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Myocardial Depression in Anaphylaxis: Report of a Case
and Review of the Literature

SHANE-HAW WaNG, MiNG-Fr1 Liv*

Cardiac involvement in anaphylaxis has been recognized for a long time. There have been several
clinical articles reporting cardiac changes in human anaphylaxis, mostly manifested as arrhythmia or
ischemic changes on electrocardiograms. However, many of these previous reports had problems in
attributing a direct anaphylactic effect to the heart, and rarely was a direct myocardial depression report-
ed. We report the case of a patient with rapidly reversible myocardial dysfunction and acute pulmonary
edema during an episode of anaphylaxis caused by an insect bite. The medical literature that pertains to

this phenomenon is discussed.
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Introduction

It has been known that the heart can be the
target organ of an allergic response. This concept is
supported by clinical experience, as well as in vivo
and in vitro models of anaphylaxis, and by the anal-
ysis of the effects of anaphylactic mediators and in-
hibitory drugs on cardiac function. Although the clin-
ical literature regarding anaphylaxis is replete with
references to these cardiac effects!'®, in most of
the reported cases, the contribution of cardiac ana-
phylaxis cannot be clearly separated from the effects
of hypoxia, hypotension, or drugs such as epineph-
rine. In the literature, there have been very few re-
ported cases in which direct myocardial depression
caused by anaphylactic mediators was suspected®'>13,
We herein report a patient with nearly fatal anaphy-
laxis after an insect sting, in whom profound prima-

ry myocardial depression was observed.

Case Report

A 15 year-old girl was brought to the emer-
gency room because of sudden collapse. She had
been well and had had no history of allergy
before. She denied the abuse of drugs. On that
evening, she had experienced being bitten on the
neck by an unidentified insect which "looked like
an ant with wings." Some itching urticaria had
soon developed on her neck. About 15 minutes
later, while taking a shower, she had collapsed on
the floor. She was then rushed to our emergency
room. On arrival, her vital signs included: blood
pressure (BP), 80/40 mmHg; temperature, 36.5°C;
heart rate, 116 beats per minute; and respirations,
36 per minute. She had a clear state of conscious-
ness. Urticaria over her neck and trunk were
observed, and her lips and nail beds were cyanot-

ic. Crackles, but no wheezing or stridor, were
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heard diffusely over the chest. A grade 2 systolic
murmur was heard over the apex of the heart. The
abdomen was unremarkable. Under the impression
of anaphylactic shock, epinephrine, diphenhydramine,
and hydrocortisone were given intravenously by
bolus, followed by a continuous dopamine infu-
sion. Soon, she was admitted to the intensive care
unit.

An electrocardiogram (ECG) demonstrated si-
nus tachycardia and otherwise a normal tracing. A
chest x-ray (CXR) disclosed frank pulmonary ede-
ma without cardiomegaly (Fig. 1). The echocardio-
grams obtained about 30 minutes after her collapse
showed profound global hypokinesia of the left ven-
tricle (LV), moderate mitral regurgitation, and mild
tricuspid regurgitation (Fig. 2A). The left atrium (LA)
diameter measured 3.8 cm, the LV diameter at end
diastole 5.7 cm, and the left ventricular ejection frac-
tion (LVEF) was 20%. The initial arterial blood gas
measurements included pH 7.346, PCO, 42.3 mmHg,
PO, 44.2 mmHg, and HCO; 22.0 mEq/L. A com-
plete blood count was within normal limits except
for a white cell count of 22800/mm?. The absolute
cosinophil count was 17.8/mm?. The serum level of
IgE was increased (682 1.U./ml), and those of IgG
and IgA were normal. The BUN and creatinine lev-
els were normal. CK, CK-MB, GOT, and LDH val-
ues obtained on admission were 304 (normal, 35 to
235), 6 (normal, < 10), 48 (normal, 5 to 40), and
172 uw/L (normal, 100 to 200), respectively. CK and
CK-MB increased to peak values of 852 w/L and 20
w/L, respectively, 40 hours after admission.

She was intubated and ventilated with positive
end-expiratory pressure. Hydrocortisone, diphenhy-
dramine, and dopamine were continued. With the
mean arterial blood pressure kept higher than 60
mmHg, intravenous furosemide was cautiously giv-
en on two occasions (20 mg/20 mg). Fluid therapy,
with either colloid or crystalloid, was not undertak-
en. Her condition improved progressively. Dopam-
ine was discontinued within 2 days. The ventilator
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was removed on the following day. Serial CXRs
showed that the patient's lungs had become clear on
the fourth hospital day. Follow-up echocardiograms
obtained on the same day were normal with an LVEF
of 76% (Fig. 2B). The LA diameter measured 3.5
cm and the LV diameter at end diastole 4.0 cm.
Mitral and tricuspid regurgitation were no longer
present. On day 6, she was discharged with com-
plete recovery. Throughout the course, she did not
experience chest pain nor were there ischemic changes
on serial ECGs.

Discussion

As early as 1910, it was known that anaphy-
laxis is associated with disturbances in cardiac rate

and rhythm?. In vivo studies using guinea pigs,

rabbits, dogs and monkeys have shown that in ana-

The initial chest x-ray discl
edema. .
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Fig. 2 (A)An M-mode echocardiogram obtained on admission showed poor contractility of the myocardium
and increased mitral E point-septal separation.
(B)A follow-up echocardiogram obtained 2 days later was normal.

phylaxis, the heart may respond with sinus tachy-
cardia, increased ventricular automaticity, atrioven-
tricular (AV) conduction delay, ventricular tachy-
cardia, rightward QRS axis shifts, ST segment de-
pression, and decreased cardiac output!'”'®, Zavecz
and Levi demonstrated that intracardiac challenge
with antigen resulted in arrhythmia and increases in
left ventricular pressure, which occurred 60 seconds
before a rise in bronchial resistance!, Correa and
colleagues demonstrated decreased left ventricular
contractility not related to a reduction of venous re-
turn, systemic hypotension, hypoxia, or myocardial
ischemia in IgE-mediated anaphylactic shock in dogs
and suggested that the myocardium can be primari-
ly involved in anaphylaxis®®.

The effects of anaphylactic mediators on the
heart have been studied®*?”. Compliment-derived
anaphylatoxins may cause slowing of AV nodal con-
duction, a short-lasting increase followed by a pro-
longed decrease in LV contractility, and coronary
vasoconstriction. The positive inotropic effect dur-
ing the early stage of anaphylaxis is mediated by
stimulation of H, receptors. Activation of H and
platelet activating factor (PAF) receptors may di-
rectly decrease myocardial contractility. PAF may

also impair the diastolic function of the LV. Coro-
nary vasoconstriction is mediated by H , thrombox-
ane A, and, perhaps, leukotriene receptors, and the
inhibition of AV nodal conduction by adenosine re-
ceptors.

There have been several clinical articles reporting
cardiac changes in human anaphylaxis®!®, In some
of them, arrhythmia or a conduction disturbance, in-
cluding sinus tachycardia, premature ventricular beats,
ventricular tachycardia, atrial fibrillation, supraven-
tricular tachycardia, and left bundle branch block,
was implied to be caused by cardiac anaphylaxis.
Others reported ischemic changes on ECG or myo-
cardial infarction, in some cases of which anaphy-
laxis-induced coronary artery spasm was suspected
@®10.1516 However, there are problems in attributing
a direct anaphylactic involvement of the heart to these
manifestations"”. First, in most previous case re-
ports, the preceding hypotension due to decreased
peripheral resistance and intravascular volume, and
the hypoxia due to bronchospasm or laryngeal ede-
ma may have resulted in the cardiac,‘fdarr"nagekf Sec=.
ond, many of the reported cardiac mamfestatlonsm 5
anaphylaxis are very nonspecific.]’F'orf‘kéXkélﬁ:lp:lye:fsfi-;

nus tachycardia is frequently seen";inpatien‘téi with




stress; premature ventricular contraction is a com-
mon arrhythmia; and ST segment depression can be
secondary to tachycardia. Third, medications, par-
ticularly large doses of epinephrine, may lead to my-
ocardial ischemia and a variety of arrhythmias®,
Fourth, several patients described in the literature
were elderly and/or had evidence of preexisting cor-
‘onary artery disease, such as a history of angina
pectoris, a history of myocardial infarction, or ab-
normal coronary arteriograms. In these patients my-
ocardial ischemia or even infarction could have oc-
curred coincidentally during anaphylaxis or have been
precipitated by it®,

In the literature, there have been very few re-
ported cases in which direct myocardial depression
caused by anaphylactic mediators was suspected
1213 Langsjoen and Stinson reported the case of a
22-year-old man who developed cyanosis and dysp-
nea with blood-tinged saliva soon after receiving in-
tramuscular penicillin and tetanus toxoid. On post-
mortem examination, the major changes observed
were in the heart, including edema and interstitial
infiltration and the perivascular cuffing of eosino-
phils. The death was believed to be the result of an
. allergic myocarditis with acute and fatal cardiac dec-
ompensation”. Our patient, a young girl who had
been in good health previously, exhibited acute my-
ocardial depression with pulmonary edema, an un-
usual presentation of anaphylaxis, following local-
ized urticaria a short while after an insect sting. There
was no wheezing noted on auscultation. Hence, hy-
poxemia seems to have been more related to pulmo-
nary edema than to bronchospasm in this case. Be-
cause the period of hypotension was short before an
echocardiogram was obtained, the patient seemed not
to be of poor reserve to respond to stress, and there
were no signs or symptoms of myocardial ischemia
(she had no chest pain and the serial ECGs were
free of ST-T changes), myocardial dysfunction could
hardly be explained by the foregoing hypotension
and hypoxemia. Therefore, in this case the heart,
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more specifically, the myocardium but not the coro-
nary arteries or the elctrophysiology, was very like-
ly to have been directly involved by the mediators
of anaphylaxis, although myocardial depression sec-
ondary to hypotension and/or hypoxemia could not
be ruled out. In addition, pulmonary edema can also
occur in anaphylaxis with a mechanism of increased
permeability of the pulmonary vasculature 2%, We
admit that that mechanism cannot be excluded in
this patient. However, with the echocardiographic
finding of profound myocardial depression, cardio-
genic pulmonary edema seems to be a more attrac-
tive hypothesis.

There is no way to estimate the incidence of
direct myocardial depression in anaphylaxis. It is
quite possible that with reduction of the effective
intravascular volume or with less severe myocardial
dysfunction, pulmonary edema may not appear, so
that the myocardial involvement is overlooked. There-
fore, it may be worthwhile to perform echocardio-
graphy or Swan-Ganz catheterization to study the
heart function and to monitor fluid replacement therapy
in selected patients with anaphylactic shock. In ad-
dition to vasopressors, inotropic agents should be
administered if the heart shows pumping failure.
However, the use of catecholamine should be pru-
dent because it has been shown that high levels of
circulating catecholamine may produce myocardial
necrosis, possibly by causing spasticity in the mi-
crovasculature, increasing cellular permeability to
calcium, and increasing phospholipase activity®.
Since not all patients with an anaphylactic response
will have life-threatening cardiac decompensation,
an initial intravenous injection of adrenaline may be
life-saving. However, in those in whom cardiovas-
cular function subsequently deteriorates, it may be
prudent to use non-catecholamine inotropic agents
25 Amrinone was reported as being effeétiyé m one:.

case in which catecholamine failed®;” Intra-aortic -~

balloon counterpulsation has been reportéd;tdibeféf?

fective in two patients''?. In addition, the hs@:fbf :HZ
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antagonists should be avoided because it has been
shown in animal studies that H, receptors mediate
both coronary vasodilation and an increase in myo-
cardial contractility. An H, receptor blockade dur-
ing cardiac anaphylaxis may unmask the effects of
other mediators and is disadvantageous®@® 27,

In conclusion, direct myocardial depression
caused by allergic myocarditis or unknown patho-
logic changes may occur in anaphylaxis. There is a
two-stage effect of anaphylactic mediators on the
myocardium: a transient positive inotropism stage
mediated by H, receptors and a prolonged negative
inotropism stage mediated by H, and PAF recep-
tors. Of note, the use of epinephrine in such a case
should be prudent because high levels of circulating
catecholamine may produce myocardial necrosis, and
amrinone and balloon counterpulsation should be con-
sidered as therapeutic alternatives. H, blockers may
inhibit the positive inotropic effect mediated by H,
receptors, and hence should be avoided.
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