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Abstract
Background: Perioperative hypersensitivity (POH) is rare but potentially life-
threatening, and data on POH in children are sparse. This single-center study aimed 
to describe clinical presentations and allergy investigations in children with suspected 
POH in Denmark, and to evaluate a risk stratification algorithm used for suspected 
POH (elevated tryptase, 2 or more organ systems involved and urticaria/angioedema).
Methods: Retrospective data from 70 children who had undergone allergy 
investigations at the specialized Danish Anaesthesia Allergy Centre were included. 
Children were divided into a test positive and test negative group based on results 
from allergy investigations, and the groups were compared. Sensitivities, specificities, 
positive and negative predictive values were calculated for the risk stratification 
algorithm for suspected POH and for different combinations of symptoms.
Results: 24% of the children tested positive. The most confirmed allergen was 
chlorhexidine (n = 3), followed by NMBAs (n = 2) and antibiotics (n = 2). Skin symptoms 
were most common (94%), and cardiovascular symptoms (CVS) appeared as the first 
symptom in 50% of the test positive children. CVS were more common in the test 
positive group. The risk stratification algorithm had a high sensitivity (88%) but a 
higher sensitivity (94%) was seen in the combination “elevated tryptase or CVS or 
urticaria/angioedema”.
Conclusion: Several different allergens were confirmed in this study, including hidden 
allergens like chlorhexidine. This emphasizes the need to identify all potential allergens 
and the need for investigation at a specialized allergy center. More data are needed 
to make recommendations on the optimal risk stratification algorithm in children with 
suspected POH.
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1  |  INTRODUC TION

Perioperative hypersensitivity (POH) is rare, with pediatric cases 
being even more uncommon. Reported incidences vary depending 
on geography and regional definitions of POH.1,2 Severe periopera-
tive events are estimated in a large multicenter European study to 
occur in 5.2% of pediatric surgeries, with anaphylaxis occurring in 
1 per 10,000 pediatric cases.3 In the data from the National Audit 
Project 6 (NAP6) study, serious perioperative allergic reactions had a 
reported incidence of 2.7 per 100,000 pediatric surgeries.4

Symptoms of POH can resemble other adverse events during 
anesthesia.1,5 Early recognition and correct treatment, as well as re-
ferral for allergy assessment, are essential for correct diagnosis and 
for securing the safety of subsequent surgery. Due to the complex-
ity of a suspected allergic reaction in the perioperative setting, re-
quiring a detailed account of exposures and sequence of events and 
knowledge about subsequent allergy investigations, allergy work-up 
should ideally be carried out in specialized centers with an estab-
lished collaboration between allergologists and anesthesiologists.1

Most published studies on POH are based on adult populations, 
and only a few recent reviews address the pediatric population.6–8 
Data on pediatric POH consists mostly of case series, supplemented 
by cohort studies from different countries.5,9–13 However, due to the 
rarity of POH in children, cohorts are generally small, based on mul-
ticenter studies, and data may lack consistency in testing or symp-
tom reporting. Additionally, many studies only present data from 
severe reactions.

A risk stratification algorithm for identifying POH has been pro-
posed in 2020.14 It includes three criteria: elevated tryptase, two or 
more organ systems involved, and urticaria/angioedema. If a patient 
meets at least one of these criteria, they are considered more likely to 
have POH. This risk stratification algorithm was evaluated in 202215 
in a mixed adult and pediatric population, showing a sensitivity of 
98.8% and a specificity of 34.6%. However, the risk stratification 
algorithm has not been tested in an exclusively pediatric population.

This study presents data from a Danish single-center pediatric 
population with suspected POH and aims to (1) describe demo-
graphics and clinical characteristics, and (2) present the outcomes of 
allergy investigation. Furthermore, this study seeks to evaluate the 
risk stratification algorithm used to investigate suspected perioper-
ative allergic reactions.14

2  |  METHODS

2.1  |  Population and data collection

In this retrospective single center study, children (<18 years at time 
of reaction) investigated for suspected perioperative allergic reac-
tions at the Danish Anaesthesia Allergy Centre (DAAC) from 2004 to 
2023 were included. DAAC is the national reference center for POH 
in Denmark, and data on suspected allergic reactions and results of 
subsequent allergy investigations are stored in a database. Out of 

the 843 patients investigated in DAAC over the 20-year period, 70 
(8.3%) were pediatric patients, and they were included in this study. 
If database records were not complete, supplementary data were 
retrieved from patient records. Patients were divided into a test 
positive and a test negative group, depending on the outcome of the 
allergy investigation.

The database is approved by the Capital Region of Denmark with 
journal number P-2022-317. Approval for accessing patient journals 
with exemption from obtaining patient consent was granted with 
journal number R-23022410.

2.2  |  Allergy investigation

In DAAC, referred patients undergo systematic investigations includ-
ing skin tests, in vitro tests, and drug provocation tests. Evaluations 
are performed by a combination of allergologists and anesthesiolo-
gists and include the collection of their anesthesia records and all 
available information about the observed reaction to aid the identifi-
cation of potential culprit allergens. Tryptase levels during the reac-
tion are compared to baseline tryptase to assess mast cell activation. 
The formula for elevated tryptase used in this study is the interna-
tionally recommended algorithm: acute serum tryptase >1.2*basal 
serum tryptase+2.16 In this study, elevated reaction tryptase levels 
were included in analyses regardless of timing, but reaction tryptase 
was excluded in five patients as it was not elevated and taken more 
than 2 h after the suspected allergic reaction. The two-hour cut-
off is based on recommendations in a recent review on the use of 
tryptase in perioperative hypersensitivity.17

On referral of patients to DAAC, the American Society of 
Anesthesiologists classification (ASA) is recorded. Reaction severity 
is graded using the Ring and Messmer scale16 based on the sever-
ity of the reaction. An individual plan for testing is made based on 
medications administered before the reaction, including disinfec-
tants and latex, regardless of whether exposure to these was doc-
umented. Testing includes blood samples for specific IgE for drugs 
where it is available. Skin prick tests (SPT) are performed with all 
potential allergens, and if the child can cooperate, intradermal tests 
(IDT) are titrated up to published non-irritant concentrations.16

In general, a full allergy workup includes in vitro tests supple-
mented with skin testing and, if all tests are negative, provocation 
tests are performed if the child can cooperate. Each substance 

Key message

Perioperative hypersensitivity in children is rare but reac-
tions can be severe with hypotension as the first symptom. 
Anesthesiologists should be aware of anaphylaxis as a dif-
ferential diagnosis to perioperative hypotension and refer 
children for allergy investigations when perioperative hy-
persensitivity is suspected.
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tested is individually evaluated, and a positive result is evaluated in 
relation to the timing of administration during the reaction. A final 
conclusion is made when all test results are available. In cases where 
the planned investigations are not completed, an expert assessment 
and guidance for re-administration of anesthesia are provided.

2.3  |  Statistical methods

Fisher's exact test was conducted using R studio (version 4.3.1) to 
test differences between the test positive group and the test nega-
tive group. Tryptase values were logarithmically transformed to en-
sure normally distributed data, followed by Welch t-tests. p-values 
below .05 were considered statistically significant. Sensitivities and 
specificities were calculated using Microsoft Excel (version 16.81).

3  |  RESULTS

3.1  |  Population

The median age of the 70 included children was 14 years (range 
1–17 years), and 36% were female. 97.1% of the patients were ASA 
class 1–2. 21.4% had atopy, and 6% had previously reported a drug 
allergy at the time of the reaction. No statistically significant dif-
ferences in either atopy nor known drug allergies were seen when 
comparing test positive with test negative groups.

3.2  |  Clinical manifestations and treatment

The most common symptoms were skin symptoms (94%) followed by 
cardiovascular symptoms (36% had tachycardia, 33% had hypoten-
sion). When comparing the test positive group with the test negative 
group, there were significantly more children with hypotension and 
tachycardia in the test positive group (see Table 1).

85.5% of all patients were treated with antihistamines, and 62% 
received corticosteroids, making these the most administered treat-
ments. 30% received adrenaline/noradrenaline, and 26% received 
I.V. fluids. Adrenaline/noradrenaline, intravenous fluids, and ephed-
rine were administered statistically significantly more often in the 
test positive group than the test negative group.

In Figure  1, a visual representation of the earliest observed 
symptoms in the test positive group is presented. 50% of the con-
firmed positive patients presented with cardiovascular symptoms 
(CVS), with hypotension being the most common initial symptom.

In total, 43 children (61%) had acute tryptase available. Median 
acute tryptase was significantly higher in the test-positive group 
(p = .04).

Most children had a mild reaction, with 53% having a grade I, 
18.5% having a grade II, and 28.5% having a grade III reaction. No 
patients experienced a grade IV reaction. When comparing the test 
positive and test negative groups, grade I reactions were statistically 

significantly more frequent in the test negative group (p = .01) and 
grade III was more frequent in the test positive group (p < .0001); 
see Table 1.

3.3  |  Allergy investigations

In total 17/70 (24.3%) patients tested positive, confirming an allergic 
reaction. 8 children did not undergo a full diagnostic workup due to 
young age, but the performed tests were negative and they were 
included in the test negative group.

In total, 8 children tested positive on specific IgE, 7 on skin prick 
tests, 9 on intradermal tests, 2 on provocation tests, and 1 on the 
histamine release test. The two positive provocation tests were 
pethidine and propofol. In 7 children, the culprit allergen was identi-
fied using a combination of tests.

The most commonly confirmed allergen was chlorhexidine 
(n = 3), followed by NMBA's (n = 2) and antibiotics (n = 2), but a range 
of different allergens was confirmed, as shown in Figure 2.

3.4  |  Sensitivity and specificity of risk 
stratification algorithm for perioperative immediate 
hypersensitivity

Sensitivities and specificities for different variables are shown in 
Table 2. The risk stratification algorithm includes three criteria: el-
evated tryptase, two or more organ systems involved, and urticaria/
angioedema, and proves to be a very sensitive predictor of periop-
erative hypersensitivity in our pediatric population (88.2%) but with 
a low specificity (17.0%). The presence of skin symptoms of any kind 
had the same sensitivity as the risk stratification algorithm but with 
a very low specificity (5.7%). High tryptase levels alone had a low 
sensitivity (60.0%). The combination of elevated tryptase or CVS or 
urticaria/angioedema had the highest sensitivity (94.1%) and a high 
negative predictive value (NPV) (88.9%).

4  |  DISCUSSION

4.1  |  Main findings

In this retrospective single center study, we have investigated POH 
in children using data from the highly specialized national referral 
center in Denmark, and 17/70 (24.3%) of the children tested positive.

94% of the children experienced skin symptoms. Skin symp-
toms might be difficult to acknowledge in the operating theater 
as most of the body is usually covered by surgical drapes. In ad-
dition, the type of rash, for example, urticaria, may be difficult to 
identify. No significant difference was seen between test positive 
and test negative groups in skin symptoms, which may be because 
clinically allergic and non-allergic skin symptoms can be difficult to 
distinguish, and therefore patients are referred for allergy testing. 
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Cardiovascular symptoms such as hypotension or tachycardia are 
often seen during anesthesia related to anesthetic and/or surgical 
management. When hypotension and tachycardia occur unexpect-
edly and together, this can be a sign of POH.3,16 In the test positive 
group, more children experienced both hypotension and tachy-
cardia when compared to the test negative group. Furthermore, 
cardiovascular symptoms were the initial symptoms in 50% of the 

children that tested positive, followed by skin symptoms (32%) and 
respiratory symptoms (18%). In a retrospective multicenter cohort 
study9 including 29 children, cardiovascular symptoms were also 
the first symptoms; however, here, skin symptoms were less com-
mon. Similarly to this, the NAP6 study,4 which included 11 children, 
also showed hypotension as the dominant symptom in children, 
but with respiratory symptoms appearing early. However, both 

Variable
Total 
(n = 70)

Positive 
(n = 17)

Negative 
(n = 53)a p-Value

Age median (IQR) 14.0 (5) 15 (2) 14.0 (6) .27

Gender

Female (%) 25 (36) 9 (52.9) 16 (30.2) .14

Male (%) 45 (64) 8 (47.1) 37 (69.2) .14

ASA score

Class 1–2 (%) 68 (97.1) 17 (100) 51 (96.2) 1.0

Class 3–4 (%) 2 (2.9) 0 2 (3.8) 1.0

Atopy (%) 15 (21.4) 4 (23.5) 11 (20.8) 1.0

Known drug allergies (%) 4 (6) 0 4 (7.5) .57

Symptoms

Respiratory (%) 12 (17) 4 (23.5) 8 (15.1) .47

Hypotension (%) 23 (33) 12 (70.6) 11 (20.8) <.001

Tachycardia (%) 25 (36) 10 (58.9) 15 (28.3) .04

Bradycardia (%) 3 (4) 1 (5.9) 2 (3.8) 1.0

Skin (%) 66 (94) 15 (88.2) 51 (96.2) .25

Ring & Messmer

Grade I (%) 37 (53) 4 (23.5) 33 (62.3) .01

Grade II (%) 13 (18.5) 1 (6.0) 12 (22.6) .16

Grade III (%) 20 (28.5) 12 (70.5) 8 (15.1) <.0001

Tryptase baseline median (IQR) 3.58 (1.71) 4.50 (4.3) 3.58 (1.62) .26

Tryptase reaction median (IQR) 4.24 (6.05) 9.30 (13.18) 3.66 (3.92) .04

Tryptase elevated (%)b 16 (22.9) 6 (60) 10 (30) .14

Treatment

None (%) 5 (7) 0c 5 (9.4) .58

Adrenaline/noradrenaline (%) 21 (30) 10 (62.5) 11 (20.8) <.01

Adrenaline and/or ephedrine (%) 24 (34.8) 11 (68.8) 13 (24.5) .02

Ephedrine (%) 17 (25) 10 (62.5) 7 (13.2) <.001

Antihistamines (%) 59 (85.5) 14 (87.5) 45 (84.9) 1.0

Corticosteroids (%) 43 (62) 10 (62.5) 33 (62.3) 1.0

I.V. fluids (%) 18 (26) 9 (56.3) 9 (17.0) <.01

Note: Ring & Messmer: grade I: skin/mucosal symptoms, grade II: non-life threatening symptoms 
from several organ systems such as skin, cardiovascular, respiratory, or gastrointestinal symptoms, 
grade III: life threatening symptoms from multiple organ systems and grade IV: circulatory/
respiratory arrest. Respiratory symptoms included desaturation, stridor, and bronchospasms. Skin 
symptoms included urticaria, angioedema, flushing and unclassified rash.
Abbreviations: ASA, American society of Anesthesiologists; IQR, interquartile range.
a8 children in the “test negative” category did not undergo complete allergy assessment.
bElevated tryptase is defined as acute serum tryptase >1.2*basal serum tryptase+2. In total, 43 
children had an acute serum tryptase taken (n = 10 in positive group and n = 33 in negative group). 
See Section 2 for further explanation on tryptase cut-off.
cInformation on treatment was unavailable in 1 patient in the test positive group.

TA B L E  1 Demographic characteristics 
of the included patients when divided 
into a test positive and test negative 
group, and clinical manifestations of the 
suspected perioperative allergic reaction.
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studies only included grade III and IV reactions; however, in our 
study, we include all reaction grades, and interestingly, only 2.9% 
had grade III-IV reactions. In a Turkish retrospective single center 
cohort study including 50 children,10 the most common symptoms 
were skin symptoms. The same pattern was seen in a prospective 
single center cohort study including 29 children.5 Both Turkish 
studies featured all reaction grades and are thus more comparable 
to our study in symptomology.

In our study, 53% of the patients experienced a grade I reaction. 
Significantly more children in the test negative group experienced a 
grade I reaction, and more children in the test positive group expe-
rienced a grade III reaction. This indicates that although confirmed 
POH in children is uncommon, it may be more severe, further em-
phasizing the need for quick recognition and treatment.

In our study, measurement of tryptase in the acute phase was 
included in 43/70 (61%) of cases. Tryptase is a sensitive indicator for 
mast cell activation when taken 30 min–2 h after symptom onset,16,17 
and it is therefore important that clinicians consider the test as soon 
as the patient is stable. In a retrospective single-center study from 
Singapore including 15 children,12 tryptase was taken in 53% of the 
children, and in the retrospective multicenter cohort study9 it was 
taken in 72% of the children, which implies that there is a need for 
increased education of anesthesiologists to ensure serum tryptase 
samples are taken correctly.

The test positive group in this study had a significantly higher 
median acute tryptase level when compared with the test negative 
group. Elevated tryptase was seen in 10 children who tested negative; 

two did not undergo a complete testing program, and a culprit drug 
could have been missed. Other reasons for elevated tryptase with 
negative testing could be due to false negative testing, either due to 
incomplete reporting of the allergens the patient was exposed to or 
perhaps due to low sensitivity of the allergy tests. On the other hand, 
4 children tested positive despite not having a rise in acute tryptase, 
which could be because their reactions were so mild that it was not 
reflected in their tryptase. Another explanation could be false pos-
itive testing, which may occur if allergy test results are being over-
interpreted by clinicians, or if skin test concentrations are too high 
and irritant to the skin. To ensure the most accurate diagnosis, drug 
provocation should, as we aim to, be performed in cases of inconclu-
sive testing. However, drug provocation is not routinely performed in 
pediatric patients in most perioperative allergy testing centers.

All calculations on elevated tryptase in this study are based on 
the adult consensus formula (acute serum tryptase >1.2*basal serum 
tryptase+2)16 but a new consensus formula on tryptase specifically 
for children (acute serum tryptase>basal serum tryptase+0.71) has re-
cently been proposed18 and may be more appropriate. 48 of the chil-
dren from our pediatric population were included in that study, and 
therefore this new formula cannot be reliably tested on our population.

Overall, antihistamines were the most commonly administered 
medication in both groups, followed by corticosteroids. It is rec-
ommended that all patients with grade II-IV reactions be admin-
istered diluted I.V. adrenaline and I.V. fluids, and antihistamines 
and corticosteroids are the second line of treatment for these re-
actions.1 Most of the test-positive group experienced a grade II 
or III reaction (76.5%), only 62.5% received adrenaline and 56.3% 
received I.V. fluids. A substantial number of children in all groups 
received ephedrine, and although not anaphylaxis-specific treat-
ment, it is the first line of treatment for hypotension during an-
esthesia in Denmark. Since POH is such a rare occurrence, and 
hypotension occurs commonly during anesthesia, it makes sense 
for anesthesiologists to use ephedrine or other vasopressors first 
and reserve adrenaline for lack of response to other vasopressors 
or for cases of overt anaphylaxis. This approach was also sug-
gested in the NAP6 study.4

A total of 12 different culprit allergens were confirmed, with 
chlorhexidine being the most common (n = 3). Two children tested 

F I G U R E  1 Earliest symptoms in patients with confirmed POH.

Cardiovascular
50%

Respiratory
18%

Skin
32%

EARLIEST SYMPTOMS IN PATIENTS WITH 
CONFIRMED POH

F I G U R E  2 Confirmed culprit allergens. 
NMBA, neuromuscular blocking agents. NMBA = neuromuscular blocking agents.

0

1

2

3
Culprit allergens
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positive to NMBA's, antibiotics and ethylene oxide, respectively. 
This differs from other published studies, where NMBA's9–11 or anti-
biotics4,12,13 were the most common culprit allergens. Chlorhexidine 
is routinely and widely used as a disinfectant in Danish health care 
settings, including operating theaters, and consequently, it is one 
of the most common culprit allergens in Denmark.19 Ethylene oxide 
is often used as a sterilizing agent. Exposure to this is usually not 
documented20 and therefore all patients investigated in DAAC are 
tested with this. Furthermore, some uncommon allergens were iden-
tified, such as paracetamol and propofol, which further emphasizes 
the importance of identifying and testing all suspected drugs and 
substances. One child tested positive for latex allergy. In previous 
studies, latex was often highlighted as one of the most common al-
lergens for POH, but newer studies seem to identify few to no latex 
allergy sufferers.21 Reasons for this could be a greater awareness 
of latex allergy among both healthcare workers and manufacturers 
of medical supplies, which has reduced allergen content as well as 
provided many latex-free and powder-free utensils.2

4.2  |  Use of the risk stratification algorithm in 
pediatric patients

High sensitivity is a key element in an algorithm made for predicting 
a positive diagnosis of POH and allergy in general, as it is impor-
tant to identify as many of the true positive patients as possible. If 

sensitivity is low and the patient scores negative on the risk strati-
fication algorithm, but it turns out to be a false negative result, the 
patient will not be referred for allergy investigation and might be 
exposed to the allergen again and may experience another harmful 
allergic reaction. On the other hand, a false positive result on the 
risk stratification evaluation will lead to referral for allergy testing, 
and this then poses a risk of false positive testing, which would mean 
restrictions on which drugs can be used for subsequent exposure to 
anesthesia.

The risk stratification algorithm, which includes elevated trypt-
ase or involvement of two or more organ systems or urticaria/an-
gioedema,14 along with several other possible combinations for POH 
has been presented based on the children from the DAAC database. 
In a similar study15 where both adults and children were included, 
a sensitivity of 98.8% was found, which was the highest sensitivity 
of their test combinations, and a specificity of 34.6% for the risk 
stratification algorithm. Our study also showed a high sensitivity of 
88.2% for the risk stratification algorithm, and a low specificity of 
17%. This high sensitivity indicates the algorithm's strong ability to 
correctly identify individuals at risk, though it may lead to a higher 
number of false positives due to the trade-off with specificity. “Any 
skin symptoms” had the same sensitivity but with a lower specificity 
because skin symptoms were very frequent symptoms among all the 
referred patients. A higher sensitivity of 94.1% was seen when com-
bining “elevated tryptase or cardiovascular symptoms or urticaria/
angioedema”. This combination had almost the same specificity 

TA B L E  2 Sensitivities, specificities, positive predictive values (PPV), and negative predictive values (NPV) of different test combinations. 
95% confidence intervals are in parenthesis.

Test (n = 70) Sensitivity Specificity PPV NPV

Elevated tryptase or 2 organ systems or U/Aa 88.2 (63.6–98.5) 17.0 (8.1–29.8) 25.4 (21.6–29.7) 81.8 (51.8–95.0)

Elevated tryptaseb 60.0 (26.2–87.8) 69.7 (51.3–84.4) 37.5 (22.5–55.3) 85.2 (72.3–92.7)

Involvement of 2 organ systems 76.5 (50.1–93.2) 58.5 (44.1–71.9) 37.1 (28.1–47.2) 88.6 (76.2–95.0)

U/A 58.8 (32.9–81.6) 28.3 (16.8–42.4) 20.8 (14.6–28.9) 68.2 (51.3–81.4)

SS 88.2 (63.6–98.5) 5.7 (1.2–15.7) 23.1 (20.0–26.5) 60.0 (21.4–89.2)

CVS 75.0 (47.6–92.7) 66.0 (51.7–78.5) 40.0 (29.4–51.6) 89.7 (78.4–95.4)

RS 23.5 (6.8–49.9) 84.5 (72.4–93.3) 33.3 (14.7–59.3) 77.6 (72.2–82.2)

Elevated tryptase + CVSb 50.0 (18.7–81.3) 84.9 (68.1–94.9) 50.0 (26.5–73.4) 84.9 (74.8–91.4)

Elevated tryptase + SSb 60.0 (26.2–87.8) 69.7 (51.3–84.4) 37.5 (22.5–55.3) 85.2 (72.3–92.7)

CVS + SS 64.7 (38.3–85.8) 67.9 (53.7–80.1) 39.3 (27.7–52.3) 85.7 (75.4–92.1)

CVS + RS 23.5 (6.8–49.9) 94.3 (84.3–98.9) 57.1 (24.9–84.3) 79.4 (74.6–83.5)

RS + SS 17.7 (3.8–43.4) 88.7 (77.0–95.7) 33.3 (12.3–64.1) 77.1 (72.5–81.0)

Elevated tryptase +2 organ systems + SSb 50.0 (18.7–81.3) 84.9 (68.1–94.9) 50.0 (26.5–73.4) 84.9 (74.8–91.4)

Elevated tryptase +2 organ systemsb 50.0 (18.7–81.3) 84.9 (68.1–94.9) 50.0 (26.5–73.4) 84.9 (74.8–91.4)

Elevated tryptase + RSb 20.0 (2.5–55.6) 93.9 (79.8–99.3) 50.0 (13.9–86.2) 79.5 (73.7–84.2)

Elevated tryptase or RS or SS 94.1 (71.3–99.9) 1.9 (0.05–10.1) 23.5 (21.4–25.6) 50.0 (6.2–93.8)

Elevated tryptase or RS or U/A 76.5 (50.1–93.2) 20.8 (10.8–34.1) 23.6 (18.7–29.4) 73.3 (50.2–88.3)

Elevated tryptase or CVS or U/A 94.1 (71.3–99.9) 15.1 (6.8–27.6) 26.2 (23.2–29.5) 88.9 (51.8–98.4)

Abbreviations: CVS, cardiovascular symptoms (any); RS, respiratory symptoms (any); SS, skin symptoms (any); U/A, urticaria and/or angioedema.
aRisk stratification algorithml.14

bN = 43 due to limited data on tryptase.
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and a higher NPV than the risk stratification algorithm. Due to the 
small population size, it is difficult to say whether this is a coinci-
dence or if it this may be a more appropriate combination for pe-
diatric patients. It is important to note that an algorithm for POH 
cannot independently determine if a reaction is POH or if a patient 
should be referred for allergy workup. The role of an algorithm is to 
assist clinicians, but referrals should always rely on individual patient 
assessment.

4.3  |  Study strengths and limitations

Here, a large single-center study is presented, and all children under-
went systematic investigation in a national reference center. Testing 
was done interdisciplinary, as the team at DAAC consists of both al-
lergologists and anesthesiologists, which may make a correct assess-
ment and diagnosis more likely. Furthermore, this study includes all 
reaction grades, which may provide a more accurate representation 
of POH in children.

Another advantage is that drug provocation tests were done 
when skin testing was inconclusive or negative and there was a need 
for further testing, which provides a safer diagnosis. To our knowl-
edge, aside from this study, provocation in pediatric patients is only 
done in a few studies.5,10

The retrospective design is a limitation, since it might cause un-
certainties as data has not been collected specifically for this study. 
Even if higher than in other similar studies, the size of the population 
makes it difficult to draw firm conclusions, which could improve the 
diagnostic algorithm. Another limitation is that 8 children did not 
complete full investigations due to young age. All 8 had SPT, 3 did 
not have ICT, and none of the 8 had provocation tests performed. 
The possibility of POH cannot fully be excluded in these cases as 
they did not complete testing.

5  |  CONCLUSION

In conclusion, POH in children is rare and in this Danish cohort they 
only accounted for 8.3% of patients referred for perioperative al-
lergy investigations. In addition, only 24.3% of the children tested 
positive, but they had significantly more serious (grade III) reactions, 
with hypotension often appearing as the first symptom. This empha-
sizes the need for anesthesiologists to be aware of anaphylaxis as a 
differential diagnosis to perioperative hypotension.

Due to the sample size, it was not possible to reliably identify risk 
factors for POH in children, and this should be the focus of future 
studies.
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