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‘The concept of anaph/laxis osiginates from the ubservaticns by the French physiologist
Charles Richet in 1902 of the effects of actinotoxins on the blood pressure of dogs [/).
Anaphylactic shock is the classic example of the immediate type of hypersensitivity re-
action; it may be defined as the failure of the peripherul circulation induced by an antigen-
antibody reaction {2]. The circulatory collapse may be primary, if the circulatory reaction
is the primary event, or secondary, if the cir. ulatory collapse is the consequence of an
initial respiratory insufficiency.

The immune mechanisms of anaphyluxis have been extensively investigated in recent
years [3-5). Injection in an already sensitized animal of a foreign (antigenic) substance
induces an antigen-antibody reaction that may either cause dumage at the site of union to
a number of cells or trigger the release into the circulation of powerfu! pharmacologically
active agents or their activators, which will in turn react at secondary sites (usually smooth
muscle and vascular tissue of selective “*shock organs”™) to produce the dramatic acute
systemic clinical manifestations. The pharmacerogic mediators found in man ans animals
ave [6]:

1. Vasoactive amines: histamine. serotonine:
2. Vasoactive peptides: the kinins, of which bradikinin is the best known;
. Large molecular substances: slow-reacting substances of anaphylaxis (SRS-A),
anaphylactoxin; and
4. Autonomic nervous system mediators; catecholamines, acetylcholine.

These mediators are responsible for the reactions such as contraction of smooth rauscle
{bronchospasm), vasodilatation, and increased capillary permeability observed in ana-
phylactic shock. 'he shock organs vary with the species, and the clinical picture depends
upon the tissues involved (“shock tissue™) [7]. Probuble shock organs in different animal
species that have been reported #ce (a) in the guinea pig* the pulmonary apparatus. with
death resulting from asphyxia secc adiry to severe bronchospasm caused by contrction
of the bronchial smooth musculature; (b) in the rabbit: the pulmonary arterial tree, with
death the consequence of circulatory failure resulting from the obstruction of the pul-
monary circulation; (¢) in the dog: the liver. death being produced by circulatory collapse

Read in part at the Eleventh Annual Lectares, Armed Forces Institute of Pathology, Washiungton,
D.C.. 31 March 1971.
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caused by obstruction in the portal or splanchnic ciieulation frora venospasm or both:
(d) in the .ac: the lung, death being from acute pulmonary emphiysemia [8): (¢) in the rat:
the intestinal mass, death resulting from a circulatory failure in the splanchnic area [9);
(f) in the mouse: fatal anaphylaxis from insutlicient oxygenation of the tissues resulting
from severe loss of blood volume because of dilution of the capillmy bed [10].

No specific pattern of anaphyknis s been outlined in man. Human anaphylanis can
resemble that of several animal species. in particular the guinea pig, the rabbit, or the
dog [/11. Edema of the upper respiratory wart in some cases of human anaphylactic
fatalities scems te represvat a unigue featur: (/2]

The phenomenon of anaphylaxis has slways attracted considerable interest from the
medical profession, and many case reports of anaphylactic shock have been reported in
the literature following the administration of drugs [13-18), foreign sera [19,20), diagnostic
agents [2/-26), foods [27]. exposure to pollens, and venoms from stinging inscets [28,29)
and snahes [30].

On the other hand. little information from auvtopsies on human victims dying of
anaphylactic shock is available. Since Lamson’s {37] seport in 1929 of fatul anaphylactic
shock in # patient following an injection of a desensitizing agent. in which the mair finding
at autopsy wis “that the lungs were distended and did not collapse when the thoracic
cavity was opened,” scattered reports of isolated cases of anaphylactic deaths with often
incomplete morphologic data have appeared in the medical literature over the subsequent
years. The chief pathologic findings in such cases are: luryngeal edema [32-34), pul-
monary emphysema [35-37), viscerai congestion [38), pulmonary congestion associated
with hemorrhige or edema or both [39), any combination of the above [40], or simply no
significant merphologic findings at all [47.42). James and Austen [43] in 1964 presented
six well-documiented cases with detailed autopsy data. In their series, five of the six cases
showed the predominant changes to be in the respiratory system: four had obstructive
edema of the upper respiratory tract; three showed acutz pulmonary emphysenta resulting
from obstruction in the fower respiratory tree: and the sixth case differed from the others
in that there was no respiratory involventent and death was caused by primary cardio-
vascular collapse.

The purpose of this paper is to present the clinicopathologic findings in 43 validated
cases of drug-induced fatal anaphylactic shock.

Material and Methods

Forty-three validated cases of fatal anaphylactic reaction to a particular drug or
diagnostic agent were taken from the files of the Armed Forces Institute of Pathology.
Post of these cases were nccessioned during the last decade and a half, In all, the clinical
history of the present event was satisfactory. i.ithough in niany cases hittle information was
obtumned in the past medici | history as te previous exposures or reactions (o it given
aliergenic agent and as 1o Ye existence of an underlying allergic condition (broncaiul
asthma, hay fever, various llergics., etc.). Complete autopsy protocols with hematoaylin
and cosin (H&E) slides acve available i all but three cases. Eneh individual chart was
carefully reviewed, and all the available clinical data were abstracted, In the 40 cases in
which autopsy matcrial was avatilable, slides of all organs were studied and the significant
morphologic findings noted. Alterations in the respiratory tree were given a more de-
tailed analysis and a tentative quantitative appreciation: according to their slight, mod-
erate, or marked degree, these lesions were graded 4. -+ -, or ++-. Examination of
the pathologic findings and their grading were done by the same pathologist.
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Our findings, clinical and pathologic, on the 43 validated cases of probable anaphylactic

death appear in consolidated form in Table 1.

TABLE {—Clinicopathologic data on 43 cuses of anupkylactic deaths.

Baticnt  Age,
Number years

1

Do Ol b

Sex Race  Therapeutic Indization
490 M C Prostate hyperplasia
36 F C Leukocytosis
9 M C Pharynyitis
42 F C Bronchitis
38 M C Pheochromocytoma
46 ™M N Gonorthea
” M C Prostate ca
38 M < Peptic ulcer
18 M C Prophylaxis
40 M C Bronchoscopy
23 M N Gonorthea
38 M C Coryza
43 M C Sinusitis
57 M C Minor surgery
38 M C Coryza
36 F C Asthma
13 M C Gonotrhea
23 M C Shell wound
28 M C Minor
surgery

32 E C Vaginitis
3 M N Gonorrhea
k1] M C Finger laceration
42 M C 1B
33 F N Pharyngitis
23 F C Conjunctivitis
48 M N Gonorthea

4mo ¥ N UR}
50 M C Pharyngitis
53 F C Coryza

7 ¥ A Abdominal pain
27 M C Gonortheca

|} M C Tonuilitis

Smo F C URIL
L] M C Pneumonitis
28 M C Urethra. stricture
3 M C Tonsilliuis
62 M C Urethral stricture
2s M N Gonorrhea
i3 M C Teceth estraction
45 ¥ C uTt
28 M N Gonorthea
38 M N Asthma
62 ¥ C Pharsugitis

Agent Dosx

Mcglumine 28 cc (15 )

diatrizoate
Penicillin 600 000 UI
Penicillin 600 0V0 U}
Penicillin 800 000 Ut
BSP ?
Follin 2 400 O U
I oaum 2 cc

Jutrizoate

P “Recommended™
Vaccine ?
Heaykaine 5% ?
Peniillin ?
Penicillin ?
Penicillin 300 000 UL
Penicillin ?
Peniciilin 300 000 1
Peaicillin 300 000 Ul
Penicitlin 300 000 Ut
Penisithin 106 000 UL

Penicillin

Penicillin
Penicillin
Penivillin
Penicillin
Penicilhin
Penicllin
Penicillin
Peniaillin
Penicillin
Penicillin
Acctrizoate
sodium
Penicillin
Peniallin
Penicillin
Penicillin
Tetracine 475
Peniallin
Tetracaine 275
Penicillin
Peadlin
Polymyrin B
Peniathe
Desensitiziag
agent {ragweed)
Penivilbin

i 1000¢c 372
xlucose and saline
300 000 U!

600 900 Ul

“f e

600 00 U

300 000 Ul

600 900 Ut
)

300 000 U1
300 000 U3
2
One tablet
15¢cc

frry

600 000 Ul
1 900 oo Ul
k]

600 000 U*
bl

00 00g Ut
2
100 migm

600 000 Ut
]

?

M
M
Per os
[\%
13
v

3%

IM and subcu-
tancous

Topical

M

“Injection”
M

M
"Injection
M

M
v

“Inpction™

M
M
M
IM
“Injection™
IM

iM

[£Y]
“Injection™
Po o

v

M
“Injection™
“tnjcction™
IM
Intraurethral
M
Intrawicthral
IM
M
™M
™
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Clinical Findings

Most of the patients (76 percent) were Caucasians, and there were more male than
fesmale victims (31 /12). Vith the exclusion of four patients in the pedistric age group. tne
mean adult age was 39 years, the youngest patient be...g 18, the oldest 77.2 Most of the

2 The statistical data regarding race, sex, and age distribution must be appreciated in the context of
the population being analyzed. OF the 43 patients, 28 were in the armed forces, while 15 were civilians,
These demdgraphic statistics therdterz, should not be exarapolated and applicd to the general population
of the nited States.
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TABLE 2—Previous exposure 1o the drug or agent,

. Number Percent
History of Exposure of Cases of Jases

Presence of previous exposure 43 100
Yes 27 63
No 7

3
Not stated 13 30

Previous reaction 43 100
Yes 4 9

No 15 35
Not stated 24 56

History of allergy or atopy 43 100
Yes 7 16
No 10 23
Not stated 26 6!

cases occurred between the third and fifth decades. with a peak in the fourth decade. In 19
patients the therapeutic accident happened while they were hospitalized, whereas in the
majority 1t oceurred while they were being treated in emergency or outpatient clinics for
minor disorders.

In 32~ (74 percent) the “basic disease™ Yor which they received the allergenic
drug or agent was an infection of either the upper respiratory or the urinary tract. The 11
other patients (26 percent) consulted for miscelluncous conditions, a1s shown in Table 1.

The purpose of the exposure to the responsible agent was therapeutic in 35 patients
(81 percent), dingnostic in 6, and prophylactic in 2.

According to the available clinical data, 63 perceat of the patients (Table 2) had pre-
viously been exposed to the offending drug (or agent), but only 9 percont had a precise
history of previous reaction to the particular drug (or agent). In only 16 percent was there
any indication in the clinical summary of a pre-existing hypersensitivity such as bronchial
asthma, hay fever. or atopic dermatitis. These figures may be unduly low, however,
because of incomplete inforraation. For instance. in 30 percent of the cases, no informa-
tion on previous exposure to the allegediy responsible drug was available: in 56 percent
there were no data on previous reactions to the drugs and in 61 peicent po statement wis
made as to any pre-existing hypersensitivity state.

Antibioticc comprired the most frequent category of agents involved (33 cases), fol-
lowed by diagnostic agents (5 cases). 'ocal anesthetics (3 cases), and immunologic agents
(2 cases).

Penicillin alone was responsible for acarly three out ol 1our apaphylactic reactions.
A host of various agents was incriminated in the remainder (Table 1),

In 36 cases (84 percent) the allergenic agent was administered by injection. In the other
7 (1o percent) the route was per os (2), intraurethral (2). subcutaneous (1), or topizal (1),
and in one case no such information was provided.

The most frequent initial features of patients undergeing anaphylactic shock wure
dascribed as either acute respiratory distrees or citulatory collapse (Table 3). Scizures,
vyinosis;, and gastrointestinal syriptoms were in some mnstenses the initial findings. In the
mijority of cases, two or morz of the aforementioned findings were present in various
combinations, although in a few cases a single onc was the sole manifestation of ana-
phylaxis. For example, a patiznt would have acute respiratery distress aceempanied almost
simultancously (in a matter of seconds? by cyanosis, cardiovascular failure, and scizures,

oA T 20 B 1t 1 i it
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FIG. \—lnterval betneen exposure and reaction to the dgent in 43 cases of anaphylactic death.

Figure 1 illus rates the characteristic short interval between exposure, and reaction to a
particular alle genic agent; in 37 cases (86 percent) the onset of anaphylaxis occurred
within the fir,t 20 minutes; one patient went into (delayed) anaphylactic shock in less than
2 hours following the administration of 600,00C unis of penicillin (exact route not stated);
in another, who had been given 100,000 units of penicillin intravenously in 1000 cc of
§ percent glucose and saline, the interval to symptoms was about 214 hours. No tinie-
related data were provided in three cases.

The period om the onset of anaphylaxis to death varit #*  onsiderably, depending upon
the availab® dty of equipment and the efficacy of the emergency measures taken. Most of
the patie’ s expired within five hours (Fig. 2).

Pathologic Findings
Painologic findings were .unspecific (Table 4) and consisted of mild to severe pul-
monary congestion, sometimes associated with variable edema (Fig. 3) or intra-alveolar

TABLE 3--Initial symptoms and signs TABLE 3—Puathologic findings in 40 cases
in 33 cases of anaghylactic deaths. of unaphylactic dratns.
Number Number
Initial Symptoms and Signs of Cases Pathologic Finding of Cascs
Respiratory distress 16 Pulmonary congestion 36
Circulatory collapse 14 Pulmonary cdema 20
Scizures 1t Intra-alveolar hemorrhage 18
Cyanosis it Tracheobronchial secretions i8
Nausea and vomiting 10 slight 5
Dizainess and weaknesy 6 moderate 9
Skin cruptions 3 marhed 4
Numbness a'ud tingling sensations 3 Laryngeal edema 15
Swelling of /ace 1 slight 5
Sudden de, hs with unkaown syniptoms 4 moderate 6
marked 4
Pulmonary emphysema (acute) 1"
ditTuse Ky
foral 7
Splenic cosinophils 9
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FIG. 2—Intervel betwee.r exposure to the agent and death in 43 cases of fatal anaphylaxis.

hemorrhage (Fig. 4), or both. Increased tracheobronchial secretion of mucus was present
in 18 patients, but in only 4 was this hypersecretion of a severe degree.

Interestingly, 15 patients had some degree of laryngeal edema, but in only 4 was it so
marked as to completely obstruct the upper airways and be cons’dered as the primary
cause of death. Gradmg of laryngeal (and upper respivatory tract) edemi ranged 1ot
slight to marked, The term *“slight” was used when there was only microscopic evidence of
edematous fluid in the lumina propria of the mucosa, without distortion of the laryngeal
structures; “moderate™ when there was gross evidence of swelling of the laryngeal st-uc-
tures (Fig. 5), with obliteration or narrowing of the venticular folds but without abstruc-
tion of the air passages; “‘marked” when considerable swelling and distortion of the
laryngeal structures were present (Fig. 6), with complete obstruction of the upper respina-
tory airways.

Pulmonary emphysema was seen in 11 patients (acute obstructive type): in 4 the process
was diffuse in both lungs, and in 2 of these the hyperdistension of the lungs was very
marked (Fig. 7), while in the other 7 patients, foci of hyperdistension alternated with
areas of collapse (Fig. 8). The lungs were generally heavy, and their cornbined weight
averaged 1200 g in the adult patients,

An increased number of cosinophils was noted in the red pulp of the spleen of nine
patients. Numbers of eosinophils per high-power field (X 1000) in these nine patients
were as follows: 11.5, 5.7, 3.0, 2.2, 2.1, 1.8, 1.7, 1.3, and 1.2, respectively. No significant
increase in cosinophils wits observed i other organs, except in the fungs in one case—
that of an asthimatic paticnt who had the characteristic bronchial changes associated
with this condition.
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Comment

The understanding of the penicillin allergy system has contributed immensely to a
better knowledge of the immune mechanisms of drug atlergy in general [44,45]. According
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FI1G. 3—Pulmonary septa are thichened and congested, and alveol ace filled with cdamatous fluid
(hematoxylin and cosin, X 100; AFIP Neg. 71-1857),

to Levine [46,47] an allergic drug reaction may be considered s camulating from a series
of three kinds of molecular events: (1) the reaction of the drug (or metabolites, or degrada-
tion products of the drug) with tissue proteins, forming hapten-protein conjugates: (2) the
induction of the hagten-protein conjugates of antibody synthesis (specific for the drug-
derived haptens); (3) the intenection of antibody plus antigen in tissue, producing allergic
tissue damige. A good body of evidence suggests that the serum of penicillin allergics
contains skin-scnsitizing antibodies with independent specificity for three antigens:
benzylpenicillin, the pen‘ailloy! radical, and benzylpenicilloate {48). Anaphylactic reactions
to penicillin are mediated by the reaginic antibodies (Ig €).

Penicillin is by far the most frequently involved agent in drug allergy [49,50). Since
Waldbiott [5/] reperted the first anaphylactic death from penicillin in 1949, a sizabic num-
ber of similar case . were added over the years [52,53). Precise diata on the inciderce of
anaphylactic reactions 1o penicillin are ditlicult to obtain, and they vary uccording to
different sources. It is estimated that such reactions occur in about 1 to § per 10,000 patient
courses of penicillin [54]. According to 4 World Health Organization (WHO) survey [55].
anaphyluctic reactions may occur in about 0,015 to .00 percent, with a fatatity rate trom
shock of 0.0015 to 0.002 percent, ot treated patients, This WH” investigation included a
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FIG. 4—Pulmonary congesiie.® with edema ard mazyed intra-ahveolar hemorrhage (hematoxylin ard
cosin, X50; AFIP Neg. 71-19100,

study of 151 anaphylactic fatalities (with no autopsy data, however) following pentcitlin
administration, based on available imedical iterature during the period 1951-1968. Of this
group, 28 percest had previous histories of allergies of some kind. 69 percene had re-
ceived penicillin in the past, ana 36.5 percent of the latter (38 of 104 patients) had ex-
perienced sudden allergic reactions in the past. In comparison. in our series of 32 cases of
penicithin-induced anaphylaxis, 19 peresnt had evidence of some previous allergic ex-
perience such as urticaria, hay fever, or asthma; 69 percer® had been exposed to penicillin
at some time in their lives and 22.7 percent of the latter (5 of 22) acknowledged a previous
reaction to penicithin. Although our series was much smaller, the data compare with those
of the furge WHO study. In both series, however, the statistical value of the tabulated data
15 Jimited by the rather high percentage of unknown or uncertain inform..tion given.

Not infrequently a patient is unaviare of a previous (xposure and will deny having re-
ceived penicitim in the past £56). He may also have had well-tolerated doses. In addition,
the following coniment by Fishimman and Hewitt [45] is appropriate: *“The usage of peni-
cillins has been so wadespread that a strong likelihood exists that everyone has had
expsure to than in one form or another even without receiving penicitlin therapeuticaily.
Potential sources f+:¢ ccntact include foods and matk from animals treated witk penicilling,
and vaccines o which penicillin is added (o suppress bacterial contaminatior.™

One of the most important climeal factors in anaphylazis is the characteristically short
interva! between exposure and reaction to n given allergenic drug. According t~ Hoigné (2]
the reaction times may be classitied as follows: 0 to | hour—acnte allergic reactions
(almost all cuses of anaphy lactic shock); 1 to 24 hours—subacute allergic weactions (inostly
exunthemas and drug fever); 1 day to several weeks—latent type of allerge reactions

o e e <,
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FIG. —Lou-poner view of laryngeal structures showing moderate edema of lamina propria, Veriricle
of Morgani 1s nurrowed by the swollen mucosa (hematoxylin and cosin, ¥ 10; AFIP N .71-1918),

(serums sichaess). Levine [44] proposed a somewhat different classilication of allergic
reactions after his studies of the immune aechanisms of pericillin atlergy , the reactions
may be immediate~ 2 1o 20 min after contact with the drug (urticaria, hypotension, shock.
and when tne reaction is severe, anaphylanis): accelersted—2 to 28 hours (urticari,
occasionally laryngeal »demi): late—more than 3 days (rashes, drug fever. hemolitic
anemia).

In most of the 151 fatal cases compiled in the WHO study [55]. the sy mptoms leading to
death oczurred within 15 minutes. This is in accordance with the figures in our series, in
whizh the onset  Fanaphylaxis occurrad within the first 20 minutes following contact with
the alierpenic agent in almost 90 percent of the patients. Recognition by the physician of
carly clinical manifestations of anaphylaxis nay prove of paramount importance, for if
these very fitst symptoms are recognized the physician raay gain valuable tinie in traating
ruch & eritical emergency. Some patients undergeing anaphylaxis have symptoms of
itching of the skin, fushing, . scralized warmth, evidence of contraction of smoo.h
muscle of the gastrointestinal tract, gepitonrinasy tract, and uterus before they develop the
full-blown characteristic sympiomatology of anaphylixis, such as life-threatering obstiuc- -

A




534  JOURNAL OF FORENSIC SCIENCES

&y

izl

Db

E
E

FIG, 6~—Marked laryngeal edema. Lamina propria and underiying structures disrupted by abundant
edematous fluid, with almost toral obliteration o) ventricle of Morgani (hematoxylin and eosin, X8;
AFIP Neg. 71-1906).

tion of the airway or vascular collapse. Unfortunately, owing to the rapidity of the event
and the dramatic circumstances involved, these initial manifestations of anaphylaxis often
go unnoticed or are not recorded, and many of these patieats do not come to medical
attention until they exhibit the full-blown picture of anaphylo itic shock. The above factors
may account for the small number of these early symptoms we were able to abstract from
the charts analyzed in our series, which are listed in Table 3. In most instances in our 43
cases, the narrative summaries contained a description of the more obvious symptoms and
signs of the fully developed anaphylactic shock as ebserved by relatives or people in the
entourage of the patients at the moment of the incident.

In contrast to James® and Austen’s {43} findivg of acute pulmonary emphysema in half
of their 6 patients dead of anaphylaxis, such a change was observed in only 11 of the 40
cases in our serics on whom there was satisfactory autopsy information. Although obstruc-
tive laryngeal edema seems related only to human anaphylaxis, this feature was rather the
exception than the rule in our cases, for it was present in about only one out of four
patients. Complete obstruction of the airways was seen in but four patients, The most
common finding was nonspecific. congestion of the lungs with variable degrees of edema
and hemorrhage. Puimonary congestion was invariably found to some extent except in the
four cases in which acute diffuse emphysema had completely distended the parenchyma of
the 'ung. Notwithstanding the fact that congestion, edema, and intra-itlveolar hemorchage
are not specific to anaphylaxis, these nevertheless were the most frequent pathologic find-
ings in our 4 cases thut had adequate autopsy material. It may be argued that these pul-
monary changes may be related to some resuscitating mancuvers or to a prolonged
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FYG. T—Acute hyperd'stension of pulmonary alveoli with marked thinging of septa {dbstructive em-
physemay (hematoxylin a 'd eosin, X55; AFIP Neg. 21-2749).

agonal state in the presence of inadequate oxygeration. Although these factors may have
plaved a role in those cases in which resuscitating maneuvers provided a rather lorg
survival period following onset of anaphylaxis, they could not, on the other hand, bz
blamed in those cases in which the same histologic alterations were found in the lungs &,
spite of death occurring a very short time after onset of the incident. For instance, in the
nine cases (see Table 1, case numbers 3, 3. 14, 15, 16, 27, 33, 34, and 38) of our serics in
which death occurred within ten minutes following anaphylactic shock, there was some
degree of pulmonary congestion in all, mnad. rate to marked edema in four, snd shght to
modecate intra-alveolar hemorrhage in four.

There is no morphologic indication that these findings can be directly telated to the E
mechanism of anaphylaxis per se, for they are common in other types of shock and may be
explained on the basis of the anoxia resulting from primary cardiovascular collapse or
acute respiratory depression. Regardiess of their pathophysiology, howe er, and although
they are not us suggestive of anaphylaxis as acute pulmonary emphysema and obstructive
laryngeal edema, congestion alone or associated with edema and hesmorrhage in the lungs
may be the only significant pathoiogic findings one may see in fatal anaphylaxis.
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FIG. 8—Top—section of the lung showing focal uiveolar hyperdistension. Bottom—ared of ateleciasis
(hematoxylin and eosin, X42; AFIP Neg. 71-2747).

There huve been quite a few reports of myocasrdial damage during anaphylaxis in the
guinea pig {374, the dog (58], and the morkey [57]. as well as electrocardiographic (EKG)
evidence of myocardial involvement in man [60,67). These EKG abnormalities are variable
and include flattening and inversion of the T waves, elevation and depression of the ST
segment, nodal rt ythm, and atrial fiorillation {62]. Hanushiro und Weil {63] analyzed
kemodynamic and metabolic defects of anaphylactic shock in two patients. Their findings
were that shock was due 1o a critical reduction in plasma volume and that in both cases
there was evidence of acute myorardial injury, indicate¢ by acute changes i ST and T
waves. No histologic evidence of acuie myocardial lesions was seen in the standard H&E
stains in our series. This is unv.erstandable, since it is not possible to detect any definite
histologic changes by routine light microscopy for the first five or six hours after the
onset of myocardial ischemin [64).

Studies have shown indication of embolism iin the microcirculation of several experis
mental animals. Amorphous hyaline [65.66) or fibrinoid [67) material has been observed in
anaphylaxis in sections of the lungs of rabbit< stained by H&E or in tung tissue of guinea
pigs prepared for electron microscopy [68). Robb [69] demonstrated platelet microemboli
by cinematography as they lodged in the lungs of rabbits, blocking the circulation. He
suggests that such platelet emboli ovcer also in man but that their recognition in post-
mortcm sections is most difficult because of the fitet that they are no longer in movement.
Intravascuiar occlusions in the guinea pig have been denied by others [70°,

A study of ualf tung tissue cctions in our humian secies failed to reveal convincing

evidence of microenmsbolism.
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The liver seems to be rarely affected in human anapbylaxis. Muerphy and Mireles [71)
reported a case of eosinophilic (hyaline) nudzonal liver necrosis in 1 66-year-old woman
who went into anaphylactic shock after an injection of penicitlin, Death occunied 57 hours
later. To vur knowiedge, such a lesion has never been reported elsevehere, either in man or
in animals, and none of our cases exhibited similar hepatocellubur damagc.

in two of the cases of anaphylactic deaths pubiished by James and Ausien [42], in-
creased numbers of cosinophils were observed in the sinusoids of the spleen and liver as
well as in the lamina propria of the upper respiratory truct and the pulmonary capiilaries,
Increased eosinophilia in tissues in human anaphylaxis bas also been reported elsewhere
{72,731

A preliminary screening for splenic eosinophils was done in eitch of the 43 cases i our
seriec, Of these nine who showed an apparent increase in the number of eosinophils were
submitted to a quantitative evaluation. The eosinouphils in 50 oil-immersion (X 1000)
fields in the red pulp of the spleen of these patients were counted. The figures established
by James and Austen in ten consecutive unselected autopsies were used is normal base-ling
controls: 0 to 1.0 eosinophil in the spleen per high-power Eeld. In all our cases the number
of eosinophils exceeded those of the controls. This tinding of more cosinephils thian usual
in the splecii was not significantly paralleled in any other orgun. In the fungs or the lumina
prop:in of the upper respiratory tfact. for instance:.the number of cosinophils wis not
above that o1 the normal population for these regions. The highest count, 11.5, was ob-
tained in a 40-year-old man with sarcoidosis in valving the lungs, the'lympn nodes, and the
spleen who also had u secondary opportunistic fungal (aspergillosis) pulmonary infection.
That the high splenic cosinuphitia in this case may be related to anaphylaxis following the
application of topical unesthesia (hexyleaine) to the pharynx prior 10 u bronchoscapy is
unlikely. Eosinophils most prebably were present in the spleen ity great numbers prior to
this anaphylactic episode either as the result of sarcoidosis or previous sensitization (since
the patient had a bistory of allergic rhinitis). It is interesting that six of the other eight
patients had a previous exposure or reaction or both to the allergenic drug, suggesiing that
the presence of cosinophils in the spleen may be reliated to previous sensitizaion more likely
the a being the direst consequence of anaphylaxis. Morgover, thie rapdity with which the
anaphylactic response takes place makes the idea of so many cosinophils reaching the
spleen in such a short time quite improbable. Since a postulitted function of eosinophils is
phagocytosis of antigen-antibedy complexes §74,75), there is a likelihood that the eosino-
phils in the spleen had been there for somwe time and represent evidence of previous
sensitization.

Coaclusions

The present study has enumerated the clinical and pathologic features in 43 anaphylactic
deaths. A diagnosis of anaphylaxis cannot be made on morphologic grounds alone, for shie
anatomic changes are nonspecific and may occur iy u host of other conditions. Pertinent
clinical aspects (for example, acute respiratory distress or sudden circulatory co'*apse
within a few minutes following administration of the allergenic drug or agent) combined
with pathologic findings such as pulmonary congestion or hemorrhage, 1 ute pulmonary
emphysema, or edemia of the upper airways are features that characterize and substantiate
anaphylactic reactions in man. The short interval between exposure and she systemic
resction to the offending agent zppears as a critically important clinical feature in drug-
nduced anaphylactic reactions. Although in animal anaphylaxis there tre particular tuzget
orgars {whith vary with different species), no single shock organ has been exclusively in-
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volved in human cases. The clisicopatholagic observations from our series of over 40 cases
of fatal anaphylaxis provide support for the current view that the respinttory and cardio-
vascular sysiems may be the primary sites imvolved in such immediate hypersensitivity
reactions, Future developments in histochemical and immunologic techniques may assist
in providing a satisfactory eaplanation for the deaths of these patients,
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The Registry of Tissue Reactions t-+ Drugs is jointly spone ored by vie American Medical
Association; the Food and Drug Admumistration (under contract FDA 67-53) and the
National Institute of General Medical Sciences (under contract PH 43-66-966), both under
the Department of Health, Education, and Welfare; and the Pharmaceutical Manu-
facturers’ Association Foundation, Inc.: the Registey *s under the auspices of Universitics
Assoctted for Research and Education in Pathology, Inc.
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