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Background: Administration of Protamine sulfate for heparin neutralization after cardiopulmonary bypass may
be associated with adverse reactions such as transient hypotension to cardiovascular collapse. Although cata-
strophic events are rare and occur only in 2.6% of cardiac surgeries, it is associated with adverse postoperative
outcome. The aim of this study is to investigate whether bolus administration of calcium gluconate can minimize
the adverse hemodynamic effects of protamine.

Patients and Methods: This randomized clinical trial (RCT) prospective study was conducted between Feb.
2006 to Dec. 2008. The patients were randomly allocated into three groups including group A (42 patients) who
received only protamine after weaning from cardiopulmonary, group B (44 patients) concomitantly treated with
protamine sulfate and calcium gluconate, and group C (40 patients) receiving calcium gluconate 5 minutes be-
fore administration of protamine. Hemodynamic variables such as systolic and diastolic blood pressures, mean
of arterial pressure, central venous pressure and heart rate were obtained 0, 2, 4, 6, 8 and 10 minutes after
protamine administration from each group.

Results: Systolic blood pressure in groups A (control) and C (calcium administration before protamine) 0,2,4,6,8
and 10 minutes after protamine administration initially decreased and increased subsequently (P=0.228). Also no
statistically significant difference was found in diastolic blood pressure (DBP), mean arterial pressure (MAP),
central venous pressure (CVP), and heart rate (HR) in 0,2,4,6,8, and 10 minutes in any of the three groups.
Conclusion: In our study, hemodynamic changes in 10 minutes after protamine administration for heparin neu-
tralization in patients with good left ventricular systolic function after coronary artery bypass grafting surgery
were mild, and prophylactic calcium gluconate administration concurrent with or before protamine injection

was not recommended.
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Introduction

H eparin is extracted from either porcine in-
testine or beef lung.” Heparin acts as an

anticoagulant by binding to anti thrombin Il (AT

[lI), enhancing the rate of thrombin-AT 3 com-

plex formation and also inhibiting other clotting

factors.?
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Protamine, a polypeptide isolated from fish
sperm,® immediately reverses the effect of
heparin by nonspecific polyionic-polycationic
acid-base interactions. Protamine is a stan-
dard therapy for reversing heparin anticoagu-
lation after cardiopulmonary bypass for coro-
nary artery bypass grafting surgery. Protamine
sulfate administration after cardiopulmonary
bypass may be associated with adverse reac-
tions such as transient hypotension, anaphy-
lactic reaction, and cardiovascular collapse.®

Pulmonary hypertension, which appears to

102



MT Moeinvaziri, et al.

be rather common in animals, may be an iso-
lated finding without clinical consequence in
humans. However, when pulmonary vasocon-
striction is severe, it will lead to acute right-side
heart failure and systemic hypotension.®
Although catastrophic events are rare, major
adverse response related to protamine admin-
istration occurs only in 2.6% of cardiac surgi-
cal procedures.® These protamine reactions
are highly associated with adverse postopera-
tive outcome,® and are exaggerated in patients
with myocardial dysfunction.

Protamine sulfate for reversing heparin an-
ticoagulation is often accompanied by a small
drop in systemic blood pressure and increase
in pulmonary artery pressure but these com-
plications are generally considered as benign
and inevitable,”® but major adverse effects re-
lated to protamine administration may be as-
sociated with in-hospital mortality.

Michaels et al. revealed that no statisti-
cally significant changes in systhemic vascu-
lar resistance were seen when protamine was
administered to patients with good left ven-
tricular function after cardiopulmonary bypass.
However, in patients with poor left ventricular
function after cardiopulmonary bypass , an in-
creased cardiac index may only partially com-
pensate systemic vasodilatation following prot-
amine administration ,thus in these patients
protamine should be infused cautiously.' Also,
other previous clinical and experimental stud-
ies'® have suggested that protamine has a
depressive effect on the left ventricular pump
function. In this connection, Jastrzebski, Sykes
and Woods'" reported a decreased cardiac in-
dex in patients after protamine administration
in the early post cardiopulmonary bypass pe-
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riod.

Shapria , et al.® showed that calcium ad-
ministration can minimize the adverse hemo-
dynamic effect of protamine by exerting posi-
tive cardiac inotropic and peripheral vascular
effects.™

It seems that heparin neutralization with
protamine causes myocardial dysfunction that
can increase central venous pressure, pulmo-
nary artery pressure and finally decrease sys-
temic blood pressure. On the other hand, high
intracellular level of calcium improves myocar-
dial contractility by Digoxin through increased
intracellular calcium in patients with heart fail-
ure. The present study was performed to clini-
cally investigate whether increasing plasma
calcium concentration and thereby intracel-
lular calcium level could improve myocardial
contractility during heparin neutralization by
protamine in patients with good left ventricular
function after for coronary artery bypass graft-

ing surgery.

Patients and Methods

The study was conducted at Shiraz Uni-
versity of Medical Sciences affiliated hospital
from Feb. 2006 to Dec. 2008, recruiting 126
patients undergoing coronary artery bypass
grafting surgery. The study was approved
by the university’s ethics committee and in-
formed consents were obtained from all pa-
tients. Exclusion criteria included COPD,
diabetes, hypertension, and left ventricular
systolic dysfunction (EF less than 45%). Us-
ing systemic random allocation, the patients
were divided into three groups of A or control
(42 patients) who received only protamine af-
ter weaning from cardiopulmonary bypass
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(mean age 59.1+10.8, 73.8% males), B (44 pa-
tients) treated with protamine sulfate and calci-
um gluconate concomitantly, (mean age 57.4+
9.4, 75% males) and C (40 patients) receiving
calcium gluconate 5 minutes before adminis-
tration of protamine (mean age 55.6+9.2, 70%
males). In the three groups There were no
statistically significant differences among the
three groups in regard to mean age (P=0.263)
and gender (P=0.876).

After inserting radial arterial line, the pa-
tients were anesthetized using intravenous
(IV) midazolam (40ug/kg), fentanyl (3pg/kg),
morphine (0.13ug/kg), thiopental (5mg/kg)
and pancuronium (0.15ug/kg). Anesthesia was
maintained using 100% oxygen and Isoflorane
throughout surgical procedure for all three
groups.

In group A after weaning form cardiopulmo-
nary bypass protaime sulfate was administered
at a dose of 3mg/kg in 10 minutes. In group B
protamine sulfate (3mg/kg) and calcium gluco-

Protamin-induced Hemodynamic Changes by Calcium Gluconate

nate 10mg/kg were administrated in 10 min-
utes, but in group C initially calcium gluconate
10mg/kg was administrated in 10 minutes and
after 5 minutes protamine 3mg/kg was given in
10 minutes. In the three groups, hemodynamic
variables such as systolic and diastolic blood
pressure, mean of arterial pressure, central ve-
nous pressure, and heart rate were obtained in
0,2,4,6,8 and 10 minutes following protamine
injection.
Statistical analysis

The data were statistically analyzed using
repeated measure ANOVA for comparing the
mean in the three groups. One-way ANOVA
and Chi-square were applied for evaluation of
the difference between the ages and gender
in the three groups respectively. Detection of
differences between grading of indices was
assessed with Friedman test. SPSS (statistical
package for social sciences) version 10 was
used for analysis and P value of less than 0.05
was considered significant.
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Figure 1. Trend of systolic blood pressure in the three groups
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Figure 2. Trend of diastolic blood pressure in the three groups of study

Results

Systolic blood pressure in groups A (con-
trol) and C (calcium administration before
protamine) in 0,2,4,6,8 and 10 minutes first
decreased and later increased. In group B
(concomitant administration of calcium and
protamine) there was an increasing trend.

However,these changes for three groups were
not statistically significant (P=0.228) (Fig.1).
The mean of diastolic blood pressure in
0,2,4,6,8 and 10 minutes in group A was
constant,and in group B it was first reduced but
increased subsequently. In group C it initially
increased and then became constant.
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Figure 3. Trend of mean arterial blood pressure in the three groups of study

105

Iranian Cardiovascular Research Journal Vol.3, No. 2, 2009



WWW.icrj.ir

6.5

Protamin-induced Hemodynamic Changes by Calcium Gluconate

5.5

3.5

25

— < — groupA
- - - -groupB
—&— groupC

cvpO cvp2 cvp4

cvp6 cvp8 cvp10

Figure 4. Trend of central venous pressure in the three groups of study

These changes were not statistically signifi-
cant (P=0.462) (Fig. 2). Mean arterial pressure
changes in the three groups were similar to
diastolic blood pressure which were not statis-
tically significant(p=0.763) (Fig. 3). Central ve-
nous pressure and heart rate changes for three
groups were almost constant and statistically

105

were not significant (P=0.712 and P=0.608, re-
spectively) (Fig. 4,5). The mean and standard
deviation of age for group Awas 59.1+ 9.4 and
for group C 55.6+9.2 which were not statistical-
ly significant (P=0.263). The number of males
in group A, B and C were 31 (73.8%), 33 (75%)
and 28 (71%) respectively (P=0.867).
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Figure 5. Trend of heart rate in the three groups groups of study
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Discussion

From clinical and experimental observa-
tion, it is known that protamine neutralization
of heparin causes increased pulmonary ar-
tery pressure, decreased systolic and diastolic
pressure, myocardial oxygen consumption,
cardiac output, heart rate and systemic vascu-
lar resistance. These multiple cardiovascular
effects are mediated with complement activa-
tion, histamine release, thromboxane and ni-
tric oxide production and antibody formation.
Calcium chloride or calcium gluconate are the
most frequently used adjunct to protamine for
improving hemodynamic stability.

Gourine et al® suggested that protamine
may have a negative inotropic effect that is ap-
parent in patients with impaired left ventricular
function.

On the other hand, Michaels et al'® showed
that hypotention was not developed after prot-
amin administration in patiens with good left
ventricular function.

Shapira et al® demonstarted an immediate
and sustained enhancement of blood pressure
occurred when calcium chloride was given as
bolus injection or as a continuous infusion after
cardiopulmonary bypass.

Vorasri muangmingsuk et al'” suggested no
measurable difference in heart rate or blood
pressure in patients receiving calcium chloride
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either as a bolus before protamine administra-
tion or treated with protamine/calcium chloride.

Our study was consistent with that of Vo-
rasri et al'” who did not find any statistically
significant difference in blood pressure or heart
rate in patients receiving calcium gluconate ei-
ther as a blous before protamine administra-
tion or concurrently with calcium chloride injec-
tion. It is possible that amount of calcium ad-
ministrated is not sufficient to increase plasma
calcium concentration or there is no coordina-
tion between kinetic entrance of calcium into
the cell and increase in plasma calcium con-
centration immediately after cardiopulmonary
bypass which causes statistically significant
difference in blood pressure, heart rate and
central venous pressure.

The findings of the present study indicate
that prophylactic calcium gluconate admin-
istration is not valuable before or concurrent
to protamine sulfate in patients with good left
ventricular function undergoing coronary artery
bypass graft surgery.
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