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The Committee on Allergen Standardization of the American Academy of Allergy and Immunology 
obtained information about 46 fatalities that had occurred during immunotherapy (IT) or skin 
testing (ST) since 1945. Sufficient information for complete analysis was provided for 30 patients 
(six for ST and 24 for IT). Of the 30 fatalities, there were 15 male and 15 female fatalities, 
ranging in age from 7 to 70 years (x = 33 years). Known errors of  administration accounted for 
three and possibly an additional three fatalities. Ten fatalities occurred during seasonal 
exacerbation of the patient's disease, four in patients who had been symptomatic at the time of 
the injection, two of whom had been receiving fl-adrenergic blockers. Of the 24 fatalities 
associated with IT, four had experienced previous reactions, 11 manifested a high degree of  
sensitivity, and four had been injected with newly prepared extracts. Fifteen of the 30fatalities 
had received pollen extracts as part of  the fatal injection. Of the six fatalities associated with 
ST, five were due to intradermal testing without prior puncture testing. The signs and symptoms 
were variable and did not indicate that death was imminent nor predict the cause of  death. 
The time to onset of  the reaction was less than 30 minutes in 22/30, more than 30 minutes in 
3/30, and not reported in 5/30. The cause of  death in 14/16 patients with asthma was respiratory. 
Epinephrine had been administered to 18, not administered to three, and was either not 
recorded or unknown in the remaining nine patients. Since seven to 10 million allergen injections 
are administered yearly, the risk of  a fatal reaction is low and may be lessened even further 
as additional precautions are taken in the selection and treatment of  allergic patients and in 
improved treatment of  the anaphylactic reactions. (J AzzeR~r CLm IMMUNOL 1987;79:660-77.) 

Six fatalities after IT have been reported since Lain- 
son, in 1929, first described a death from anaphylaxis 
after IT. 1-7 Between 1895 and 1968, more than 70 
deaths have been reported after ST, most caused by 
antigens no longer in common use (horse serum-de- 
rived tetanus or diphtheria antitoxin and pneumococ- 
cal antiserum). 1' 4, 8-15 Nine of  the 70 deaths were in 
patients tested with allergens similar to allergens used 
today. 1, 4. s. ~0-15 There have been no published articles 
since 1980 of  fatalities caused by IT or ST in the 
United States. The purpose of  the present study was 
to ascertain, by questionnaire, whether fatalities at- 
tributable to IT and ST had been encountered by the 
3400 members of  the AAAI.  The further objectives 
were (1) to analyze each fatality and evaluate the cir- 
cumstances resulting in death, (2) to identify possible 
risk factors predisposing to death, i.e., medications, 
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Abbreviations used 
AAAI: American Academy of Allergy and Immu- 

nology 
IT: Immunotherapy 

PPS: Prick, puncture, scratch 
ST: Skin test 

exercise, and other disease states, and (3) to assess 
therapeutic measures used to treat such reactions. 

METHODS AND MATERIAL 
This study was initiated in 1983 as a 10-year retrospective 

analysis of fatalities from ST and IT. Members of the AAAI 
were sent questionnaires on three separate occasions: Jan- 
uary 1984, July 1984, and November 1984. Unsolicited 
reports of deaths submitted before 1973 are also included 
in this study. The names of patients, physicians, locations 
of the fatalities, and their dates were requested as a means 
of preventing duplication of reports. If two reports were 
submitted on the same patient, data were derived from the 
questionnaire with the highest reliability as rated by the 
respondent. Returned questionnaires that contained no spe- 
cific information about the deaths were deemed insufficient 
and, although they are not included in this analysis, are 
listed in Table I. The complete data on the questionnaire 
were not available in every case because of the retrospective 
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TABLE I. Additional reports of deaths from ST or IT from 1984 to 1985 survey* 

Before 1973 
1 1945, hospital known 

Comment: fatality after ID cottonseed extract 
2 1956, city known 

Comment: fatality after IT injection in 30-year- 
old black man 

3 1964, hospital known 
Comment: fatality after IT injection 

4 1965, city known 
5 1967, or earlier, city known 

Comment: fatality after IT in a male child 
6 1972, city known 
7 1970-71. city known 

After 1973 
8 1974, city known 

Comment: fatality after IT in 18-year-old 
female subject 

9 1980-82, city known 
Comment: fatality after ST in a 7- to 10-year- 

old child 

After 1973--Cont'd 
10 1980-1985, city known 
I1 Before 1981, city known 

Comment: fatality from house dust extract 
12 1982, city known 
13 1984, city known 

Comment: fatality after 1T in a 30-year-old 

14 

15, 16 

male subject 
Hospital known 
Comment: fatality after IT in a patient receiving 

t3-blockers 
Mid-1970s, city known 
Comment: fatality after IT 

ID = intradermal. 
*No details provided by responders and therefore excluded from detailed analysis. 

TABLE II. Patient profi les--ST F 

Age DM.a 
Case Sex (yr) Year Clinical state(s) ~ s )  reliability 

Before 1973 
1 M 11 1964 Asthma, atopic Unknown High 

eczema 
2 F 10 1964 Asthma Antihistamine Moderate 

After 1973 
3 M 50s 1980 Unknown Unknown High 
4 F 40 1982 Asthma Unknown High 
5 M 24 1982 Asthma Unknown High 
6 M 38 1983 Asthma Antihistamine High 

F = fatality. 

nature of the study. Because of its sensitive nature, no at- 
tempt was made to solicit additional information from mem- 
bers who submitted case reports; there were two exceptions. 
One physician was contacted by phone to clarify two cases 
he reported on the same questionnaire, and the second phy- 
sician was telephoned because the responding physician re- 
ferred us to him. All information received was confidential. 

The 64-item survey requested the following information: 
age, sex, medical diseases, and allergen sensitivity of the 
patient, specialty of physician involved, location of therapy, 
status of IT allergen(s) used for diagnosis and treatment, 
time since previous injection, known errors, time of onset 
of symptoms, type of symptoms, cause of death, type of 
treatment, and data reliability.* 

*Copies of the questionnaire can be obtained by writing the prin- 
cipal author. 

RESULTS 

Sixty questionnaires were returned; 14 fatalities 

were rr 
though 

reports provide knowledge o f  16 f ~  ~ were 

excluded from detaile 
data (Table I). None 

The 30 remaining 
cient information and also -~ere ~ot  t~lie~ced to be du- 
plicates. The profiles of  mths 
were associated with ST and 
the 24 patients whose deaths were associated with IT 
are tabulated in Table III. Two o f  the six fatalities 
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TABLE III. Patient profiles--IT F 

Age Data 
Case Sex (yr) Year Clinical state(s) Medication(s) reliability 

Before 1973 
7 F 35 1959 None None High 
8 M Adult 1960 Blank None Blank 
9 M 18 1964 Asthma None Moderate 

10 M Blank 1966 Cardiovascular Blank High 
11 M 38 1971 Blank Blank High 
12 M 9 1971 Asthma Prednisone, 17.5 mg, qod; Elixo- High 

phyllin*; Actifedt 
After 1973 

13 M 7 1974 Asthma Asthma medications Moderate 
14 F 27 1974 Coronary artery disease Blank Moderate 
15 M 20 1975 Blank Blank Blank 
16 F Blank 1978 Unknown Unknown Minimal 
17 F 50 1979 None None High 
18 M 18 1980 Asthma Theo-Dur$, 300 mg, every 8 hours; High 

terbutaline, 5 mg, tid; tapering 
prednisone 

19 F 19 1981 Asthma Dimetappw Alupentll; oral contra- High 
ceptive 

20 M 50 1981 Cardiovascular, diabetes Theo-Dur$; terbutaline; prednisone, Moderate 
mellitus, asthma, hyper- 20 mg qod; Ventolin*** insulin; 
tension Hygroton#; Bronkosol�82 

21 F 50 1981 Blank Blank High 
22 F 70 1982 Cardiovascular, degenerative Bronchodilators; Isordil**; nonste- High 

joint disease, glaucoma, roidal anti-inflammatory drug; 
asthma, hypertension diuretic; Timoptictt; pilocarpine; 

Diamox~:$ 
23 F 27 1982 Unknown Nasalidew167 Medroll[[I, 4 mg; Ke- High 

flex�82182 250 mg qid 
24 M 52 1983 Reflux esophagitis, asthma Somophyllin-CRT##, 500 mg qd; High 

Ventolin Inhaler*** 
25 F Blank 1983 Asthma None High 
26 F 11 1983 Unknown Unknown High 
27 F 29 1983 Asthma Ventolin***; Dimetappw Marax t t t  Blank 
28 F 19 1984 Blank Blank High 
29 F 61 1984 Hypertension, obesity, Aldorilt#, 25 mg, tid High 

asthma 
30 M 58 1984 Cardiovascular, COPD, hy- Inderal~:~; Atrovent, two puffs as High 

pertension needed 

F = fatality; qod = every other day; tid = three times a day; COPD = chronic obstructive pulmonary disease; qid = four times a day; 
qd = every day. 

*Berlex Laboratories, Inc., Cedar Knolls, N. J. 
tBurroughs Wellcome Co., Research Triangle Park, N. C. 
SKey Pharmaceuticals, Inc., Miami, Fla. 
w H. Robins Co., Richmond, Va. 
IIBoehringer Ingelheim, Ridgefield, Conn. 
�82 Laboratories, New York, N. Y. 
#USV Laboratories, Inc., Tarrytown, N. Y. 
**lves Laboratories, Inc., New York, N. Y. 
ttMerck Sharp & Dohme, West Point, Pa. 
$~Lederle Laboratories, Pearl River, N. Y. 
w167 Laboratories, Inc., Palo Alto, Calif. 
IllJUpjohn Co., Kalamazoo, Mich. 
�82182 Products Co., Indianapolis, Ind. 
##Fisons Corp., Bedford, Mass. 
***Glaxo, Inc., Research Triangle Park, N. C. 
tttRoerig, New York, N. Y. 
+.~Ayerst Laboratories, New York, N. Y. 



VOLUME 79 Fatalities from immunotherapy and skir~ testing 663 
NUMBER 4 

TABLE IV. ST: Background information 

Case Method No. of Location of Extenuating 
No. of ST Extract tests applied therapy circumstances Error 

Before 1973 
I Scratch and ID: egg, corn, beef, lamb, milk, 20 Clinic Patient was hysterL No 

ID wheat, kapok, oat, feather, cal during testing 
wool 

Scratch: oak, Ahernaria, ma- 
ple, timothy, June, ragweed 

2 ID Pollens 20-40 Office Reaction occurred No 

same after second set 
of 20; spring al ~ 
lergen season 

After 1973 
3 1D 

4 ID 

Pen G and PPL 2-5 Office 
same 

Walnut 16 Office 
same 

5 ID Dust, mold, tobacco, epidermal 10-20 Office 
same 

6 ID Flaxseed 10-20 Offce  
sallle 

Prick tests not done Incorrect 
dose? 

Patient highly sen- No 
sitive to peanut 
and coconut 

Wheezing at time Unknown 
of injection; re- 
spiratory arrest 
after previous 
skin test to nuts 

None Prior PPS 
test not 
done 

ID = intradermal; Pen G = penicillin G; PPL = Penicilloyl polylysine. 

T#dBI.E V. IT: Background information 

T~me 
AHe~-4en(s) since 

Came ~ of d o s e ,  m o d e  of previous E . - ~  
No. ~ ~ s u a u s o f r r  i ~  

LOCMi~ of 

Before 1973 
7 3 + PPS AQ ragweed 1' (3 mo to 1-2 wk ? Excessive dose of Office 

100 PNU/ml 1 yr) Levophed* same 
SQ 

8 NA NA Maintenance NA Patient refused to Office dif- 
(2 yr) wait after in- ferent 

jection 

9 4 + PPS Alternaria, Maintenance 1-2 wk Allergy season; re- 
2000 PNU (2-3 yr) currence of 
SQ asthma after a 

course of pred- 
nisone 

10 NA SQ NA Unknown None 

Office same 

Hospital 
allergy 
laboratory 

'? Excesstve 
dose of 
Levophed* 

No (? part of 
dose admin- 
istered IV 
during SQ 
injection) 

No 

NA 

I' = larger dose than preceding one; ~ = lesser dose than preceding one; AQ = aqueous; SQ = subcutaneous; NA = not answered 
or available; IV = intravenously; IM = intramuscularly; ER = emergency room; mod = moderate. 

* W i ~ B r e o n  Laboratories, New York, N. Y. 
tMiles Pharmaceuticals, West Haven, Conn. 

continued 
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TABLE V. Cont'd 

Case Degree of 
No. sensitivity 

Allergen(s) 
dose, mode of 
administration Status of IT 

Time 
since 

previous 
injection 

Extenuating 
circumstances 

Location of 
therapy Error 

11 4 + PPS 

12 MOD PPS 

After 1973 
13 Unknown 

14 Minimal 
ID 

15 NA 

16 NA 
17 4+  PPS 

18 4+  PPS 

19 Unknown 

SQ 

Trees/grasses/ 
weeds, 1:50, 
0.45 ml; 
dust/Alter- 
naria/mold, 
1 : 50, 0.45 
ml SQ 

Ragweed, 
10,000 
PNU/ml, 
10 ml (10 ml 
administered) 
IM 

Unknown 

Stinging insects, 
5000 PNU, 
2 cc; timothy, 
5000 PNU, 3 
cc; ragweed, 
5000 PNU, 3 
cc; Alter- 
naria, 1000 
PNU, 1 cc; 
dust, 1 cc 
(extract mix) 

NA 
Grasses, rag- 

weed and 
sage, cheno- 
pod, 
1 : 10,000 
w/v, 0.15 cc 
each, SQ 

Dust/grass, 
18 PNU/ml, 
0.2 ml SQ; 
Oak/Alter- 
naria, 20 
PNU/ml, 0.2 
ml SQ 

Ragweed, 
500 PNU, 
0.8 ml; 
Dog/cat, 
100 PNU, 
0.4 ml; 
Dust/mold, 
500 PNU, 
0.8 ml SQ 

Maintenance 

Unknown 

t 

Maintenance 
~" (last, 

0 . 1  cc) 
(<3 mo) 

First in- 
jection 

1' (3 m o -  
1 yr) 

Unknown 

1 w k  

Unknown 

Unknown 

NA 

NA 
1 t o 2 w k  

NA 

1-2 wk 

Previous reaction to 
IT; patient went 
home after in- 
jection 

Grass-pollen sea- 
son; prior history 
of respiratory 
failure 2 mo be- 
fore death 

Allergy season 

Chest pain 1 wk 
before death 

None 

None 
Pollen season; rage 

over motor vehi- 
cle accident 

Respiratory arrest 
secondary to 
asthma (2 mo 
before death) 

Office same 

Office same 

Hospital 

Office same 

Office same 

Hospital 
Office same 

ER 

Many ER visits for Student 
asthma health 

NA 

NA 

Dose in- 
correct 

Incorrect 
dose of 
epi- 
nephrine 

Unknown 

Unknown 

No 
No 

No 

Allpyralt to 
AQ 
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TABLE V. Cont'd 

Case Degree of 
No. 

Allergen(s) 
dose, mode of 
administration Status of IT 

T ime  

since 
previous 
injection 

Extenuating Location of 
c i r c u ~  therapy Error 

, ,,,,, , , 

20 4 + PPS 

21 NA 
22 Minimal 

ID 

23 

24 

25 

26 

27 

28 

29 

30 

RAST, 
101.9% 

Unknown 

4 + PPS 

Unknown 

4+  PPS 

Unknown 

Unknown 

4+  PPS 

Grass, ragweed, 
1:50, 0.5 cc; 
molds, 
1 : 100, 0.5 cc 

NA 
Ragweed, 

1,000 PNU, 
0.8 ml SQ 

Maintenance 
(1-2 yr) 

NA 
T (last, 600 

PNU) (19 
yr receiv- 
ing IT) 

AQ ragweed 1" (1 yr) 
mixture, 
1:20,  0.4 cc 
SQ 

Mixed grasses, Unknown 
ragweed, dust (3 too- 
mite, cheno- 1 yr) 
pod, 1:500 
w/v, 0.5 
SQ 

AQ pollen, Maintenance 
1 : 100 w/v ,  (2 mo) 
SQ 

Dust, ~, because 
4000 PNU; of pre- 
grass, vious re- 
150 PNU; action 
ragweed, 150 (2-3 yr 
PNU; tree, receiving 
3000 PNU; IT) 
English plan- 
tain, 150 
PNU 

Allerdust, house NA 
dust, mites, 
ragweed, cat 
dander 

NA NA 

Maintenance 
(2-3 yr) 

Pollen mix of 
giant and 
short rag- 
weed, 0.2 cc, 
! :20 w/v 

Ragweed extract 
and other in- 
halants 

1' (3too- 
l yr) 

2-3 wk Fall pollen season Office dif- No 
ferent 

NA None Office same 
2-3 wk Respiratory distress Medical 

at time of injec- clinic 
tion; previous re- 
action 

3 days, Previous reaction to Office same 
shorter IT, local; pollen 

season 

Unknown Ragweed season Office same 

3 wk, Seasonal exacer- Office same 
longer bation 

Unknown Change in manu- Office dif- 
facturer; previous ferent 
reaction to IT 

Unknown Patient adminis- Home 
tered the injec- 
tion at home 

NA NA Office dif- 
ferent 

4-8 wk, Extract was 4 yr Office same 
longer old 

<1 wk Experienced sys- 
temic reaction 
with skin tests; 
small local reac- 
tion on preced- 
ing injection of 
same dose; pol- 
len season 

Office dif- 
ferent 

Blank 
No 

Allpyralt to 
AQ 

No 

No 

No 

Unknown 

Unknown 

No 

Unknown 
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TABLE Vl. Signs, symptoms,  and t reatment  of reactions to STs 

Case Onset of Resuscitation M.D. present at onset 
No. symptoms Symptoms measures of reaction Cause of death 

Before 1973 
1 10-20 min Pruritus, vomiting 

2 3-10 min Pruritus, angioedema, 
lower airway obstruc- 
tion, shock/unconscious 

After 1973 
3 3-10 min Hypotension 

4 3-10 min Lower airway obstruction, 
unconscious 

5 Unknown Lower airway obstruction, 
unconscious, myocar- 
dial infarction 

6 10-20 min Pruritus, angioedema, up- 
per airway obstruction, 
shock 

Epinephrine 
0.3 cc SQ; IV; ICd 

Epinephrine, fluids, 
glucocorticoids, 
02, Benadryl* 

No (ST done by R.N.; Anaphylactic shock, 
M.D. present aspiration of 
within 3 min) vomitus, bron- 

chospasm 
No (M.D. present Anaphylactic shock, 

within 3 min) asthma 

02, epinephrine, Yes 
volume ex- 
pander, gluco- 
corticoids, 
dopaminei- 

Epinephrine, the- Yes 
ophylline 

CPR, 02 Unknown 

Benadryl* Yes 
Medrol$ 

Anaphylactic shock, 
arrhythmia 

Asthma, anaphylac- 
tic shock 

Asthma, arrhythmia 

Anaphylactic shock, 
airway obstruc- 
tion, arrhythmia 

SQ = subcutaneously; IV = intravenously; ICd = intracardiac; CPR = cardiopulmonary resuscitation. 
*Parke-Davis, Morris Plains, N. J. 
tAstra Pharmaceutical Products, Inc, Westboro, Mass. 
~:Upjohn Co., Kalamazoo, Mich. 

from ST occurred before 1973, and four occurred after 
1973. Six of the 24 fatalities from IT occurred before 
1973, and 18 occurred after 1973. The respondents 
considered the information submitted in the question- 
naire to be highly reliable in 21 fatalities, moderately 
reliable in five, minimally reliable in one, and of either 
unknown reliability or not provided in the remaining 
three fatalities. The physicians who observed the fa- 
talities supplied the information in 10 of the 30 fa- 
talities. The other 20 fatalities were reported by phy- 
sicians who had knowledge of the fatalities but who 
had not been directly involved in the cases. 

There were four male and two female fatalities from 
ST and 11 male and 13 female fatalities from IT. The 
average was 33 years for fatalities whose age had been 
provided (30 years for ST and 34 years for IT) with 
a range of 10 years to the 50s for ST and 7 to 70 
years for IT. The indications for IT (allergic rhinitis 
and/or asthma and insect hypersensitivity) were not 
requested in the questionnaire. Diseases in these 30 
subjects included asthma in 16 (associated with car- 
diovascular disease in two), cardiovascular disease 
alone in three, and either no disease or insufficient 
information in the remaining 11 subjects. Eleven of 

the 16 subjects with asthma had been receiving anti- 
histamine and antiasthmatic drugs, and five subjects 
were either not receiving drug therapy or its usage 
was unknown or not provided. Two of the subjects 
with asthma had histories of respiratory failure; one 
subject had experienced severe bronchospasm after 
skin tests to nuts, and on e subject had required re- 
peated emergency room visits for control of asthma. 
Two patients were receiving a 13-adrenergic blocking 
agent: propranolol in a patient with chronic obstructive 
pulmonary disease, hypertension, and cardiovascular 
disease, and timolol in a patient with glaucoma. 

Five of the six fatalities associated with ST were 
tested intradermally alone (it is unknown if any were 
tested with more than one intradermal concentration 
of extract), and the sixth fatality was tested intrader- 
mally and by scratch test (Table IV). No allergen 
concentrations, injection volumes, or reaction sizes 
were reported. Many different extracts were used dur- 
ing testing (Table IV). The possibility of an error was 
reported by two respondents (a questionable incorrect 
dose of penicillin G or penicilloyl polylysine and fail- 
ure to have done a PPS test beforethe intradermal ST 
[Table IV, Nos. 3 and 6]). Possible circumstances 
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contributing to the skin test fatalities were reported as 
( 1 ) skin tests done during allergy season, one patient, 
(2) a patient hysterical during skin testing, one patient, 
and (3) a patient with a prior clinical history of sen- 
sitivity to peanut and coconut who was tested with 
walnut, one patient. One subject (Table IV, No. 5), 
wheezing at the time of ST, had previously suffered 
a respiratory arrest associated with ST. 

Nine of the 24 fatalities after IT had been reported 
to be extremely sensitive by ST (3 + or greater re- 
action by PPS test), one had a high titer of allergen- 
specific IgE by RAST (No. 23), one had moderate 
sensitivity (No. 12), and two subjects had minimal 
intr~adermal sensitivity (Nos. 14 and 22). The infor- 
mation of the remaining 11 subjects was either un- 
known or not provided (Table V). Allergens injected 
in the fatal IT cases consisted of mixtures in 10, single 
or ragweed allergen(s) in seven, and were not iden- 
tified by the respondents in the remaining seven sub- 
jects. Pollen extracts had been administered to 16 of 
the fatalities either alone or in combination with other 
extracts. Thirteen of the pollen extracts included rag- 
weed and/or grass. Seven IT subjects had been re- 
ceiving maintenance, nine subjects had been receiving 
increasing doses, one subject had received the initial 
dose, and one subject had received a decreased dose 
because of a previous large local reaction. Information 
was not available in the remaining six subjects. The 
interval between the fatal injection and the preceding 
injection was not different from the previous injection 
interval in nine subjects, longer in two subjects, and 
shorter in one subject; information was not available 
in 12 subjects. 

A known error in administration of allergen extract 
was reported in three subjects: an incorrect dose in 
one and a change from AUpyral (Miles Pharmaceu- 
ticals, West Haven, Conn.) to aqueous extract in two 
subjects. A questionable error was reported in one 
subject, i.e., speculation on the part of the respondent 
that part of the extract had been inadvertently admin- 
istered intravenously. One subject may have died from 
an overdose of a drug used to treat the reaction. No 
known errors were reported in 10 cases, and errors 
were either umknown or not reported in nine cases. 

Listed extenuating circumstances reported were as 
follows: IT during patients' allergy season, nine pa- 
tients; previous local and/or systemic reactions to IT 
or ST, five patients (Nos. 11, 22, 23, 26, and 30) 
(two of these patients also had received injections 
during the pollen season and are also included under 
"IT during patients' allergy season"); wheezing or 
respiratory distress at the time of the injection, one 
patient; administration of resuscitative medication that 
may have contributed to the fatality, two patients (one 

for IT and one for ST); chest pain for I week preceding 
the injection, one patient; minor motor vehicle acci- 
dent after the injection, one patient (this patient also 
included under "IT during patients' allergy season"); 
first IT injection, one patient; injection from a new 
vial from a different manufacturer, one patient: extract 
was 4 years old, one patient; injection administered 
at home, one patient; recurrence of asthma after a 
course of prednisone, one patient (this patient also 
included under "IT during patients' allergy season"); 
many emergency room visits for asthmas, one patient; 
previous respiratory arrest secondary to asthma, two 
patients (Nos. 12 and 18) (this patient also included 
under "IT during patients' allergy season"); and pa- 
tient refused to wait after injection or went home after 
injection, two patients. 

The symptoms, signs, and treatment of all systemic 
reactions from ST and IT are summarized in Tables 
VI and VII, respectively. Symptoms or signs of ana- 
phylaxis were reported to have occurred in 20 minutes 
or less in 20 patients, between 20 and 30 minutes in 
two, 30 minutes or more in three, and unknown in 
the remaining five patients. Anaphylactic shock or 
shock was listed as cause of death in t8 of the 30 
patients. The initial symptoms and/or signs were re- 
lated to the respiratory tract in 16/30 padents of which 
14/16 were asthmatic. The causes of the 16 fatalities 
with asthma were respiratory in nine, anaphylactic 
shock in six (in five of these six, a contributing cause 
of death was respiratory), and ventricutar fibrillation 
in one fatality. The symptoms and/or signs included 
vascular reactions in 5/6 patients with cardiovascular 
disease by history. The cause of death in these patients 
was associated with shock and/or arrhythmia. With 
respect to treatment of anaphylaxis, epinephrine had 
been administered to 18 subjects by various routes, 
had not been administered to three subjects, and its 
administration was unknown in the remaining nine 
subjects. Oxygen was administered in 14 subjects, not 
administered in four subjects, and was unknown in 
12 subjects. Intubation was reported to have been 
attempted in seven subjects. An autopsy was per- 
formed in 11 fatalities, and when information was 
provided, it was incorporated into this article. 

A physician had been present at the time of 15 of 
the fatal reactions and had not been present in 12 
fatalities when the reaction began, and this intbrma- 
tion was not known or the question was not answered 
in the remaining three subjects. The respondents stated 
that a physician was present within 3 minutes of the 
initiation of the fatal reaction in three of the 12 fa- 
talities in which a physician was not initially present. 
The IT had been administered in a physician's office 
in 17 fatalities (12 in the office of the physician who 
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TABLE VII. Signs, symptoms,  and t reatment  of reactions to IT 

M,D. 
present at 

Case Onset of Resuscitation onset of 
No. symptoms Symptoms measures reaction Cause of death 

Extenuating 
circumstances 

Before 1973 
7 <3 min Pruritus, hypoten- Epinephrine, 02, Yes 

sion, lower air- Benadryl*, 
way obstruction Levophedt 

Rupture of berry 
aneurysm, ar- 
rhythmia, sei- 
zure, subdural 
hematoma 

8 3-10 min Symptoms of ana- None No (patient Anaphylactic 
phylaxis did not shock 

wait after 
injection) 

9 <3 min Lower airway ob- Epinephrine, O2, Yes Asthma 
struction theophylline 

10 <3 min Shock Epinephrine No (M.D. Arrhythmia, ana- 
present phylactic shock 
within 3 
min) 

11 20-30 min NA NA No (patient NA 
went 
home after 
injection) 

12 <3 min Upper/lower air- Epinephrine, 02, Yes Asthma, anaphy- 
way obstruc- CPR lactic shock 
tion, shock, un- 
conscious 

After 1973 
13 Unknown Lower airway ob- Epinephrine, Yes Ventricular fibril- 

struction, hypo- 1 ml IV lation (second- 
tension ary to epineph- 

rine), anaphy- 
lactic shock, 
asthma 

Blank Yes Arrhythmia/? 
myocardial in- 
farction, shock 

15 30 min NA NA NA Anaphylactic 
shock 

16 3-20 min Unconscious Unknown No (patient Anaphylactic 
died on shock 
elevator 
on the 
way to 
ER) 

17 >30 min Pruritus, flush, un- Epinephrine, 02, No (patient Anaphylactic 
conscious bretylium waited in shock, ventricu- 

office for lar fibrillation, 
20 min) minor motor ve- 

hicle accident 

14 20-30 min Faint 

NA = not answered or available; CPR = cardiopulrnonary resuscitation; IV = intravenously; ER = emergency room; 
*Parke-Davis, Morris Plains, N. J. 
fWinthrop-Breon Laboratories, New York, N. Y. 
SMerck Sharp & Dohme, Rahway, N. J. 
w Pharmaceutical Products, Inc., Westboro, Mass. 
[[Upjohn Co., Kalamazoo, Mich. 
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TABLE VII. Cont 'd 

Case Onset of Resuscitation M,D. present at Extenuating 
No. symptoms Symptoms measures onset of reaction Cause of death circumstances 

18 <3 min Lower airway obstruc- Atropine, the- No (patient was in Airway obstruction, 
tion, pruritus ophylline, ER lobby) asthma 

epinephrine, 
D,W (2.5 L), 
02, NaHCO~ 

19 10-20 min Short of breath, lower NaHCOs, the- Yes Upper airway ob- 
and upper airway ophylline, struction, asthma, 
obstruction, shock, Isuprelt, epi- anaphylactic 
unconscious nephrine, De- shock, arrhythmia 

cadron$, 
Ringer's lac- 
tate, O2 

20 3-10 min Lower airway obstruc- Epinephrine, No (M.D. was in Anaphylactic shock, 
tion, unconscious, Decadron~, another suite) airway obstruction 
hypotension 02 

21 Unknown NA NA Yes Lower airway ob- 
struction 

22 <3 rain Airway obstruction 

23 <3 min 

24 Unknown 

Short of breath 

Hypotension, seizures, 
unconscious 

Chest pain, short of 
breath, sei- 
zures/coma, myo- 
cardial infarction 

Epinephrine, Yes 
Benadryl* 

Dopaminew 
theophylline, 
atropine, defi- 
brillation, 
epinephrine, 
Solu-Medrolll, 
Ringer's lac- 
tate (2 L), O2 

Unknown Yes 

No (injection ad- Airway obstruction, 
ministered by an aspiration 
L.P.N.) 

Asphyxia/aspiration 

continued 

had prepared the allergens for an injection; five with 
allergens for IT prepared within a different office), 
five in a hospital, one in a student health facility, and 
one at home. 

Dll~rJdSmON 

Seven fatalities from IT were reported in the lit- 
e r ra ta  between I929 and 1980.1-7 Although more than 
70 deaths during ST had been reported between 1895 
and t ~ ,  many of the antigens then used are no longer 
used for di~maostic ST. "4, s-~s The present retrospective 
study by questionnaire analyzes six fatalities from ST 
( 1 N  to 1983)and 24 from IT (1959 to 1984). Sixteen 
additional fatalities from ST and IT are also presented 
with information not sufficiently detailed to permit 
inclusion in this analysis. 

The mean age of death after ST and IT in this survey 
was 30 and 34 years, respectively. The mean age of 
death of the cases reported in the literature with ST 

and IT to allergens similar to those in current use was 
35 and 34 years, 
study was 7 to 70 
literature was 5 m 
IX), confirming th~ 
absence of a sexual 
to previously published articles. 

Sixteen of 30 (53%) fatalities were ~ with 
asthma, consi,, 
with asthma in 
(nine of 16 [56 
asthma, therefi 
resented anmnl 
have allergic 
asthma or bronchitis. 16 Patients with asthmaalso have 
more severe anaphylactic reactions and ~ u a t  for 
more than an expected ~ i o u  of  the atl~rgir pop- 
ulation who experience severe anal~ylactic reactions 
after Hymenoptera stings. J7 Patients whose histories 
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TABLE VII.  C o n t ' d  

Case Onset of Resuscitation M.D. present at Extenuating 
No. symptoms Symptoms measures onset of reaction Cause of death circumstances 

25 >30 min Cough, lower airway Epinephrine, 02, Yes Asthma 
obstruction terbutaline 

26 Unknown Unknown Unknown No (reaction oc- Unknown 
curred after pa- 
tient left office) 

27 3-10 min Unknown Unknown No Anaphylactic shock 

28 <3 min Unknown NA Unknown NA 
29 3 min Pallor, hypotension, Epinephrine, Yes Anaphylactic shock, 

unconscious, lower 1-2 cc; dexa- asthma 
airway obstruction methasone, 

24 mg IV; 
02, 
7 L/min 

30 10-20 min Lower airway obstruc- Epinephrine, Yes Anaphylactic shock, 
tion, unconscious, 0.75 ml SQ asthma 
hypotension, ven- and additional 
tricular fibrillation IV; Solu-Cor- 

tet] I, Dopa- 
minew 02, li- 
docaine, ami- 
nophylline, 
N a H C O  3 

Patient's 
mother gave 
injection at 
home 

(e.g., cases Nos. 12, 18, 19, and 22) suggest severe 
episodes of airway obstruction or unstable asthma 
therefore require special precaution to assess the se- 
verity of their disease before allergen administration. 
The clinical status of the patient with respect to un- 
derlying airway obstruction is of special relevance, 
since the injection of allergen via IT or the inhalation 
of allergen via atmospheric exposure may, indepen- 
dently or in combination, produce increased airway 
obstruction. A catastrophic outcome may result when 
airway obstruction induced by IT is superimposed on 
already significant and increasing obstruction, hyper- 
inflation, or on an airway that has been primed by 
prior aeroallergen challenge. 

Four subjects in this study were symptomatic at the 
time of their fatal ST or IT injection: two were wheez- 
ing (Nos. 5 and 9), one was in respiratory distress 
(No. 22), and one had unstable angina (No. 14). The 
state of health of the subjects at the time of the fatal 
injection was not reported in the cases from the lit- 
erature. Altering or postponing IT injections has been 
recommended for the symptomatic subject/s' 19 and 
this study suggests that the ill subject, especially with 

asthma, probably is at a greater mortality risk during 
ST and/or IT. 

Respondents volunteered that 10 patients died from 
ST or IT during the season when their allergic disease 
was exacerbated. No similar information is available 
from the case reports in the literature, although as 
early as 1941, the staff members of the Cleveland 
clinic 2~ had advised that the number of ST be modified 
according to the season of the year. Others have sug- 
gested modifying the dose of IT during the active 
pollen season, is, 21 This clinical concern appears well 
founded because increases in specific IgE 22 and skin 
test reactivity 23 have both been observed during or 
shortly after the peak of allergen exposure, suggesting 
that patients may be more sensitive during or after 
atmospheric allergen exposure. 

Bronchial hyperactivity is also increased in highly 
atopic patients 24 after natural atmospheric allergen 
challenge of the bronchi, 25 certain viral infections, 26 
drugs 27 (e.g., 13-blockers), or air pollutants (e.g., 
ozone and SO2). 2s, 29 Furthermore, subjects with "sta- 
ble" asthma may have substantial airway obstruction 
not manifested :by clinical symptoms but demonstrable 
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by pulmonary function tests. 3~ The physician admin- 
istering allergen extracts must therefore take into ac- 
count many variables in assessing the tolerance of 
allergic (especially patients with asthma) patients un- 
dergoing IT in order to diminish or to avoid the risk 
of a severe reaction to the injected extract. 

Two fatalities in this survey with obstructive airway 
disease were receiving 13-adrenergic blockers. The 
precise contribution of B-blockers is not certain in 
these patients. The use of B-blockers may aggravate 
anaphylaxis and asthma and also impair reponse to 
[3-adrenergic agents, thus diminishing their effec- 
tiveness in the treatment of asthma and anaphy- 
laxis.3~ 3z 

The degree of skin sensitivity provides an important 
risk factor influencing the incidence of anaphylactic 
or systemic adverse reactions during IT. 33' ~ Nine of 
the 24 fatalities after IT had a high degree of skin 
sensitivity (3 + or greater on previous PPS test), one 
had a high RAST value, one had moderate sensitivity, 
two had minimal ST sensitivity, and 11 fatalities were 
not reported. There is a higher risk of systemic re- 
actions among exquisitely skin-sensitive patients (i.e., 
who react positively to high dilutions/> 1 : 10 million) 
of the immunizing allergen. 34 A high degree of skin 
sensitivity may also be associated with more severe 
allergic disease.35 36 Thus, knowledge of the skin sen- 
sitivity of the patient is a critical element in predicting 
the risk of developing a systemic reaction during al- 
lergen injection treatment. 

The risk of an adverse effect after IT or ST is also 
related to the dose of allergen administered. Dosage 
or administration errors were believed to account for 
four of the 24 IT fatalities, i.e., incorrect dose in one 
(No. 13 received an entire vial of 10 ml), change from 
Allpyral (Miles Pharmaceuticals) to aqueous extracts 
in two, and the possibility of inadvertent intravenous 
injection of a subcutaneous dose in one. One subject 
succumbed after the initial injection of IT (No. 18). 
Three subjects had been receiving IT and succumbed 
after receiving an injection from a new vial (Nos. 19, 
23, and 26 [listed as change in manufacturer, therefore 
counted as a new vial]). Two of these four subjects 
(Nos. 19 and 23) received an aqueous instead of All- 
pyral (Miles Pharmaceuticals) extract. Extra precau- 
tion is appropriate whenever new vial(s) are prescribed 
or begun. It is not necessarily the new vial(s), per se, 
that increase the risk of anaphylaxis but the increased 
possibility of injecting too large a dose from new 
vial(s). 

The dose resulting in seven of the 24 IT fatalities 
was the maintenance dose (i.e., had been administered 
previously without reaction); nine of the remaining 17 

subjects had been receiving increasing doses (the ini- 
tial dose in one), one was receiving decreasing doses, 
and data on six subjects were not reported. The length 
of time between the previous injection ~md the fatal 
injection was the usual interval in most cases, since 
only two subjects had received injections at a longer 
than usual interval and one subject at a shorter inter- 
val. Data about these factors (status of rt' or length 
of time between injections) have not been reported in 
case reports from the literature. 

At least one of the allergens used in IT was a pollen 
extract in 16 of the 24 IT fatalities (ragweed and/or 
grass in 15); one subject had been injected with a 
mold extract, Alternaria. The data in the remaining 
seven subjects were not reported (Table V). Pollen 
allergens had been administered to five of the seven 
fatalities reported in the literature; there was insuffi- 
cient information as to the allergen(s) involved in the 
remaining two cases (Table VIII). The incidence of 
fatal reactions to pollen extracts (especially grass and 
ragweed) may be related to the high skin reactivity to 
these extracts in comparison to other pollen and non- 
pollen extracts, 37' 38 suggesting either the higher po- 
tency of these extracts or the higher sensitivity of the 
population to these allergens. 

There were known or questionable errors reported 
in six fatalities (two with ST and four with IT). There 
were no known errors in 11 subjects, and errors are 
either unknown or not reported in the remaining 13 
subjects. Although 20% of the fatalities were attrib- 
utable to errors or possible errors, errors have not been 
reported in the literature to explain either IT or ST 
fatalities. This suggests that, although mistakes occur, 
most fatalities may not be due to recognizable errors 
or not reported as errors. Since five of six ST fatalities 
had followed with intradermal ST without previous 
PPS tests, it is advisable that the latter tests should 
always precede intradermal testing. The clinical ra- 
tionale for this is well founded because the intradermal 
test requires a thousandfold to more than 1 0 ; ~ - f o l d  
lower allergen dose to produce wheal 39 or erythema 4~ 
responses equal to that produced by the puncture test 
with the allergen. When the puncture test is negative, 
an intradermal dose that is hundredfold lower than the 
puncture test dose may produce many :positive intra- 
dermal reactionsf Initial use of intradermal testing 
(especially in patients whose puncture tests could later 
prove strongly positive) may therefore expose such 
patients to allergen doses thousands of times higher 
than that required to produce a positive puncture test 
that increases the risk of an adverse reaction caused 
by overdosage. 

The introduction of standardized extracts may de- 
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TABLE VIII. Case reports from the literature: Fatalities from IT 

Age Medical Onset of 
Author Sex (yr) disease Allergen Status of IT symptoms 

Lamson ] M 34 Asthma Bermuda-grass (because of "ner- <3 min 
1929 pollen, 0.05 cc, vousness" with 

1 : 100 preceeding re- 
action) 

Waldbott 2 F 40 Ragweed extract, Unknown <3 min 
1932 1400 units 

Vaughn, Black 3 Unknown Unknown Unknown Unknown 
1939 

Vance, Strassmann 4 M 35 Asthma Ragweed extract Unknown < 1 hr 
1942 

James, Austen 5 M 56 Hay fever desensi- Unknown (11 of 21) <45 rain 
1964 tization in- 

jections 
Rands ~ F 19 Asthma Pollinex, Migent Maintenance 3-10 min 

1980 
Pollard 7 M 24 Asthma Bencard~ product Unknown (fifteenth 25 min 

1980 injection) 

*Autopsy confirmed anaphylactic shock. 
tNot in article. Listed only as PoUinex, pollen extract; Migen, house dust-mite extract. 
:~Bencard Allergy Unit, Brenfford, Middlesex, U. K. 

TABLE IX. Case reports from the literature: Fatalities from ST 

Age Medical Onset of 
Author (yr) Sex disease Injected extract, symptoms 

Baagoe'~ Unknown Egg white, Sudden 
1928 0.1 cc 

Lamson' 5 mo M Eczema Ovomucoid, 2 min 
1929 0.05 cc 

Lamson' 34 M Asthma Buckwheat 2-3 min 
1929 1 : 500, ID 

Vance, Strassmann 4 4 F Silkworm, 5 min 
1942 sheep's wool, 

kapok ex- 
tracts, IC 

Wiseman, McCarthy-Brough" 78 F Asthma 17 environmental 5 min 
1945 allergens, 

0.01 cc, IC 
Swineford '2 49 F Asthma 56 food extracts, 3 min 

1946 8-9 inhalant 
extracts, IC 

Blanton, Sutphin ~3 57 F Asthma 56 STs, scratch Sudden 
1949 and IC 

Hams, Shure ~4 25 F Asthma Environmental 1 rain 
1950 substances, ID 

Dogliotti" 35 M Penicillin scratch 4-5 min 
1968 

ID = intradermally; IC = intracutaneously. 
*Autopsy confirmed anaphylactic shock. 
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Cause of 
Symptoms death 

Flushing, athetoid Anaphylactic 
movements, shock* 
dyspnea 

Dyspnea, ur- Anaphylactic 
ticaria shock 

Unknown Unknown 

Unknown Anaphylactic 
shock* 

Dyspnea Anaphylactic 
shock* 

Flushing, tachy- Anaphylactic 
cardia shock* 

Unknown Status asth- 
maticus 

Ceuse 
symptom death 

Dyspnea Unknown 

Cyanosis Respiratory 
arrest 

Lacrimation, cyanosis, Anaphylactic 
respiratory difficulty shock 

Shock/unconscious Anaphylactic 
shock* 

Cough, asthma Respiratory 
arrest 

"Not feeling well," Cardio- 
dyspnea vascular 

collapse 
Air hunger Anaphylactic 

shock* 
Dyspnea Respiratory 

arrest* 
Flush, abdominal pain Anaphylactic 

shock 

crease the risk of ST and IT fatalities because stan- 
dardization will remove speculation regarding potency 
and dose. Extracts will be labeled with defined po- 
tency units, and instructions for use will be related to 
the dose of allergenic extract. With more uniform 
potency there should be a reduction of errors caused 
by switching extracts, vials, and manufacturers~ Be- 
cause standardized extracts are as potent as many of 
the extracts already commercially available, the risk 
of inadvertent overdosage should not be increased 
over the risk already inherent in treatment with ex- 
isting extracts. 

Some of the fatalities during IT and ST were as- 
sociated with injection of a low dose of extract (~< 100 
PNU or < 1 : 1000 w/v). Therefore, the patient's sen- 
sitivity and clinical status before administration will 
always be important factors in assessing the patient's 
tolerance to an extract, regardless of the dose injected. 
No allergenic extract can be considered absolutely safe 
for a specific patient who is allergic to that extract. 
All extracts, at any dose, must be injected with ap- 
propriate precaution and supervision. In this context, 
many systemic reactions in highly sensitive patients 
have been observed with a potent ragweed extract 
diluted up to hundredfold. 42 

A previous systemic reaction, either to ST or IT, 
probably increases the likelihood of a subsequent fatal 
reaction because a systemic reaction in the absence 
of a dose error suggests a highly ,sensitive patient, a 
patient with severe, labile, or coexistent diseases, or 
a patient receiving a medication that may adversely 
influence the response to the allergen(s). One subject, 
who succumbed while the subject was being skin 
tested, had required epinephrine for reactions after 
allergy injections in past time (No. 5)~ Five subjects 
who died from IT had previously reacted to IT injec- 
tions (two local reactions and three reactions not fur- 
ther defined). 

The signs and symptoms occurring as a result of 
immunization were variable and included localized 
pruritus, hypotension, chest pain, and obstructed air- 
way. The character or severity of the initial symptoms 
did not appear to predict the fatal outcome nor the 
cause of death. 

The signs and symptoms of a systemic reaction 
appeared in less than 20 minutes in 20 subjects, in 20 
to 30 minutes in two subjects, and in more than 30 
minutes in three subjects (five were u~nown or not 
reported) (Tables VI and VII). One of  the subjects 
who expired more than 30 minutes after the injection 
had waited for 20 minutes in the physician's office 
and, on the way home 10 minutes tater~ was involved 
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TABLE X. Summary of data on fatalities associated with ST 

Total No screening or Attributed to Symptoms present Error in Tested during 
fatalities PPS tests food allergen when tested dose season 

6 5 (2-6)* 1 (4) 1 (5) 1 (3?) 1 (2) 

*Numbers in parentheses refer to patient numbers. 

TABLE Xl. Summary of data on fatalities associated with IT 

Total Total 

Prior degree of sensitivity 
3 + ,  4 + ,  or high 

RAST 

Moderate 
Minimal 
Unknown 

NA 
Injected allergens 

Ragweed alone 
Molds alone 
Mixed inhalants 

Alone 

With insect allergens 
NA 

Status of IT 
At maintenance 

Doses increasing 

Doses decreasing 
First injection 
NA 

10 (7, 9, 11, 12, 17, 18, 
20, 23, 25, 27, 
30)* 

1 (12) 
2 (14, 22) 
6 (13, 19, 24, 26, 28, 

29) 

5 (8, 10, 15, 16, 21) 

5 (7, 13, 22, 23, 29) 
1 (9) 

10 (12, 17-20, 24-27, 
30) 

1 (15) 
7 (8, 10, 11, 14, 16, 

21, 28) 

7 (8, 9, 13, 16, 20, 25, 
29) 

9 (7, 11, 12, 15, 17, 
19, 22, 23, 30) 

1 (26) 
1 (18) 
6 (10, 14, 21, 24, 27, 

28) 
Time since previous in- 

jection 
< 1 wk 2 (23, 30) 
1-2 wk 5 (7, 9, 12, 17, 19) 
>2 wk 4 (20, 22, 25, 29) 
NA 13 (8, 10, 11, 13-16, 

18, 21, 24, 26-28) 

Place of injection 
Prescribing M.D.'s 

office 

Other M.D.'s office 
Hospital 
Home 
Student health office 

Extenuating circum- 
stances 

Injection during aller- 
gen season 

Patient did not wait in 
o f f i c e  
Others 
None 
Unknown 

Error in treatment 
Change AQ to 

Allpyralt 
Dose incorrect 
Partly IV 
Overdose Levophed$ 
No error 

NA 
Unknown 

12 (7, 9, 11, 12, 14, 15, 
17, 21, 23-25, 29) 

6 (8, 20, 22, 26, 28, 30) 
4 (10, 13, 16, 18) 
1 (27) 
1 (19) 

9 (9, 12, 13, 17, 20, 
23-25, 30) 

2 (8, 11) 
5 (7, 14, 18, 19, 22) 

3 (15, 16, 21) 
5 (10, 11, 15, 16, 28) 

2 (19, 23) 
(13) 

1 
1 (8) 
1 (7) 

10 (9, 16-18, 20, 22, 
24-26, 29) 

4 (10-12, 21) 
5 (14, 15, 27, 28, 30) 

IV = intravenously; NA = not answered or available. 
*Numbers in parentheses refer to patient numbers. 
tMiles Pharmaceutical, West Haven, Conn. 
:~Winthrop-Breon Laboratories, New York, N. Y. 

in a minor vehicle accident. She was taken to the 
emergency room with cardiopulmonary resuscitation 
in progress. The accident may have exacerbated the 
systemic reaction or resulted from the systemic re- 
action. 

Most anaphylactic reactions have occurred within 
30 minutes after injection, inducing some allergists 

to require at least a 30-minute wait after injec- 
tion,19. 21.29. 43 whereas other allergists require a 
20-minute wait.is. 45 Since the 20-minute wait is not 
adequate for some patients, the longer period appears 
desirable. The onset o f  symptoms in the ST fatalities 
was less than 20 minutes in 5/6 (one unknown). Be- 
cause ST doses are usually less than IT doses, a 
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TABLE XII. Summary of data on signs, symptoms, treatment, and cause of death from ST and IT 

ST IT ST IT 

Symptoms and signs Resuscitation treatment 
Pruritus 3 (1, 2, 6)* 3 (7, 17, 18) Oxygen 3 (2-4) I I (7.9, t2, 17-20. 23. 

25.29, 30) 
Angioedema 2 (2, 6) 0 Epinephrine 4 (1-4) 14 (7, 9. 10, 12, 13, 17-20 

~~,'~'~ 23, 25, 29, 30) 
Airway obstruc- 4 (2, 4-6) 12 (7, 9, 12, 13, Volume ex- 2 (2, 3) 3 (18, 19~ 23~ 

tion and/or 18-20, 22, pander 
asthma 24, 25, 29, 

3O) 
Shock 2 (2, 6) 4 (8, 10, 12, 19) Glucocorticoids 3 (2.3, 6) 5 (19, 20, 23: 29, 30) 
Coma 3 (2, 4, 5) 9 (12, 16, 17, Dopaminet or 0 3 (7.23, 30) 

19, 20, 23, Levophed$ 
24, 29, 30) 

Hypotension 1 (3) 6 (7, 13, 20, 23, Theophylline I (4) 5 (9. 18, 19, 23.30) 
29, 30) 

Myocardial in- 1 (5) 1 (24) Antihistamine 2 (2, 6) 2 (7,22) 
farction 

NA or unknown 0 CPR I (5) 1 (12) 

NA or 0 10 (8, II,  14. 15, 16, 
unknown 21. 24, 26-28) 

Time to onset to SR 
<20 min 5 (1-4, 6) 

20-30 min 0 
>30 min 0 
Unknown 1 (5) 

M.D. present at 
onset 
Yes 3 (3, 4, 6) 

No 2 (1, 2) 

NA or unknown 
Cause of or contrib- 

uting to death 
Airway obstruc- 

tion and/or 
asthma 

Cardiovascular 

Anaphylactic 
shock 

1 (5) 

5 (1, 2, 4-6) 

3 (3, 5, 6) 

5 (1-4, 6) 

Others 2 (1, 7) 
NA or unknown 0 

6 (11, 15, 21, 
26-28) 

15 (7-10, 12, 16, 
18-20, 22, 
23, 27-30) 

2 (11, 14) 
3 (17, 15, 25) 
4 (21, 24, 26) 

12 (7, 9, 12-14, 
19, 21, 22, 
24, 25, 29, 
3O) 

10 (8, 10, 11, 
16-18, 20, 
23, 26, 27) 

2 (15, 28) 

13 (9, 12, 13, 
18-25, 29, 
3O) 

6 (7, 10, 13, 14, 
17, 19) 

13 (8, 10, 12-17, 
19, 20, 27, 
29, 3O) 

4 (7, 17, 23, 24) 
3 (11, 26, 28) 

NA = not answered or available; CPR = cardiopulmonary resuscitation. 
*Numbers in parentheses refer to patient numbers. 
tAstra Pharmaceutical Products, Inc., Westboro, Mass. 
~:Winthrop-Breon Laboratories, New York, N. Y. 
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20-minute waiting period appears to be adequate after 
completion of ST. 

Although epinephrine was injected in 18 of 30 sub- 
jects without preventing the fatality, it is the treatment 
of choice for anaphylaxis and must be administered 
in adequate doses and as frequently as clinical con- 
ditions demand. 43-45 Oxygen was mentioned in 14 in- 
stances without description of the patency of the air- 
way or adequacy of ventilation; thus, there may not 
have been optimal management of the airways or of 
ventilation in some cases. There may be great diffi- 
culty oxygenating patients with upper airway ob- 
struction, e.g., laryngospasm or laryngeal edema; in 
these circumstances, endotracheal intubation may 
fail, and tracheostomy or cricothyrotomy may be nec- 
essary. 46 

Hypotensive patients who are unresponsive to the 
usual dose of epinephrine may require intravenous epi- 
nephrine, other vasopressors in doses higher than usu- 
ally administered, and volume expanders, a7 Because 
cardiac arrhythmias may complicate the treatment of 
patients experiencing anaphylaxis, cardiac monitor- 
ing, where it is possible, may be advisable, as Patients 
with anaphylaxis with associated unresponsive asthma 
may also require intravenous glucocorticosteroids as 
well as 13-adrenergics and theophylline. 49 

Subjects with persistent asthma are more likely to 
die from asthma during ST and/or IT because respi- 
ratory failure caused or contributed to death of 14 of 
16 subjects with asthma. Respiratory failure was listed 
as the primary cause of death of nine of the 16 subjects 
with asthma and as the secondary cause of death in 
an additional five of six subjects whose primary cause 
of death was anaphylactic shock. Death in a 7-year- 
old child with asthma (No. 13) was not respiratory 
but resulted from ventficular fibrillation after, and per- 
haps resulting from, an intravenous injection of 1 ml 
of 1 : 1000 epinephrine. 4s The two cases with cardio- 
vascular disease and asthma died from respiratory 
complications. The patient with unstable angina suc- 
cumbed from a myocardial infarction/arrhythmia. 

Information was adequate to indicate whether a 
physician had been present at the time of 27 of the 
30 fatalities. A physician was present at the time of 
the onset of 15 of the 27 fatalities, and a physician 
was present within 3 minutes of the onset of the symp- 
toms in three of the other fatalities. The presence or 
absence of a physician had not been indicated in the 
case reports from the literature. Several authors is' 19 
have previously recommended that ST and IT should 
be carried out only in the presence of a physician and 
that appropriate drugs and equipment be available to 
treat any reactions that may occur, The data in this 
study support such a recommendation. 

Because fatalities from ST and IT occur, despite 
direct physician supervision, such testing and therapy 
should be prescribed and/or administered by physi- 

cians who are trained to do so, are aware of the risks, 
and are skilled in  treatment of systemic allergic re- 
actions. Patients to be skin tested or to receive IT 
should be informed of the risks of ST and IT, screened 
to assess their clinical status before ST or each injec- 
tion, and asked to report any change in their clinical 
status and any symptoms or signs after their previous 
IT injection. 

Although 46 fatalities have been reported in this 
survey with ST and IT during the past 39 years, the 
risk of fatality should be considered in the context of 
the large number of patients skin tested and receiving 
IT in the United States. One estimate of allergen 
usage, based on annual studies from a panel of 2000 
physicians in the United States, indicates that in each 
of the previous 5 years, seven to 10 million allergen 
injections had been administered. 5~ 

The risk of a fatal reaction is, therefore, very low 
and may be lessened as additional precautions are 
taken in the selection and treatment of allergic pa- 
tients and in improved treatment of the anaphylactic 
reactions. 

Tables X, XI, and XII are a summary review on 
the data base. It is evident that ST and IT of patients 
of any age and of either sex may result in fatal re- 
actions. Patients suffering asthmatic symptoms (es- 
pecially patients with unstable asthma that are prone 
to do so) are at a greater risk of fatal reactions than 
are patients without asthma. IT during seasonal ex- 
acerbations of the patients' disease, especially asthma, 
or of individuals with exquisite skin test sensitivity is 
more likely to result in fatality. Errors in dosage can 
and must be avoided by the most scrupulous attention 
to the kind of extract selected for injection, its con- 
centration, and the volume withdrawn for injection. 
The probable contributing role of treatment with 
13-adrenergic blockers also appears to be significant. 
As indicated in a position statement by the Executive 
Committee of the AAAP~: " . . .  the undeniable fact 
[is] that no matter what precautions are taken, sys- 
temic reactions inevitably will occur at some time in 
some patients." This is certainly in agreement with 
our experience and mandates the need to institute ap- 
propriate procedures to permit early detection of, and 
optimal treatment of, systemic reactions in order to 
avoid a fatal outcome. 

We thank Mrs. Patricia Ann Walsh for secretarial assis- 
tance and AAAI for printing and mailing the questionnaires. 
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