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Abstract

Background:

Perioperative hypersensitivity (POH) reactions constitute a significant clinical and diagnostic
challenge. A transient increase in serum tryptase during POH reflects mast cell activation
(MCA) and helps to recognize an underlying hypersensitivity mechanism.

Objective:

This study aims to determine the diagnostic performance of different tryptase decision
thresholds based upon single and paired measurements to document MCA in suspected POH.
Methods:

Acute serum tryptase (aST) and baseline serum tryptase (bST) samples were obtained from
patients referred to our outpatients’ clinic because of clinical POH. Tryptase samples from
controls were obtained before induction (Tto) and 1.5 hours after induction (Tt;) in uneventful
anesthesia. Different cut-off points for delta tryptase (AT) and the percentage increase of
tryptase (%T) were calculated and compared to existing thresholds: aST > [1.2 x (bST) + 2]
(consensus formula), aST >11.4 ng/mL and aST >14 ng/mL.

Results:

POH patients had higher bST and aST leves compared to controls (respectively 5.15 vs 2.28
ng/mL for bST and 20.30 vs 1.92 ng/mL for aST). The consensus formula and a AT of >3.2
ng/mL held the highest accuracies to document MCA in POH (resp. 81 and 82%). A bST of >
8 ng/mL was present in 4% of controls, 5% of grade 1 POH, 24% of grade 2 POH, 15% of
grade 3 POH and 17% of grade 4 POH.

Conclusion:

Our data endorse the consensus formula for detection of MCA in POH. Furthermore, it shows

that a bST of > 8ng/mL was associated with occurrence of anaphylaxis.

Word count: 245 (max 250)

Clinical trial registration number: B300201837509
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Highlight box

What is already known about this topic?

Measuring acute tryptase during an adverse perioperative event can help to recognize a mast
cell related hypersensitivity.

What does this article add to our knowledge?

Paired samples are useful for recognizing a hypersensitivity reaction and detecting an
underlying mast cell related predisposing condition.

How does this study impact current management guidelines?

Our data endorse the reliability of the [1.2 x (bST) + 2] consensus formula.

Key words

Perioperative hypersensitivity, tryptase, anesthesia, anaphylaxis, acute tryptase, baseline

tryptase, mast cell, mast cell activation




111  Abbreviations

112
%AT Percentage of tryptase increase over baseline tryptase
AT Tryptase increase over baseline tryptase
AAAA| American Academy of Allergy, Asthma, and Immunology
asST Acute serum tryptase
AUC Area under the curve
bST Baseline serum tryptase
EAACI European Academy of Allergy and Clinical Immunology
ELISA Enzyme-Linked Immuno Sorbent Assay
HaT Hereditary alpha-tryptasemia
ISM Indolent systemic mastocytosis
MC Mast cell
MCA Mast cell activation
NPV Negative predictive value
POH Perioperative hypersensitivity
PPV Positive predictive value
ROC Receiver operating characteristic
SM Systemic mastocytosis
WHO World Health Organization
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Introduction

Perioperative hypersensitivity (POH) reactions constitute a significant clinical and diagnostic
challenge, a consequence of heterogeneous clinical presentations, and distinct underlying
pathophysiological mechanisms of mast cell (MC) and basophil degranulation'. Besides,
several of the clinically indistinguishable manifestations can occur independently from MC
and basophil degranulation but may result from anesthetic or surgical technique or the
pharmacological properties of the multiple potential causes! 2. Through the years, several
clinical grading scores for hypersensitivity reactions and anaphylaxis have been proposed as a
way of stratifying severity?>, some especially for suspected POH" ®®  Supplementary
serological biomarkers can help in detecting MC or basophil implication.

Tryptase is almost exclusively produced in MCs, and is the most abundant prestored serine
protease, with minimal contribution from basophils® '°. In humans, four isoforms of tryptase
have been described but only the a- and B-isoforms are secreted. A portion of the alpha- and 3-
monomeric pro-forms are released spontaneously at baseline from resting MCs, while the
remaining pro-forms are converted to mature tryptase under alpha/beta-homotetramers or
alpha/beta-heterotetramers. These tetramers are stored in specialized secretory granules and
released during degranulation. Early immunoassays only detected mature tryptase, with
positive results indicating recent MC activation but with insufficient sensitivity!!"*, In the
sandwich ELISA method described in 1994, the measured serum tryptase is the sum of pro-
and mature forms of both the o- and B-isoforms and was henceforth called total tryptase'*!”.
Although a mature tryptase assay exists, in clinical practice we rely on the ELISA methods that
measure the total tryptase. In such assays, in order to depict elevation of B-tryptase, one needs

to analyze paired acute-baseline samples!!: 1o 17,

The foundations of the utility of serum
tryptase as a biomarker of MC degranulation during anaphylaxis dates back to 1989!!. Using
an experimentally induced systemic anaphylaxis model, the authors showed that, in most
patients, the peak level of tryptase occurs 1-2 hours after the precipitating event. The first
tentative judgment criterion was an acute total tryptase equal to at least the double of the
baseline value'® ¥, Two decades later, an acute serum tryptase (aST) value exceeding [1.2 x
baseline serum tryptase (bST) + 2] has been proposed as a consensus threshold to document
clinically significant MC activation (MCA) and this has been adopted for use in the

perioperative setting" 1% 2. Despite the shift from mature to total tryptase assays, some authors

relied on fixed single predetermined aST levels such as an aST exceeding 11.4 ng/mL (the
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methods’ upper reference limit defined as the 95 upper percentile of apparently healthy
subjects)??? or its earlier value of 14 ng/mL? ' 2325, Laroche et al, defined a diagnostic
threshold of 7.35 ng/mL of tryptase and 6.35 nmol/L of histamine to differentiate between
patients with septic or cardiogenic shock and patients with life-threatening POH reactions. If
the sample is obtained before death, this threshold could be a useful insight into the etiology of
the reaction in forensic situations when a bST is not available®®.

Others have studied and used paired aST and bST levels as a proof of MCA, either by
calculating the delta tryptase (AT = aST - bST) or the percentage increase over the bST (%AT
= (aST - bST)/bST). Cut-off points that have been suggested by past studies are a AT > 3
ng/mL*! % or a %AT of > 35%°% 2!,

As recently reviewed by Passia®’, at present the 2012 consensus formula has been evaluated on

four occasions, including three studies on POH patients® 232

and in one study in children who
experienced anaphylaxis from various causes®’. From the POH studies, it emerges that the
sensitivity (Se), specificity (Sp), positive predictive value (PPV) and negative predictive value
(NPV) of this consensus formula varies between 75-78%, 86-91%, 94-98% and 44-53%,
respectively. Furthermore, it has been demonstrated that this consensus formula can depict
MCA in patients with an aST below 11.4 ng/mL*%,

The best way to define MCA in POH is still disputed. We hypothesize that a large study
including paired tryptase samples from patients who experienced POH together with control
samples obtained before and after uneventful anesthesia could help to resolve this dispute.
Therefore, this study aims to determine the diagnostic performance of different tryptase

decision thresholds based upon single and paired measurements to document MCA in

suspected POH.
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Methods

Study population

Data were collected retrospectively from 296 patients who were referred to our outpatients’
clinic because of a suspected POH reaction and who had a paired aST and bST measurement
between 01/2006 and 06/2020. Data were collected on demographics, clinical features, reaction
severity and probable causes/agents. The diagnosis of a POH reaction was made according to
the AAAAI/EAACI guidelines for anaphylaxis®! 3. Briefly, anaphylaxis was defined as an
acute, life-threatening, systemic hypersensitivity reaction characterized by a rapid onset of skin
and mucosal changes and/or airway, or circulatory problems. Severity of POH reactions was

8 as used in our previous publication®*. All patients were

graded according the NAP6 score
subjected to allergic work-up which included specific IgE (sIgE), total IgE, skin prick tests,
intradermal tests, basophil activation tests, and, when indicated graded drug provocation tests.
In addition, we included paired tryptase measurements from 75 control patients who had an
uneventful general anesthesia at the Antwerp University Hospital. These patients underwent
surgery for various indications. Approval for this study was obtained from the local ethical

committee (reference number B300201316408). Patients and controls signed an informed

consent in accordance with the Declaration of Helsinki.

Tryptase

Sampling time-points of aST from patients with a POH ranged between 60 and 120 minutes
after onset of symptoms. Baseline tryptase was acquired at least 24 hours after resolution of
the reaction or later during allergy work up. Paired tryptase measurements from control patients
were obtained at induction (Tto) and after approximately 1.5 hours of general anesthesia (Tt1).
Tryptase was measured by the FEIA ImmunoCAP (Phadia Thermo Fisher Scientific, Uppsala,
Sweden) with an upper reference value of 11.4 ng/mL. Samples were further diluted if the titer
exceeded more than 200 ng/mL.

We looked at proportion of individuals with a bST higher than 8, 11.4 and 20 ng/mL among
control samples and POH patients. bST level >8 ng/mL is indicative for hereditary alpha-
tryptasemia®*>® and a bST > 20 ng/mL is a minor criterium for the diagnosis of systemic

mastocytosis®’.
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Performance of different decision thresholds for serum tryptase

To compare different decision thresholds for serum tryptase we applied a multi-step approach.
First, we generated receiver operating characteristic (ROC) curves to determine the ideal cut-
off point that discriminates between patients who experienced a POH and controls. These ROC
curves were constructed for aST and Tti, AT (aST-bST and Tt1-Tto) and percentage increase of
tryptase [(aST-bST)/bST and (Tti- Tto)/ Tto].

After determination of the ideal cut-off point, we calculated the Se, Sp, PPV and NPV for aST,
AT and percentage increase of tryptase. Furthermore, we also calculated Se, Sp, PPV and NPV
for fixed cut-off points of 11.4 ng/mL** 2! and 14 ng/mL?¥ ?*2* and for the consensus formula
[1.2 x (bST) + 2]". We also explored the performance of the different decision thresholds

among the four severity grades.

Statistical analysis

Tryptase levels were expressed as median (range). Non-parametric Mann—Whitney U test was
used to compare unpaired continuous variables. When more than 2 groups had to be compared
Kruskal-Wallis test was used. Wilcoxon matched-pairs signed rank test was used to compare
paired continuous variables. Categorical variables were expressed as frequencies and
differences were evaluated using Chi-square test and a Fisher exact test when appropriate
(frequency of variable <5)3.

The accuracy of each threshold was calculated as followed:

Accuracy = true positive + true negative/ (true positive + false positive + true negative + fase
negative)

Statistically significant differences between performances of different decision thresholds were
obtained by comparing the ROC areas under the curve (AUC, see Figure 3). P values < 0.05
were considered significant. Results were analyzed using PRISM 8 (GraphPad Software, San

Diego, USA) and JMP Pro 14 (SAS software, Cary, USA).
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Results

Allergy work-up
Of the 296 patients, 19 (6%) experienced a grade 1 reaction, 29 (10%) a grade 2 reaction, 171

(58%) a grade 3 reaction and 77 (26%) a grade 4 reaction. After diagnostic work-up a cause
was identified in 225 of the 296 (76%) patients. The most frequent identified causes were
NMBAs (39%, predominantly rocuronium 86%), antibiotics (14%, predominantly cefazolin
86%), chlorhexidine (8%), latex (6%) and others (8%, sugammadex, radiographic contrast
media, propofol, paracetamol, ondansetron). A causative agent was not found in 71 or the 296
(24%) patients who had a clinical POH reaction. All patients had skin test, sIgE quantification,
basophil activation test and challenges for the products they were exposed to and for which it
was appropriate/available. Besides all patients were systematically tested for latex and
chlorhexidine. Of these 71 patients, 4 (6%) experienced a grade 1 reaction, 15 (21%) a grade 2
reaction, 40 (56%) a grade 3 reaction and 12 (17%) a grade 4 reaction. In thirty-eight (54%) of
the patients without a cause, a significant rise in serum tryptase was measured during the acute
event that fulfilled the consensus formula [1.2 x (bST) + 2]'. There was no difference in
median age between patients and controls. There were 39% men in the patient group and 60%
men in the controls (p <.001). Details on the demographics and the causes are summarized in

table 1 and E1 of the online repository.

Performance of different methods to confirm mast cell activation (MCA)
The median bST and aST in the POH group was 5.15 ng/mL (1.00-66.00) and 20.30 ng/mL

(2.20-429.00), respectively (p < .001). Median bST and aST, respectively, were higher in men
(5.40 and 27.85 ng/mL) than in women (4.95 and 17.80 ng/mL) (p = 0.02 and 0.03).
Measurements in the control group were respectively 2.28 ng/mL (0.04-19.38) and 1.92 ng/mL
(0.44-14.00) for Tto and Tt; and did not differ significantly (Figure 1). Note that the bST value
in patients was significantly higher than Tto and Tt; values in control individuals (p < .001).
No significant gender-based differences in tryptase levels were seen in the control group for
Tto and Tt; for men (2.36 and 1.95 ng/mL) and for women (2.09 and 1.90 ng/mL).

Using the paired tryptase samples from patients and controls, ROC curves were generated for
aST, AT and the percentage increase of tryptase to determine the ideal cut-off point to
distinguish between patients and controls (Figure 2). The calculated ideal cut-off points were
an aST of >5.1, a AT of >3.2 ng/mL and an increase of tryptase >85%. Because of the
differences seen in aST between men and women, separate gender-dependent analyses for aST

were performed. ROC curves generated cut-off values for aST of 5.1 in men and 6 in women.
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However, these values fall within the interquartile range of the median values of bST for men
and women that are respectively 4.10-7.23 ng/mL and 3.10-6.50 ng/mL.

Subsequently, we compared the diagnostic performance of a AT of >3.2 ng/mL, percentage
tryptase increase of >85%, the consensus formula'®, aST >11.4 ng/mL and aST >14 ng/mL.
Table 2 summarizes the Se, Sp, PPV and NPV for these different decision thresholds. Based
on the AUC analyses (Figure 3) the threshold of AT of >3.2 ng/mL and the consensus formula
[1.2 x (bST) + 2]'° had the best performances of respectively, 82% and 81%. There was no

significant difference between the these two performences (Figure 3).

Performance for different severity grades

Table 4 summarizes the median bST, aST and AT values per severity grade. Baseline serum
tryptase did not differ significantly among the different grades of severity. Acute serum
tryptase and AT were incrementally higher in grade 1, grade 2, grade 3 and grade 4. Levels of
aST and AT were significantly different between all grades except for grade 1 and 2 (Figure 4).
A rise of sensitivity was seen for all thresholds, as grades of severity increased. All the decision
thresholds were able to distinguish between control values and severity grades except for the
aST >14 ng/mL cut-off. For this threshold, there was no difference between the number of

controls meeting the threshold and rate of POH patients with a grade 1 reaction (Table 3).

Baseline serum tryptase
Four percent of controls had a bST of >8 ng/mL compared to 16% of POH patients (p = 0.007).

In severity grades 2-4, significantly more patients demonstrated a bST of > 8 ng/mL,
respectively 24, 15 and 17% (p = 0.003; 0.009; 0.007) as compared to controls. This was not
the case for POH patients with a grade 1 reaction (5%).

There were no significant differences between controls and patients in number of individuals
with a bST between 11.4-20 ng/mL and a bST >20 ng/mL. Fifteen (5%) patients and 3 (4%)
controls had a bST between 11.4-20 ng/mL and 3 (1%) patients and 0 (0%) controls had a bST
above 20 ng/mL.

Further work-up (including bone marrow biopsy) for detection of a systemic mastocytosis
(SM) was proposed to the three patients with a bST above 20 ng/mL. After work-up, one patient
was diagnosed with indolent systemic mastocytosis (ISM) and another one met 2 minor WHO
criteria for systemic mastocytosis (= pre-diagnostic form of SM)*’. The third patient was lost

to follow-up. One other patient displayed a pre-diagnostic form of SM. This patient had



295  evidence of spindle shaped mast cells in the bone marrow biopsy without fulfilling other WHO

296  major or minor criteria®’. This patient had a bST level of 5 ng/mL.
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Discussion

Although the clinical utility of serum tryptase as a biomarker of MC degranulation during
anaphylaxis was established more than three decades ago'!, there is room for improvement of
decision threshold for MCA in POH® 19-21.23. 24,28, 39,40 Here we explored the diagnostic
performance of different tryptase cut-off values in a large group of 296 patients who were
referred by the attending anesthetist for investigation of a possible POH and 75 control
individuals who had uneventful general anesthesia for various indications.

From our analyses different conclusions emerge. First, our data show that in uncomplicated
anesthesia there is a slight decrease in serum tryptase. This decrease has been observed
previously in a study performed by Garvey et al. in orthopedic surgery patients and could be
explained by the dilutional effect of fluid administration during anesthesia. Admittedly, in our
study we cannot exclude such a dilutional effect. However, experimental studies indicate that
such a dilutional effect leads to an underestimation of aST is unlikely*!. Secondly, our data
emphasize that the use of a single aST value does not accurately represent MCA during POH
and it confirms that optimal determination of MCA during POH needs a paired sampling with
measurement of both aST and bST. This is reflected by the higher accuracy of the paired
sampling thresholds (AT >3.2 ng/mL; Consensus formula [1.2 x (bST) + 2]; > 85% increase)
compared to single measurements (aST > 11.4 or 14 ng/mL). As already emphasized by

others?? 21> 41

, an apparently normal aST, that is, a value below the manufacturers’ upper
reference value of 11.4 ng/mL, does not exclude MCA. This reference limit of tryptase is
defined as the 95-upper percentile of a control population without signs of MCA. This limit
has changed over time and depends on the method (e.g. 13.5 ng/mL to 11.4 ng/mL, and more

recently to 11 ng/mL'® 2> 42) the platform performance variation*’

and the population
characteristics'® ** %, Also, the ROC generated cut-off points for aST in men and women in
our study fell within the interquartile range of the bST levels. This means that these aST cut-
off points are not applicable for MCA in POH as normal bST levels could be mistaken for
MCA. Although, the AT >3.2 ng/mL threshold had a higher accuracy than the consensus
formula [1.2 x (bST) + 2], this difference was not statistically significant. These data endorse
the consensus formula [1.2 x (bST) + 2] to depict MCA during POH.

In a second set of analyses, we focused on the diagnostic performance of the different
thresholds in relation to the different severity grading scores' ®. We found that higher grades
of severity coincide with higher sensitivity for all the studied decision thresholds. This can be

explained by incrementally higher values of aST in the higher grades of severity. Actually,

paralleling the observation by others, we show an association between the magnitude of the
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rise of aST and POH severity grade?*2% 33, On the other hand, in absence of hypotension (grade
1 and 2 POH) , where the peak aST is less pronounced, paired tryptase sampling can contribute
to identify MCA as these reactions are more prone to be overlooked as POH reactions. The
higher sensitivity of the paired sampling methods will be more capable to detect smaller but
significant tryptase changes that are indicative of MCA. This finding reinforces the message
made by Malinovsky and colleagues to promote tryptase measurements in mild and
unexplained reactions that might be overlooked as POH reactions during anesthesia®®.

Systematic measurement of bST also enables the identification of underlying conditions such
as a clonal mast cell disorder and hereditary alpha-tryptasemia®*>°. In our population, one
patient was diagnosed with ISM and two had pre-diagnostic forms of SM (2 minor WHO
criteria’” and population of spindle shaped mast cells). Admittedly, a bST tryptase level of >20
ng/mL is not the only indication for pursuing the diagnosis of SM and it is increasingly
recognized that normal tryptase levels do not rule out SM 7 4748 Therefore, it cannot be
excluded that some patients with an underlying SM might have been missed?” #
Furthermore, in our study, patients with a POH had a significantly higher bST level compared
to healthy controls. A bST > 8 ng/mL, which might be indicative of HaT, was more prevalent
in severity grades 2-4 (respectively 24, 15 and 17%) compared to controls and grade 1 POH
(respectively 4 and 5%). Previous data suggests that HaT patients are at higher risk for more

severe spontaneous or Hymenoptera sting-triggered anaphylaxis®!. Our data from POH

samples show that a bST >8 ng/mL is more frequently associated with occurrence of

anaphylaxis. Therefore, it will be interesting to study the role of HaT as risk-factor and its’

contribution to the severity of anaphylaxis in perioperative setting. Paired sampling avoids
further pitfalls in patients with elevated bST due to various conditions such as myeloid
hematologic disorders’?, cardiovascular or renal conditions>>,

There are some limitations of this study. First, one could argue that the absence of precise data
about the timing of the sampling of the aST constitutes a limitation of our study. However, for
many years, we have systematically promoted an aST sampling between 60 and 90 minutes
after onset of the reaction and our findings run parallel with the observations in the adequate
timing group described by Vitte et al’’. In their study of 85 patients that had aST sampling
between 30 and 120 min, the consensus formula attained a similar Se, Sp, PPV and NPV of
75%, 86%, 94% and 53%, respectively. Second, we did not measure the number of TPSAB1

gene copies for identification of HaT. Third, there was a statistically significant difference in

the gender ratio between patients and controls. Therefore, the higher bST value in the



365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

380
381
382
383
384
385

predominantly female patient population compared to mostly male control population could
reflect a gender effect. However, studies investigating the influence of gender on bST have
made different observations®® >, These contrasting observations might have been influenced
by different study populations. The reported higher bST values in men or women range around
a magnitude 0.2 ng/mL, which is far less than the difference of 2.87 ng/mL seen between our
patients and control individuals. Therefore, we are confident that our calculations and proposals
are valid.

In conclusion, our data support the recent recommendation for paired acute and baseline
sampling in POH and endorse the consensus formula to depict MCA in POH?* 28 2,
Furthermore, it shows that magnitude of the rise of aST is associated with higher severity
grades in POH. Finally, we found higher levels of bST in patients with POH compared to
controls and a bST of > 8ng/mL, which might be indicative of HaT, was associated with

occurrence of anaphylaxis. Further studies are required to establish role of HaT as risk-factor

for occurrence and/or severity of POH.
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Tables

Table 1. Demographics and clinical characteristics.

Gradel Grade2 Grade3 Grade4 All
Number (%) 75 19 (6) 29 (10) 171 (58) 77 (26) 296 (100)
Age (range) 51 (19- 52 (22- 42(Bm- 52 (5-84) 58 (15- 53 (3m-84) 0.004
79) 77) 78) 82)
Sex (m/f) 45/30 8/11 14/15 53/118 39/38 114/182 0.0003
Identification
of cause (%)
Yes - 15 (79) 14 (48) 131 (77) 65 (84) 225 (76) 0.0015
No - 4(21) 15 (52) 40 (23) 12 (16) 71 (24)

Age: median (range), sex: male/female, Identification of trigger after allergic work up. Grades

8,33

according to severity®”°. m, month
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Table 2. Comparison of sensitivity (Se), specificity (Sp), positive predictive value (PPV),

negative predictive value (NPV) and accuracy (Acc) for the different tryptase decision

thresholds.
Decision thresholds Se
AT > 3.2 ng/mL 78
Consensus formula 78
%AT > 85% T 75
aST > 11.4 ng/mL 70
aST > 14 ng/mL 64

Sp
99
95
91
97
99

PPV
99,6
98
97
99
99

NPV
54
52
48
45
41

Acc
82
81
78
75
71

Results were generated by comparing samples from perioperative anaphylaxis patients (N =

296) and controls (N = 75). AT, delta tryptase; %AT, percentage of increase in tryptase; aST,

acute serum tryptase; MCA, mast cell activation; Consensus formula, >1.2 x sBT + 2 ng/mL.
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Table 3. Performance of different tryptase thresholds for different severity grades.

Controls
AT > 3.2 ng/mL 1/75 (1%)
Consensus formula 4/75 (5%)
> 85% T 7175 (9%)
aST > 11.4 ng/mL 2/75 (3%)

aST > 14 ng/mL 1/75 (1%)

Grade
1

7/19
37%)
6/19
(32%)
7/19
(37%)
6/19
(32%)
2/19
(11%)

Grade 2

13/29
45%)
12/29
41%)
7129
(24%)
8/29
(28%)
7/29
(24%)

Grade 3

141/171
(82%)
142/171
(83%)
137/171
(80%)
125/171
(73%)
115/171
(67%)

Grade 4

/77
(92%)
/77
(92%)
72177
(94%)
68/77
(88%)
66/77
(86%)

All

232/296
(78%)
231/296
(78%)
223/296
(75%)
207/296
(70%)
190/296
(64%)

P value

<.001

<.001

<.001

<.001

<.001

P value represents a chi square calculated for the different frequencies of the five different

groups (controls, grade 1, grade 2, grade 3 and grade 4). P values between controls and severity

grades separately were (controls vs grade 1, 2,3,4) were also calculated by using Chi-square

test or Fisher exact test and were shown in bold font when significant. AT, delta tryptase; %AT,

percentage of increase in tryptase; aST, acute serum tryptase; MCA, mast cell activation;

Consensus formula, >1.2 x sBT + 2 ng/mL.
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558  Table 4. Summary of baseline serum tryptase (bST), acute serum tryptase (aST) and delta
559 tryptase (aST-bST) of patients with a perioperative hypersensitivity per severity grade.

Median bST 2.27 5.20 4.70 5.00 5.40 0.47
(range) (0.04-19.42) (1.70-9.60) (2.00-19.00)  (1.00-66.00)  (1.70-25.40)
Median aST 1.92 7.10 7.40 20.700 39.10 <.001
(range) (0.44-14.44)  (2.20-31.00) = (2.50-31.00) (2.40- (2.33-200)

429.00)
Median delta -0.22 2.10 1.50 14.60 29.70 <.001
tryptase (-6.45-9.90) (-2.20-21.40) (-2.50-43.68) (-12.60- (-0.97-
(range) 43.68) 194.71)

560 P value (P) represents differences between the different severity groups. Statistical difference
561  between the median tryptase levels of the severity grades were calculated with the Kruskal-
562  Wallis Test (P value). bST, baseline serum tryptase.

563
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Figure legends

Figure 1. Tryptase levels for controls and perioperative hypersensitivity (POH) patients.

Control samples were acquired at induction (Tt0O) and after approximately 1.5 hours (Ttl).
Samples from POH were acquired +/- 60-120 minutes after onset of symptoms (aST) and at
baseline (bST) at least 24 hours after onset of the reaction. Panels A and B shows the kinetics
of the paired samples in patients and controls. Panels C and D show the individual data points
of tryptase measurements for POH patients and controls with median and 95% confidence

interval.

Figure 2. ROC curves for determination of ideal cut-off points for acute serum tryptase

(aST), delta tryptase (AT) and percentage increase of tryptase (%AT).

Ideal cut-off points were established at aST >5.1 ng/mL, a AT of >3.2 ng/mL and %AT >85%.

AT, delta tryptase; %AT, percentage of increase in tryptase.

Figure 3. Comparison of ROC curves of the different tryptase thresholds for mast cell

activation.

ROC curves were made for delta tryptase (AT) of >3.2 ng/mL, percentage tryptase increase of
>85%, the consensus formula !°, acute serum tryptase (aST )>11.4 ng/mL and aST >14 ng/mL.
The performance of the different tryptase thresholds is represented by the area under the curve
(AUC). Details on the statistically significant differences can be found in table E2 of the online

repository. MCA, mast cell activation; consensus formula, >1.2 x sBT + 2 ng/mL.

Figure 4. Distribution of acute serum tryptase (aST) levels for controls and perioperative

hypersensitivity patients.

Grades represent the severity grades. median levels and 95% confidence interval are shown for
each group. The y-axis is set as a logl0 scale. P values were calculated by using the Mann-
Whitney U test. * Median aST level of life-threatening reactions (grade 3 and 4) were
significantly higher than non-life-threatening reactions (grade 1 and 2) (p <.001).
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Table E1. Causes identified after allergy work-up.

Causes

NMBA

Rocuronium
Others
Antibiotics
Cefazolin
Others
Chlorhexidine
Latex
Others
Unknown
Total

Controls

Grade 1

5

Grade 2

3

S DD O W

A=

15
29

Grade 3

69

58
11
30
25
5
13
10
9
40
171

Grade 4

39

All grades
116
(39%)
100
16
42 (14%)
36
6
23 (8%)
19 (6%)
25 (8%)
71 (24%)
296

P value

0.0006

0.42

0.70
0.07
0.19
0.004



Table E2. Comparison of the different tryptase thresholds by comparing the AUC of the
different thresholds.

AT of >3.2 ng/mL 0.89 Tryptase increase of (.83 0.002
85%

AT of >3.2 ng/mL 0.89 aST > 11.4 ng/mL 0.84 <.001
AT of >3.2 ng/mL 0.89 aST > 14 ng/mL 0.81 <.001
AT of 3.2 ng/mL 0.89 Consensus formula 0.86 0.08
Tryptase increase of 0.83 aST > 11.4 ng/mL 0.84 0.75
85%

Tryptase increase of 0.83 aST > 14 ng/mL 0.81 0.46
85%

Tryptase increase of 0.83 Consensus formula 0.86 0.04
85%

aST > 11.4 ng/mL 0.84 aST > 14 ng/mL 0.81 0.02
aST > 11.4 ng/mL 0.84 Consensus formula 0.86 0.09
aST > 14 ng/mL 0.81 Consensus formula 0.86 0.007

Difference in AUC was determined by calculating chi square (p value). AT, delta tryptase;
%AT, percentage of increase in tryptase; aST, acute serum tryptase; MCA, mast cell activation;

Consensus formula, >1.2 x sBT + 2 ng/mL.



