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A COMPARISON OF TOTAL AMOUNT OF BLOOD
NEEDED IN PATIENTS TAKING AUTOLOGOUS OR
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ABSTRACT
Objective: The aim of this clinical case-control trial was to compare the total amount of blood
needed in patients taking autologous or homologous blood transfusion in coronary artery bypass
grafting (CABG) surgery.
Methodology: Sixty patients scheduled for CABG were randomly allocated to ANH (Acute
Normovulemic Hemodynamic) group (A group) or control group (B group). Hematocrit before
operation and 24 hours after the operation were checked. The amount of the total blood needed
in each group was measured at the end of the operation.
Result: There was no significant difference between the two groups as regards post operational
hematocrit. The mean total blood infused to the control and ANH group was 2010ml and 1815ml
respectively. However there was significant difference between the two groups as regards the
total amount of the blood needed during operation.
Conclusion: Our randomized, double blinded case control study demonstrated that autologous
blood, beside carrying lower risks for hemolytic and nonhemolytic transfusion reactions decrease
the total  amount of blood needed for CABG. However larger studies with more patients are
needed to confirm the results.
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INTRODUCTION

Coronary artery bypass graft (CABG) surgery
is one of the most common surgical procedures
performed in the United States, with about

300,000 performed annually.1 It is estimated
that approximately 20% of all blood transfused
in North America is associated with cardiac
surgical procedures.2 Consensus recommenda-
tions are to consider intraoperative transfusion
of packed cells if the hematocrit level decreases
to less than 19% intraoperatively in cardiac
surgery.3,4 There are several studies that
have demonstrated that normovolemic
hemodilution (NH) technique would limit
postoperative homologous blood transfusion
requirements.5-7 Risks of allogenic transfusion
therapy mainly involve hemolytic and
nonhemolytic transfusion reactions,
alloimmunization and immunomodulation in
the recipient, and the transmission of blood-
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borne infections.8-11 Several auto transfusion
techniques have evolved and major blood con-
servation achievements have been accom-
plished by predonation of autologous blood,12

pre-bypass removal of autologous blood with
isovolumetric substitution13 reinfusion of the
volume remaining in the extracorporeal cir-
cuit14 and postoperative auto transfusion of the
shed mediastinal drainage blood.15-19 Although
there is a consensus regarding the safety of
autologous blood transfusion, still there is a
debate with respect to the effectiveness of au-
tologous blood transfusion in reducing the
amount of the total blood needed in CABG.

The aim of this clinical case-control trial was
to compare the total amount of blood needed
in patients taking autologous or homologous
blood transfusion in coronary artery bypass
grafting (CABG).

METHODS

Study Design: A randomized, double blind case-
control trial was performed in two general
hospitals affiliated with Shiraz University of
Medical Sciences, with all consecutive patients
scheduled for coronary artery bypass grafting
(CABG) during a 6-month period. After writ-
ten informed consent was obtained, patients
were randomized to two groups. All data were
registered by an independent investigator, and
the intensive care unit (ICU) staff on the ward,
was blinded for the randomization. The hos-
pital medical ethical committee approved our
study design. This was a trial where patients
entered the study when they discontinued re-
ceiving aspirin at least 7 days before surgery.

Patients: Sixty patients scheduled for CABG
were included in the study after they met the
following criteria:  age between 55 and 75
years, normal left ventricular function test re-
sult (tested by echocardiography), and an ad-
equate hemoglobin level( at least 13g/dl) and
weight to allow withdrawal of at least 500ml
of whole blood. Exclusion criteria were any
other medical or surgical problems rather than
their current coronary artery disease. The pa-
tients in the two groups were matched regard-
ing sex, age, and left ventricular function, the

number of coronary artery involved and
baseline hemoglobin level.

Interventions: There were two treatment arms:
an ANH (Acute normovolemic hemodilution)
group (A group) and a control group (B group).
In the ANH group, after induction of anesthe-
sia and before the initiation of the cardiopul-
monary machine and administration of hep-
arin, the blood intermittently was withdrawn
from the patients and were stored in a routine
suspension to prevent clotting. At the end of
operation and after separating the patients
from the cardiopulmonary machine, the col-
lected blood was returned to the patients. For
both groups, normal aseptic guidelines were
followed during harvesting. The blood was
kept at room temperature to keep the platelet
function as optimal as possible. Three times the
amount of the collected blood was replaced by
crystalloid fluids to the patients in ANH group.
The targeted hematocrit level for hemodilution
for all patients was 25%. The need for fluid
infusion was closely monitored by the attend-
ing anesthesiologist; if necessary homologous
blood was infused. During the operation the
blood pressure and pulse rate and also EKG
was monitored. In the control group, there was
no auto transfusion and just heterogeneous
blood was used as needed.

Hematocrit before operation and 24 hours
after the operation were checked. The amount
of the total blood needed in each group was
measured at the end of the operation. Inde-
pendent sample t-test was used to compare
means between the two groups. P-value below
0.05 was considered significant.

RESULTS

Eighty percent of patients were male. The
average age was 61.9 and 58.5 years in ANH
group and control group respectively. The con-
trol group was matched with the ANH group
regarding sex, age and cardiac function sta-
tus. Measured data are included in Table-I.
Twenty four hour post operational mean
hematocrit was 37±2 and 36±1.5 in the con-
trol and ANH group respectively. There was
no significant difference between the two
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groups in this regard (P=0.21). This indicates
that blood supply has been appropriate in the
two groups.

The mean total blood infused to the control
and ANH group was 2010ml and 1815ml
respectively. There was significant difference
between the two groups regarding the total
amount of the blood needed during operation
(P=0.02). Of the 1815 ml blood needed in the
ANH group, 870ml (47.9%) was homologous
and 945(52.1%)ml was autologous.

DISCUSSION

This study demonstrated that the use of fresh
autologous blood, administered during the
operation with citrate anticoagulation, is
effective in reducing the need for total and
homologous blood.

In a review of literature we found that there
is a debate with regard to the effectiveness of
autologous blood transfusion in reducing the
amount of the total blood needed. Kaplan et
al.20 in a study on one hundred patients con-
cluded that the amount of blood needed in the

group taking autologous blood was 18% less
than the control group. Some randomized tri-
als21,22 focused retrospectively during their
analysis on the question of whether intra op-
erative blood sequestration was beneficial in
regard of lower amount of blood needed intra
operationally in a group of patients undergo-
ing CABG, found positive effect. Scezsi and
associates23 and Kochamba and associates24

reported a positive effect of fresh blood auto
transfusion. The need for allogeneic blood was
reduced to 40% and 45%, in the two studies,
respectively. Postoperative blood loss was
reduced in these trials, with 24% and 28%
compared with control subjects. The value of
reducing blood loss and use of allogeneic blood
was recently reappraised by Michalopoulos
and colleagues.25 They found that the use of
allogeneic blood has a deleterious effect on sur-
vival after CABG. The mortality rate increased
if blood donations were needed in conjunction
with inotropic agents in the immediate
postoperative period.

However; Ramnath et al26 demonstrated that
the use of fresh autologous blood, administered
during the operation with heparin or citrate
anticoagulation, is not effective in reducing
either the need for allogenic blood or the
postoperative blood loss. There are also some
other studies that found that autologous blood,
administered during the operation is not
superior to heterogeneous blood as regards
the total amount of blood needed for an
operation.27,28

In conclusion, our study demonstrated that
autologous blood, beside carrying lower
risks for hemolytic and nonhemolytic
transfusion reactions, alloimmunization,
immunomodulation and the transmission of
blood-borne infections, decrease the total
amount of blood needed for CABG. However
larger studies with more patients are needed
to confirm the results.
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Table-I: The patients’ baseline characteristics.

       Case Control
(ANH) group  group

Age (y) 61.9(8.1) 58.3(8.1)
Weight (kg) 84(7) 86(8)
Plasma sodium 139(2) 141(3)
(mmol/L)
Plasma creatinine 100(16) 97(14)
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Table-II: 24 hour post operation hematocrit and
mean total blood used in each group

ANH Control P value
Group Group

24 hour 36.5±1.5 37±2 0.217
  post operation
  Hematocrit
Mean total 1815 2010 0.024
  blood used
  Mean total
homologous 870 2010 - - - -
  blood used
Mean homogenous 945 - - - - - - - -
  total blood used



   Pak J Med Sci   2007   Vol. 23   No. 4      www.pjms.com.pk   545

2. Stover EP, Siegel LC, Parks R. Variability in transfu-
sion practice for coronary artery bypass surgery per-
sists despite national consensus guidelines: A 24-in-
stitution study. Institutions of the Multicenter Study
of Perioperative Ischemia Research Group. Anesthe-
siology 1998;88:327-33.

3. Karkouti K, Cohen M, McCluskey SA. A multivariate
model for predicting the need for blood transfusion
in patients undergoing first-time elective coronary
bypass graft surgery. Transfusion 2001;41:1193–203.

4. Parr KG,  Patel MA, Dekker R. Multivariate predic-
tors of blood product used in cardiac surgery, J
Cardiothorac Vasc Anesth 2003;17:176–81.

5. Bennett J, Haynes S, Torella F. Acute normovolemic
hemodilution in moderate blood loss surgery.
A randomized controlled trial. Transfusion
2006;46:1097-103.

6. Epstein NE, Peller A, Korsh J. Impact of intraopera-
tive normovolemic hemodilution on transfusion re-
quirements for 68 patients undergoing lumbar lami-
nectomies with instrumented poster lateral fusion.
Spine 2006;31:2227-30.

7. Winter V, Gille J, Richter A. Preoperative
hypervolemic hem dilution with 6% hydroxyethyl
starch 130/0,4 (HES 130/ 0.4) solution as a way of
reducing needs for donor blood transfusion.
Anesteziol Reanimatol 2006;2:43-7.

8. Blumberg N, Chuang-Stein C, Heal JM. The relation-
ship of blood transfusion, tumor staging, and cancer
recurrence. Transfusion 1990;30:291- 4.

9. Triulzi DJ, Vanek K, Ryan DH, Blumberg N. A clini-
cal and immunologic study of blood transfusion and
postoperative bacterial infection in spinal surgery.
Transfusion 1992;32:517-24.

10. Mezrow CK, Bergstein I, Tartter PI. Postoperative
infections following autologous and homologous
blood transfusions. Transfusion 1992;32:27-30.

11. Edna TH, Bjerkeset T. Association between blood
transfusion and infection in injured patients. J Trauma
1992;33:659-61.

12. Owings DB, Kruskall MS, Thurer RL, Donovan LM.
Autologous blood donations prior to elective cardiac
surgery: Safety and effect on subsequent blood use.
JAMA 1989;262:1963-8.

13. Kochamba GS, Pfeffer TA, Sintek CF, Khonsari S. In-
traoperative autotransfusion reduces blood loss after
cardiopulmonary bypass. Ann Thorac Surg
1996;61:900-3.

14. Sutton RG, Kratz JM, Spinale FG, Crawford FA. Com-
parison of three blood-processing techniques during
and after cardiopulmonary bypass. Ann Thorac Surg
1993;56:938-43.

15. Kongsgaard UE, Tollofsrud S, Brosstad F.
Autotransfusion after open heart surgery: character-
istics of shed mediastinal blood and its influence on
the plasma proteases in circulating blood. Acta
Anaesthesiol Scand 1991;35:71-6.

16. Hartz RS, Smith JA, Green D. Autotransfusion after
cardiac operation: Assessment of hemostatic factors.
J Thorac Cardiovasc Surg 1988;96:178-82.

17. Axford TC, Dearani JA, Ragno G. Safety and thera-
peutic effectiveness of reinfused shed blood after open
heart surgery. Ann Thorac Surg 1994;57:615-22.

18. Schmidt H, Mortensen PE, Folsgaard SL, Jensen EA.
Autotransfusion after coronary artery bypass graft-
ing halves the number of patients needing blood trans-
fusion. Ann Thorac Surg 1996;61:1177-81.

19. Ovrum E, Am Holen E, Tangen G. Consistent non-
pharmacologic blood conservation in primary and
reoperative coronary artery bypass grafting. Eur J
Cardiothorac Surg 1995;9:30-5.

20. Kaplan JA, Cannarella C, Johes EL. Autologous blood
transfusion during cardiac surgery. J Thorac
Cardiovasc Surg 1976;96:32-9.

21. Ferraris VA, Berry WR, Klingman RR. Comparison
of blood reinfusion techniques used during
coronary artery bypass grafting. Ann Thorac Surg
1993;56:433-9.

22. Wasser MNJM, Houbiers JGA, d’Amaro J. The effect
of fresh versus stored blood on postoperative bleed-
ing after coronary bypass surgery: a prospective ran-
domized study. Br J Haematol 1982;72:81-4.

23. Scezsi J, Batonyi E, Liptay P, Orosi P, Medgyessy I,
Peterty A. Early clinical experience with a simple
method for autotransfusion in cardiac surgery. Scand
J Thorac Cardiovasc Surg 1989;23:51-6.

24. Kochamba GS, Pfeffer TA, Sintek CF, Khonsari S. In-
traoperative autotransfusion reduces blood loss after
cardiopulmonary bypass. Ann Thorac Surg
1996;61:900-3.

25. Michalopoulos A, Tzelepis G, Dafni U, Geroulanos S.
Determinants of hospital mortality after coronary
artery bypass grafting. Chest 1999;115:1598-603.

26. Ramnath AN, Naber HR, de Boer A, Leusink JA. No
benefit of intraoperative whole blood sequestration
and autotransfusion during coronary artery bypass
grafting: Results of a randomized clinical trial. J
Thorac Cardiovasc Surg 2003;125:1432-7.

27. Moskowitz DM, Klein JJ, Shander A. Predictors of
transfusion requirements for cardiac surgical proce-
dures at a blood conservation center. Ann Thorac Surg
2004;77:626-34.

28. Helm RE, Klempereer JD, Rosengart TK. Intra opera-
tive autologous blood donation preserve red cell mass
but does not decrease post operative bleeding. Ann
Thoracic Surg 1996;62:1431-6.

Blood transfusion in CABG


