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Abstract
Background: Determining the factors associated with increased risk of transfusion in coronary artery bypass
graft (CABG) surgery can help to decrease the rate of transfusion. This study was performed to determine the
rate of blood transfusion in our CABG surgeries and the clinical and demographic variables associated with
increased risk of blood transfusion.
Methods: Data were prospectively collected from patients undergoing CABG surgery in Emam Reza Hospital
affiliated to Mashhad University of Medical Sciences in Mashhad, Iran from March 2005 and April 2006. Patients'
variables including age, sex, height, weight, body mass index, surface body, estimated blood volume and preoperative hemoglobin concentration in relation to the need for blood transfusion were evaluated.
Results: Transfusion rate was 77.6%. Whole blood transfusion rate was more than that of packed red blood
cells. In 70% of patients, transfusion was 1-2 units. The prediction rule included surgeon and height of patients.
Conclusion: This study and other transfusion guidelines help to change individual physician behavior and restrict factors in relation to the need for blood transfusion in CABG, such as hemoglobin. These changes result in
a major reduction in the transfusion rate.
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Introduction
There has been a marked decrease in blood consumption for coronary artery bypass graft (CABG) surgery
because of improvements in surgical, anesthesia and
blood conservation techniques. Nevertheless, the incidence of blood transfusion in CABG surgery remains
high.1 Various factors such as red blood cells, platelets
and coagulation factors, platelet dysfunction and activation of the coagulation, and fibrinolytic system predispose patients to preoperative transfusion.2,3 Factors
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fusion.2 The objectives of this study are to determine
the rate of blood transfusion in our CABG surgeries
and clarify the clinical and demographic variables associated with increased risk of blood transfusion.
Materials and Methods
We obtained data prospectively from patients undergoing CABG surgery at the Emam Reza Hospital affiliated to Mashhad University of Medical Sciences
between March 2005 and April 2006. Patients who
received blood after the first two postoperative days
were not included in because in cases of prolonged
hospital stay, some delayed transfusions would have
been administered for reasons not related to surgery
such as gastrointestinal bleeding.1 More than 1000
open heart surgeries including about 500 CABG are
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performed at this hospital every year by three surgeons. In addition to antibody screening, three units
of packed red blood cells (RBCs) are cross-matched
before CABG surgery for all patients. Blood conservation techniques used before surgery included discontinuation of anticoagulant medication one week
before surgery and screening for coagulation disorders. Aspirin antiplatelet drug continued until surgery. Blood conservation techniques during surgery
included the use of a non-hematic prime solution for
the bypass pump, the intraoperative salvage of antilogous blood from the operative field, and the return of
blood from the extracorporeal circuit after cardiopulmonary bypass. All the patients received heparin to
achieve an activating clotting time more than 400
seconds during cardiopulmonary bypass. CABG procedure was performed in on- or off–pump. After cardiac surgery, all the patients were admitted to the
postoperative cardiac unit where the patient to nurse
ratio was 1:1 for the first 24 hours after surgery and
were discharged from this unit to a regular hospital
ward within 24 hours. The guideline for blood transfusion in this institute was Hct < 30% for patients undergoing CABG surgery. Preoperative patient variables
that have previously been shown to be associated with
the need for blood transfusion during CABG surgery
were included. These are often factors associated with
Table 1: Predictor variables.1
Variable
Preoperative Hb
Age
Sex
Height
Weight (Wt)
Body mass index (BMI)
Body surface area (BSA)
Estimated blood volume (EBV)

Surgeon

low preoperative RBC volume (Table 1).1,2,4
The initial analyses confirmed based on packed
RBCs or whole blood transfusion during CABG surgery or after the first two postoperative days. The
SPSS software (version 11.5) was used for the statistical analyses. Categorical variables were summarized
as frequencies and percentages. Continuous variables
had normal distributions and summarized as means
and standard deviations (SD). A bivariate analysis
(using the Chi-Square statistic for categorical variables and t test for continuous variables) was first carried out to assess the unadjusted relationship between
the predictor variables and transfusion. A p value <
0.05 was considered significant. For the multivariate
analysis of risk, logistic regression models were used.
The initial model was derived, using all statistically
significant predictor variables except hemoglobin
(Table 2). Because some patients had missing values
for hemoglobin, it was not included in the model. The
appropriate model for the prediction rule was identified
through Hosmer-Lemeshow Goodness-of-Fit test.
Results
575 patients with CABG surgery were included in the
analyses. Table 2 shows the patients’ characteristics.

Definition and unit of measurement
Continuous variable (gr/dl)
Continuous variable (years)
Binominal variable (male/female)
Continuous variable (m)
Continuous variable (kg)
2
Continuous variable (kg/m )
Continuous variable incorporating Ht and Wt (obtain from nomogram)
Continuous variable incorporating sex, Ht, Wt:
3
Men: EBV= 0.3669 Ht +0.03219 Wt+0.6041
Women: EBV= 0.3561 Ht3+0.03308 Wt+0.1833
Nominal variable ( classified as no 1-3)

Table 2. Unadjusted relationship of continuous variables with transfusion.
Variable
Numbers
Transfused
Not transfused
Sex
Men
395
294 (74.4%)
101 (25.6%)
Women
180
152 (84.4%)
28 (15.6%)
Surgeon
No 1
304
216 (71.1%)
88 (28.9%)
No 2
129
103 (79.8%)
26 (20.2%)
No 3
142
127 (89.4%)
15 (10.6%)
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P value
0.008

< 0.001
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446 patients (77.6%) received blood. Of those who
received blood, 152 (34.1%) received 1 unit; 163
(36.5%), 2 units; 87 (19.5%), 3 units; 29 (6.5%), 4
units; 14 (3.1%), 5 units; and 1 (0.2%), 7 units. An
average of 1.6 (SD=1.2) units of blood was transfused
preoperatively per patient. The average unit of blood
transfusion in patients receiving blood was 2.1
(SD=1.1) units. From all patients transfused, 91.7%
received whole blood and 53.6% packed RBCs. The
unadjusted relationships of the predictor variable to
the risk of transfusion were shown in Tables 2 and 3.
All variables except age and BMI were significantly
related to the risk of transfusion. Of the several logistic regression models developed, the one identified as
the best model for the prediction rule was surgeon
and height. First and second surgeons had odds ratio
of 0.26 and 0.36, respectively (Table 4 and Figure 1).
It was also observed that with 1 cm rise in the patient's
height, a decrease in transfusion rate would occur with
the odds ratio of 0.97 (Table 4 and Figure 1).
Because surgeon is a categorical variable, two
were considered as indicators, and the third surgeon
as a reference. The other models that examined the
impact of replacing weight and height with derived
variables including blood volume, BMI and BSA were
also considered. Sex was included in the model that
assessed blood volume (even though blood volume
was derived from the patients’ sex, height, and weight)

to determine whether sex is related to the risk of transfusion independent of its effect on blood volume. In
this model, height replaced the blood volume variable.
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Fig 1: Prediction rule based on surgeon and height.

Discussion
The use of blood transfusion on cardiac surgical intervention varies from 10-100% despite published
transfusion guideline. 5,6 This variability is mostly due

Table 4: Final multiple logistic regression model selected for the prediction rule.
Variable
Coefficient (β)
Standard error Wald Chi- Square P value
Surgeon
15.326
<0.001
No 1
-1.341
0.345
15.112
< 0.001
No 2
-1.011
0.396
6.525
0.011

-0.033

0.12

2.0

heigh (m)

Table 3: Unadjusted relationship of categorical variables with transfusion.
Variable
Total numbers
Transfused
Not transfused
(N= 575)
(77.6%, N= 446)
(22.4%, N= 129)
Hb (gr/dl)
13.7±1.2
13.5±1.3
14.1±1.2
Age (years)
58±10
58±10
57±11
Weight (kg)
71±12
70±12
73±11
Height ( m)
1.63±0.09
1.63±0.09
1.65±0.08
2
BMI (kg/m )
26.5±3.7
26.5±3.8
26.6±3.5
BSA
1.75±0.2
1.74±0.21
1.78±0.18
EBV
4.4±0.7
4.3±0.7
4.6±0.6

Height (cm)

1.9

6.897

0.009

P value
0.018
0.392
0.022
0.001
0.855
0.022
< 0.001

OR

95% CI

0.262
0.364

0.1330.514
0.1670.790
0.9450.992

0.968

Constant
7.607
2.045
Abbreviations: CI = Confidence interval, OR = Odds ratio.
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to differences in transfusion practice. Although surgical bleeding after open heart surgery is a common
problem as reflected by the substantial use of blood
products, the individual physician and institutional
behavior rather than patient comorbidity or blood loss
have been identified as the main reasons for blood
transfusion.1,7 To improve transfusion practice in
heart surgery, several guidelines for transfusion and
blood conservation have been published.1,7-10 In spite
of this, transfusion of allergenic blood in cardiac surgery is a major health problem; 10 to 20% of all donated units of blood are consumed during cardiac
surgery.5,6,11,12 Transfusion of allergenic red blood
cells is associated with well-documented mortality
and morbidity after cardiac surgery. 6,12-15 Excessive
bleeding after cardiac surgery occurs because of alterations in the homeostatic system pertaining to dilutional thrombocytopenia, excessive hemeostatic activation, and exposure to long acting anti-platelet or
antit-hrombotic agents.6
There has recently been a marked reduction in
the use of blood components for CABG surgery
because of improvements in surgical techniques
such as off-pump CABG, anesthesia and blood
conservation techniques. Therefore, according to
recent reports, about one-third of patients with
CABG surgery require allergenic blood. 1,9,15 In this
study, the overall rate of preoperative transfusion in
patients having CABG surgery was 77.6%. This
rate of transfusion can be decreased by the modification of transfusion habits, using transfusion and
blood conservation guidelines. 1,6,7,11 In our institute, the rate of whole blood consumption was more
than packed RBCs. At present, whole blood consummation has limited the clinical indication so
that the major indication is massive hemorrhage.
There is a progressive loss of the labile coagulation
factor V and factor VIII when blood is stored at 1°
to 6°. Therefore, in the cases of the need to replace
coagulation factor, one can use packed RBCs along
with fresh frozen plasma (FFP). If one wants to increase the velocity of infusion, packed RBCs with
FFP, crystalloid or colloid solutions can be diluted. 16-18 In this study, 70% of the patients who
needed blood transfusion received 1-2 units of
blood. This fact shows that the velocity of infusion
and the rate of bleeding are not often urgent. Therefore, packed RBCs could be used instead of whole
blood in the majority of patients. Average units of
blood transfusion were 1.6 (±1.2) units per patient,
which is similar to that in other studies. 9,19-21
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The previous studies showed that hemoglobin and
weight were inversely related to the risk of transfusion, age being directly related to the risk of transfusion, and woman were at higher risk of transfusion
than men.1,2,11,14,22 BSA, BMI and blood volume are
variables derived from weight and height that are inversely related to the risk of transfusion.2,6,11,23 The
surgeon performing the procedure and institutional
behavior has been identified as the main reason for
transfusion.1,7 All variables of this study, except age
and BMI were related to the risk of transfusion in unvaried analysis (Table 1). Perhaps the absence of the
relation between age and risk of transfusion was due
to the lower age average in this study than in other
reports.2,8 It seems that the influence of sex on the risk
of transfusion is due to the smaller blood volume of
women. 1 There was no difference in the rate of transfusion in men compared to women. The rate of transfusion in men was 10% more than that in women. In
another study, 64.2% rate of transfusion in men and
17.6% in women have been reported.1 The transfusion trigger hemoglobin concentration or hematocrit
below which anaesthesists consider RBC transfusions
varies from patient to patient, but for cardiac patients,
this should be set between 7 and 9 g/dl (Hct= 2025%).1,6,9,10,12 Hemoglobin concentration less than 10
gr/dl (Hct < % 30) was used as a trigger for blood
transfusion. This concentration is more than that in
other reports. It was also considered that 70% of patients with blood transfusion consumed 1-2 units of
blood. It is known that transfusion of one unit of
blood in an adult raises the hematocrit about 1% to
3%.17 So with the use of lower trigger hematocrit
concentration for blood consumption, a marked decrease in the rate of transfusion will occur. First and
second surgeons had odds ratio of 0.26 and 0.36, respectively (Table 4 and Figure 1). Therefore, the rate of
transfusion in the first and second surgeons in comparison to the third one decreased 84% and 64%, respectively. It was also observed that with 1 cm rise in the
patient's height, a decrease in transfusion rate would
occur with the odds ratio of 0.97 (Table 4 and Figure 1).
Our study limitations were first, the patients who
were enrolled that underwent non-elective as well as
elective CABG surgeries. Non-elective cases had a
higher risk for blood transfusion.1,21,23 Second, we did
not have the discharge Hb concentration of patients
who received blood. The fact that discharge hemoglobin of patients was lower than that of those who
did not receive blood suggests that patients had been
appropriately transfused.1
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