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Latex products huve recently been identified as the cause of severe intraoperative anaphylactic 
reactions. We have identified a group of pediatric patients who appear to be ut increased risk 
,for such reactions. Ftfteen putients with either spina btj’ida or congenital urologic abnormulities 
experienced 19 intraoperative anuphylactic reactions. AIL patients had frequent previous 
exposures to rubber materials since infuncy as put-t of their management andlor investigative 
procedures. Seven of IS patients had a previous history of local skin reactions to rubber. only 
,four patients were atopic. All patients had undergone multiple (two to 26) operutive procedures 
before their reactions. the onset t$ which ranged from 40 to 290 minutes after induction of 
anesthesia. The reactions varied in intensity from urticaria to severe cardiorespirutory collapse. 
All these patients subsequently had positive allergy skin tests and positive RAST to latex antigen. 
We conclude that this group is at risk when they are exposed to latex intraoperatively as a result 
of frequent pust exposure to these materials. Allergic evaluation for lutex allergy may assist in 
the preoperative evaluation of similar patients. In sensitized patients, appropriate prophylactic 
measures, particularly the avoidance of late.x, is required. (J ALLERGY CLIN IMMCNOL. 
1991;87:662-6.) 

Several case reports of IgE-dependent allergic 
reactions to latex products have described a spec- 
trum of responses that include rhinitis,’ urticaria,‘-’ 
asthma,” angioedema,’ and anaphylaxis.‘.“’ Recently, 
several authors have reported intraoperative anaphy- 
laxis in both children and adults in which latex surgical 
gloves were identified as the etiologic agent.“.‘” 

We report a unique series of 19 intraoperative al- 
lergic reactions that occurred in a group of 15 pediatric 
patients with spina bifida and/or congenital urologic 
abnormalities. We believe that these patients represent 
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Abbreviation used 
SPT: Skin prick test 

a population at increased risk for allergic reactions as 
a consequence of their repeated daily exposure to latex 
products. 

In this study we evaluated these patients to deter- 
mine (1) a possible role of latex sensitivity as an 
etiologic mechanism of their reactions, (2) the rela- 
tionship of atopy and the likelihood of latex sensitiv- 
ity, and (3) the spectrum of allergic reactions occurring 
in this group of individuals. 

PATtENTS AND METHODS 
Patients 

All patients who experienced intraoperative allergic re- 
actions, as identified by the anesthesia staff at The Hospital 
for Sick Children during the period July 1987 to September 
1989 were evaluated. Eighteen incidents of allergic reactions 
that occurred in 14 pediatric patients were assessed. Each 
patient had either spina bifida or a congenital urologic ab- 
normality. 

The medical and atopic histories of each patient were 
reviewed as well as their history of sensitivity to various 
materials, including latex. Atopy is defined as a history of 
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one or more of the following: asthma, rhinitis, or eczema, 
with or without positive skin tests to common environmental 
allergens. Serologic tests were performed at the time of the 
reaction. Six weeks later, all patients were skin tested, as 
described below. 

As a consequence of our investigations of these allergic 
reactions, the hospital records of patients who had experi- 
enced intraoperative anaphylaxis from July 1985 to July 
1987 were reviewed. We identified only one additional pa- 
tient with spina bifida who had experienced intraoperative 
anaphylaxis in November 1985. Investigations for that pa- 
tient at that time were negative for allergy to anesthetic 
agents. Allergy tests to common allergens and latex antigen 
were done in August 1989. 

Control subiects 

volar aspect of the forearm. Normal saline was the negative 
control for intradermal tests. The prick and intradermal tests 
were examined at 20 minutes, and the resulting wheal was 
measured. A test was considered positive if the wheal was 
3 mm or larger in diameter than the negative control whea1.19 
All skin tests were performed by a single investigator 
(M. G.). 

RAST 

RAST was performed on sera of all patients with natural 
latex as the antigen, as previously described.’ The sera of 
12 ragweed-allergic patients were used as controls. Stu- 
dent’s unpaired t test was used to compare RAST results of 
patients and the control group with p < 0.05 considered as 
statistically significant. 

Twelve healthy nonatopic adults, including five parents RESULTS 

of the study patients and 12 atopic, otherwise healthy pe- Patients 

diatric patients, served as a control group for the Se to All patients had either spina bifida or multiple con- 
latex antigen. genital urologic abnormalities. There were six female 

Material 

Raw natural latex in undiluted form (Smith and Nephew, 
Inc., Ajax, Ontario) was used as latex antigen in the allergy 
skin test. 

Anesthetic agents were prepared in varying dilutions on 
the day of testing in the pharmacy of The Hospital for Sick 
Children. These agents included induction agents (sodium 
thiopentone and ketamine), muscle relaxants (succinylcho- 
line, d-tubocurarine, pancuronium, vecuronium, and atra- 
curium), narcotics (morphine sulfate, meperidine, and 
fentanyl citrate), and droperidol. These drugs were tested 
undiluted and in dilutions of 1: 100 to 1: 100,000, as 
outlined by Fisher.j5 Penicillin skin tests were performed 
with potassium benzylpenicillin (lol U/ml; Eli Lilly Can- 
ada, Inc., Scarborough, Ontario), Pre-Pen (penicilloyl 
polylysine major determinant) (6 x 10m5 mol/L; Kremers- 
Urban [Canada], Brampton, Ontario), and minor determi- 
nant mixture (peniciIloate/penilloate, 10 mmol/L) (Uni- 
versity of Connecticut Health Center, Farmington, Conn.) 
by previously reported methods.‘6. I’ SPTs to determine 
atopy were performed with 10% products of 18 com- 
mon allergens (Bencard Laboratories, Mississauga, On- 
tario). 

Skin tests 

Six weeks after the intraoperative reactions, each patient 
received skin tests to identify possible allergy. Both SPTs 
and intradermal tests were used for the anesthetic agents 
and penicillin reagents as indicated. Tests with latex and 
common allergens were by the SPT method. Tests were 
performed on the back or volar aspect of the forearm by the 
modified skin prick technique” with a Microlance lancet 
(Becton Dickinson Canada, Mississauga, Ontario). Normal 
saline and histamine phosphate (1: 200) (Bencard Labora- 
tories) were used as negative and positive controls, respec- 
tively. Intradermal tests were performed with a 27-gauge 
needle with injection of 0.02 ml of the test solution into the 

and nine male patients ranging in age from 2 to 15 
years; each patient had a prolonged history of frequent 
bladder and/or bowel catheterization and multiple sur- 
gical procedures. Seven patients (47%) had a previous 
history of local reactions to latex. These reactions 
included eczematous rashes, urticarial lesions, or an- 
gioedema from contact with rubber gloves and/or rub- 
ber toy balloons. Two patients were known to be sen- 
sitive to latex before their intraoperative reactions; the 
other five patients had a similar history of sensitivity 
that was elicited only after their intraoperative reac- 
tions. None of these patients were aware of reactions 
during catheterization. Only four of the 15 patients 
(27%) were atopic, as evidenced by a history of ec- 
zema, rhinitis, or asthma (Table I). 

The types of surgery during which these patients 
experienced their first adverse reactions included uro- 
logic, orthopedic, gastrointestinal, and plastic pro- 
cedures. They had undergone from two to 26 previous 
operative procedures that were all uneventful. Reac- 
tions occurred between 40 and 290 minutes after in- 
duction of anesthesia. 

The severity of the allergic reactions ranged from 
mild to life-threatening. Eleven of the 19 reactions 
included severe cardiovascular and respiratory mani- 
festations with or without cutaneous changes. Patient 
6 had only mild urticaria and erythema. In the re- 
maining seven reactions, there were no cardiovascular 
changes or minor hypotension. Patient 3 experienced 
two reactions during two separate procedures, which 
required continuous therapy during the surgery. Two 
patients, 3 and 7, experienced more severe reactions 
during subsequent surgical procedures despite pro- 
phylactic measures, which included prednisone, di- 
phenhydramine, and ephedrine. 
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TABLE 1. Clinical profile of patients with intraoperative anaphylaxis to latex 

Patient No. 

AtoPY Clinical reactions 
___- 

History of rubber Onset of reaction 
History* Total IgEt sensitivity (min) Type of reaction 

1 
2a 

b 
3a 

b 
c 

4 
5 
6 
7a 

b 
8 
9 

10 
11 
12 
13 
14 
15 

1742 

228 

120 
132 
180 

+ 384 

+ 1267 
+ 2400 

600 
672 

72 
19 

+ 96 
9787 

-t 60 s, K. (‘ 
t 60 s. K. i’ 

90 s. tz 
1 IO s. K. (‘ 

105/205 1;: 
14oi300 K. c 

+ 45 K i‘ 
i I OS K 

140 !. . 
22s s. K 
290 s, R. (’ 

+ 10.5 s. c 
90 K. c 

+ 45 s. K. c 
7s S. H 

IS0 S. R. C 
I 20 H 
40 H 
60 H 

S, Skin (urticaxiaierythema); R, respiratory (bronchospasm); H, hypotension; C,, cardiovascular collapse. 
*Clinical history of atopy is defined as one or more of the following: asthma, eczema, or allergic rhinitis. 
tNorma1 range, 70 to 266 ngiml. 

Test results 

SPTs to latex antigen were positive in all 15 pa- 
tients, that is, >3 mm in mean diameter larger than 
control site, and were negative in all 24 control sub- 
jects (Table II). All patients had negative skin tests to 
anesthetic agents, and all patients skin tested to pen- 
icillin were nonreactive. Skin tests were positive to 
three or more common environmental allergens in 
three of the four atopic patients. 

In the IgE latex RAST, there was significantly 
higher binding (p < 0.00001) by the patients’ sera 
(range, 9% to 59%; mean, 29.9%; *SD, 14.5) than 
by the control sera (range, 3% to 11%; mean, 5.8%; 
?SD, 2.4) (Table II). All test sera were in a range 
higher than the mean + 1 SD (8.2) for the control 
sera. 

Three atopic patients, Nos. 7,8, and 9, had elevated 
total serum IgE concentration, as expected. However, 
five nonatopic patients, Nos. 1, 2, 10, 11, and 15, 
also had elevated serum IgE concentration (Table I). 

DSCUSSION 

We have studied a group of 15 patients who ex- 
perienced allergic reactions during surgery. RAST and 

allergy skin test results suggested a possible role for 
latex as the etiologic agent. Latex is the natural milky 
sap obtained from the rubber tree (Hevea brasilietwis) 
and is used in the manufacture of natural rubber prod- 
ucts. Not unexpectedly, it contains proteins that have 
been found to be the allergens.’ 

All our patients had either spina bifida or congenital 
urologic abnormalities and were exposed to latex prod- 
ucts, such as catheters and gloves on an intern&tent 
basis, as part of their routine care. In addition, all our 
patients had multiple surgical procedures. Patients 
with these factors in common therefore represent a 
population at risk for anaphylaxis during surgery. 

Fourteen of our 15 patients were identified by the 
anesthesia staff between 1987 and 1989. The paucity 
of patients identified by chart review between 1985 
and 1987 may be due to a combination of a lack of 
awareness of the problem, attributing the situation to 
other clinical entities and inadequate coding of clinical 
information. 

The mechanism of sensitization, however, is not 
clear. Two recent case reports described patients with 
spina bifida who experienced intraoperative anaphy- 
laxis to latex after multiple (eight to 29) surgical pro- 
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Latex skin testing Latex RAST binding 
Patient No. (mm)* (%)t 

cedures. The authors postulated that latex allergy was TABLE II. Evaluation of latex sensitivity 
acquired as a result of exposure to these materials 
during surgery.“, I3 However, six patients in our study 
had fewer (two to eight) procedures before their re- 
actions. Sensitization to rubber could have occurred 9 
from its intermittent use in diagnosis and treatment. 2 20 

Anaphylaxis has been reported to occur after use of 3 15 

balloon-tipped catheters for barium enemas, thus pro- 4 10 

viding evidence for systemic absorption of antigenic 5 23 

material.*’ Microscopic tears in the rectal or urethral 
6 11 

mucosa commonly occur with repeated catheteriza- 
I 11 
8 23 

tions in our patient population. Thus, exposure of such 9 9 
large mucosal surfaces to latex would appear likely 10 20 
to favor sensitization and subsequent anaphylactic re- 11 
action under anesthesia. 12 6 

The incidence of atopy in the general population is 13 10 

15% to 20%.*’ Atopic disorders, such as eczema, 14 10 

rhinitis, or asthma, were not a significant character- 15 10 

istic of our patient population. Elevated total IgE levels 
found in five nonatopic individuals may reflect a spe- 
cific IgE antibody to latex. This discordance has been 
observed with allergic reactions to other agents, such 
as anesthetic drugs,** penicillin,23 and bee stings.24 
Therefore, it is important to elicit information of re- 
actions to materials that are used by individuals on a 
regular basis, whether they are atopic or not. 

59 
39 
16 
35 
21 
9 

28 
36 
28 
26 
38 
16 
13 
29 
56 

*Skin test control: wheal C3 mm (24 patients). 
tRAST control subjects (17 patients): mean, 5.8; SD, 2.4; range, 3 

to 11. 

tory of sensitivity to material products, such as rubber. 
If these abnormalities are present, appropriate skin 
testing and, if this is possible, RAST evaluation should 
be performed. We recognize that false-positive and 
false-negative results may be found. In our study, all 
15 patients who had anaphylactic reactions also had 
positive skin tests and RAST to latex. We therefore 
suggest that all children who have a local clinical 
reaction and positive tests to rubber should avoid these 
materials. Fortunately, today, fewer rubber catheters 
are in use and may only be used sporadically. These 
individuals are, however, still exposed to rubber 
gloves and rubber-tipped enema bags. Catheters made 
of silicone rubber or polyvinylchloride are commonly 
used and are available as substitutes. Gloves made of 
vinyl or other nonlatex materials with trade names 
Neolon (Deseret Medical, Inc., Sandy, Utah), Dispos- 
A-Glove (Surgikos Co., Montreal, Canada), and Elas- 
tyren (Hernial Pharmaceutical Laboratories, Inc., 
Oak Hill, N.Y.) can be used.’ This may not always 
be feasible because of unavailability or the surgeon’s 
preference; however, the requirement to avoid latex 
intraoperatively is quite clear and should be the first 
priority in management. Gerber et a1.13 has indicated 
that use of nonlatex products for subsequent surgery 
in a latex-sensitive patient may have successfully pre- 
vented additional adverse reactions. 

The allergic response to latex, as with drugs, may 
be manifested by a spectrum of reactions. However, 
there was no consistency in the type, severity, or time 
of onset of the various intraoperative reactions. Al- 
though most reactions were life-threatening, less se- 
vere reactions did occur. These patients with relatively 
mild reactions may experience more severe reactions 
in subsequent surgical procedures, as evidenced by 
patients Nos. 3 and 7 (Table I). Mild reactions oc- 
curring in high-risk patients should therefore alert the 
physician to the risk of a subsequent anaphylactic 
reaction. 

The identification of the agents responsible for an 
allergic reaction during surgery can be difficult. One 
feature that appears to distinguish latex-induced re- 
actions is the delayed onset after the start of the sur- 
gical procedure. In this study, the earliest time of onset 
was 40 minutes after the induction of anesthesia. In 
contrast, anesthetic agents or other intraoperative 
medications may cause reactions during or shortly 
after administration.25 Reactions with delayed onset, 
also noted in the cases described by Slate?* and Gerber 
et a1.13 may develop into anaphylaxis in these high- 
risk patients. 

Assessment of children with spina bifida and/or In those patients who have experienced intraoper- 
congenital urologic abnormalities should include a his- ative anaphylaxis previously, additional measures, 
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such as prophylactic medications, should be used. 
Two patients, Nos. 3 and 7, received diphenhy- 
dramine, ephedrine, and prednisone preoperatively, 
as described by DeSwartez6 and yet still had adverse 
reactions under anesthesia. In contrast, three patients, 
Nos. 9, 10, and 12, received prophylactic diphen- 
hydramine, ranitidine, and hydrocortisonez7 and did 
not experience any adverse reactions. These regimens 
are empirical and require additional evaluation as to 
their efficacy and role. 

We suggest that all children with spina bifida 
and/or congenital urologic abnormalities undergo al- 
lergy evaluation for latex before each surgical pro- 
cedure, since the allergic status may change with con- 
tinuing exposure. If the results become positive, 
avoidance of latex is advised. 

In conclusion, patients with a history of chronic 
and/or repeated use of latex products may be at in- 
creased risk for serious intraoperative allergic reac- 
tions. We emphasize the need to suspect agents other 
than drugs as the cause of anaphylaxis. The possible 
presence of latex allergy in such patients needs to be 
examined. Appropriate preoperative investigations, 
such as RAST or allergy skin tests, are indicated to 
establish the existence of latex sensitivity in patients 
at risk. Substitute materials and prophylactic medi- 
cations should then be considered. When mild allergic 
reactions occur intraoperatively in these individuals, 
they should be regarded as a warning of possible ana- 
phylaxis to latex. 
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for typing the manuscript. We acknowledge the technical 
assistance of Mr. Jason Somer, Miss Susan Evans, and Dr. 
Karen Binkley. who performed the latex RAST. 

REFERENCES 

1, Carrillo T, Cuevas M, Mudoz T, Hinojosa M, Moneo I. Contact 
u&aria and rhinitis from latex surgical gloves. Contact Der- 
matitis 1986;15:69-72. 

2. Nutter AF. Contact u&aria to rubber. Br J Dermatol 
1979;101:597-8. 

3. Fiirstrom L. Contact u&aria from latex surgical gloves. Con- 
tact Dermatitis 1980;6:33-4. 

4. Meding B, Frigert S. Contact urticaria from natural latex 
gloves. Contact Dermatitis 1984;10:52-3. 

5. Frosch PJ, Waht R, Bahmer FA, Maasch HJ. Contact urticaria 
to rubber gloves is IgE mediated. Contact Dermatitis 1986; 
14:241-5. 

6. Seaton A, Cherrie B, Tumbull I. Rubber glove asthma. Br 
Med J 1988;296:531-2. 

7. Axelsson IGK, Eriksson M, Wrangsjii K. Anaphylaxis and 
angioedema due to rubber allergy in children. Acta Paediatr 
Stand 1988;77:314-6. 

8. Axelsson JGK, Johansson SGO, Wrangsjii K. I&mediated 
anaphylactoid reactions to rubber. Allergy 1987;42:46-SO. 

9. Spaner D, Dolovich J, Tar10 S, Sussman G, Buttoo K. Hy- 
persensitivity to natural latex. J ALLERGY Cr.ix Ihlhfmwr. 

1989;83:1135-7. 
10. Turjanmaa K. Incidence of immediate allergy to latex gloves 

in hospital personnel. Contact Dermatitis 1987:17:270-S. 
11. Turjanmaa K, Reunala T, Tuimala R, K&kkEnen T. Allergy 

to latex gloves: unusual complication during delivery. Br Med 
J 1988;297:1029. 

12. Slater JE. Rubber anaphylaxis. N Engl J Med 1989;320: 1126. 
30. 

13. Gerber AC, J&g W, Zbinden S, Seger RA, Dangel PH. Severe 
intraoperative anaphylaxis to surgical gloves: latex allergy. an 
unfamiliar condition. Anesthesiology 1989;7 1:800-2. 

14. Leynadier F, Pecquet C, Dry I. Anaphylaxis to latex during 
surgery. Anaesthesia 1989;44:547-50. 

15. Fisher M. Intradermal testing after anaphylactoid reaction IO 
anaesthetic drugs: practical aspects of performance and inter- 
pretation. Anaesth Intensive Care 1984;12: 115-20. 

16. Gold M, Lavi S. What to do about allergic drug reactions. 
Allergy Can Clin Rev 1988;1:7-17. 

17. Mendelson LM, Ressler C, Rosen JP, Selcow JE. Routine 
elective penicillin allergy skin testing in children and adoles- 
cents: study of sensitization. J ALLERGY CLW IMMUNOI. 
1984;73:76-8 1. 

18. Pepys J. Skin testing. Br J Hosp Med 1975;14:412-7 
19. Bernstein IL. Proceedings of the task force on guidefines for 

standardizing old and new technologies used for the diagnosis 
and treatment of allergic diseases. J ALLERGY CLCN TMMUNOL 
1988;82:487-526. 

20. Lozynsky OA, Dupuis L, Shandling B, Gilmour RF, Zim- 
merman B. Anaphylactoid and systemic reactions following 
saline enema administration: six case reports. Ann Allergy 
1986;56:62-6. 

21. Marsh DG, Hsu SH, Hussain R, Meyers DA, Friedhoff LR, 
Bias WB. Genetics of human response to allergens. J AI.LERGY 
CLIN IMMUNOL 1980;65:322-32. 

22. Fisher MMcD, Outhred A, Bowey CJ. Can clinical anaphylaxis 
to anaesthetic drugs be predicted from allergic history? Br J 
Anaesth 1987;59:690-2. 

23. Green GR, Rosenblum A. Report of the penicillin study group: 
American Academy of Allergy. J ALLERGY CLIN IMMUNOL. 
1971;48:331-43. 

24. Reisman RE. Insect allergy. In: Middleton E Jr, Reed CE, Ellis 
EF, Adkinson NF Jr, Yunginger JW, eds. Ailergy: principles 
and practice, 2nd. vol. 3rd ed. St. Louis: CV Mosby. 
1988:1345X%. 

25. Stoelting RK. Allergic reactions during anesthesia. Anesth An- 
alg 1983;62:341-$6. 

26. DeSwarte RD. Drug allergy. In: Patterson R, Ed. Allergic 
diseases: diagnosis and management. 3rd ed. Philadelphia: JB 
Lippincott, 1985:505-661. 

27. Myers GE, Bloom FL. Cimetidine combmed with steroids and 
H, antihistamines for the prevention of serious radiographic 
contrast material reactions. Cathet Cardiovasc Diagn 1981; 
7:65-9. 


