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Background: Local anesthetics (LA) are relatively safe and rarely cause immediate hypersensitivity reactions. The data on immediate
LA hypersensitivity and its risk factors in children are limited.
Aim: To evaluate risk factors of immediate LA hypersensitivity.
Methods: The retrospective case-controlled study included 17 patients with confirmed immediate LA hypersensitivity. For each
patient, three age- and gender-matched control subjects were included in the study. LA hypersensitivity was excluded by skin tests and
subcutaneous drug provocation tests in all control subjects.
Results: The most common allergic assessment in the patient/control group was for lidocaine (n=5; 29.4%, vs n=23; 45.1%).
Suspected LA hypersensitivity reactions were found to be associated with cutaneous manifestations in 14 (82.4%) patients and in 7
(13.7%) of the controls. A history of exposure to local anesthetics twice or more was present in 11 (64.7%) patients vs 6 (11.8%)
controls. In conditional regression analysis, repeated LA exposure (≥2) and cutaneous findings were determined as significant risk
factors (Odds Ratio [OR]:5.7; 95% Confidence Interval [CI]:1.2–27.1; P=0.029 and (OR:17.3; 95% CI:3.6–82.5; P<0.001,
respectively).
Conclusion: Cutaneous manifestations and a history of LA exposure twice or more were predictive factors for LA allergy confirmed
by skin test in children.
Keywords: local anesthetic, immediate reactions, hypersensitivity, predictive factors, skin test, subcutaneous provocation test,
children

Introduction
Local anesthetics (LA) are commonly used in outpatients to prevent and relieve pain in dental and minor surgical
procedures and are even used topically in children prior to painful procedures such as intramuscular injections or
catheterization.1–4 LA are divided into amide or ester groups according to their chemical structures.5–7 In broad patient
series and pharmacological vigilance studies, immunoglobulin (Ig)E-mediated reactions to LA, particularly to those of
amide class, have been reported to be rare.8–18

Immediate symptoms after the use of LA may be associated with anxiety, presyncope/syncope, toxicity from
intravascular administration or overdose, reactions to co-administered substances such as epinephrine and methylpar-
aben, and allergies to latex, chlorhexidine, or other drugs.9,14,18 Immediate LA-hypersensitivity reactions (HR), though
rare, have also been reported as a cause of anaphylaxis.16,19–22 Moreover, patients necessitating evaluation for anaphy-
laxis-like symptoms after the use of LA are disproportionately common.18

Detailed history and physical examination are the first steps in the evaluation of drug allergy. In most cases, patient
history is taken months or years after the occurrence of the reaction and the findings usually disappear during the
examination. Therefore, patient history and examination are not sufficient for the diagnosis of drug allergy23,24 Although
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patient history is inadequate in diagnosing drug allergy, it is crucial to differentiate between non-allergic and possible
allergic reactions, classify immunologically, and determine subsequent investigations. Skin tests (STs) performed for LA
are the most widely preferred tools in the first stage of allergic assessment.24,25 However, subcutaneous drug provocation
tests (DPTs) provide more precise results in patients without contraindications to confirm or exclude the diagnosis.24

These tests should be performed with solutions that do not contain vasoconstrictors since these substances may cause
false tests results.23–25

Some risk factors for LA-HR, such as multiple drug allergies and mastocytosis, have been studied in adults.27,28 IgE-
mediated LA allergy is highly rare in children and pediatric studies are few in the current literature.17,29 To our
knowledge, there is not enough data evaluating risk factors for immediate LA-HR allergy in children. Furthermore, it
is not always possible to apply adult data to pediatric patients. We investigated risk factors to predict LA hypersensitivity
using a case-controlled study design.

Materials and Methods
Setting
Istanbul Faculty of Medicine is located in a socioeconomically and ethnically diverse area of Istanbul. The Division of
Pediatric Allergy and Immunology in our University Hospital serves as the tertiary referral center in Istanbul. As
a routine practice, children requiring allergic evaluation are admitted to our unit after undergoing a preliminary
assessment in general pediatric outpatient clinic.

Patients and Controls
The retrospective and case-controlled study included 17 patients admitted to Istanbul University Faculty of Medicine,
Pediatric Allergy Unit, and were confirmed to have immediate local anesthetic hypersensitivity by allergic evaluation
between May 2010 and May 2020. A total of 51 controls, involving three age- and gender-matched children for each
patient, who were selected among subjects who had been admitted at the closest date were included in the study. Controls
were selected from children who applied to our pediatric allergy outpatient clinic with a history of suspected reaction to
a local anesthetic and were found to be tolerant after allergic evaluation (skin and provocation tests). Immediate LA
hypersensitivity was defined as the presence of clinically compatible findings and positive responses in STs and/or DPTs.
LA hypersensitivity was excluded in patients who were found negative for both tests (STs and/or DPTs).

The Ethics Committee of Istanbul University, Istanbul Faculty of Medicine approved the study protocol (No: 2020/
1559). Written informed consents were taken from parents and/or patients before allergic workups. The study was carried
out in accordance with the Helsinki Declaration.

Data Collection
Demographic and clinical data were obtained using the European Network for Drug Allergy (ENDA) questionnaire.26

A detailed history including the culprit drug, and data on the spectrum and timing of the symptoms was obtained from
each participant. In addition, the presence of previous drug reactions, family history of drug allergy, and concomitant
chronic or atopic diseases were investigated. All data were obtained from medical records. Only children with complete
and accurate clinical records were included in the study. Participants whose allergic evaluation for LA-HR could not be
completed due to uncontrolled asthma, severe skin reaction, and parents’ refusal were excluded from the study.

Diagnostic Evaluation
Allergic assessments were performed within a minimum period of four weeks after suspected reactions. Prior to the tests,
drugs that could affect the results were discontinued as recommended.23,-26 The patients were initially given a skin prick
test (SPT) with LA; if negative, an intradermal test (IDT) was performed. If both tests were negative, DPT was applied.2

Patients with confirmed LA hypersensitivity subsequently underwent an allergic assessment with a safe alternative LA.
Preservative and adrenaline-free vials were used for STs (prick and intradermal) and subcutaneous provocation test.2,7
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Local Anesthetic Skin Tests
Skin tests were performed with a local anesthetic suspected to be responsible for the clinical reactions described. The
drugs were used in the tests as follows: lidocaine 2%, 20 mg/mL; mepivacaine 3%, 30 mg/mL; prilocaine 2%, 20 mg/
mL; articaine 2%, 20mg/mL. SPT was considered positive when the diameter of the wheal with surrounding erythema
was at least 3 mm or larger than the negative control after 20 minutes.2,7,23 In the case of a negative SPT, IDTs were
performed on the volar forearm (0.02 mL). After 20 minutes, IDT was evaluated and considered positive if the mean
diameter of the bleb with surrounding erythema increased by ≥3 mm. IDTs were initiated at a concentration of
1:1000 mg/mL and reached 1:10 mg/mL in gradual increments. Histamine (10 mg/mL) was used as the positive control
and 0.9%NaCl was used as the negative control.2,7

Subcutaneous Provocation Tests
Subcutaneous provocation tests were performed on patients who had a negative STs result for LA. Provocation tests were
performed with the drugs used in SPTs at full concentration. DPT was administered as a single dose on the same day in
two (0.1 mL and 1 mL) or three steps (0.01 mL, 0.1 mL, and 1 mL), at 30-minute intervals on the volar forearm. Due to
ethical concerns, it was not applied to patients with positive STs. Patients were observed for at least two hours after the
last injection.

Evaluation of Non-Local Anesthetic Drug Allergy
In the allergic evaluation of non-LA drug allergy, ENDA guidelines were strictly followed.24–26

Statistical Analysis
Statistical analyses were conducted using SPSS 23.0 software (Armonk, NY: IBM Corp.). Normal distribution of
continuous variables was assessed using the skewness-kurtosis and the Kolmogorov–Smirnov test or Shapiro–Wilks
test. Continuous variables with nonnormal distribution were expressed as median and interquartile range (IQR).
Pearson’s Chi-Square test or Fisher’s exact test was used to compare categorical data. Initially, univariate regression
analysis was used to describe the association of clinical risk factors and confirmed LA hypersensitivity. Subsequently,
parameters that were found significant in univariate analysis were evaluated by conditional multivariate regression
analysis. Results were presented as Odds Ratio (OR) with 95% Confidence Interval (CI), and a P value of <0.05 was
considered significant.

Results
Median age was 8 (Interquartile range [IQR]: 6–11) years in patients and 9 (IQR: 6–12) years in controls. Eight of the
patients and 24 of the controls were female. Median time between index reaction and allergic evaluation was 7 (IQR: 4–
10) months in patients and 8 (IQR: 6.5–13) months in controls (P=0.232).

Lidocaine was the most common suspected agent in the patient group (n=5; 28.9%) and controls (n=23; 45.1%).
Reactions with more than one local anesthetic were reported in 23.5% (n=4) of the patients and in 2% (n=1) of the
controls.

In the patient group, 2 (11.8%) of the patients were diagnosed as having anaphylaxis (articaine in one and lidocaine in
the other), 1 (5.9%) patient reported itching of the throat without shortness of breath, and the remaining 14 (82.4%)
patients reported urticaria or urticaria-angioedema. In the control group, 7 (13.5%) subjects had urticaria-angioedema and
the remaining 44 (86.5%) subjects had systemic or local findings that were not fully compatible with allergy.

Local anesthetic (LA) hypersensitivity was confirmed by SPT in 1 (5.9%) patient (accompanied by urticaria) and by
IDT at a concentration of 1:100 in 9 (52.9%) and by 1:10 in 7 (41.2%) patients (Figure 1). Detailed characteristics of the
patients are shown in the Supplementary Table. In the control subjects, LA-HR was excluded by STs and subcutaneous
DPTs. During SPTs, bradycardia and pallor, which were accepted as clinical signs of a vasovagal reaction, were detected
in 2 (3.9%) controls. No reaction was observed in the DPTs of both subjects. Moreover, the tryptase levels were within
normal limits. Confirmation rates of non-LA drug allergy was 11.8% (non-steroidal anti-inflammatory drugs [NSAID]-
paracetamol, n=2) in the patient group and 9.8% (β-lactam, n=3; NSAID, n=2) in controls.
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Comparison of the patients and controls showed the following risk factors: reactions to more than one local anesthetic
(OR: 15.4; 95% CI:1.6–149.6; P=0.019), history of previous exposure to LA twice or more (OR:13.7; 95% CI: 3.7–50.9;
P<0.001), and presence of cutaneous manifestations (OR:29.3; 95% CI: 6.7–128.9; P<0.001) (Table 1). There was no
difference between the patients and controls in terms of the rates of subjects who underwent LA allergy assessment within
the first year after suspected LA reaction, the prevalence of personal atopic and chronic diseases, confirmed non-LA drug
allergy, and presence of a family history of drug allergy. Table 1 presents clinical characteristics of patients and controls.

Parameters that were included in the conditional multivariate analysis (presence of cutaneous manifestations,
presence of more than one local anesthetic reaction, and previous exposure to LA twice or more) are listed in Table 2.
The analysis indicated that the variables that were significant in predicting an LA-HR included a history of LA-HR with
cutaneous manifestations (OR:17.3; 95% CI: 3.6–82.5; P<0.001) and presence of exposure to LA twice or more (OR:
5.7; 95% CI:1.2–27.7; P=0.029).

Discussion
This case-control study compared the clinical findings of 17 patients with confirmed LA hypersensitivity and 51 age- and
gender-matched controls. A history of reactions accompanied by skin findings and prior exposure to LA twice or more
were identified as independent risk factors for LA-HR.

Immediate LA allergy was shown to be remarkably rare in two recently published large series. Of these, a recent
Danish study on perioperative allergies evaluated 162 patients who underwent subcutaneous DPTs and reported that none
of theicases of immediate allergy to LA were confirmed over the ten-year period.14 The other study evaluated 402
patients among whom most of the patients had a reaction within 30 minutes of LA injection during outpatient treatment
(dental or surgical procedures) at a German allergy clinic over a 20-year period and reported that only two patients had
a confirmed LA allergy.18 In a pediatric study conducted in Turkey, however, LA allergy was confirmed in only 1 out of
73 patients.17

Figure 1 Results of allergic evaluation of the children (patients and controls) with suspected reactions to local anesthetics. Safe LA was determined by skin and drug
provocation tests. Mepivacaine and lidocaine were determined as safe local anesthetics in the patient whose skin test was positive with articaine.
Abbreviations: IDT: intradermal test, LA: local anesthetic; SPTs: skin prick tests,
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Although there are a large number of patients with suspected LA-HR, only a small percentage of them are confirmed,
which can be explained in several ways. The first possibility is that a hypersensitivity reaction that results from a non-LA
factor such as non-LA drugs or additives, foods, latex, and disinfectants might be incorrectly diagnosed as LA-HR.
Studies evaluating LA allergy have reported that non-LA causes account for 1.7–32% of all causes, depending on the
process requiring LA administration.9,14,18 In our study, there was no significant difference between the patients and
controls with regard to confirmed drug allergy to NSAID or β-lactams. Another explanation is that non-allergic side
effects may mimic clinical features of LA-HR. These effects may develop due to the LA itself or due to the adrenaline

Table 1 Comparison of Clinical Characteristic of the Patients and Matched Controls

Patients, Controls, OR 95% CI P
n (%) n (%)

n=17 n=51

Clinical manifestations

Urticaria and/or urticaria-angioedema 14 (82.4) 7 (13.7) 29.3 6.7–128.9 <0.001

Anaphylaxis 2

Itchy throat 1

Shortness of breath without cough 13 (25.4)

Suspected vasovagal reactions (pallor, fainting, hypotension) 15 (29.4)

Subjective complaints § 16 (31.4)

Presence of more than one LA reactions 4 (23.5) 1 (2) 15.4 1.6–149.6 0.019

Previous LA exposure (≥2) 11 (64.7) 6 (11.8) 13.7 3.7–50.9 <0.001

Latent period† ≤1 year 13 (76.5) 33 (64.7) 1.8 0.5–6.2 0.373

Confirmed drug allergy, except LA 2 (11.8) 5 (9.8) 1.2 0.2–6.9 0.818

Β-lactam 3

NSAID 2 2

Presence of latex sensitivity in skin tests 0 1

Personal history of atopic disease 4 (23.5) 10 (19.6) 1.3 0.3–4.7 0.729

Food allergy (cow’s milk anaphylaxis) 1 0

Asthma ± allergic rhinitis 3 10

Concomitant chronic diseases 2 (11.8) 4 (2) 1.5 0.3–9.4 0.624

Familial Mediterranean fever 1

Vesicourethral reflux 1

Chronic spontaneous urticaria 3

Cutaneous mastocytosis 1

Family history of drug allergy 3 (17.6) 5 (9.8) 1.9 0.4–9.3 0.391

Notes: Significant P values are presented in bold. § Nausea, feeling unwell. † Time elapsed between last LA reaction and current allergic evaluation.
Abbreviations: CI, confidence interval; LA, local anesthetic; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio,
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contained in the solution. Adrenaline-related effects also cause symptoms such as anxiety or fear of the dentist.18 These
symptoms can easily be misdiagnosed as anaphylaxis by inexperienced clinicians.

Urticaria-angioedema is the most common skin manifestation of immediate drug allergy. Immediate LA-HRs have
been reported to be more common in adult patients than in children.18 Our results showed that an immediate-type
reaction with skin manifestations is a predictive factor of ST positivity in LA-HR. We also identified two or more LA
exposures as independent risk factors for confirmed LA-HR. We attributed this situation to the fact that repeated LA
exposures may have caused IgE-mediated sensitization.

It is well known that patient history is unreliable in the diagnosis of drug allergies. Therefore, as with other drug
allergies, an allergic evaluation is necessary to confirm or often rule out LA allergy. STs and DPTs are widely used in
clinical practice for the diagnosis of LA allergy, whereas specific IgE assessments and basophil activation testing are not
common.7,18

Literature recommends that STs should be performed without preservatives and with solutions that do not contain
vasoconstrictors such as adrenaline. However, positive results have been reported even with solutions containing
adrenaline.9 In adult patients, the IDT performed at a concentration of 1:10 has been reported to have a sensitivity of
100% and a specificity of 94.5%. For this reason, in the case of positive IDT at a concentration of 1:10, it is
recommended to repeat the test at a concentration of 1:100 and provoke the negative ones. We considered that some
of the positive results obtained at the titer of 1:10 in patients who were found negative at 1:100 titer, might be false-
positive. In our clinical practice, we accepted that IDT-positive patients had LA allergies and considered that it would
not be ethical to perform DPT in these patients. Therefore, we could not distinguish true LA allergy from irritation or
LA sensitivity in our IDT-positive patients at a concentration of 1:10. In our study, we had a higher diagnosis
confirmation rate than those reported in the literature, which could be explained by the probability of false positivity
by irritation. Considering that irritation of the skin is much more probable in children, this result is not surprising.
A second explanation could be that patients with high allergy risk are referred to us since our institution is a tertiary
referral center.

Subcutaneous DPT is the gold standard for the diagnosis of LA allergy in patients without contraindications.
However, the general problem with DPTs is that the number of steps (one to six) and initial concentrations are
considerably different. It has been reported that in selected patients with a history of reaction to LA and negative STs
(prick and IDT) results, an alternative LA could safely be identified using a short protocol or only a single-dose
subcutaneous provocation.1,2

Local anesthetics (LA) are low-molecular-weight substances (<300 Daltons) and have no commercial antigenic
determinants.7 Ester LA are converted in plasma by pseudocholinesterase to the para-aminobenzoic acid metabolite,
which is considered to be responsible for allergy via haptenization. Some amide solutions may contain a preservative,
methylparaben, and their structure is similar to that of para-aminobenzoic acid.30 Parabens are often associated with late
reactions (contact dermatitis). In some case reports, amide and ester have been shown to be a cause of immediate

Table 2 Risk Factors for Local Anesthetic Hypersensitivity

Univariate Analysis Multivariate Analysis

Parameter Odds Ratio (95%
CI)

P Odds Ratio (95%
CI)

P

Presence of cutaneous manifestations 9.1 (2.7–30.7) <0.001 17.3 (3.6–82.5) <0.001

Presence of more than one LA

reactions

15.4 (1.6–149.6) 0.019 –

Previous exposure to LA (≥2) 13.7 (3.7–50.9) <0.001 5.7 (1.2–27.1) 0.029

Notes: Nagelkerke R Square: 0.559, Significant P values are presented in bold. -: Not significant.
Abbreviations: CI, confidence interval; LA, local anesthetic; OR, odds ratio.
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reactions in patients with LA sensitivity.5,7,30 In another case report, a case of delayed reaction with lidocaine,
mepivacaine, and bupivacaine was shown in amide LA, where the common antigenic epitope may be meta-xylene.31

In our study, we detected allergic reactions to more than one LA and articaine tolerance in four patients, which implies
that meta-xylene as an antigenic epitope may play a role in immediate reactions in addition to delayed reactions.

The most important limitation of our study was that it was conducted in a single tertiary center. Therefore, it may not
be representative of the general population. In addition, the evaluations of LA-HR were made retrospectively depending
on the clinical needs of the patients, not on the purpose of the study. DPT was not performed for ethical reasons in
patients with a positive skin test; therefore, true LA allergy and irritation could not be distinguished.

In conclusion, the present study demonstrated that hypersensitivity reactions with cutaneous findings following LA
administration and recurrent LA exposures are predictors of ST positivity in LA allergy. Diagnosis of LA allergy
based on ST positivity may cause overestimation of confirmed LA allergy in children due to the possibility of
irritation.
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