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Complement activation and anaphylactoid response to
protamine in a child after cardiopulmonary bypass
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suMMARY A 2Y2 year old boy had a sudden, severe, and unexpected anaphylactoid reaction after an
otherwise uncomplicated repair of a partial atrioventricular septal defect. The reaction, comprising
haemorrhagic pulmonary oedema and peripheral circulatory collapse, followed neutralisation of
heparin by protamine. Measurements of serum complement (C3 and C4) concentrations suggested
that a pronounced consumption of complement occurred during the adverse response.

Sudden severe anaphylactoid reactions after an
otherwise uncomplicated cardiopulmonary bypass
procedure have been reported previously and attri-
buted to an abnormal response to protamine.I 2 The
mechanism of this reaction, which comprises acute
haemorrhagic pulmonary oedema with low left atrial
pressure, peripheral circulatory collapse, and
increased pulmonary vascular resistance, remains elu-
sive. The reaction between heparin and protamine is,
however, known to result in the consumption of com-
plement in vitro,3 4and recently one of us (SW) found
complement activation with C3a release after pro-
tamine infusion in patients undergoing coronary
artery surgery (unpublished observations).
We recently encountered and successfully treated a

severe anaphylactoid reaction after neutralisation of
heparin with protamine in a child and obtained evi-
dence of complement activation by the classical path-
way.
Case report

A 2Y2 year old boy was admitted for repair of a partial
atrioventricular septal defect. He had no previous his-
tory of allergy, blood transfusion, or drug sensitivity.
Intracardiac repair was performed uneventfully, and
cardiopulmonary bypass was discontinued without
difficulty after 39 minutes. His haemodynamic status
was stable with a systemic arterial pressure of 100 mm
Hg and central venous pressure of 8 mm Hg. The
venous cannulas were removed and protamine at a
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dose of 4-5 mg/kg given slowly over a period of 10
minutes. Five minutes after the infusion had been
completed a sudden unexpected reaction occurred.
The systemic blood pressure fell to below 30 mm Hg,
although the mean left atrial pressure remained at 7
mm Hg. Pulmonary inflation pressure increased with
decreasing pulmonary compliance, and there was a
palpable rise in pulmonary arterial pressure. Haemor-
rhagic pulmonary oedema was noted by the anaesthet-
ist when a large quantity of pink frothy secretion was
aspirated from the endotracheal tube. Arterial satura-
tion decreased and was followed by ventricular
arrhythmia. The pleural cavities were opened to
eliminate a local mechanical cause. The lungs were
stiff, oedematous, and haemorrhagic.
Treatment was given immediately with intracardiac

adrenaline and isoprenaline. A dopamine infusion was
started (10 mg/kg/min) and methyl prednisolone
given at a dose of 30 mg/kg. Sodium bicarbonate was
required to correct metabolic acidosis, and plasma
was infused to maintain right and left atrial pressures
at satisfactory levels (left arterial pressure 7-10 mm
Hg). After a short period of cardiac massage the sys-
temic pressure slowly rose. Subsequently, a period of
systemic hypertension occurred, and frusemide 10 mg
(1 mg/kg) was given. During the period of resuscita-
tion blood samples were taken to rule out a transfu-
sion reaction to donor blood and for estimating con-
centrations of complement.
With this treatment the haemodynamics stabilised,

and the chest was dosed. A chest radiograph after
return to the intensive care unit showed bilateral pul-
monary oedema. The pulmonary oedema resolved
completely during the next 24 hours, although the
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Complem t actvation after cardiopulmonary bypass
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boy required intermittent positive pressure ventila-
tion for 48 hours. His subsequent postoperative
course was uneventful, and he was discharged from
hospital after 10 days.

Since a satisfactory preoperative blood sample was
not available for baseline complement assays further
samples were taken at 10 days and 22 weeks post-
operatively. The Figure shows the C3 and C4 con-
centrations measured by single radial diffusion and
the results of the total haemolytic complement assays.
In contrast to the changes in the concentrations of the
complement component the serum albumin concen-
trations during and after operation were exactly the
same (55 g/1). Studies of three similar patients under-
going surgery who received protamine without inci-
dent had essentially stable C3 and C4 concentrations
before and after infusion (coefficient of vbriation
13% and 8% respectively).

Discussion

In this case study late postoperative C3 and C4 con-
centrations were almost identical to the 10 day sam-
ples and were assumed to reflect the patient's values
for these acute phase proteins. In contrast, the sample
taken during operation after the onset of pulmonary
oedema and peripheral circulatory collapse showed a
pronounced reduction in C3, C4, and total haemolytic

complement suggesting that complement had been
activated by the classical pathway.
Complement activation with release of the

anaphylatoxins C3a and C5a is known to occur via the
alternative pathway during cardiopulmonary bypass.5
C4 is not consumed in this process, and complement
activation after protamine infusion occurs by a sepa-
rate m anism. This polycationic polypeptide pro-
duces cardiovascular side effects, characterised by
Jastrebski et al in 1974, as a transient fall in systemic
arterial pressure with a more prolonged rise in pul-
monary arterial pressure.6 This is accompanied by a
pronounced fall in arterial oxygen tension owing to a
reduction in mixed venous oxygen tension which fol-
lows a fall in cardiac output. Left atrial pressure
remains low implying an increase in pulmonary vascu-
lar resistance.7 The mehanism of these effects is still
not dearly defined, but because of them protamine is
infused slowly. The anaphylatoxins C3a and C5a have
potent vasoactive properties. They increase vascular
permeability, cause histamine release from mast cells,
constrict smooth muscle, and may well account for
the anaphylactoid reactions experienced by some
patients.8 Polymorphonuclear leucocytes and mono-
cytes have membrane binding sites for C5a.9 C5a
release results in altered mobility of these cells with
sequestration. in the pulmonary capillaries, a process
associated with capillary endotheLial damage and
pulmonary oedema.'° 11

Previously, both anaphylactic'2 and anaphylactoid
responses to protamine infusion have been reported.
Nordstrom et al described a case similar to our own in
a 6 year old girl.1 Olinger et al described four patients
with non-cardiogenic pulmonary oedema and
peripheral vascular collapse from two separate cardiac
units between 1969 and 1978.2 Of these, two patients
died of low cardiac output and hypoxia while two
survived after treatnent with intravenous colloid
infusion, methylprednisolone, catecholamines, and
antihistamines. There were, however, notable differ-
ences in the character of these reactions between the
patients, who cannot be assumed to be a homogene-
ous group. A variety of mhanisms may result in the
syndrome of pulmonary hypertension, peripheral cir-
culatory collapse, and increased capillary permeabil-
ity. Among these are blood and drug reactions,
endotoxic shock, allergic anaphylaxis, and non-
immune reactions mediated by complement and his-
tamine.13 Our patient survived but required prompt
and aggressive resuscitation directed towards a com-
plement mediated anaphylactoid shock.

We thank Mr N Seymour for the assays of comple-
ment proteins.
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Notices
European coronary angioplasty workshop

A meeting on coronary angioplasty is to be held from
10 to 12 July 1985 at The London Hospital. Further
information may be obtained from: PTCA Workshop,
c/o Cardiac Department, The London Hospital,
Whitechapel, London El 1BB.

Geriatric cardiology

The 2nd International Conference on Physical Activ-
ity, Aging, and Sports will be held at West Point,
New York, from 8 to 12 July 1985. Further informa-
tion may be obtained from PAAS-'85, Center for the
Study of Aging, 706 Madison Aven e, Albany, New
York 12208, USA.

British Cardiac Society

The Autumn Meeting will be held at the Wembley
Conference Centre, London, on 26 to 28 November
1985, and the dosing date for receipt of abstracts will
be 1 August 1985.
The Annual General Meeting for 1986 will take

place in York on 2 and 3 April 1986, and the closing
date for receipt of abstracts will be 2 January 1986.
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