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Introduction

One of the old aphorisms of cardiac surgery was that
post-operative bleeding was caused by either
“hypoprolenaemia or hypoprotaminaemia”. In other
words, it was surgical or medical; with the emphasis
being on failure to neutralise heparin after
cardiopulmonary bypass had been concluded. This
was true for many years until the use of multiple anti-
platelet agents became routine in managing coronary
artery disease. Since then, bleeding from anti-
platelet agents has, in addition, become a real issue if
they are not stopped sufficiently prior to surgery.

Heparin and Protamine pharmacology

Heparin acts by pentasaccharide binding to anti-
thrombin III (AT) accelerating the rate at which AT
inactivates thrombin, factor Xa and other serine
proteases in the coagulation cascade [1]. As a
reactive molecule, heparin will also bind less
specifically with other plasma proteins, platelet
factors and cellular proteins. If heparin is injected, its
effects are seen to last a significant amount of time
with a half-life of 30 to 90 minutes [2]. The rate of
decline is dependent on factors such as dosage, urine
output, obesity and malignancy. However, some
heparin activity may be detected for up to 24 hours
after administration due to subsequent release from
plasma protein binding that had occurred earlier [3].
In patients on ECMO, this may occur for even longer
periods, presumably with heparin being released
from elements of the circuit as well as from the blood
itself (personal observation of senior author).
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Reversal of heparin has usually been with protamine
sulphate. Although protamine sulphate was initially
derived from biological sources, it is now produced
by recombinant DNA methodology [4]. It
preferentially binds to heparin and neutralises its
effects by forming a heparin/protamine complex that
no longer affects the coagulation cascade [5]. On its
own, protamine can have anticoagulant activity [5],
but this effect is weak and is rarely, if ever, of clinical
significance. It can also have systemic effects such as
pulmonary vasoconstriction, hypotension, and
anaphylaxis[6]. Like heparin, protamine is a reactive
molecule and will bind to other plasma proteins and
blood elements. When injected, its effects only last
for 10 minutes in the absence of heparin and five
minutes in its presence[7]. Thus, there is a mismatch
between the half-lives of heparin and protamine and
the reaction between the two, is in essence, a first
pass reaction: if protamine does not bind to heparin
immediately it is bound to something else. This
means that if any heparin appears subsequently, it
will not be neutralised. Protamine and heparin
molecules that do combine form a stable ionic pair
that is inactive and are subsequently removed by the
reticuloendothelial system|[8].

It has long been known that heparin can re-appear in
the circulation after a neutralizing dose of protamine
has been administered: a phenomenon called heparin
rebound [9]. The mechanisms behind this deserve
consideration as excessive bleeding, unnecessary
blood transfusion and re-exploration are often
avoidable by the simple administration of further
protamine. This is preferable to blind administration
of clotting products as is a frequent response in some
units.
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Another factor that allows for heparin rebound is the
reliance on the Activated Clotting Time (ACT) to
determine heparin reversal. ACT is a crude clotting
test of whole blood. Significant heparin effect can be
found, even if the ACT is 'mormal', with more
sophisticated near patient tests such as TEG or
ROTEM or laboratory tests such as thrombin time.

Thus, the factors that are likely to contribute to
heparin rebound are the following: -

1. The discrepancy between the half-lives of
protamine and heparin.

2. Secondary release of heparin after binding to
plasma proteins.

3. Inadequate assessment of heparin reversal using
ACT.

4. Improvement in peripheral perfusion as the
cardiac output improves after surgery and
patient warming allowing release of heparin
from peripheral circulation and tissues.

5.  The presence of heparinised blood if this is
administered directly from the pump or
subsequently transfused peripherally.

The relative importance and contributions of these
factors are unknown.

Typically, protamine has been administered via the
intravenous route. Administration via a peripheral
vein is deemed to be safer than administration via a
central vein given the possible haemodynamic
instability and changes in arterial oxygenation.
Controlled trials have shown that administration of
Protamine via the ascending aorta lead to less
haemodynamic instability and changes in arterial
oxygenation [10] though it has not yet entered the
routine standard of practice.

Howwe do it

In cases where cardiac function is marginal or
pulmonary hypertension a feature, we administer
protamine via a 26g needle in the aorta rather than
intravenously. This seems to be effective in
abolishing reactive hypotension and pulmonary
vasoconstriction. Whether this is due to slower

administration through the small needle or due to
heparin binding as the protamine goes through the
systemic circulation is uncertain.

Furthermore, in response to the understanding of the
mechanisms of the action of heparin and protamine,
we have evolved a strategy of giving relatively small
bolus doses (50mgs) of protamine quite frequently
after the initial reversal dose at the time of de-
cannulation or formally giving a continuous infusion
0of 50 — 100mg of protamine per hour in normal saline
over one to three hours. In controlled trials,
continuous infusions have been shown to work to
significantly reduce blood loss and prevent heparin
rebound[[3]. We also use ROTEM as well as ACT to
assess bleeding in any case where there is a perceived
problem. The presence of a heparinase plot confirms
whether, or not, heparin is still present.

Conclusion

Understanding the pharmacology of both heparin
and protamine separately and together are important
to understand how each can be used optimally.
Furthermore, the use of tests additional to ACT
should also lead to reduced postoperative blood loss
and reduced use of blood and clotting products.
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