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Normovolaemic haemodilution with and without autologous
blood transfusion during major elective surgery:
A randomized controlled clinical trial
L. MANICKAM, N. KORULA, J. IDIKULA, R. PULIMOOD

ABSTRACT
Background. Transfusion of blood and blood products

has become increasingly fraught with risk. The technique
of preoperative haemodilution and autologous blood
transfusion, which avoids the use of bank blood, is difficult
to apply in peripheral hospitals where transoperative haemo-
dilution is simpler to perform. This paper reports the results
of a randomized controlled clinical trial designed to compare
the efficacy of normovolaemic haemodilution with and with-
out autologous blood transfusion in the saving of bank blood
during major elective surgery.

Method. Forty-eight patients were allocated to one of
three groups-a control group in whom bank blood was
used, a preoperative haemodilution group in whom auto-
logous blood was withdrawn before operation, and a trans-
operative haemodilution group in whom 3.5% polygeline
replaced blood loss during operation.

Results. The analysis shows that in 36patients who lost 1to
2 L of blood there was a highlysignificant difference between
.the control and the haemodilution groups in the amount of
bank blood transfused. More than 500ml of bank blood per
person was saved in the two haemodilution groups. The
difference in the savingof bank blood between the preopera-
tive dilution group and the transoperative dilution group was
not statistically significant.

Conclusions. Transoperative haemodilution using
polygeline can achieve considerable saving in the use of bank
blood during elective surgery when the blood loss is less than
2L. The technique issuitable for use in peripheral hospitals.

INTRODUCTION
The loss of red cell mass associated with surgical blood
loss is less when bleeding occurs in the presence of a low
haematocrit value than when the haematocrit is high.' In
a widely used technique introduced by Messmer.s-' a
pre-determined quantity of blood is drawn from the
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patient and stored just prior to the surgical procedure.
Normovolaemia is maintained by the infusion of an equal
volume of a suitable diluent and surgical blood loss
occurs in a haemodiluted state. During surgery the stored
autologous blood is re-transfused as required.

With increasing awareness of the risks involved in the
use of blood and blood products ,4 this technique assumes
importance particularly where there are no facilities to
screen donors for the hepatitis and AIDS viruses. Non-
availability of suitable blood-collecting sets, or a lack
of familiarity with the technique of autologous blood
collection and re-transfusion, precludes its widespread
use at many peripheral hospitals and primary care
centres. However, normovolaemic haemodilution can be
effected by other methods. One simple alternative is to
carry out haemodilution transoperatively by replacing
early blood losses with a diluent solution, so that later
blood losses occur in a haemodiluted state. This paper
reports on a randomized, controlled clinical trial that
compares the efficacy of preoperative and transoperative
haemodilution in saving bank blood in major elective
surgery.

PATIENTS AND METHODS
The study included patients undergoing general surgical,
orthopaedic, plastic surgical, otorhinolaryngological, or
urological procedures in whom a blood loss of 1 to 2 L was
anticipated. All patients belonged to the American
Society of Anaesthesiologists (ASA) Category l,5 The
criteria for inclusion in the study are listed in Table I.

TABLE I. Selectioncriteria

1. Age 20-60 years
2. Weight >45 kg
3. Total blood loss between 1 and 2 L
4. Haemoglobin ;;;.12 gldl
5. Absence of coronary artery disease as evidenced by normal resting

electrocardiogram
6. Absence of restrictive constrictive lung disease
7. Absence of hypertension and liver disease
8. Absence of known clotting disorder
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Informed consent was obtained in all cases.
The sample size was calculated on the basis of a

previously published study" choosing an alpha error of
0.05 and a power of 90%. On the day of surgery, the
patients were randomly allocated to one of the three arms
of the study.
Group 1 (Control): Bank blood was used for volume

replacement when blood loss exceeded 10% of the
estimated blood volume.

Group 2 (Preoperative dilution): A predetermined
volume of blood was withdrawn from anaesthetized
patients prior to surgery and normovolaemia main-
tained with 3.5% polygeline. Surgical blood loss was
replaced with autologous blood in the reverse order of
collection. Bank blood was used if the autologous
blood stock was exhausted.

Group 3 (Trans operative dilution): Operative bleeding
was compensated for by 3.5% polygeline until the
haemoglobin dropped to a predetermined value.
Further losses were made up by transfusing bank
blood.

At least 2 units of crossmatched bank blood was kept
available, but was used only in accordance with the above
protocol. Blood volume was calculated as 7%/kg body
weight in males and 6.5%lkg body weight for females."
In groups 2 and 3, the following formula was used for
calculating the permissible blood collection or blood loss

BX=BVx(Ho-Hf)
Ho

(BX=blood collected or blood lost, BV=blood volume,
Ho=initial haemoglobin and Hf=final haemoglobin)."

This aimed at achieving a minimum haemoglobin value
of 8 g/dl during surgery and 10 g/dl at the end of surgery.
Haemoglobin estimations were carried out in the operat-
ing theatre at half-hourly intervals using an Erma-Tokyo
AE-llS photocalorimeter. (Haemoglobin estimation was
preferred over haematocrit since it could be monitored
in the operating theatre. The accuracy of the initial
observations was confirmed by simultaneous laboratory
estimations) .

Premedication consisted of a combination of a narcotic
analgesic and phenothiazine given intramuscularly one
hour prior to surgery. All patients received general anaes-
thesia with controlled ventilation using nitrous oxide,
oxygen, a narcotic and a relaxant. The electrocardiogram,
intra-arterial blood pressure, central venous pressure and
urine output were monitored continuously. Arterial
blood gases were checked before haemodilution, at
maximal haemodilution, and at the end of surgery. Blood
samples were also sent for prothrombin time estimations
and crossmatching at the time of maximal dilution.
Estimated blood losses and replacements were recorded.
Postoperative follow up was carried out by a surgeon
unaware of the group to which the patient belonged.
Haemoglobin values and prothrombin times were
monitored postoperatively. Patients were followed up till
discharge to check on wound healing, infection or any
other complication.
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At the end of the study, the three groups were randomly
coded as A, Band C, and the results analysed without the
identity of the groups disclosed to the statistician. The
Kruskal-Wallis one-way analysis of variance was used
to estimate the differences in the various parameters
between the three groups.

RESULTS
Of the 48 patients, 36 were eligible for analysis on the
selection criterion of an estimated blood loss of 1 to 2 L.
Table II shows the number of patients in each group and
the surgical procedures performed. .

TABLE II. Surgical procedures

Operation Group

1 2 3
Control Preoperative Transoperative

dilution dilution

Vascular surgery
aortofemoral bypass, 2 2 2
excision of aneurysm or
vascular malformation

Head and neck surgery
with reconstruction 4 2

hemimandibulectomyl
laryngectomy with block
dissection

Abdominal procedures
abdominoperineal resection, 2 3 3
oesophagectomy, gastrectomy,
resection of retroperitoneal
or abdominal wall tumours

Orthopaedic procedures
excision of tumours of sacrum, 2 2 2
femur, humerus; open
reduction, internal fixation of
fracture of femur

Urological procedures
radical nephrectomy, caeco- 4 3
cystoplasty, pyelolithotomy

Plastic surgical procedures
excision of giant hairy naevus 0 0
and skin grafting

Total (36) 14 10 12

At entry into the study the three groups were com-
parable on the important characteristics of preoperative
haemoglobin values and estimated blood volume. The
anaesthetist's estimates of blood loss in the three groups
were also comparable (Table III). The lowest intraopera-
tive haemoglobin values showed no difference between
the three groups. The mean postoperative haemoglobin
values were not significantly different between the three
groups. Prothrombin times at maximal dilution were
within normal limits in the three groups (except for one
patient in group 2). There was no evidence of difficulty
with crossmatching blood samples drawn at maximal
dilution.

Transfusion records (Table IV) showed highly signi-
ficant differences in the amount of homologous blood
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TABLEIII. Haemodynamic and haematological measurements
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Operation Group 1
Control

Group 2
Preoperative

dilution

Group 3 Significance
Transoperative

dilution

Mean SO Mean SO Mean SO

Preoperative haemoglobin (g/dl) 12.7 0.7 13.2 1.4 . 12.5 1.1 NS
Blood volume (L) 3.6 0.7 4.0 0.7 3.9 0.8 NS
Blood loss (L) 1.2 0.5 1.5 0.6 1.1 0.4 NS
Lowest intraoperative

haemoglobin (g/dl) 9.0 1.3 8.7 0.8 9.1 1.2 NS
Haemoglobin at end of

surgery (gldl) 11.1 1.2 10.8 0.8 10.1 0.8 NS
Prothrombin time at maximal

dilution Normal Normal ·Normal
Crossmatching at maximal

dilution Normal Normal Normal

NS not significant

TABLEIV. Transfusion therapy

Transfusion/
Infusion

Group 1
Control

Group 2
Preoperative

dilution

Group 3 Significance
Transoperative

dilution

Mean SD Mean SO Mean SD

Bank blood (L) 1.2 0.6 0.6 0.3 0.4 0.4 p<O.OI
Autologous blood (L) 1.1 0.1 NA
Polygeline 3.5% (L) 1.1 0.1 1.0 0.5 NS

NA not applicable

used in the three groups (p<O.Ol) with a saving of
0.61±0.3 L of bank blood in group 2, and 0.76±0.24 L
in group 3. Autologous blood used in group 2 was
1.05±0.14 L. There was no difference in the amount of
polygeline used between groups 2 and 3.

An increase in prothrombin time and increased intra-
operative oozing was noted in 1 patient in group 2.
Preoperative prothrombin time was not part of the
protocol, and therefore was not available for comparison.

There was one death in group 2. This patient had a
subtotal excision of a giant hairy naevus, involving
more than 50% of the skin of the back. He died in the
immediate postoperative period, probably due to un-
recognized respiratory compromise while being nursed in
the prone position. There was excessive oozing from
the operated area, but whether this was related to
haemodilution could not be ascertained as the pro-
thrombin time, estimated at maximal dilution was found
to be normal.

Of the 12 patients excluded from the analysis on the
basis of blood loss having exceeded 2 L, there were
two deaths- one in group 1 (occurred during operation
following uncontrolled bleeding from an aortic tear
during a transhiatal oesophagectomy) and the other in
group 3 (occurred on the tenth postoperative day in a
patient who developed septicaemia). The postoperative
course was uneventful in the remaining 10 patients but
transoperative prothrombin times were prolonged in two
of them, one in group 1 and the other in group 2.

DISCUSSION
Normovolaemic haemodilution and autologous blood
transfusion has gained wide clinical acceptance in saving
homologous blood in major surgical procedures." As
long as normovolaemia is maintained, moderate haemo-
dilution to haematocrit values of 27% to 30% has proved
to be physiologically safe. 2.3 The technique is simple when
compared with other methods of saving on homologous
blood, i.e. staged preoperative blood collection or use of
intraoperatively salvaged blood. However, it is difficult to
apply in smaller hospitals because of unfamiliarity with
blood collection techniques or lack of equipment. It is in
this situation that the technique of haemodilution is most
relevant.

Haemodilution can be effected transoperatively by
replacing early blood losses by a diluent solution. In the
present study we investigated the efficacy of this
technique in the saving of bank blood, and compared
its effectiveness with conventional preoperative.haerno-
dilution. There was a third control group. A highly
significant difference was recorded in the amount of bank
blood used between the control and the dilution groups.
Despite this, the mean postoperative haemoglobin values
of the three groups were not significantly different,
suggesting that there was indeed a conservation of red cell
mass in the two dilution groups. The saving on homologous
blood amounted to a mean of 0.61 L in group 2 (pre-
operative dilution) and to a mean of 0.76 L in group
3 (transoperative dilution). The conclusion that trans-
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operative haemodilution is as effective as preoperative
haemodilution seems justified.

The three groups were comparable on the basis of
preoperative haemoglobin levels, estimated blood
volumes and actual blood loss. Haemodilution during
surgery did not significantly alter the postoperative course
of patients in the study groups, indicating the safety of the
technique. In situations where autologous blood collec-
tion is not feasible in the immediate preoperative period,
intraoperative normovolaemic haemodilution can still be
carried out and a considerable amount of bank blood
saved.

Prolonged prothrombin times were noted in 3 patients,
(two of whom had been excluded from the analysis as
their blood loss had exceeded the limit of 2 L). However,
no haemodilution had been employed in one patient and
neither the use of polygeline, nor the actual mechanism of
haemodilution is known to be associated with abnormal
coagulation parameters. As estimation of preoperative
prothrombin time was not part of the protocol, it is
difficult to comment on these findings.

The choice of diluent can be critical. When crystalloids
are used to replace blood losses, it becomes necessary to
infuse at least three times the volume lost in order to
maintain a stable cardiovascular status. Further, only
one-third to one-quarter of the crystalloid volume
remains in the intravascular compartment, and interstitial
oedema follows." As extravasation continues after
the trans operative volume replacement, \0 careful post-
operative monitoring and further infusions become
obligatory. These considerations .make colloids the
preferred diluent for haemodilution.

The readily available synthetic colloids in our country
are polygeline and the dextrans. Unlike dextrans,
polygeline does not affect crossmatching, nor does it alter
coagulation parameters.I-P There is no known dose limit
except that imposed by haemodilution. Its relatively short
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half-life makes it safefor use without concomitant risks of
overload. Polygeline can therefore be considered a suitable
plasma substitute in normovolaemic haemodilution.
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