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Background: Perioperative hypersensitivity (POH) reactions are of significant
concern for anesthesiologists and allergologists, often leading to surgery
delays, extended hospital stays, and increased morbidity and mortality. The
main objective of this study was to provide an overview of POH reactions in
Lebanon and their evaluation.

Methods: A 5-year retrospective review was conducted at a tertiary allergy clinic
in Lebanon, involving patients with a history of POH reactions or preoperative
evaluations due to atopy or known drug, respiratory and/or food allergies. All
patients underwent skin prick tests (SPTs) for several perioperative agents.
Results: A total of 255 patients were included in this study. Among them,
124 patients (48.6%) were referred to the clinic with a history of POH
reactions, mostly immediate, with symptoms ranging from mucocutaneous
manifestations to cardiopulmonary arrest. SPTs were conducted for all
255 patients, focusing on opioids, neuromuscular blocking agents (NMBAs),
hypnotics, local anesthetics, latex and patent blue. Of these, 97.3% (n = 248)
demonstrated a positive reaction to at least one substance. The most frequent
sensitizations were to morphine (59.7%, n = 148), rocuronium (54%, n = 134), and
latex (48%, n = 119), while sensitizations to hypnotics (19%, n = 47) and local
anesthetics (8.5%, n = 21) were less common. We assessed co-sensitization within
the same drug class, identifying rocuronium and cisatracurium as the NMBAs with
the highest co-sensitization, while morphine and pethidine showed the highest
co-sensitization among opioids. Among the 124 patients with a history of POH
reactions, SPTs results identified the causative agent, primarily morphine, fentanyl
or rocuronium, in 38 patients.

Conclusion: This study provides valuable insights into the clinical characteristics
of POH reactions in Lebanon and highlights the role of SPTs in identifying
causative agents thus allowing to suggest alternative perioperative options.

KEYWORDS

epidemiology, Lebanon, neuromuscular blocking agents, opioids, perioperative
hypersensitivity
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Introduction

Perioperative hypersensitivity (POH) reactions are generally
immediate, rare and unpredictable reactions (Moreau et al.,
2023). Their incidence varies considerably, from 1 per 353 to
due to the different
approaches, the heterogeneity of studies and the international

1 per 18,600 operations, reporting
diversity of clinical practices (Beyaz et al, 2022). The overall
incidence has therefore been underestimated and set at around
1 per 10,000 operations (Pitlick and Volcheck, 2022; Pirson et al.,
2018). Mortality rates for perioperative anaphylaxis vary by country,
with the most recent data showing an incidence of 1 per
313,000 procedures in Europe and 1 per 191,652 procedures in
the United States (Tacquard et al, 2023; Kosciuczuk and
Knapp, 2021).

Any substance administered or in direct contact with the patient
in the perioperative setting is likely to cause hypersensitivity
reactions, including neuromuscular blocking agents (NMBAs),
blue,
antibiotics, antiseptics, sugammadex, and others (Garvey, 2016).

Mast cells and basophils are the key effector cells of POH and
anaphylaxis. Degranulation of these cells can be triggered by allergic

opioids, hypnotics, local anesthetics, latex, patent

or non-allergic mechanisms (Sabato et al., 2019). Allergic reactions
occur when a specific adaptive immune response is involved.
Specific activation of sensitized mast cells and basophils occurs
through allergen-driven cross-linking of IgE receptors, leading to
degranulation via the classic IgE-mediated mechanism (Pitlick and
Volcheck, 2022; Ebo et al., 2019). Anaphylaxis can also result from
non-IgE mechanisms, including the IgG-neutrophil pathway,
implicated in drugs such as NMBAs (Bruhns and Chollet-Martin,
2021; Jonsson et al., 2019), and direct mast cell activation via Mas-
related G protein-coupled receptor X2 (MRGPRX2) by drugs such
as opioids and NMBAs. Nonspecific activation can also be mediated
by other pathways such as the activation of the complement system,
associated with the kallikrein-kinin system, and the cyclooxygenase-
1 pathway (Pitlick and Volcheck, 2022; Bruhns and Chollet-Martin,
2021; Jonsson et al., 2019; Volcheck et al., 2023).

Activation of mast cells triggers the release of preformed
inflammatory mediators such as histamine and tryptase, and
other (PAF),
prostaglandins, interleukins, bradykinin and leukotrienes (Salik

mediators such as platelet-activating factor
and Hernandez, 2019). In consequence, clinical manifestations
extend from a mucocutaneous reaction to severe anaphylaxis,
marked by multivisceral lesions that can lead to cardiovascular
and/or pulmonary collapse, or even death (Moreau et al., 2023).
The most quoted grading system has been developed by Ring and
Messmer, which includes four grades: Grade 1 (mild) involves skin
symptoms, Grade 2 (moderate) includes multi-organ involvement
with hypotension and bronchial hyperreactivity, Grade 3 (life-
threatening) features severe cardiovascular and respiratory
impairment, and Grade 4 (arrest) corresponds to circulatory or
respiratory arrest (Dewachter and Savic, 2019; Ring and
Messmer, 1977).

Etiologic diagnosis constitutes a challenge for anesthesiologists
and allergologists due to the numerous differential diagnoses,
unusual clinical manifestations, and simultaneous administration
of a range of perioperative agents (Thanachit et al., 2024). Thus, all

the patients with a suspected POH reaction should be referred for
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allergological evaluation to establish a strategy for prevention of
these reactions during subsequent anesthesia (Volcheck et al., 2023).
This investigation includes serum tryptase levels at the time of
reaction and skin tests 3 weeks later, but may also involve specific
IgE assays, basophil activation tests (BAT) and provocation tests
(Volcheck and Mertes, 2014). Ideally, the causal agent of these
accidents should be identified, but unfortunately this will not be
possible in all cases (Tacquard et al., 2023).

To the best of our knowledge, there are very few published
studies assessing POH from the Middle East that include a
substantial patient population and present novel findings (Irani,
2014; Dagher et al., 2024; Yegin et al., 2025; Al-Ahmad et al., 2021).
In the current study, we conducted a five-year retrospective study in
a tertiary allergy clinic to provide an overview of POH reactions in
Lebanon, as well as the results of skin prick tests (SPTs) performed to
highlight the most causative agents.

Methods
Study design

We conducted a 5-year retrospective review (March 2018 to
March 2023) of electronically archived medical records for patients
who underwent SPTs for perioperative agents. These patients were
referred to the outpatient allergy clinic at the University Medical
Center Hotel-Dieu de France (HDF) in Beirut, a tertiary-care allergy
center in Lebanon. Referrals originated from HDF as well as other
hospitals across Lebanon. Records were archived on an electronic
International ~ Organization  for  Standardization-certified
telemedicine platform, TrakMD a certified digital electronic
healthcare platform (ISO-certified 27001:2013). Our study was
HDF (case number

approved by the ethical committee

CEHDF 1598).

Demographic information, study variables,
and analysis

Data collection was performed anonymously by assigning an
identification number to each patient and included sex, age, date,
reason for consultation and medical history. The major reasons
for consultation were a history of POH reaction or the presence of
risk factors requiring evaluation by SPTs before scheduled
anesthesia. Patients presented with risk factors such as a
history of drug allergy, a history of other or multiple allergies
(e.g., drug, food, and/or respiratory), a history of allergy to local
anesthetics, a family history of allergy, and various cutaneous and
respiratory signs. The study design, patient selection, and
subgroup allocation are detailed in Figure 1. All patient files
included in our study were from patients who had undergone
SPTs for a range of agents administered perioperatively.
Following consultation with the allergist, SPTs were performed
for some or all of these molecules: opioids (morphine, pethidine,
sufentanil, fentanyl, remifentanil, alfentanil, oxycodone, and
tramadol), NMBAs (rocuronium, cisatracurium, atracurium
(midazolam, ketamine,

and  succinylcholine), hypnotics

propofol, etomidate), local anesthetics

(lidocaine, bupivacaine, ropivacaine and mepivacaine) and

thiopental and
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[ Patients referred to the allergy clinic during the study period (2018-2023) ]

* NoSPTs

Patients exchuded:
* SPTs for non-perioperative drugs

{ Patients who underwent SPTs for perioperative agents n

=255

]

[ History of perioperative hypersensitivity (POH)
n=124

] [History of other allergies n=131 ]

Causative agent(s) identified
(anesthesia records & SPTs) n=38

Causative agent(s) not identified
n=86

FIGURE 1

Drug allergy* n= 62

Multiple allergies (drug, food and/or respiratory
allergy) n=19

Allergy tolocal anesthetics n=14

Food allergy n=2

Other risk factors** n=29

Other history of allergies*** n=5

Study design and patients’ selection *Penicillins, cephalosporins, sulfonamides, fluoroquinolones, macrolides, chloramphenicol, nitroimidazole,
non-steroidal anti-inflammatory drugs, hyoscine butylbromide, methylprednisolone, acetaminophen, aspirin, rabeprazole, iron, contrast agents.
**Cutaneous (Angiocedema, Dermatitis, Urticaria) or respiratory (Allergic rhinitis, Asthma) symptoms, family history of drugs allergy or anaphylaxis to

perioperative agents ***Latex, botulinum toxin, nylon or adhesives.

other agents such as latex, and patent blue. The results of SPTs
performed on all patients and the clinical manifestations for
patients with a history of POH reactions were collected.
Furthermore, circulating tryptase at the time of reaction and
total IgE levels were measured in some patients, when
appropriate samples were available.

The descriptive study was carried out using Excel 2016
(Microsoft Office). Quantitative and qualitative variables were
expressed as medians and percentages, respectively. To calculate
the percentage of sensitization for all patients evaluated by SPTs, for
each molecule in the studied population, the following formula
was used:

Number of positive results for the molecule obtained through SPTs 100
X

Number of patients with a positive SPTs

Skin prick test

SPTs were performed according to American Academy of
Asthma (AAAAI)
(Supplementary Table SI). All molecules were provided by the

Allergy, and Immunology guidelines
pharmacy or the operating room of the HDF hospital. The test
was performed via a prick to the skin of the forearm with a
Stallerpoint lancet (Stallergenes Greer, Baar, Switzerland). Results
were evaluated after 15 min under close supervision. Patients were
instructed to discontinue all antihistamine medications 5 days
before testing. SPTs results were considered positive if a wheal
and flare reaction of >3 mm was observed, compared to histamine
and saline, which served as positive and negative controls,
respectively. Notably, all the tests were performed by the same

operator, ensuring consistency and reproducibility.
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Results

All patients’ medical records from March 2018 to March
2023 were retrospectively analyzed, and 255 patients met the
study criteria.

Table 1 presents the demographic characteristics of patients
consulting an allergologist due to a history of POH reactions or the
presence of risk factors requiring evaluation with SPTs prior to
scheduled anesthesia. Patients were predominantly female (84.0%,
n = 214), with a female-to-male ratio of 5.22:1. The median age was
42 years, ranging from 1 to 75 years Table 1 shows that 48.6% (n =
124) of consultations were attributed to a history of POH reactions,
with the vast majority (n = 123, 99%) involving immediate reactions.
Additionally, 24.3% (n = 62) of consultations were related to a
history of drug allergies, including allergies to antibiotics
(penicillins,  cephalosporins, sulfonamides, fluoroquinolones,
macrolides, chloramphenicol, or nitroimidazole), non-steroidal
(NSAIDs),

methylprednisolone, acetaminophen, rabeprazole, iron, and/or

anti-inflammatory ~ drugs hyoscine  butylbromide,
contrast agents. Moreover, 7.5% (n = 19) of patients had a
history of multiple allergies (drug, food, and/or respiratory), 5.5%
(n = 14) reported a history of local anesthetic allergies in dental or
pre-Botox contexts, and 0.8% (n = 2) had a history of food allergies.
Other risk factors were identified: 7.1% (n = 18) of consultations
were due to cutaneous signs such as angioedema, dermatitis, and
urticaria, while 2.7% (n = 7) were due to respiratory signs, including
4) of
consultations were related to a family history of allergies, with

allergic rhinitis and asthma. Additionally, 1.6% (n =

1.2% (n = 3) involving a family member who had experienced
anaphylaxis to agents used in perioperative care. Furthermore, 2%
(n = 5) of patients had a history of allergies to latex, botulinum toxin,
nylon, or adhesives.
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TABLE 1 Demographic characteristics of patients performing skin prick tests for perioperative reactions (March 2018-March 2023).

Total number of patients performing SPTs 255
Gender n (%)
Female 214 84.0
Male 41 16.0
Age range (median) 1-75 years (42 years)
Reason for consultation n (%)
History of perioperative hypersensitivity reactions 124 48.6
Immediate 123
Delayed 1
History of drug allergy® 62 24.3
History of multiple allergies (drug allergy, food allergy and/or respiratory allergy) 19 7.5
History of allergy to local anesthetics” 14 55
History of food allergy 2 0.8
Other risk factors
Cutaneous symptoms (Angiocedema, dermatitis, urticaria) 18 7.1
Respiratory symptoms (allergic rhinitis, asthma) 7 2.7
Family history of
Anaphylaxis to perioperative agents 3 1.2
Drugs allergy 1 0.4
Other history of allergy® 5 2.0
Concomitant allergy
Drug allergy (excluding perioperative agents) 179 70.2
Respiratory allergy 136 53.3
Food allergy 65 25.5
Pet allergy 4 1.6
Allergy to other agents’ 38 15.0
Smokers 82 32.2

“Penicillins, cephalosporins, sulfonamides, fluoroquinolones, macrolides, chloramphenicol, nitroimidazole, non-steroidal anti-inflammatory drugs, hyoscine butylbromide,

methylprednisolone, acetaminophen, aspirin, rabeprazole, iron, contrast agents.
At dentist or pre-botox.
“Latex, botulinum toxin, nylon or adhesives.

9Paraphenylenediamine, synthetic materials, adhesives, latex, botulinum toxin, polyethylene glycol, povidone-iodine, nickel, graphene oxide.

SPTs: skin prick tests, F: female, M: male.

All 255 patients underwent SPTs for perioperative agents. Of
these, 97.3% (n = 248) tested positive for one or more substances,
while 2.7% (n = 7) tested negative, with no history of POH reactions
among the latter group (Figure 2A). The results for the 248 patients
who tested positive are as follows: 87.1% (n = 216) reacted to opioids,
68.1% (n = 169) to NMBAs, 19% (n = 47) to hypnotics, 8.5% (n = 21)
to local anesthetics, and 50.8% (n = 126) to other substances such as
latex and patent blue (Figure 2B).

We identified the most sensitizing molecules within each class of
perioperative agents. Among opioids, the most common sensitizers
were morphine (59.7%, n = 148), pethidine (49.2%, n = 122),
sufentanil (31.9%, n = 79), fentanyl (22.6%, n = 56), and
remifentanil (18.6%, n = 46), while oxycodone (2.4%, n = 6),
tramadol (1.7%, n = 4), and alfentanil (0.4%, n = 1) were less
commonly sensitizing. Within NMBAs class, rocuronium (54.0%,
n = 134), cisatracurium (24.2%, n = 60), and atracurium (16.1%, n =
40) were the most frequent sensitizers, with succinylcholine
sensitization being rare (3.6%, n = 9). For hypnotics, midazolam
(5.7%, n = 14), ketamine (5.3%, n = 13), propofol (4.0%, n = 10), and

Frontiers in Pharmacology

thiopental (3.6%, n = 9) were the most sensitizing, while 2.0% (n =5)
were sensitized to etomidate. Additionally, 48.0% (n = 119) of
patients were sensitized to latex and 2.8% (n = 7) to patent
blue (Figure 2C).

Table 2 highlights the major co-sensitization identified among
agents within the same therapeutic class of drugs used in the
perioperative setting. Of the 216 patients with positive SPTs to
opioids, 71 were sensitized to only one molecule, including 31 cases
of morphine. Additionally, 74 patients showed co-sensitization to
two opioid molecules, including 35 cases of morphine and pethidine,
and 45 patients had co-sensitization to three molecules, including
9 cases of morphine, pethidine, and fentanyl. Among the
169 patients sensitized to NMBAs, 103 were exclusively sensitized
to one molecule, including 73 cases of rocuronium, while 58 patients
showed co-sensitization to two molecules, including 32 cases of
rocuronium and cisatracurium. However, co-sensitization was
relatively lower in the hypnotic and local anesthetic classes.
Specifically, 3 out of 47 patients and 2 out of 21 patients showed
co-sensitization in the hypnotic and local anesthetic classes,
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FIGURE 2

(A) Percentage of patients with positive or negative skin prick tests results among the 255 patients. (B) Percentage of positive results for the
therapeutic class or agents obtained in patients with positive skin prick tests. *Others include latex and patent blue. **The percentages do not add up to
100 because a patient may be sensitized to one or more classes of perioperative agents. NMBAs: Neuromuscular blocking agents. (C) Percentage of
patients with positive skin prick tests for each agent within the different therapeutic classes used in perioperative care. * The percentages do not add

up to 100% because a patient may be sensitized to one or more molecules. ll Opioids. ll NMBAs. B Hypnotics. B Local anesthetics. [l Others.

respectively. Moreover, 11 patients were sensitized only to Table 3 highlights the most common co-sensitization patterns
midazolam or ketamine among the 44 cases identified for  among perioperative agents. Key associations identified include
hypnotics, and 11 patients were sensitized to lidocaine among the ~ “morphine and latex” (6 cases), “rocuronium, morphine, and
19 cases identified for local anesthetics. pethidine” (7 cases), “rocuronium, morphine, and latex”
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TABLE 2 Most common associations evaluating possible co-sensitization to molecules in the same therapeutic class in patients with positive skin prick tests.

Class of perioperative agents

Numbre of molecules

Most frequent molecules?

Opioids 216 | One molecule 71 Morphine 31

Two molecules 74 Morphine, pethidine 35

Three molecules 45 Morphine, pethidine, fentanyl 9

Four molecules 22 Morphine, pethidine, fentanyl, sufentanil 9

Five molecules 4 Morphine, pethidine, fentanyl, sufentanil, remifentanil 3

NMBAs 169 One molecule 103 Rocuronium 73

Two molecules 58 Rocuronium, cisatracurium 32

Three molecules 8 Rocuronium, cisatracurium, atracurium 6

Hypnotics 47 One molecule 44 Midazolam 11

Ketamine 11

Two molecules 2 Midazolam, ketamine 1

Three molecules 1 Midazolam, ketamine, etomidate 1

Local anesthetics 21 One molecule 19 Lidocaine 11
Two molecules 2

Lidocaine, bupivacaine 1

Lidocaine, ropivacaine 1

“For each number of molecules, only the most frequent association of co-sensitization is described.

TABLE 3 Most common associations evaluating possible co-sensitization among agents from various classes in patients with positive skin prick tests.

Number of molecules Most frequent associations? n
Two molecules Morphine, latex 6
Pethidine, latex 3
Rocuronium, morphine 3
Three molecules Rocuronium, morphine, pethidine 7
Rocuronium, morphine, latex 5
Morphine, pethidine, latex 3
Rocuronium, cisatracurium, latex 3
Four molecules Rocuronium, morphine, pethidine, latex 4

“For each number of molecules, only the most frequent association of co-sensitization is described.

(5 cases), and “rocuronium,
latex” (4 cases).

We focused on the 124 patients, out of a total of 255, who had a
history of POH reactions. The majority of patients (80.6%) were

women and 64.5% (80 patients) had a history of concomitant drug

morphine, pethidine, and

allergy. Generally, they had allergies to penicillin G, amoxicillin/
clavulanic acid and NSAIDs, as reported in the anamnesis. SPTs
assessing additional molecules were performed in 57 patients
(46.0%) with a history of POH reactions, alongside SPTs for
perioperatively used molecules. Among these 57 patients, 68.4%
(39 patients) tested predominantly positive for penicillin G
(14 cases) and the amoxicillin-clavulanic acid combination
(12 cases) (data not shown).

Of the 124 patients, 99.2% (123 patients) experienced
anaphylaxis, while only 0.8% (1 patient) had a delayed reaction

Frontiers in Pharmacology

with facial dermatitis and bullous lesions. Total IgE levels were
assessed in 17 patients with a history of POH reaction; 14 patients
reported high levels between 100 and 2190 IU/mL (Supplementary
Table S2). Tryptase levels at the time of reaction were measured in
6 patients; 2 patients reported high levels between 30 and 36 pg/L
(Supplementary Table S3). Anaphylactic reactions were classified
using the Ring and Messmer system (Dewachter and Savic, 2019;
Ring and Messmer, 1977): 33.1% (n = 41) were grade I, 16.9% (n =
21) were grade II, 45.2% (n = 56) were grade III, and 4.0% (n = 5)
were grade IV (Table 4). Following POH reactions in the
124 patients, surgeries were continued in 72% (n = 89) of cases,
postponed without intensive care unit (ICU) admission in 4% (n =
5), and required ICU admission in 10% (n = 13) (Figure 3). We then
evaluated the surgical history of the patients. Among the
124 patients with a history of POH, 60% (n = 74) had undergone
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TABLE 4 Clinical manifestations of perioperative hypersensitivity reactions in 124 patients with a history of POH.

Symptoms Immediate hypersensitivity n Delayed hypersensitivity n
Anaphylaxis 123 0
Patients were classified according to Ring
and Messmer grading system*
Grade I 41 33.1
Grade IT 21 16.9
Grade III 56 452
Grade IV 5 4.0
Face dermatitis and bullous lesions 0 0 1 0.8

* Ring and Messmer grading system.

- Grade I: generalized mucocutaneous signs.

- Grade II: moderate multivisceral manifestations.

- Grade III: Severe life-threatening multivisceral manifestations.
- Grade IV: cardiopulmonary arrest.

= Patients admitted to ICU (n=13)
= Not available (n=17)
Operation continued without ICU admission (n=89)

u Operation postponed without ICU admission (n=5)

72%

FIGURE 3

Patient Outcomes Following a Perioperative Hypersensitivity Reaction (n = 124, with a history of POH) ICU: Intensive care units.

one or more surgeries prior to the procedure associated with the
POH reaction, 8% had no prior surgeries (n = 10), and information
on previous surgeries was missing for 32% (n = 40) of patients
(Figure 4A). 10 patients (8%) of the 124 patients with POH had not
been previously exposed to anesthetic products. Consequently,
Figure 4B lists the molecules to which these patients were
sensitized despite no prior exposure. The most frequently
obtained molecules were morphine (6 cases), sufentanil (6 cases),
and rocuronium (6 cases).

We evaluated the culprit drugs involved in these 124 patients
with a history of POH reactions. A relationship between the
molecules used during these reactions and SPTs results was
observed, with causative agents identified in 38 patients based
on both anesthesia records and SPTs findings. Opioids (36.8%, n =
14) and NMBAs (23.7%, n = 9) were the most implicated culprit
classes. Grade III anaphylaxis was predominantly manifested with
NMBAs (66.7%, n = 6), while grade I anaphylaxis was largely
manifested with opioids (42.9%, n = 6). In the NMBAs class,
rocuronium was the most frequently identified (5 cases), followed
cases), case), and
succinylcholine (1 case). In the opioids class, 8 cases involved

by cisatracurium (2 atracurium (1

Frontiers in Pharmacology

morphine, 3 cases involved fentanyl, and 2 cases involved
pethidine, with one case of co-sensitization between morphine
and sufentanil. Latex was identified as the causative agent in two
patients, one experiencing an immediate reaction and the other a
delayed reaction, patent blue and lidocaine in two other patients
and midazolam in one patient (Table 5 and complete data in
Supplementary Table S4).

Discussion

Epidemiological studies on POH reactions show variable
outcomes, reflecting differences in study populations and clinical
practices, with limited data from the Middle East (Beyaz et al., 2022;
Kosciuczuk and Knapp, 2021; Yegin et al., 2025; Al-Ahmad et al,,
2021). We previously published studies in 2014 and 2023, analyzing
anesthetic allergies and drug hypersensitivity with positive SPTs to
perioperative molecules (Irani, 2014; Dagher et al., 2024). This five-
year retrospective study, conducted in a tertiary center, offers an in-
depth analysis of POH patient profiles, with a focus on SPTs
evaluation.
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FIGURE 4

(A) Results of the 124 Patients with a history of perioperative hypersensitivity reactions, following previous surgery and exposure to perioperative
agents. (B) Molecules tested positive by Skin Prick Tests in patients with perioperative hypersensitivity reactions, without previous surgery or exposure to

perioperative agent.

Among 255 patients referred for SPTs for various perioperative
agents, the median age was 42 years and 84% were female, reflecting
trends in most published studies (Beyaz et al., 2022; Moreau et al,,
2024). Female predominance may be linked to higher and repeated
drug consumption by women, exposure to cosmetics and household
products containing a quaternary ammonium group, which could
explain NMBAs sensitizations, as well as genetic, epigenetic, and
hormonal factors influencing immune response (Pitlick and
Volcheck, 2022; Salvati et al., 2019; Malvik et al.,, 2022). In our
study, the most common reasons for consultation were a history of
POH reactions, particularly of the immediate type (48.2%), and a
history of drug allergies (24.3%). In daily practice, atopic patients
and those with other drug allergies are often referred to allergy
clinics for evaluation of possible general anesthetic allergy, despite
this not being recommended in recent guidelines (Garvey
et al., 2019).

In our study and among the 255 patients, 97.3% (n = 248) had
positive SPT results for one or more substances. It should be noted
that in our study intradermal and/or exposure tests were not
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performed. Drugs with a positive SPT were avoided, while those
with a negative SPT were tolerated upon re-exposure. The high SPT's
positivity rate reflects the study population’s characteristics,
including prior POH reactions, or predisposing factors such as
concomitant drug allergies, food allergies or multiple allergies.
These factors have been consistently associated with an increased
risk of POH (Zhang et al., 2024; Mirone et al., 2015), and our
findings support their clinical relevance, highlighting the need for
careful perioperative monitoring in patients presenting with these
risk factors. The most common sensitizations were to opioids
(87.1%), followed by NMBAs (68.1%). These findings are
consistent with two Lebanese studies, which similarly reported
high sensitization to opioids (94.1% and 82.2%) and NMBAs
(47.1% and 63.3%) (Irani, 2014; Dagher et al., 2024).

For opioids, the percentage of cases is higher than what is
typically described (Kosciuczuk and Knapp, 2021; Tacquard
et al, 2024; Baldo, 2023). In our study, patients sensitized to
opioids reacted to morphine (59.7%) and pethidine (49.2%). IgE-
mediated hypersensitivity to opiates and semisynthetic opioids is
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TABLE 5 Characteristics of the 38 patients with identified causative agents of perioperative hypersensitivity reactions.

Drug class n (%) Molecules Symptoms and grading of perioperative hypersensitivity
reactions n (%)
Opioids 14 Morphine 8 Grade I 6 (42.9), grade II 2 (14.3), grade III 5 (35.7), grade IV 1 (7.1)
(36.8) Fentanyl 3
Pethidine 2
Morphine, sufentanil 1
NMBAs 9 (23.7) | Rocuronium 5 Grade I'1 (11.1), grade IT 1 (11.1), grade III 6 (66.7), grade IV 1 (11.1)
Cisatracurium 2
Atracurium 1
Succinylcholine 1
Others 4 (10.5) | Latex 2 Grade I 2 (50.0), grade IIT 1 (25.0), face dermatitis and bullous lesions with latex
Patent blue 2 1 (25.0)
Local anesthetics 2 (5.3) Lidocaine 2 Grade I 1 (50.0), grade II 1 (50.0)
Hypnotics 1(2.6) | Midazolam 1 Grade 1 1 (100.0)
Opioids, NMBAs 3(7.9) Fentanyl, rocuronium 2 Grade III 3 (100.0)
Sufentanil, cisatracurium 1
Opioids, latex 2 (5.3) | Morphine, latex 1 Grade I 2 (100.0)
Sufentanil, latex 1
Opioids, hypnotics 1 (2.6) | Fentanyl, propofol 1 Grade III 1 (100.0)
Opioids, NMBAs, 1(2.6) Fentanyl, rocuronium, propofol 1 Grade 11 1 (100.0)
hypnotics
Opioids, NMBAs, 1(2.6) Fentanyl, remifentanil, rocuronium, 1 Grade III 1 (100.0)
ondansetron ondansetron

NMBAs: Neuromuscular blocking agents.

rare and most POH reactions to morphine or pethidine result from
nonspecific mast cell activation via MRGPRX2 (Garvey et al., 2019;
Baldo and Pham, 2023). SPT results to opioids should be interpreted
with caution, and avoidance of opioids based solely on SPT positivity
may lead to unnecessary restriction. While opioids-specific IgE
assays have limited application, there is a growing need for
studies evaluating BAT in opioid allergy, as BAT can help
identify MRGPRX2-mediated reactions, particularly when skin
tests are positive but BAT is negative (Kalangara et al, 2019).
Drug provocation test (DPT) remains the gold standard for
confirming true clinical reactivity when performed after careful
risk stratification and using individualized protocols (Barbaud
et al., 2024; Mayorga et al., 2019). The importance of performing
DPT in workup of opioid allergy was highlighted in a retrospective
cohort of 98 patients referred for suspected opioid hypersensitivity.
In this study, only 15% were confirmed with opioid allergy,
highlighting the risk of overdiagnosis in the absence of
confirmatory testing (Li et al, 2017). Chalhoub et al. reported
that opioids are frequently prescribed in Lebanon, with codeine
available over the counter (Chalhoub et al., 2021). Co-sensitization
between morphine and codeine (both phenanthrenes) may
contribute to the high morphine sensitization observed in the
Lebanese population (Garvey et al., 2019; Van Cuilenborg et al.,
2021). Co-sensitization among opioids observed in our study—such
as morphine, pethidine, and fentanyl—can be attributed to
structural similarities. Morphine and pethidine share a
phenylpiperidine core and a phenylpropylamine group. Fentanyl
and its derivatives (remifentanil, and sufentanil) possess a 4-
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anilidophenylpiperidine and 4-anilidophenylpropylamine
structures which also share conformational similarities to
morphine and pethidine, contributing to potential co-

sensitization (Baldo and Pham, 2012).

In our study, rocuronium was the most common NMBA found
positive by SPTs (54.0%), consistent with previous studies (Pirson
et al., 2018; Irani, 2014; Mirone et al., 2015; Tacquard et al., 2024).
NMBAs, including depolarizing (e.g., suxamethonium)
nondepolarizing  agents  (e.g, atracurium,
cisatracurium), have seen a shift in usage, with increasing

and

rocuronium,

incidents of POH reactions to nondepolarizing agents like
atracurium, rocuronium and cisatracurium which aligns with our
findings (Warr et al., 2011; Mertes et al., 2011). The incidence of co-
sensitization among NMBAs detected by SPTs is known to be
frequent (60%-84%), due to shared antigenic quaternary
ammonium groups (Peyneau et al., 2025; Molero Diez et al,
2023). Rocuronium and cisatracurium were the agents with the
highest co-sensitization in our findings, although variability in co-
sensitization patterns has been noted across regions, potentially
reflecting difference in NMBAs usage (Tacquard et al., 2024; Molero
Diez et al., 2023; Li et al,, 2019; Sadleir et al., 2013). In published
studies by Sadleir et al,, Li et al. and Tacquard et al., only 5%, 6% and
12% of patients with rocuronium allergy, respectively, experienced
co-sensitization to cisatracurium (Tacquard et al.,, 2024; Li et al,
2019; Sadleir et al., 2013).

In contrast to published data, where hypnotics accounted for
between 2% and 10.4% of POH cases, our study found that
hypnotics were responsible for 19% of POH reactions (Tacquard
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et al,, 2024; Baldo, 2023). According to our findings, midazolam,
ketamine, propofol, thiopental, and etomidate were implicated, with
midazolam being the most frequently involved. In our study, 4% of
patients tested positive by SPT for propofol, which is higher than the
rates typically reported, namely 1.3% and 0.65% of POH reactions in
France and Australia, respectively (Baldo, 2023). The clinical
relevance of a positive SPT to propofol cannot be definitively
established in the absence of intradermal testing or controlled
provocation testing. Drugs such as propofol, demand special care
to be taken in planning the provocations and is not feasible in our
outpatient clinic setting (Garvey et al., 2019; Broyles et al., 2020). In
our study, amide local anesthetics (lidocaine, bupivacaine,
ropivacaine, and mepivacaine) accounted for 8.5% of POH cases,
with lidocaine being the most frequently implicated. Although
amide local anesthetics are generally considered less allergenic
than esters, our findings revealed a higher prevalence of
likely
reflecting their predominant use in clinical practice (Carrién Sari
et al., 2021; Bhole et al., 2012). Patent blue is a dye used in detecting
sentinel lymph nodes during breast cancer diagnosis. It has been
linked to 5%-6% of POH cases in the UK and France, our study
found similar incidence with patent blue implicated in 2.8% of cases
(Van De Ven et al., 2022).

Furthermore, 48.0% of patients in our study were latex
sensitized. SPTs and specific IgE are considered the most reliable

hypersensitivity reactions than previously reported,

methods of the detection of latex allergy (Bernardini et al., 2008).
Latex allergy incidence has declined in several countries, from 20%
to 5% in France (1997-2012), with similar decreases in Spain and the
USA, and no cases reported in the UK (Ahmed and Savic, 2020).
Latex sensitization and allergy are closely related to exposure levels,
with the highest risk in individuals with occupational exposure (e.g.,
healthcare workers) or repeated medical procedures, particularly
patients with more than five surgeries, repeated anesthesia, or
frequent catheterizations (Arasi et al., 2023; Claudio et al., 2016).
The high prevalence of latex sensitization in Lebanon underscores
the need to limit the use of latex-based products in healthcare
settings, a strategy shown to effectively reduce new sensitizations
(Turjanmaa et al,, 2002). Hypersensitivity reactions to chlorhexidine
are increasingly reported in some countries (Broyles et al., 2020;
Jagadish et al., 2026). Although SPTs were performed for commonly
implicated perioperative drugs, antiseptics such as chlorhexidine
and povidone-iodine were not systematically tested. This may have
underestimated their role in perioperative anaphylaxis and warrants
evaluation in future studies.

A specific causal agent could be identified in 38 patients based on
both anesthesia records and SPTs findings, highlighting a
relationship between the molecules used during these reactions
and SPTs results. However, the absence of specific serum IgE
testing in Lebanon limits further confirmation. This approach
enabled us to identify a specific causal agent in 38 patients and
suggest alternative perioperative options, with opioids (36.8%) and
NMBAs (23.7%) being the most implicated culprit classes.
Moreover, among patients with no prior surgeries, morphine,
sufentanil, and rocuronium were identified as causative agents
for POH. Reactions can occur even in patients receiving these
drugs for the first time, and they may be due to direct mast cell
degranulation. In the case of NMBAs, cross-reactivity with
substances containing quaternary ammonium groups such as
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cosmetics, foods, industrial materials, and disinfectants may also
contribute to these reactions (Banerji et al., 2021; Peyneau et al.,
2022). Tryptase levels during the reaction were measured in six
patients. We propose that follow-up measurement of baseline serum
tryptase may enhance diagnostic accuracy by detecting systemic
mastocytosis as a potential underlying cause of severe anaphylaxis.
In conclusion, the study highlighted patient profiles and common
agents involved in POH in a Lebanese population, and proved that
SPTs are useful in identifying causes allowing to suggest safe
alternatives. This evaluation is essential to minimize the risk of
hypersensitivity reactions and to support both anesthesiologists and
patients in making informed and safer perioperative decisions. Our
findings highlight the need for national prospective data collection
on POH, as established in other countries (Mertes et al., 2011;
Harper et al., 2018; Zhang et al,, 2022), and implementing more
precise ex vivo tests, such as circulating specific IgE and BAT in
reference laboratories, would improve the management of patients
experiencing POH reactions in Lebanon.
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