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Abstract
Background- CABG is the most common type of cardiac surgery which generally is done under
cardiopulmonary bypass (CPB). Hypothermic CPB was introduced in cardiac surgery in
order to protect organs against hypoperfusion. Hypothermia is associated with many adverse
effects on the vital organs, which result in impairment of organ and systemic function.
Normothermia on the other hand is more in agreement with the physiology of human organs.
The aim of this study is to evaluate the effect of body temperature during CPB on
postoperative bleeding.
Methods- One hundred patients were randomized into normothermic (35-37º C, N=50) and mild
hypothermic (28-32º C, N=50) CPB groups and compared with respect to blood loss,
transfusion requirements and platelet level in primary coronary artery bypass grafting. The
patients’ hemoglobin levels, leukocyte counts and platelet counts were measured before
operation, immediately upon arrival in the intensive care unit, 4 hours afterwards and 6 days
after surgery. The volume of blood shed through mediastinal and pleural drainage tubes were
recorded at 6, 12 and 24 hours after operation.
Results- There were no differences in preoperative characteristic including patient age, sex, number
of occluded vessels, weight, height, hemoglobin and hematocrit level, platelet and WBC
levels. Normothermic patients tended to bleed less at 24 hours (warm, 288±30ml vs. cold,
580±100ml). Platelet levels were preserved better in normothermic patients than in
hypothermic patients. The warm group had a reduced blood loss by 40 percent after 6, 34%
after 12 and 30% after 24 hours as compared with blood loss in hypothermically-perfused
patients.
Conclusion- These data suggest that normothermic systemic perfusion reduced postoperative blood
loss and preserved platelets (Iranian Heart Journal 2006; 7 (2):31-36).
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B

oth cardiopulmonary bypass and
hypothermia contribute to bleeding after
cardiac operations.
Cardiopulmonary bypass activates platelets,
leading to platelet degranulation, deposition
and depletion. 1-5

Impaired
platelet
function
increases
postoperative blood loss. Hypothermia
induces a reversible platelet membrane
dysfunction, activates the
fibrinolytic
cascades and inhibits activated clotting
factors.
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Patients undergoing the combinations of
systemic hypothermia and cardiopulmonary
bypass may aggravate postoperative platelet
dysfunction.
A retrospective review undergoing isolated
coronary artery bypass grafting at our
institution between 2004 and 2005 showed
that normothermic systemic perfusion was
associated with reduced postoperative blood
loss.
To better evaluate the effect of normothermic
systemic perfusion on postoperative blood
loss, we reviewed bleeding in patients in an
ongoing randomized clinical trial comparing
the normothermic technique of heart surgery
with mild hypothermic systemic perfusion.
The primary goal of this ongoing clinical trial
is reducing perioperative morbidity and
mortality.
Methods
One hundred consecutive patients undergoing
isolated primary coronary artery bypass
grafting from 2004 to 2005 participated in our
study of normothermic versus hypothermic
heart surgery. Patients were randomly
assigned either to receive warm systemic
perfusion (warm group, 35 to 37º C, N=50) or
to receive mild systemic hypothermia (cold
group, 28 to 32º C, N=50). Antifibrinolytic
agents were given to most patients without a
specific protocol. Perfusion temperature was
assigned by the perfusionist during operation
according to a randomization table without
regard to drug treatment. Cardiopulmonary
bypass was established with a single two
stage right atrial cannula and an ascending
aorta cannula. During bypass, the hematocrit
value was maintained between 18% and 25%,
pump flows between 2 and 2.5l/min/m2 and
mean arterial pressure between 50 and 60
mmHg.
Transfusions of blood products were ordered
by the surgeon or by the anesthetist in the
intensive care unit who was not aware of the
randomly assigned perfusion temperature.
Patients considered to be at greater risk for
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preoperative morbidity and mortality (patients
70 years or older or those undergoing urgent
operation for unstable angina, 39/100 patients,
39%) were given packed red blood cells to
maintain postoperative hemoglobin values
greater than 8.0g/l. Low risk patients
(younger than 70 years and undergoing
elective or semi-elective surgery, 61/100
patients, 61%) received transfusions to
maintain intraoperative hematocrit values
greater than 18% and postoperative
hemoglobin levels greater than 7.5g/l. The
distribution of high and low-risk patients did
not differ between groups. Platelet
concentrates were administered to correct
significant
thrombocytopenia
(<70×103cells/L) associated with increased
postoperative bleeding (>200 ml/hr) or a
platelet count of less than 50×103cells/ L in
the absence of increased blood loss.
The volume of blood shed through
mediastinal and pleural drainage tubes was
recorded at 6, 12 and 24 hours after operation.
The frequency of transfusion of erythrocytes
preparations was recorded, as were the
numbers of units of packed blood cells,
platelet
concentrates,
plasma
and
cryoprecipitate administered.
The patients’ hemoglobin level, leucocyte
count and platelet count were measured
before operation, immediately on arrival in
intensive care unit, 4 hours after operation in
the morning and at 6 days after operation of
the first postoperative day at 6, 12, 24, 48
hours for Hgb and one time for other values.
Statistical analyses were carried out with
SPSS v.11. Initial comparisons were made
between warm and cold techniques with
unpaired t tests and x2 analysis.
Ten patients who were returned to the
operating room for exploration and had a
surgical source of bleeding identified were
excluded from the study. Among these
patients, four were in the warm group.
Results
There were no differences in preoperative

www.SID.ir

Archive
of SID
Normothermic
CPB and Bleeding in CABG

S. Hoseini MD, et al.

characteristics including patient age, sex,
number of occluded vessels, weight, height,
hemoglobin/hematocrit level, platelet and
WBC levels. There was no difference in
preoperative clinical information in warm and
cold groups (Table I).

Table I. Preoperative clinical data in warm and cold
groups.
Clinical Data

Cold group

Warm group

P value

Age

59.85

57

0.234

Height

170.11

169.26

.765

Weight

72.59

72.89

0.491

Graft number

3.74

3.04

0.054

Hgb preop

13.94

13.64

0.978

Platelet preop

247,926

234,250

0.167

PT preop

13.93

13.39

0.153

PTT preop

42.704

42.607

0.970

Of 100 patients, 26 received transfusions of
packed red blood cells. The frequency of
erythrocyte transfusion differed between
perfusion temperature groups (cold, 18% vs.
warm, 8%). Platelet levels fell immediately
after operation in both temperature groups.
However, platelet levels were significantly
higher after operation in the warm group than
in
the
cold
group
(P<0.05,
Fig.2).
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The systemic perfusion temperature had a
significant effect on the volume of blood loss
after 6, 12 and 24 hours (p<0.05): the warm
group bled significantly less after 6 and 12
hours than did the cold group of patients
(p<0.05, Fig.1).
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Fig. 1. Bleeding comparison in warm and cold groups.

1th
hour

sixth
day

Fig. 2. Platelet count in warm and cold groups.

Hemoglobin levels fell from a preoperative
value of 13.5±0.1g/l for all patients to a low
of 9.0±1g/l (P<0.05) immediately after
operation, and levels reached 11.71±1g/l in
the warm vs. 8.3±1g/l in the cold group after
6 days (P<0.05). Thus there was a significant
difference between warm and cold groups
with regard to hemoglobin level at 6, 12, 24,
48 hours and at 6 days after operation (Fig. 3).
The operation resulted in an elevation of
leukocyte counts, from 7.5±0.2×103cell/l
before
operation
to
a
high
of
3
10.1±0.2×10 cell/l on the morning of the first
postoperative day (P<0.05). By 6 days after
operation leukocyte counts had declined to
8.5±0.2×103cell/l but were still significantly
elevated from preoperative levels (P<0.05).
Temperature of perfusion had no influence on
leukocyte counts during this period.
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Discussion
Concern with transfusion-related morbidity
and death has led most cardiac surgeons to
initiate blood conservation programs. We
randomly assigned patients undergoing
coronary bypass grafting in our ongoing trial
to warm or cold perfusion surgical groups.
We expected normothermia to exert a larger
effect on postoperative blood loss. The warm
group had a reduced blood loss by 40% after
6 hours, 34% after 12 hr and 30% after 24
hours as compared with blood loss in patients
perfused hypothermically. Del Rosis et al. and
Natan et al. attributed a reduction of 30% and
28% in the volume of blood shed during 24
hours to warm groups. Horrow and colleagues
found that warm group has a reduced blood
loss at 12 hours by 34%.
Patients
who
received
normothermic
perfusion bled less than the those in the cold
perfusion group (P<0.05). The reduction in
blood loss was probably related to perfusion
temperature. In this study, systemic perfusion
at 35 to 37º C rather than 28 to 32º C reduced
blood loss at 6, 12 and 24 hours after
operation. Patients receiving warm perfusion
had lower frequency of red blood cell
transfusions and received a lower number of
units of packed red blood cells per patient, so
warm perfusion is effective in reducing blood
loss and transfusion requirements. Both
groups had a significant drop in circulating
platelet
counts
after
intraoperative
hemodilution.
Administration
of
normothermia resulted in significantly higher
platelet counts than those found in control
patients at postoperative measurement
periods. In Horrow and coworkers’ study, the
perfusion temperature had no effect on
postoperative platelet counts, however the
patients in the study of Horrow and coworkers
had a higher frequency of platelet transfusion
than did the patients in our study; this may
have been responsible for their platelet
counts. The platelet counts in the first hour
after operation in the warm group was
223,928/ml and 159,333/ml in the cold group
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the difference being significant between
groups (P< 0.05).
Therefore, we conclude that increasing
systemic perfusion temperature from 28-32º C
to 35-37º C resulted in greater preservation of
platelets postoperatively. The reduction of
postoperative bleeding by warm perfusion
may be due in part to increased levels of
circulating platelets.
The platelet counts often 6 days in the warm
group was 230,428/ml and 332,629/ml in the
cold group, that is not a significant difference
between groups because the defect in platelet
function is enhanced by warm perfusion,
because the defect in platelet membrane
function induced by hypothermia is rapidly
reversible, and alterations in platelet function
may affect blood loss during the first hours
but should have diminishing effects at 12
hours after operation.
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Fig. 3. Hemoglobin levels in warm and cold groups.
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