Journal Pre-proof

Perioperative Allergic Reactions: Allergy Assessment and Subsequent Anesthesia

Aleena Banerji, MD, Gita Bhattacharya, BS, Emily Huebner, MS, Xiaoqing Fu, MS,
MD, DrPH Carlos A. Camargo, Jr., Autumn Guyer, MD, James L. Kuhlen, Jr., MD,
Kimberly G. Blumenthal, MD, MSc

PII: S2213-2198(20)31246-0
DOI: https://doi.org/10.1016/j.jaip.2020.11.025
Reference: JAIP 3269

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 2 December 2019
Revised Date: 26 October 2020
Accepted Date: 9 November 2020

Please cite this article as: Banerji A, Bhattacharya G, Huebner E, Fu X, Camargo . CA Jr., Guyer

A, Kuhlen JL Jr., Blumenthal KG, Perioperative Allergic Reactions: Allergy Assessment and
Subsequent Anesthesia, The Journal of Allergy and Clinical Immunology: In Practice (2020), doi: https://
doi.org/10.1016/j.jaip.2020.11.025.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2020.11.025
https://doi.org/10.1016/j.jaip.2020.11.025
https://doi.org/10.1016/j.jaip.2020.11.025

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Banerji Page 1

Perioperative Aller gic Reactions. Allergy Assessment and Subsequent Anesthesia

Aleena Baneriji, MB?

Gita Bhattacharya, BS

Emily Huebner, M$

Xiaoging Fu, M$?3

Carlos A. Camargo Jr., MD, DrP¥:**

Autumn Guyer, MD

James L. Kuhlen Jr., MD

Kimberly G. Blumenthal, MD, MS¢&*’

Division of Rheumatology, Allergy, and Immunolodyepartment of Medicine, Massachusetts General
Hospital, Boston, MA

2Harvard Medical School, Boston, MA

3Mongan Institute, Department of Medicine, MassaetltssGeneral Hospital, Boston, MA
“Department of Emergency Medicine, Massachusett®@eHospital, Boston, MA

*Division of Pulmonary, Critical Care, Allergy, aSieep Medicine, University of California San
Francisco, San Francisco, CA

®Apex Allergy and Immunology, Greenville, SC

"Edward P. Lawrence Center for Quality and Safetgs8échusetts General Hospital, Boston, MA

Corresponding author:
Name: Aleena Banerji, MD
Massachusetts General Hospital, Division of Rheotagy, Allergy, and Immunology, 55 Fruit Street,

COX 201, Boston, MA 02114, p-(617)-726-3850, f- &124-0239, abanerji@partners.org



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Banerji Page 2

Key words:. Allergy, Anaphylaxis, Perioperative, Skin Testidgyptase, Operating Room, Latex, Drug

Allergy, Hypersensitivity

Abbreviations:

US: United States

NMBA: Neuromuscular Blocking Agent
ST: Skin Testing

NIC: Non-irritating Concentration

A/l: Allergy/Immunology

MGH: Massachusetts General Hospital
PACU: Post-Anesthesia Care Unit

CPR: Cardiopulmonary Resuscitation

Contents:
Abstract word count: 250
Text word count: 3908

Tables: 4; Figures: 3

Funding

No funding was received for this work.

Disclosures

The authors have no relevant conflicts of interest.



51
52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Banerji Page 3

ABSTRACT

Background: Evidence-based guidelines are needed in the dUSitates to improve evaluation of

perioperative allergic reactions including recomdeions for subsequent anesthesia.

Objective: Identify causative agent(s) and evaluate patig¢atstability of subsequent anesthesia in

patients evaluated by Allergy/Immunology (A/l) abbsachusetts General Hospital.

M ethods: We performed a retrospective review of patientsirefl to the outpatient A/l clinic for
perioperative allergic reactions between Octob&32ihd May 2017. Patient demographics, atopic
history and prior adverse drug reactions were vesie Patients underwent a comprehensive evaluation
with testing including skin testing (ST), drug deabes (when appropriate), tryptase level measureme
and specific IgE to latex measurement. Tolerancibfequent procedures requiring anesthesia was

assessed.

Results: Of 123 patients referred, 74 (60%) were female anchraga was 46 (+18) years. At least one
causative agent was identified in 28 patients (24228/118). Seventeen of 28 (61%) patients were ST
positive to an antibiotic, including 13 (46%) pogitto cefazolin; 3 patients (11%) had a positatex

specific IgE. Of 85 patients who had subsequergtassia with a known outcome, 78 (91%) did not have
another perioperative allergic reaction. Two oé&fpatients with an elevated baseline tryptase lidel

not tolerate subsequent anesthesia.

Conclusion: Themajority of patients safely received subsequenstiesia after comprehensive A/l
evaluation for their perioperative allergic reanphowever improved algorithmic care is needetién
United States. Among ST positive patients (24%fipaotics (especially cefazolin), were the most
common culprits. An elevated baseline tryptasel lexzs associated with an increased risk of rectirren

perioperative allergic reactions.
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Highlights Box

What isalready known about thistopic?

Perioperative allergic reactions are rare but agsetwith significant morbidity. Identification dfie

causative agent(s) after a perioperative allemgction is challenging.

What doesthisarticle add to our knowledge?

A comprehensive evaluation and management plapefidoperative allergic reactions in the US requires

testing for a broader group of causative agents tiase routinely performed.

How does this study impact current management guidelines?

We devised an updated algorithmic approach to peraive allergic reactions in the US. Although a
culprit was not identified in the majority of ouases, we provide guidance on subsequent management

and safety data on subsequent anesthesia.
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INTRODUCTION

Perioperative allergic reactions including anapkiglare rare but associated with significant mdthid
and mortality. There is considerable variabilitythile incidence and identified causative agents of
perioperative allergic reactions between counies) The reported incidence ranges from 1:1,380 to
1:20,000 operations, but recent prospective dajgesi the incidence may be as high as 1 in 353
operations.(5-7) In the United States (US), antitsoare the most frequently identified cause of
perioperative allergic reactions, accounting fo¥2® 59% of identified causative agents.(8-10)
Specifically, cefazolin, the guideline-recommengedoperative antibiotic for many operations, (1) i
considered the most common cause of perioperdtamgia reactions in the US.(12-14) However, in
France, neuromuscular blocking agents (NMBA) actfmmalmost 60% of perioperative allergic
reactions, with antibiotics are the second mostmmomcause.(15, 16) Perioperative allergic reactions

associated with NMBAs are less frequently repoitettie US.(4, 8, 9)

Given that multiple drugs are administered simutarsly during anesthesia, identification of the
causative agent(s) after a perioperative allemgction has posed diagnostic challenges.(12) Allerg
practice guidelines recommend comprehensive skimte(ST) using the non-irritating concentration
(NIC) to all perioperative agents listed in the sthetic record (including disinfectants e.g., .,
chlorhexidine) and given prior to the allergic é@ae, measuring serum tryptase and evaluatingatex
allergy.(7, 17, 18) However, despite this recomneghithorough evaluation, US data show that a
causative agent is not commonly identified,(8, @kimg subsequent procedures with anesthesia

challenging for both the patient and the physicargeon.

In the present study, we describe our experienplyialg a comprehensive evaluation and management

plan for perioperative allergic reactions updatsishg recently published guidelines and used by our
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Allergy/Immunology (A/l) group.(7, 10, 14) Data preusly published by our group (Dataset |, Dataset
II) (10, 14) are combined with new data (Datasittti understand the outcomes from the largest toho
of perioperative allergic patients tested in the \3& aimed to improve our diagnostic approach by
describing culprit agents causing perioperativergit reactions, assessing tolerability of subsetjue
anesthesia using a comprehensive A/l managemenegtn when no causative agent is identified, and
understanding the limitations of our approach wpatients developed subsequent perioperative allergi

reactions.

METHODS

Study Population

We performed a retrospective review of all patiettdassachusetts General Hospital (MGH) refemed t
the outpatient A/l clinic for perioperative allecgieactions between October 2003 and May 2017.
Perioperative allergic reactions included thosémduinduction or maintenance of general anesthesia,
during the immediate post-operative recovery petiimde period when the patient remains in the post
anesthesia care unit). We excluded 16 patientsdichnot complete the recommended evaluation in the
MGH A/l clinic following a perioperative allergieaction. The study was approved by the MassGeneral

Brigham Human Research Committee.

Comprehensive Allergy Evaluation

MGH perioperative allergic reaction recommendatimesrporated published guidelines(19) and
encourage anesthesia to: (1) send a serum tryptdse 4 hours(20) (ideally <2 hours) for any presad
perioperative allergic reaction and (2) refer thégnt to A/l for evaluation between four weeksl aix

months after the allergic reaction (to minimizeséahegative results).(21, 22)

In the A/I clinic, patients were evaluated usingtandardized protocol(10) that was internally depetl

and in accordance with the practice parameters thevmerican Academy of Allergy, Asthma, and
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Immunology(19) and iteratively updated using relyeptiblished guidelines.(Jee Figure 1. Patient
characteristics, including age, sex, atopic his{asthma, allergic rhinitis, eczema), drug allenigtory
and all perioperative medications were retrospebtiveviewed. Evaluation included ST using non-
irritating concentrations,(7, 18) drug challengdsew appropriate/possible (i.e., oral or intramuascul
drugs that were not controlled substances by thig [Bnforcement Agency), baseline tryptase level
measurement (reaction tryptase considered elevdted > (baseline tryptase x 1.2) + 2 whereas >11.4
ng/mL(23) was previously considered elevated),serdm IgE testing to latex (ImmunoCAP system
(Upjohn-Pharmacia, Uppsala, Sweden) for patient®sad to latex gloves or equipment. If latex

specific IgE was negative (<0.35 kU/L), latex STsvpeerformed .(24, 25)

Skin prick and/or intradermal testing was perforrteedll agents received prior to perioperativergite
reaction with published NICs. ST was performed waitisitive (histamine 6mg/mL) and negative (saline)
controls. Skin prick or intradermal testing was sidered positive if the diameter of the wheal wias a
least 3 mm larger than that induced by the negatiliee control with flare>wheal. Agents without a
NIC (e.g., inhalational agents) were not testedim@uthe study period, additional data on NIC fdr S
became available and we added more drug testiogrtoomprehensive evaluation: fentanyl, propofol,
midazolam, neostigmine, chlorhexidine (2012), vamgcin and ondansetron (2014), and metronidazole

(2016).

Organ system involvement during perioperative gltereactions were specified as cutaneous,
cardiovascular, pulmonary, neurologic, oropharyhgeagastrointestinal system involvement. Allergic
reaction severity was determined following an dighbd grading scale (I-IV).(26) We defined
perioperative anaphylaxis as patients with whoaetien included hypotension or was grade IlI/IV

severity.(19)
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Following the comprehensive A/l evaluation, explieicommendations for subsequent use of anesthesia
were made.(14) A patient with a positive ST thajgasted a mast cell mediated reaction was adtased
strictly avoid that specific drug and cross-reaetivugs. If a patient had negative ST and chadleng
(when appropriate/possible in A/l clinic), then tireilg was removed from the allergy list. If ST was
negative but challenge not appropriate/possib®/liclinic, then guidance was given to proceed with
close monitoring if these agents were needed agdite operating room. If ST was not availableif or
ST was unable to be performed because of use ibfstamines or need for urgent surgery, patientewe
advised to avoid all potentially implicated agesutsl A/l made recommendations for safe alternatives.
SeeFigurel. If in the very rare instance there were no reabtEalternatives, a test dose in the
perioperative setting was advised under observatibyin the operating room or the postanestheasia u
before anesthesia induction(7, 27). This shoulddséormed with adequate cardiovascular and
respiratory monitoring and in the presence of egpee staff able to manage significant negativenesve
(i.e., hypotension, bradycardia, respiratory depiogsand anaphylaxis)(7, 27). Test doses at MGH are
performed according to a standardized 2-step proeedith specified dosing and timing and
collaboration between the allergist and anesthegist. Patient monitoring during subsequent ansg&he

for signs and symptoms of a perioperative allergaction was routinely recommended.

Follow-up: Subsequent Anesthesia

Follow-up information on procedures requiring supismt anesthesia were collected by two methods: (1)
telephone interview and (2) electronic health rdgerview. For the former, we conducted telephone
interviews from August 2017 to June 2018. Durimg structured phone call, patients were askeukif t
had any procedures requiring anesthesia sincedleigy evaluation. Those who responded, “yes,”
provided the details of all subsequent procedundsaay details of any recurrent allergic reactions.
Patients with subsequent procedures requiring géagesthesia outside of our hospital network signe

medical record release forms to obtain externatgutaral and anesthesia records for A/l review. ther
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latter, we performed a comprehensive internal edeat health record review, reading all subsequent
perioperative notes and anesthesia records fpaténts, regardless of whether or not they coragldte
phone interview. We assumed adequate informatidinerelectronic health records if patients hacast

one primary care or specialist visit per year doented through the end of the study period.

Analysis and Statistical Methods

We use descriptive statistics such as numbersfigittuencies for categorical variables and mearnts wit
standard deviations for continuous variables. @ltgih we present the results of the entire populatio
studied (n=123), we indicate throughout the resutikch dataset the patient belongs to: Datasety¢®
et al), Dataset Il (Kuhlen et al), or Dataset tigé{v). All statistical analyses were conducted ir8SA

version 9.3 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient Characteristics and I nitial Perioperative Hypersensitivity Reaction

Among 123 A/l referrals, 118 patients (96%) comgdiethe comprehensive A/l evaluation. Most patients
were female (60%, n=74) with an average age dirtieof initial perioperative allergic reaction 46

(+18) years. Nearly half of patients were atopit%} or had a history of an adverse drug reactich(59
See Table 1. The average time from perioperative allergic tieacto initial ST (n=118) was 26 (+58)
months but most patients (65%, 77/118) completen 8T within 6 months of initial perioperative
allergic reaction. One patient did not have a daesnted date for initial perioperative allergic réastand
four patients did not have skin testing performed.

Forty-five (37%) patients had a grade | reactidh(Z%) patients had a grade Il reaction, 37 (30%)
patients had a grade Il reaction and 10 (8%) pttibad a grade IV reaction. During the initial

perioperative allergic reaction, 89 (72%) patiexperienced cutaneous symptoms, 54 (44%) patients
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216  developed cardiovascular symptoms, 41 (33%) patideneloped pulmonary symptoms, 11 (9%)
217  patients developed neurologic symptoms, seven (@xgloped oropharyngeal symptoms and five (4%)
218  patients developed gastrointestinal symptoms.

219

220  Perioperative Anaphylaxis

221 Sixty (49%) patients met the definition for periogteve anaphylaxis.(19) Of the 10 (8%) patientshwit

222  grade IV reactions, eight (80%) experienced cardiaest and two experienced pulmonary arrest with
223 symptoms of wheezing, bronchospasm and desaturdtimse perioperative cardiac arrest patients

224  received cardiopulmonary resuscitation (CPR)/catision (n=6/7) and epinephrine (intramuscular

225 and/or intravenous; n=6/7). The patient who didneotive CPR or cardioversion was given three doses
226  of intravenous epinephrine, intravenous fluids, dagdamine. Allergic reaction treatment information

227  was not available for one patient. Perioperatilergic reaction tryptase levels were obtained irese

228  patients and elevated in four patients. One ofetipegients had a reaction tryptase level of 12 hdiat

229  no baseline tryptase level.

230

231  Comprehensive Allergy/l mmunology Evaluation

232 Ninety-six percent of patients referred to A/l @iin=118/123) completed the comprehensive evalnati
233 At least one causative agent was identified in &8pts (24%, n=28/118) that completed A/l evahrati
234  Sixteen of 28 (61%) patients were ST positive tiibéwtics: 13 to cefazolin, one to penicillin, otee

235  vancomycin, one to ciprofloxacin, and one to baginafloxacin and levofloxacin. The other eleven

236  patients were ST positive to non-antibiotics, idhg three patients with positive serum latex I1§ee

237  Figure 2. Patients with perioperative anaphylaxis were miteyl to be ST positive compared to patients
238  with non-anaphylactic perioperative allergic reaisi (31% vs 15%, p=0.04).

239

240
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Subsegquent Anesthesia

Follow-up data were available for 111 (93%) pateBte Figure 3. Most patients who underwent
subsequent procedures requiring general anestiodsiated anesthesia (92%, n=78/85). Seven patients
(8%, n=7/85) developed a subsequent perioperaiemgia reaction during anesthestee Table 2. In

these seven patients, most had a negative ST (ar8)Xwo patients had positive SSee Table 2.

Tryptase Levelswith Initial Hyper sensitivity Reaction

A tryptase level was collected in 37 patients (30%thin four hours of the initial perioperative exgic
reaction. Average time to tryptase collection was3{+52.0) minutes and 22 (79%) were within two
hours. Of these 37 patients, reaction tryptasealaated in 20 (54%) patients using >11.4 ng/mL as
criteria(28) Three patients did not have a basdliyase level to determine if reaction tryptasesw
elevated but reaction tryptase was <11.4 ng/mhése cases.(2%pe Table 3. No patients with an
elevated tryptase experienced a grade | reactimur. patients with an elevated tryptase experieaced
grade Il reaction, eleven patients a grade llltieacand five patients a grade IV reaction. Amding
patients with an elevated baseline tryptase |e\@ (n=2) had a subsequent perioperative allergic
reaction despite A/l evaluation: two patients weflenegative and three patients were cefazolin ST

positive.

DISCUSSION

In this study of perioperative allergic reactiohsidarge US academic medical center conductedaver
decade, our comprehensive A/l evaluation and maneagestrategy provided a valuable algorithmic
approach to the clinical management of over 10p&st with perioperative allergic reactions. Howeve
there remains room for improvement. Less than bird-of patients had a culprit identified with this

approach and just 9 out of 10 patients tolerategbsequent procedure requiring anesthesia. Langest
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265  from several European countries have demonstragbehidentification of culprits and a lower reacti
266  rate during subsequent anesthesia likely relatedtablished guidelines since the early 1990s with
267  continued organization, collaboration, and updaf2®y 30) In our experience, when a causative agent
268  was identified (ST positive), antibiotics, spedlly cefazolin, were the most common culprits. Hoare
269  when evaluation was negative, additional stepsiacessary before subsequent anesthesia including
270  consideration of less common causative agents igndg$ion with anesthesiology to understand other
271  potential diagnoses for the event. (31) Similaoto prior work,(14) an elevated baseline tryptasell

272  was associated with an increased risk of a subségeéeoperative allergic reaction and should promp
273 evaluation for mastocytosis. These findings supti@tneed to develop formal US guidelines and a
274  network of engaged sites for more widespread imeteation of a comprehensive algorithmic approach.
275  Similar large initiatives have been recently depelbin other countries with updated guidelinesl{z,
276  31) We must create a more formalized US strategyprove identification of causative agents and
277  facilitate the safe return to anesthesia in patiarith perioperative allergic reactions including

278  anaphylaxis.

279

280  Antibiotics have become an increasingly recognizagse of perioperative allergic reactions(7, 32) as
281  there has been coincident increased use of progiftylntibiotics to prevent postsurgical infections
282  More than half of patients in our study with anritieed culprit developed perioperative allergic

283  reactions due to antibiotics and three-quarteentibiotic reactions were due to cefazolin, thstfline
284  perioperative antibiotic for a majority of procedsiin the US.(11) Beta-lactam antibiotics accoantte
285  vast majority of prophylactic antibiotics used etUS and therefore also account for the most

286  perioperative allergic reactions to antibioticst the most commonly implicated antibiotics varytwit
287 local antibiotic practices.(1, 14, 33) A large estive study of perioperative anaphylaxis caseken
288 UK identified teicoplanin (incidence 16.4 per 1@@Gdministrations) and amoxicillin-clavulanic acid

289 (8.7 per 100,000 administrations) as the most comamdibiotic triggers of perioperative
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290 anaphylaxis.(12) Antibiotic allergy assessmentgisiptimal skin testing concentrations(7, 34) reman
291  critical part of the A/l evaluation of patients tviperioperative allergic reactions. If skin testinghe
292  culprit antibiotic cannot be performed, an altergtunrelated antibiotic should be used for subeat

293 anesthesia.

294

295  Our study identified two patients with positive ®Tquinolones. One patient was ST positive to

296 ciprofloxacin and levofloxacin and did not have sefjuent anesthesia. The second patient was ST
297  positive to ciprofloxacin and developed a subsetjglergic reaction with anesthesia despite avaidan
298  of ciprofloxacin (although the patient notably talted four procedures in the interim). This patgent
299  course could suggest a hidden or unidentifiedgdleiwas the cause of the initial and subsequesryad!
300 reaction (and ciprofloxacin ST potentially a fafsusitive as experts still disagree if there is laable
301 non-irritating ST concentration(35, 36) or alteiwally, the mechanisms of the perioperative allergic
302 reaction was non-IgE (e.qg., direct mast cell or-igependent mechanism). It is also possiblettieat
303 patient developed a new drug allergy in additionipsofloxacin. Although this patient did not retufor
304 additional A/l evaluation after the subsequentqueiative allergic reaction, this case raises gromant
305 point about the potential for false positive ST aeed for a repeated A/l evaluation after subseguen
306 reactions. Patients are rarely challenged aftesitipe ST due to the high risk of a potential @jle

307 reaction, but more data on the positive predictaieie of ST are needed to improve drug allergy

308 assessments and optimize guidelines for subsegunesthesia.

309

310 In contrast to the US, many countries report NMB&ghe most common perioperative allergic reaction
311 culprit.(3, 37-39) NMBA reactions have been atttédzlito increased exposure to sensitizing agents

312  containing a substituted ammonium group, whichfanad in cosmetics, disinfectants, industrial

313  materials, foods and potentially pholcodine contajrdrugs but pholcodine is rarely present in US

314  products.(39, 40) Our cohort identified one patigith NMBA allergy (cisatracurium). Prior to 2000,
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latex was a common perioperative allergic reaatigdprit comprising between 15 and 20% of
perioperative allergy.(4, 15, 26) However, latdergly is decreasing as reduction in powdered gise
and latex exposure generally have led to a marketedse in new sensitizations. Latex is now ordy th
fourth cause of perioperative allergic reactionkliance and only a minor cause in the UK and in
Germany.(7, 12) In our cohort, all three casesita allergy were identified before 2012 with navne
perioperative allergic reactions due to latex sgbeatly. Although we do not confirm a serum latex
specific IgE with a positive skin test, and a gositatex specific IgE may be falsely positive in
grass/birch allergic patients due to Hev b8 (pirdfi] latex skin testing results in the US may be
unreliable. Although component resolved testingddwe considered(41) to ensure there is no false
positive, as it is not uniformly available we sagglatex avoidance for patients with a history of

perioperative allergic reaction and positive lagprcific IgE

As our diagnostic testing expanded over time withrioved data on NIC to anesthetic agents, we notabl
identified new causative agents. For example, thedients had positive ST to ondansetron and one
patient had positive ST to bacitracin with appraf@inegative controls.(42) Prior studies have deesr
perioperative anaphylaxis to ondansetron(43) awdrbain used in wound irrigation.(42, 44) Although
we cannot be certain that the positive ST translatelinical allergy, the temporal associatiomaglevith
other negative STs suggests a strong plausiblecknis (38) In the two cases of bacitracin
perioperative allergy, tryptase was elevated at U@/L and 74.6 ug/L respectively and normal at
baseline, which further supports a mast cell mediatechanism for the reaction.(42, 44) In addition
the uncommon allergens we identified in our cohattier data support the emergence of other new
potential perioperative allergic reaction culprggch as vancomycin,(45) sugammadex or the
sugammadex-rocuronium inclusion complex, (32, 37 péient blue dye,(39, 47) and chlorhexidine.(7,
48-52) Taken together, these emerging data reiafihve importance of considering all of the ageisted

in the anesthesia record prior to perioperativergit reaction as potential culprits. Additionally,
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substances often missing from the anesthesia recawdh as disinfectants, sterilizing agents, and
excipients, should routinely be considered, paldity if the initial A/l evaluation is unrevealing.esting
all patients with disinfectants was emphasizeagent international recommendations as exposure is
common but rarely documented.(7) This could poddigtexplain the subsequent reactions in our ptdien

and we have accordingly modified our own algoritfftigure 1).(12)

We found that approximately three-quarters of pétie@valuated after perioperative allergic reastion
were ST negative which was slightly lower than oti8 studies that did not find a culprit in 43-52%
patients.(8, 9) Potential reasons for this inclusle of non-irritating ST concentrations that are no
validated and lack of NIC ST data to many agengsl wkiring anesthesia (especially a decade ago when
we were not routinely testing to fentanyl, proppfaidazolam, neostigmine, chlorhexidine, vancomycin
or ondansetron). False negative ST may also oftiomé to ST was too early (<4 weeks) or delaye@l (>
months) after an allergic reaction.(22, 53) Althlbwee advised patients with perioperative allergic
reactions to complete ST within four weeks to sbnths of the allergic reaction, patients on average
were seen for their ST evaluation over 26 monttes #fieir allergic reaction. Performing drug cbatjes
would improve the quality of our recommendations37, 54) however, challenges to NMBAs, opioids,
benzodiazepines, paralytics, and other medicatiomsiot possible in our outpatient A/l clinic sadti
Despite the limitations of our available diagnostiols, our management strategy allowed 90% of

patients to receive subsequent anesthesia safely.

We strongly recommend obtaining a baseline trypiaaa similar to international recommendations.(7,
55) An acute serum tryptase level greater tharaggline tryptase x 1.2] + 2}(7, 20, 23) has been
recommended to confirm acute mast cell degranumathen this formula was compared with an acute
tryptase level of more than 11.4 mg/L in 85 paBenmith perioperative anaphylaxis with adequatertgni

of the samples, the sensitivity, specificity, pesitpredictive value, and negative predictive vakeze
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365  75%, 86%, 94%, and 53%, respectively, compared 58&b, 95%, 97%, and 40%, respectively, for acute
366 tryptase value of more than 11.4 ng/L.(20, 23gé#ation tryptase was elevated suggesting a mast cel
367 mediated mechanism a negative evaluation shoultgroloser re-examination for any overlooked

368  exposures. An elevated baseline tryptase levekfliae tryptase x 1.2] + 2} in the right clinicéustion

369 (i.e., perioperative anaphylaxis) should also watrfarther evaluation for mastocytosis. Additiogalf

370 patients have subsequent reactions after a negdfievaluation, a reconsideration of mast celbditers
371 s indicated. We continue to educate our anestluggiaolleagues about the clinical value of a rieact

372 tryptase but we are also striving to standardizelize tryptase collection in all patients referted\V/I

373  clinic for perioperative allergic reactions.

374

375  When comprehensive A/l evaluation does not revealsative agent, we recommend critical re-

376  evaluation of the case and close collaboration afitbsthesiology before proceeding with subsequent
377 anesthesia.(7, 27, 46, 56) It is helpful to coasill) the reaction (e.g., were there other paknt

378  diagnoses for the event other than allergic reacsach as an underlying mast cell disorder or

379  hypotension attributable to another cause?), @#posures (e.g., was a potential culprit agent

380 overlooked or not listed in the anesthesia reco@?) (3) the testing (e.g., was the ST conduatetié

381  appropriate timeframe, of 4 weeks to 6 months dffterallergic reaction, with recommended NIC?), and
382  (4) the host (e.g., could the patient have an uyidgrmast cell disorder?).(14) For example, while

383  hypotension alone may be referred for evaluatiopesioperative allergic reaction, hypotension is

384  common during the induction and maintenance ofthes&.(7)

385

386  Our current recommendation, after negative comprgikie evaluation including ST, is to consider uke o
387 alternative agents and proceed with close moniydfithese same agents were used again for angsthes

388  While it is reasonable to suggest use of altereaiyents, it may not always be possible to avoid
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NMBASs, propofol, benzodiazepines, and opioids. Irerrdata are needed in the US to optimize
recommendations after negative ST, but in addiioeritical re-evaluation of the case our current
recommendations to A/l practitioners are to: 1)sider pre-medications for subsequent anesthesia; 2)
recommend that patients return for repeat A/l eatidn if they develop any subsequent perioperative

allergic reactions.

While we report on a relatively small number ofipatts who developed a perioperative allergic reacti
and underwent A/l evaluation, to our knowledges thithe largest analysis of US patients with
perioperative allergic reactions assessed by Adbte. Although there are no validated ST for drugs
other than penicillin, we used the recognized Na@d protocols consistent with EAACI and AAAAI
drug allergy practice parameters.(7, 18) Patientair study did not undergo challenges to drugswehe
ST was positive to validate allergy because ikigher ethical nor safe to perform such challenges,
especially in outpatient A/l practices. Lastly, veg@ort on a single large academic hospital; our

experience may not be generalizable to differetiepapopulations, geographic areas or hospitatétsl

In summary, perioperative allergic reactions are,raut important to evaluate since re-exposure to
anesthetics is often necessary. ComprehensivevAlliation can be unrevealing for a variety of reaso
but considering a broader range of potential catesagents may improve diagnosis. In the US,
antibiotics remain the most common culprits idéatifout many hidden causative agents are emerging a
we improve our understanding of culprits and dewéhaproved diagnostic testing tools. While a serum
tryptase ideally within two hours of an allergi@ction is helpful, a baseline tryptase is critical
understanding if reaction tryptase is elevatedtarmompt evaluation for an underlying mast cell
disorder that can increase the risk for a subsdqezioperative allergic reaction. Overall, ourised A/l
evaluation and management strategy will providarajgiidance to the anesthesiology team and patient

reassurance to facilitate safe return for subsdcqueagery requiring anesthesia when indicated.
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Table 1: Patient Characteristicsand Initial Perioperative Allergic Reaction. Data are

presented asn(% ) unless specified.

Total
N=123

Dataset |

N=73*

Dataset |1
N=25*

Dataset 111

N=25*

Age at thetime of thereaction
(years) Mean £ SD**
Female sex
Time from reaction to skin testing
(months) Mean + SD
Atopic history
Adverse drug reaction history
Severity of perioperativereaction
I
[
[l
Y
Organ system involvement
Cutaneous Symptoms
Swelling
Rash
Erythema/Flushing/Burning
Urticaria
Itching
Cardiovascular Symptoms
Hypotension
Tachycardia
Bradycardia
Cardiac arrest
Arrhythmia
Pulmonary Symptoms
Shortness of breath
Wheezing
Bronchospasm
Desaturation
Chest tightness
Othef
Neurologic Symptoms
Agitation/Anxiety
Dizziness/shaking
Othef
Oropharyngeal Symptoms

459+ 18.0 44.216.9

74 (60.2) 46 (63.0)
26.3+57.9 31.3+67.6
58 (47.2) 44 (60.3)
72 (59.0) 40 (55)
45 (36.6)  28(38.4)
31(25.2) 10 (13.7)
37(30.1) 26 (35.6)
10 (8.1) 9 (12.3)
89 (72.4)  53(72.6)
34(38.2) 22 (41.5)
36 (40.4) 19 (35.8)
26 (29.2) 16 (30.2)
25 (28.1) 14 (26.4)
16 (18.0) 9 (17.0)
54 (43.9)  29(39.7)
50 (92.6) 25 (86.2)
14 (25.9) 12 (41.4)
10 (18.9) 8 (27.6)
8 (14.8) 7 (24.1)
5 (9.3) 5 (17.2)
41(333)  27(37.0)
16 (40.0) 12 (46.2)
14 (35.0) 8 (30.8)
13 (31.7) 9 (33.3)
13 (32.5) 8 (30.8)
3 (7.5) 3 (11.5)
8 (19.5) 6 (22.2)
11 (9.0) 5 (6.9)
6 (54.5) 3 (60.0)
1(9.1) 0 (0)
7 (63.6) 2 (40.0)
7(5.7) 4 (5.6)

53.1+18.4 43.6:+19.8

13(52.0) 15 (60.0)
8.4£21.1 30.4t47.5
6 (24) 8 (32.0)
19 (76) 13 (52)
8 (32.0) 9 (36.0)
10 (40.0) 11 (44.0)
6 (24.0) 5 (20.0)
1 (4.0) 0 (0)
16(64.0)  20(80.0)
4 (25.0) 8 (40.0)
8 (50.0) 9 (45.0)
5 (31.3) 5 (10.0)
4 (25.0) 7 (35.0)
5 (31.3) 2 (10.0)
13(52.0) 12 (48.0)
13 (100.0) 12 (@pO.
0 (0) 2 (16.7)
1(7.7) 1 (8.3)
1(7.7) 0 (0)
0 (0) 0 (0)
6 (24.0) 8 (32.0)
1(16.7) 3 (37.5)
3 (50.0) 3 (37.5)
2 (66.7) 2 (25.0)
2 (66.7) 3 (37.5)
0 (0) 0 (0)
0 (0) 2 (25.0)
4 (16.0) 2 (8.0)
3 (75.0) 0 (0)
1 (25.0) 0 (0.0)
3(75.0) 2 (100.0)
2 (8.0) 1 (4.0)
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Throat tightness 3 (42.9) 2 (50.0) 0 (0) 1 (DDO
Oropharyngeal edema 3(42.9) 2 (50.0) 0 (0) 1 (100.0)
Tongue swelling 2 (28.6) 0 (0) 2 (100.0) 0 (0)

Gastrointestinal Symptoms 5(4.1) 1(1.4) 3(12.0) 1(4.0

Nausea/Vomiting 4 (80.0) 1 (100) 3 (100.0) P (0

Abdominal pain 2 (40.0) 0 (0) 1(33.3) 1 (100.0)
Incontinence 1 (20.0) 0 (0) 1(33.3) 0 (0)

*Data are separated into prior publications DatasBuyer et al. (n=73)(10), Dataset II: Kuhleraét
(n=25)(14), and Dataset Ill: new data not publispeeliously (n=25)
**Age at time of HSR was only available for 121tbe total 123 patients because one patient dithant a

documented date of HSR

tTime from HSR to skin testing was only availalde 18 of the total 123 patients because one gatidmot
have a documented date for HSR and four patiedtaat have skin testing performed
FOther pulmonary symptoms include abnormal chestyxincreased airway pressures, pneumothoraxhgoug

pulmonary edema, and pulmonary arrest

8O0ther neurologic symptoms include hallucinatiatiaphoresis, insomnia, loss of consciousness, aaddthe
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sbable 2: Clinical History of Patients with Allergic Reactions During Subsequent Anesthesia
Grade of Subsequent
D/ Reaction Tryptase Reaction
Details of Perioperative Allergic Reaction g (reaction/ ST+ ST - Potential Culprits
Dataset (initial/ - )
subsequent baseline) (A/I Evaluation
Year)**
< Initial perioperative allergic reaction with hypation treated with
diphenhydramine and epinephrine .
. ) ) ) . e cefazolin,
« Despite avoidance of ciprofloxacin, a reaction ecedi on the patient’s fifth .y -
. ; gentamicin, chlorhexidine,
subsequent procedure (tolerated four procedures Aft evaluation without d h invicholi
a reaction) . . examethasone, succinylcholine,
34/11 . 11 25/3 ciprofloxacin rocuronium, oxycodone,
e Subsequent reaction was four hours after surgeatytznee hours after
o . . propofol, hydromorphone
receiving acetaminophen/oxycodone, hydromorphoreemtanyl orally in midazolam (2014)
the post-anesthesia care unit for pain management fentanyl Iatéx
* There was no tryptase level with subsequent peridipe allergic reaction ’
and no additional follow up A/l evaluation
< Initial perioperative allergic reaction with hypaston and bradycardia that
responded to epinephrine and vasopressin chlorhexidine,
« Developed a subsequent reaction with patches tiema only during the cisatracurium midazolam,
96*/I third of five procedures after Al evaluation. Sympis resolved within i1 247/19 cefazolin ropofol " fentanyl, latex,
minutes brop mast cell disorder|
* No reaction occurred during fourth and fifth progees and cefazolin was (2014)
avoided with all five subsequent procedures
. chlorhexidine,
vancomycin, ; .
. . . . . . . . ’ clindamycin,
< Initial perioperative allergic reaction with urtita and hypotension rocuronium,
. . ondansetron,
« Patient developed a subsequent grade | reactidnpaiches of erythema propofol, -
36/11 . . . : ; [ NA/4.4 0 . phenylephrine,
over trunk immediately after induction of genenaésthesia that resolved midazolam, neostiamine
within minutes fentanyl, latex, | g I '
chlorhexidine glycopyrrolate
(2014)
< Initial perioperative allergic reaction about 20neities after receiving
hydromorphone immediately post-operatively for pain
* Underwent 11 subsequent procedures following imiggative A/l chlorhexidine,
. X . _ . propofol,
. evaluation and experienced a subsequent periopei@tergic reaction . . laryngospasi
47*/| . . T v NA/NA 0 bupivacaine, ;
during the third procedure but tolerated the reimgiprocedures | mast cell disorder
. . . " e . atex
« During the subsequent reaction, the patient expesie five episodes of (2006)
apnea, throat tightness, and the sensation of mg¢alicough in the post-
anesthesia care unit
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One episode of apnea required bag/mask ventil&iomeatment

Patient tolerated cefazolin in the two procedu®te initial perioperative
allergic reaction, as well as during fourth subsegyrocedure (after
subsequent reaction)

Patient anesthesia records incomplete for subségegcetion, but noted to
have received cefazolin during procedure and nasdopioids during and
after procedure

Initial perioperative allergic reactions (wheezibgpnchospasm,
desaturation, hypotension, and tachycardia) wasedewith
diphenhydramine, ranitidine, and albuterol, butdeeecardiopulmonary
resuscitation to regain pulse following cardiopuirary arrest
Experienced a subsequent perioperative allergitiveaduring the third of
three subsequent procedures similar to the imitiattion

chlorhexidine,

Cefazolin, midazolam, and lidocaine ST was notqrerked as part of the . . c_edfazollln,
initial A/l evaluation NIV 206/27 msatrac:cmlum, nI“d azotam,
58/l Patient did not receive cefazolin (but toleratedamblam and lidocaine) hropoto’, idocane,
X . fentanyl indolent
during the two subsequent procedures after Al extin -
) ) . _ , mastocytosis
With third procedure, patient developed a red gsbn cefazolin infusion, (2008)
followed in quick succession by coughing, wheeztaghycardia,
hypotension, apnea, and cardiac arrest requiréogaddnonary resuscitatior
along with intubation
Patient was stabilized after epinephrine treatmeggining pulse, and the
procedure was completed
Initial perioperative allergic reaction consistdchgpotension, bradycardia,
arrhythmia, and urticaria chlorhexidine,
Underwent five subsequent procedures and expedemsabsequent gentamicin,
reaction during his second subsequent procedure cisatracurium midazolam,
66/1 During induction with general anesthesia, and djpatly upon propofol /11 NA/NA "| phenylephrine,
.2 . ? . . . propofol T
administration, the patient became hypotensive wftex bradycardia neostigmine,
prompting treatment with ephedrine and phenyleghrin glycopyrrolate
Tolerated propofol on third and fourth subsequeatedures without any (2005)
reaction
Initial perioperative allergic reaction with sympte of hypotension,
bronchospasm, tachycardia and flushing. chlorhexidine,
During A/l evaluation, ST was negative to cisatraan and propofol while cisatracurium midazolam,
69/1 ST to midazolam was not performed Subsequent penatipe allergic nm ' phenylephrine,
. . X ; 15/9.2 propofol, latex
reaction with redness on chest and upper extresnhigootension and hydromorphone
wheezing with exposure to midazolam, propofol, tcegaurium and (2007)

hydromorphone




Banerji Page 25

AbiZreviations: ID = patient study number; ST = stéating; IV = intravenous; A/l = Allergy/Immunolgg
$58m chart-review only (did not participate in pteinterview; **Possible drugs that could have eglisubsequent reaction because ST not completedragavas received with initial
&idlsubsequent procedurt®iscussiomwith anesthesia documented in chart suggests lasgragm as a possible etiology for symptofiSubsequently diagnosed with indolent
maStocycosis
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Table 3: Tryptase Levels (within 4 hours) and Outcomes of Subsequent Anesthesia
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Initial .
Gradeof tryptase Tllnrn?atlo Basdline
Sex Initial within 4 tryptase Dataset Skin Test Result** Subsequent Anesthesia
Reaction hours tr(yrﬁltr?)se (ng/mL)
(ng/mL )

F I 1.0 30 N/A Il N/A Tolerated

M I 1.6 145 1.3 | Negative Tolerated

F I 2.0 196 N/A Il Negative No subsequent anesthesia
F I 2.0 N/A N/A | Negative No subsequent anesthesia
M I 2.2 124 N/A 11 Negative Tolerated

F I 2.8 166 N/A I Chloroprocaine, Lidocaine  No subsequent anesthesia
M \Y 2.8 N/A N/A | Negative Tolerated

M I 2.8 170 N/A | Negative Tolerated

F I 2.8 105 N/A Il N/A Tolerated

M v 3.0 25 N/A | Latex Specific IgI’E Tolerated

F 1] 3.4 40 N/A | Negative No subsequent anesthesia
M I 4.0 55 N/A I Negative No subsequent anesthesia
F I 5.2 15 6.0 i Negative No subsequent anesthesia
F I 6.0 78 N/A | Negative Tolerated

M I 7.5 76 N/A I N/A No subsequent anesthesia
M I 7.6" N/A N/A | Negative No subsequent anesthesia
M vV 8.9 N/A N/A I Negative Tolerated

F \Y; 12.0 N/A N/A | Negative Tolerated

M 11 15.0* 33 9.2 | Negative Not tolerated

F 1 15.0* 101 N/A 11 Cefazolin Tolerated

F I 19.1* N/A 3.4 | Negative Tolerated
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M 11 19.5% 15 N/A il cefazolin Tolerated

M I 20.7* 102 9.0 I cefazolin Tolerated

M I 23.1* N/A 3.8 il Negative Tolerated

F I 24.9* 130 3.0 I Ciprofloxacin Not tolerated

F 11 35.7* 23 N/A | Negative Tolerated

F 11 38.0* N/A N/A I Negative Tolerated

F 11 44.0* 59 4.3 | Cefazolin Tolerated

F \Y 44.6* N/A 5.5 | Negative Tolerated

M I 61.0* 57 4.4 I Cefazolin No subsequent anesthesia
M 11 62.0* 21 7.3 I Negative Tolerated

F I 63.1* 13 7.1 0l Negative Tolerated

F Il 69.0* 45 7.0 | Vancomycin No subsequent anesthesia
M A\ 168.0* 73 6.0 | Cisatracurium Tolerated

F v 182.0* 70 10.1 I Negative Tolerated

M v 206.0* 159 27.0 | Negative Not tolerated

M I 247.0* 80 19.0 I Cefazolin Not tolerated

F I N/A N/A 11.1 il Negative Tolerated

M I N/A N/A 13.0 I Cefazolin Tolerated

F I N/A N/A 14.3 il Negative Tolerated

F 11 N/A N/A 19.0 | Cefazolin Tolerated

Abbreviations: M=Male; F=Female; N/A = Not Applicable

“Baseline tryptase level not available to deternffittais represents an elevated reaction tryptagel lesing (baseline tryptase x 1.2) + 2 ; casemfpoior to 2015

*Reaction tryptase level remains elevated usingéliae tryptase x 1.2) + 2

*The name of the medication is listed if a patiergs skin test positive; “Negative” is listed ipatient was skin test negative to all agents dudithgrgy/Immunology evaluation
TPatient was skin test negative to all agents bdtdusitive latex-specific IgE



582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

Banerji Page 28

Figure 1. Algorithm for Allergy/Immunology Evaluation afterRerioperative AllergicReaction

Figure 1 Legend. This flow chart demonstrates our suggested algui@ttapproach to patients with
presumed allergic reactions in the perioperatittinge Patients are ideally evaluated by
Allergy/Immunology between 4 weeks and 6 monthfahg the reaction. Patients who are skin test
positive to or who are unable to undergo skin mgsshould avoid the suspected agent and consifier sa
alternatives. Those who are skin test negativeldhmdergo an oral challenge when possible and
clinically appropriate. Patients who test positilkging the oral challenge should use alternativents

Those who test negative will have the allergy reeabfrom the electronic health record.
*If elevated, consider evaluation for underlyingsheell disorder

"If negative testing, consider (1) skin testing tidns; (2) hidden culprits (i.e., disinfectantselik
chlorhexidine, excipients); (3) repeat chart reviewdetermine if any culprits overlooked; (4) ewalan
for mast cell disorder (if baseline tryptase wavated or clinical suspicion) (5) discuss case with

anesthesiology to consider alternative etiologies
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602  Figure?2. Results of Skin Testing from Allergy/lmmunology Hvation after Perioperative Allergic

603 Reaction

604  Figure2 Legend. This flow chart demonstrates outcomes of Allergyiamology (A/I) skin testing (ST)
605  in patients with perioperative allergic reactio®$.123 patients referred to A/l, 118 patients reediST.
606  Evaluations were not completed by 5 patients. 9i@pis tested negative for IgE-mediated

607  hypersensitivity. 28 patients tested positive tthtamtibiotics (n=17) and non-antibiotics (n=11).

608 Two patients were skin test positive to 2 differagéents. One patient tested positive to ciprofioxa

609 and levofloxacin and another patient tested pa@stivchloroprocaine and lidocaine

N
610 Dataset | Guyer et al., Dataset Il Kuhlen et ahtd3et Ill new data

611
612
613
614
615
616
617

618
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Figure 3. Outcomes of Subsequent Anesthesia after Allergylimstogy Evaluation

Figure 3 Legend. This flow chart depicts the outcomes of patienewated by Allergy/Immunology
(A/1) following subsequent anesthesia. Of 123 patieevaluated, 111 completed follow-up interviews
during the study period. 85 patients had subsecmedthesia. Only 7 patients had reactions with

subsequent anesthesia, 5 of which had negativeaesting.

Abbreviations: A/l = Allergy/Immunology

*Dataset | Guyer et al., Dataset Il Kuhlen et Bhtaset Il new data
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Allergic Reaction in the Perioperative Setting

From 4 weeks to 6 months

Allergy/Immunology Evaluation
* Comprehensive history and record review
* Collect baseline tryptase*
¢ Latex IgE and total IgE
¢ Evaluation to include all plausible drug exposures and
disinfectants (e.g., chlorhexidine)

4{ Skin testing and/or challenge ’—

Positive
Skin Testing

Negative
Skin Testing®

Unable to Test
(agent(s) unavailable)

|

|

¢ Document Allergy
¢ Avoid agent

« Basophil Activation Tests (if available)
* Drug Challenge (if possible)

® @

Consider use of alternative agents
Proceed with close monitoring if * Remove from
same agents needed during allergy list

subsequent anesthesia

Avoid agent and cross-reactive
agents; use safe alternatives
Consider intra-operative test
dose when no alternatives only in
the operating room or the post-
anesthesia unit

Consider increasing time interval
between drugs to avoid
administration of multiple
simultanous drugs if subsequent
reaction occurs

Consider latex free environment
Use alternative disinfectant




123 allergy-referred patients with perioperative
allergic reaction

73 | 25 \ 25
[

118 patients completed comprehensive evaluation

* 4 patients did not

keep testing
appointment

» 1 patient

underwent
anesthesia with
allergy consult

72 ‘ 2|5 ‘ 24 but no ST
28 skin test positive patients 90 skin test negative patients
13 10 5 59 15
I
l
antibiotics non-antibiotics Kevy'
n = 17 patients* n = 11 patients* ey
3 10 | 4 10 [0 | 1 [] Dataset
— > 13 cefazolin —— 3 ondansetron I:l Dataset I
& 7 3 3 0 0 |:| Dataset IlI
—— 2 ciprofloxacin — 1 cisatracurium
o mammnn | GG
. —> 1 succinylcholine
— 1 vancomycin ‘ 1 ‘ 0 ‘ 0 ‘
‘ 0 ‘ 1 ‘ 0 ‘ 1 bacitracin
— 1PCN ‘ 1 ‘ 0 | 0 ‘
0 1 0 — 1 chloroprocaine
— 1 levofloxacin ‘ 0 ‘ 0 ‘ 1 ‘
o [ ol 1] |— 1lidocaine
[ o [N
—— 1 tetracaine
[ 1 oo
e 3 latex
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Key*

|:| Dataset |
|:| Dataset Il
|:| Dataset IlI

123 patients referred to Allergy for 1 patient missed appointment
perioperative allergic reaction 1 0 0
73 25 25
11 patients without follow up
l 8 2 1
111 patients completed phone interview
or had regular care during study period
64 23 24
|
| !
26 patients had no subsequent 85 patients had subsequent
procedures procedures
8 6 12 56 17 12
I
| J
78 patients tolerated subsequent 7 patients had subsequent
anesthesia reactions
52 14 12 4 3 [0
[
h ) ; ' Y
16 patients 62 patients 2 patients 5 patients
skin test skin test skin test skin test
positive negative positive negative
10]2]4 42 [12] 8 ol2]o 4al1]o
. 5 patients
2 patients Grade lI: 4 patients

Grade I: 1 patient
Grade llI: 1 patient

Grade llI: 1 patients
Grade |IV: 0 patient

o[ 27]o

4 [ 1 ]o




