24
n = 102 n = 44925

26
27

Clinically confirmed anaphylaxis28
29
30

Yes No31
n = 76 n = 2632

33
34

Supplemental Figure 1. Study flowchart.35
Patients aged 18 years or more, having experienced a perioperative reaction clinically suggesting36
anaphylaxis from November 2011 through May 2017, and for whom at least two tryptase37
determinations had been performed, were retrospectively identified. Following the EAACI and ICON38
clinical criteria, anaphylaxis was confirmed in 76 (75%) patients.39



1

1

Patient
number Age M/F Perioperative

anaphylaxis

Acute sample Baseline sample
1.2 x sBT + 2 algorithm in

favor of MC degranulation
total tryptase mature tryptase total tryptase

1 52 F 0 7.04 <1 4.54 No
2 88 F 0 4.61 <1 4.13 No

3 66 M 0 3.66 <1 2.48 No
4 67 F 0 6.11 <1 4.24 No
5 53 M 0 8.65 <1 3.66 Yes

6 63 F 0 3.85 <1 3.55 No
7 82 F 0 8.29 <1 4.28 Yes
8 29 F 0 2.22 <1 1.24 No
9 62 M 0 2.42 <1 2.21 No

10 54 M 0 2.89 <1 2.94 No
11 37 F 1 2.46 <1 2.31 No
12 88 F 1 8.2 <1 6.13 No
13 29 F 1 2.51 <1 3.09 No
14 26 F 1 5.91 <1 3.43 No
15 72 F 2 9.43 <1 2.35 Yes
16 51 F 2 7.07 <1 1.94 Yes
17 57 M 2 8.99 <1 2.07 Yes
18 70 M 2 9.00 <1 3.39 Yes
19 35 M 2 2.64 <1 1.6 No
20 21 F 2 3.82 <1 3.14 No
21 62 F 2 2.02 <1 1.01 No

22 67 M 2 10.4 <1 3.72 Yes
23 37 F 3 10.6 <1 4.9 Yes
24 67 M 3 1.96 <1 2.12 No
25 44 F 3 5.88 <1 4.62 No
26 38 M 3 10.6 <1 5.07 Yes
27 79 M 3 9.35 <1 5.93 Yes
28 43 F 3 3.95 <1 1.22 Yes
29 32 F 3 8.49 <1 4.11 Yes
30 60 M 3 2.44 <1 2.69 No
31 72 M 3 8.47 <1 3.64 Yes
32 52 M 3 12.8 <1 2.63 Yes
33 81 F 4 4.55 <1 2.83 No
34 83 F 4 3.06 <1 3.42 No
35 86 F 4 10.2 <1 10.2 No
36 72 F 4 11.3 <1 3.19 Yes
37 36 F 3 16.3 1.1 3.16 Yes
38 34 F 3 16.3 1.3 3.95 Yes
39 58 F 3 16.5 2.9 3.30 Yes
40 55 F 3 39.0 9 9.02 Yes
41 66 F 3 93.1 20 8.04 Yes
42 62 F 4 37.8 4.1 8.04 Yes

2

Supplemental Table 1. Mature tryptase determination. For a study subgroup of 42 patients who3

had experienced a perioperative hypersensitivity reaction clinically suggesting anaphylaxis and had4

been initially evaluated for acute and baseline total tryptase (ImmunoCAP Thermo Fisher) in the5

Marseille Laboratory, acute samples were assayed for mature tryptase at the VCU Laboratory.6

Patients with detectable mature tryptase in the acute sample (6/42) are shown in bold font.7
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Supplemental Material:  Allergy work-up1

An allergist (MG) formally identified the culprit drug in 28 of the 38 perioperative anaphylaxis (PA)2

patients evaluated, failing to identify it in 10 patients. Six non anaphylactic patients referred for3

allergy work-up were confirmed as non anaphylactic and non allergic. In 12 (12%) patients who had4

experienced a perioperative systemic hypersensitivity reaction (SHR) clinically suggesting anaphylaxis5

and who were not referred to the allergy clinic, identification of the culprit drug was considered as6

reliable based on the clinical findings, the time frame of symptom initiation, a personal history of7

previously unreported drug allergy and the results of specific IgE. Overall, the culprit was identified in8

40 (53%) patients among the 76 who met clinical criteria for PA.9

Prior to allergy work-up, at least one trigger was suspected in each patient. Hypnotic drugs (77%),10

opioids (68%), NMBA (47%) and antibiotics (34%) were the most frequently suspected drugs, based11

on the nature of the perioperative drugs received by the patient and the time frame of symptom12

initiation after drug administration. Confirmed culprits were NMBA, antibiotics, latex, and gelatin in13

18 (28%), 13 (20%), 9 (14%), and 2 (3%) patients, respectively. Antibiotics and NMBA were associated14

with grade 3 and 4 PA (Supplemental Table 2). An association of two culprits was found in two15

patients from the antibiotic group: antibiotic and NMBA, and antibiotic and latex.16

The consensus algorithm confirmed perioperative MC degranulation in 17/18 NMBA cases (1 patient17

with inadequate and uninterpretable tryptase results), in 12/13 antibiotic cases (1 false negative18

result for grade 3 anaphylaxis with sAT of 3.5 µg/L and sBT of 2.1 µg/L) and in 6/9 latex cases (1 false19

negative result for grade 3 anaphylaxis with a sAT of 5.91 and sBT of 3.43, and 2 patients with20

inadequate and uninterpretable tryptase results). Confirmed NMBA anaphylaxis was associated with21

higher sAT levels (median 25.2 µg/L, IQR 12.1-48.9, range 2.0-339), as compared with sAT in non-22

NMBA anaphylaxis (median 9.0 µg/L, IQR 3.8-23.3, range 2.0-164), p = 0.01. sAT levels in antibiotic-23

induced and latex-induced anaphylaxis followed a similar trend, but did not reach the significance24

level.25

Among NMBA, succinylcholine (9/18), cisatracurium (1/18) and rocuronium (1/18) were the most26

prevalent culprits. Rocuronium-triggered anaphylaxis was less prevalent than in previous studies27

(1;2-3). Antibiotics were a relatively frequent trigger of PA with a prevalence of 28%, confirming28

other studies and reflecting the evolution of antibiotic prophylaxis in surgery (1-2;4-8). In the29

antibiotic group, seven (54% ) patients were allergic to penicillins and two (15%) to cephalosporins.30

Interestingly, in two patients, the culprit was identified as gelofusin, a 4% suspension of gelatin31

employed for the prevention or treatment of hypovolemia. Hypnotics and opioids were more often32



2

suspected than NMBA and antibiotics, as opposed to previous data (1;8). After an allergy work-up, no33

hypnotic or opioid drug was recognized as a cause of PA in our cohort.34
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56

No
anaphylaxis Perioperative anaphylaxis Multiple t

test (p)
Grade 1 Grade 2 Grade 3 Grade 4 All

Positive skin tests
to culprit drug 0/6

25%
(1/4)

50%
(4/8)

82%
(18/22)

100%
(4/4)

71%
(27/38)

0.002

Positive specific IgE
to culprit drug 0/16

38%
(3/8)

33%
(4/12)

61%
(22/36)

50% (3/6) 52%
(32/62)

0.006

Confirmed
antibiotic

0/18 0/8 0/12
28%

(10/36)
38% (3/8) 20%

(13/64)
0.008

Confirmed NMBA 0/18 0/8
8%

(1/12)
42%

(15/36)
25% (2/8) 28%

(18/64)
0.002

Confirmed latex 0/18
25%
(2/8)

17%
(2/12)

14%
(5/36)

0/8 14%
(9/64)

0.2

57

Supplemental Table 2. Confirmed culprits of perioperative anaphylaxis.58

Results are shown for the subsets of patients having undergone laboratory (n=78) or clinical (n=44)59
allergy work-up. The culprit was identified in 40 patients among 76 clinically confirmed perioperative60
anaphylaxis.61
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