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Blood utilization in elective surgery-Requirements, ordering
and transfusion practices
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ABSTRACT

Background. Preoperative over-ordering of blood is very
common and leads to holding up of the blood bank reserve,
ageing of the blood unit and wastage of blood bank resources.
We evaluated the preoperative blood-ordering and transfusion
practices for common elective general surgical procedures at
a major Indian hospital. The principal aim of this study was to
identify the surgical procedures where type and screen can be
introduced and to formulate a maximum surgical blood-order
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schedule forthose procedures where a complete cross-match
appears mandatory.

Methods. Six hundred and eighty patients undergoing 21
different surgical procedures between April 1993 and March
1995 were studied. Blood-ordering and transfusion details
were noted and the data used to calculate cross-matched to
transfused ratio (err ratio), transfusion probability ("loT) and
transfusion index (Ti). The maximum surgical blood-order
schedule was calculated using Mead's criterion.

Results. There was gross over-ordering of blood in 10 out
of the 21 procedures studied. Three hundred and seventy
(40%) of the cross-matches performed were unnecessary.
Sixty per cent of the patients studied had blood loss of less than
10% of the total blood volume and 90% of the cross-matches
performed for this group were unnecessary. Based on these
data, the maximum surgical blood-order schedule was calcu-
lated for 11 common surgical procedures.

Conclusion. This study shows that blood was over-ordered
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in 10 out of the 21 procedures studied. Implementation of the
recommended maximum surgical blood-order schedule and
introduction of type and screen for eligible surgical procedures
is a safe, effective and economic solution to preoperative over-
ordering of blood.
Natl Med J India 1997;10:164-8

IN1RODUCTION
The increasing demand for blood and blood products together
with rising costs and transfusion-associated morbidity led to a
number of studies in the late 1970s reviewing blood-ordering and
transfusion practices. These studies showed gross over-ordering
of blood, much in excess of actual or anticipated needs.':"

Over-ordering of blood leads to ageing and wastage of blood
as the cross-matched units are held in reserve for the patient for
varying periods. This period is 48 hours at our hospital. This
practice also reduces the amount of blood available for other
patients. Also, the unnecessary cross-matches performed are a
drain on the blood bank's resources.v'V"

Substitution of a full cross-match by type and screen (T&S)
and formulation of a maximum surgical blood-order schedule
(MSBOS) have been advocated to overcome this problem.

In view of these facts and in the absence of any study from
India, we evaluated the preoperative blood-ordering and transfu-
sion practices for common elective general surgical procedures at
our hospital. We aimed to identify the surgical procedures where
a complete cross-match could be replaced by T&S and formulate
a MSBOS for those procedures where a complete cross-match
appears mandatory.

PATIENTS AND METHODS
Six hundred and eighty patients were included in the study over
a 2-year period from April 1993 to March 1995. All the patients
posted for elective general surgical procedures for which intra-
operative and/or postoperative transfusion was anticipated and a
preoperative cross-match requested, were included in the study.
Patients with inadequate operative or transfusion details were
excluded.

Preoperative data
All patients were evaluated based on a predesigned proforma.
History of bleeding diathesis, anticoagulation therapy and previ-
ous surgery in the area to be operated upon were noted. The
haemoglobin, and bleeding and clotting times were recorded. The
total blood volume (TBV) was calculated using the physiological
formula-66 rnl/kg for males and 75 ml/kg for females. 17

The patients' blood group, number of blood units ordered,
number of units cross-matched and any difference between the
two were noted.

Intraoperative data
The duration of surgery and occurrence of intraoperative hypoten-
sion/tachycardia due to blood loss were recorded. In the absence
of sophisticated techniques to measure the intraoperative blood
loss, a subjective assessment by the anaesthetist was used as it is
he/she who decides the need for intraoperative and immediate
postoperative transfusions.

Analysis
The patients were grouped under 21 separate procedures (TableI).
Under each procedure the number of patients, units ordered, units
cross-matched and patients cross-matched were tabulated. The
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number of patients and units transfused and the range of trans-
fused units were obtained for each procedure. The mean blood
loss (intraoperative and any further loss up to 48 hours postopera-
tively) was converted to a percentage of the TBV. Under each
procedure group, blood loss in the transfused and non-transfused
groups were calculated separately and the difference subjected to
statistical analysis, using unpaired '1' test median test, taking a
probability value of <5% as significant.

The following indices were calculated for each procedure:

Cross-matched to transfused ratio (CIT ratio)

CIT . number of units cross-matchedrano» ------------
number of units transfused

A ratio ~2.5 was considered indicative of significant blood usage

Transfusion probability (%T)
number of patients transfused

%T= . x100
number of patients cross-matched

A value ~30 was considered indicative of significant blood usage

Transfusion index (Ti)
number of units transfused

Ti= -~-~-~-------number of patients cross-matched
A value~0.5 was considered indicative of significant blood usage

Maximum surgical blood-order schedule (MSBOS)
For the procedures showing significant blood usage based on the
above three indices, MSBOS was calculated by Mead's criterion 12

MSBOS=1.5xTI
number of units transfused

where TI= .number of patients transfused

Blood-ordering quotient (BOQ)
Mead's criterion provides 1.5 times the average number of units
transfused per transfused patient forthe procedure.ltis applicable

TABLE I. Procedure-wise distribution of patients

Procedure n (%)

Segmental mandibulectomy
Thyroidectomy
Modified radical neck dissection

with/without thyroidectomy
Modified radical mastectomy
Total mastectomy
Oesophago-gastrectomy
Partial gastrectomy
Vagotomy and drainage
Cholecystectomy
Biliary-enteric bypass
Whipple's procedure
Small bowel/colon resection
Abdominoperineal resection!

anterior resection
Colostomy/closure
Exploratory laparotomy
Incisional hernia repair
Lumbar sympathectomy
Total amputation of the penis
Ilio-inguinal block dissection
Modified Rob's procedure
Soft tissue tumour excision

Total

14 (2.1)
63 (9.3)
26 (3.8)

56 (8.2)
86 (12.4)
23 (3.4)
28 (4.1)
90 (13.2)
42 (6.2)
26 (3.8)
10 (1.4)
27 (4.0)
28 (4.1)

20 (2.9)
18 (2.7)
18 (2.7)
12 (2.0)
30 (4.4)
20 (2.9)
25 (3.7)
18 (2.7)

680 (100)



166

only for those procedures with transfusion requirements homo-
geneous enough so that the average amount transfused is within
1.5 times the average amount cross-matched for the procedure.
BOQ represents a ratio between the average number of units
cross- matched per patient for a particular procedure and the
average number of units transfused per patient. It is calculated as
follows:

number of units cross-matchedBOQ= .:..Ti
number of patients cross-matched .

The first three indices were also calculated according to the
blood loss in terms of percentage of TBV lost to identify the
critical blood loss above which blood usage becomes significant.

Intraoperative/postoperative transfusion patterns were calcu-
lated for each procedure to establish the urgency of the need for
blood.

RESULTS
The blood-ordering and cross-matching patterns are shown in
Table IT; 947 units of blood were ordered for 680 patients, an
average of 1.4 units per patient. Routine single-unit ordering was
done for truncal vagotomy and drainage, cholecystectomy,
incisional hernia repair, sympathectomy, varicose vein surgery
and amputation of the penis.

Tlie transfusion profile is shown in Table Ill; 381 units of
blood were transfused for 255 patients during the study period.
Most patients undergoing Whipple's procedure, abdominoperineal
excision/anterior resection of the rectum (APRlAR) and oeso-
phage-gastrectomy received transfusions. A zero transfusion rate
was noted for varicose vein surgery, incisional hernia repair,
sympathectomy and exploratory laparotomy. The average units
transfused per case was maximum for Whipple's procedure.
Under-ordering was noted for Whipple's procedure, inguinal
block dissection and soft tissue tumour excision.
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TABLEII. Blood-ordering and cross-matching pattern of patients

Procedure Blood ordered Cross-matched
Patients Units Patients Units

Segmental mandibulectomy 14 24 14 24
Thyroidectomy 63 67 58 62
Modified radical neck dissection 26 45 26 65

with/without thyroidectomy
Modified radical mastectomy 82 110 82 110
Total mastectomy 56 72 55 71
Oesophago-gastrectomy 23 50 23 49
Partial gastrectomy 28 52 28 52
Vagotomy and drainage 90 110 83 102
Cholecystectomy 42 47 41 45
Biliary-enteric bypass 26 47 25 45
Whipple's procedure 10 21 10 21
Small bowel/colon resection 27 45 27 45
Abdominoperineal/anterior 28 63 28 63

resection
Colostomy/closure 20 21 20 21
Exploratory laparotomy 18 28 17 26
Incisional hernia repair 18 19 18 19
Lumbar sympathectomy 12 13 12 12
Total amputation of the penis 30 30 30 30
Ilio-inguinal block dissection 20 30 20 30
Modified Rob's procedure 25 27 25 27
Soft tissue tumour excision 18 26 18 26

Total* 680 947 663 925
• Thedisparityinnumbersis becausenotallorderedunitswerecross-matcheddue
to various reasons

The intraoperative blood loss ranged from 2.8% of TBV for
sympathectomy to 35% for Whipple's procedure. Under each
procedure the transfused group had a significantly higher blood
loss than the non-transfused (p<O.OOl), indicating that blood loss
was the major determinant for transfusion requirements.

TABLEIII. Transfusion profile

Procedure Patients Patients cross- Units transfused Average Range
transfused (n) matched (0/0) (n) (TI) (units)

Segmental mandibulectomy 7 50.0 10 1.4 0-2
Thyroidectomy 2 3.4 2 1.0 0-1
Modified radical neck dissection 12 46.1 18 1.5 0-2

with/without thyroidectomy
Modified radical mastectomy 41 50.0 51 1.2 0-3
Total mastectomy 29 52.7 34 1.2 0-5
Oesophago-gastrectorny 22 100.0 49 2.2 0-3
Partial gastrectomy 23 82.1 30 1.3 0-5
Vagotomy and drainage 16 19.2 17 1.0 0-2
Cholecystectomy 5 12.2 5 1.0 0-1
Biliary-enteric bypass 10 60.0 22 2.2 0-4
Whipple's procedure 10 100.0 28 2.8 2-4
Small bowel/colon resection 19 70.3 24 1.2 0-2
Abdominoperineal/anterior 27 100.0 50 1.7 1-5

resection
Colostomy/closure 2 10.0 2 1.0 0-1
Exploratory laparotomy 0 0 0 0 0
Incisional hernia repair 0 0 0 0 0
Lumbar sympathectomy 0 0 0 0 0
Total amputation of the penis 8 26.6 8 1.0 0-1
Ilio-inguinal block dissection 13 65.0 23 1.7 0-4
Modified Rob's procedure 0 0 0 0 0
Soft tissue tumour excision 4 22.2 8 2.0 0-3

Total 255 38.4 381 1.6
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TABLEIV. Transfusion indices

Procedure crr ratio %T Ti

Segmental mandibulectomy 2.4 50.0 0.71
Modified radical neck dissection 2.5 46.1 0.69

with/without thyroidectomy
Modified radical mastectomy 2.08 50.9 0.62
Total mastectomy 2.15 50.0 0.61
Oesophago-gastrectomy 1.0 95.6 2.13
Partial gastrectomy 1.73 82.1 1.07
Biliary-enteric bypass 2.04 60.0 0.88
Whipple's procedure 0.75 100.0 2.80
Small bowel/colon resection 1.87 42.2 0.88
Abdominoperineal/anterior 1.26 96.4 1.78

resection
Ilio-inguinal block dissection 1.3 56.5 1.15
Thyroidectomy 30.5 3.40 0.Q3
Cholecystectomy 9.0 12.1 0.12
Vagotomy and drainage 6.0 19.3 0.20
Exploratory laparotomy nil nil
Incisional hernia repair nil nil
Lumbar sympathectomy nil nil
Total amputation of the penis 3.75 26.6 0.26
Colostomy/closure 10.5 9.50 0.10
Modified Rob's procedure nil nil
Soft tissue tumour excision 3.25 15.3 0.44

The various transfusion indices are shown in Table IV. Two
groups of procedures are apparent; a group of 11 procedures with
significant blood usage as indicated by crr ratio of ~2.5, %T of
~0.5 and the remaining 10 procedures with insignificant blood
usage.

The procedures with significant blood usage accounted for
89% of all the transfusions, 60% of them being intraoperative.
The other 10 procedures used up the remaining 11 % of the
transfusions, although this group contributed 40% of the cross-
matches performed. Seventy per cent of these transfusions were
postoperative, mainly for existing preoperative anaemia rather
than intraoperative blood loss.

The transfusion indices in terms of blood loss are shown in
Table V. Blood usage was found to be significant for blood loss
above 10% of TBV. More than 60% of the patients studied had
blood loss of less than 10% of the TBV, 54% of all the cross-
matches were performed for this group of which less than 10%
were transfused.

All the 11 procedures with significant blood usage showed a
BOQ ofless than 1.5. The MSBOS for these procedures are shown
in Table VI. The other 10 procedures do not require a routine
preoperative cross-match and are candidates for T&S.

DISCUSSION
Although blood transfusion is now safer, significant risks still
exist. 18.22Therefore, it is necessary to streamline blood-ordering
and transfusion practices. Preoperative over-ordering of blood
has been documented since 1973 when Friedman et al. published
their findings. 1.2Subsequently, a number of studies documented
over-ordering of blood in the USA,I,2.8.9.12.16Australia,s.11.13.23
Canada," England, 1O.1S.25.26 Israel" and Scotland.P-" The percent-
age of cross-matched patients receiving transfusion for general
surgical procedures range from 5% to 40%.I-6,9-14.16,23-2S.28 In our
hospital this figure is 41 %.

The use of the crr ratio was first suggested by Boral and Henry
in 1975.3 Subsequently, a number of authors used the crr ratio for
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TABLEV. Transfusion indices in terms of blood loss

% total blood volume lost crr ratio %T Ti MSBOS

0-5 60.20 1.9 0.02 T&S
5.1-10 6.20 18.3 0.20 T&S
10.1-15 1.97 74.2 0.83 1.5 units
15.1-20 1.30 90 1.27 2.0 units
20.1-25 0.98 100 1.84 2.7 units
25.\-30 0.89 100 2.07 3.1 units
30.1-35 0.73 100 2.61 3.9 units
35.1-40 0.80 100 2.50 3.7 units
40.1-45 0.57 100 3.50 5.2 units

>45 0.60 100 3.75 5.6 units

T&S type and screen MSBOS maximum surgical blood-order schedule

TABLEVI. MSBOS for procedures with significant blood usage

Procedure MSBOS (in units)

Whipple's procedure
Oesophago-gastrectomy
Abdominoperineal/anterior resection
Modified radical neck dissection

with/without thyroidectomy
Segmental mandibulectomy
Biliary-enteric bypass
Partial gastrectomy
Modified radical mastectomy
Small bowel/colon resection
Total mastectomy
Ilio-inguinal block dissection

4.2
3.3
2.7
2.2

2,\

2.1
1.9
1.8
1.8
1.7
1.6

evaluating blood transfusion practices and a crr ratio of ~2.5 was
suggested as indicative of significant blood usage.5•23-27.29.30A
crr ratio of >2.5 means that less than 40% of cross-matches are
transfused. It neither defines the probability that transfusion will
be required for the procedure nor resolves the appropriateness of
the number of units ordered for the procedure.

The probability of a transfusion for the given procedure is
denoted by %T and was suggested by Mead et al. in 1980.12 A
value ~30 has been suggested as significant.I-":"

The average number of units used per patient cross-matched is
indicated by Ti and signifies the appropriateness of the number of
units ordered. Boral and Henry suggested that a procedure which
uses <0.5 units of blood per procedure does not require a preopera-
tive cross-match.' Subsequently, a number of studies were done
using Ti as an indicator of blood usage taking the value of ~0.5
as significant.v+" We studied all the 3 indices to obviate the
fallacy of using a single index.

Cholecystectomies and thyroidectomies uniformly show insig-
nificant blood use. The crr ratio for cholecystectomy is consis-
tently above 20,3.10,11.13,23and that of thyroidectomy above 30.3,11
Argov and Shechter noted a Ti of 0.002 for cholecystectomy and
0.06 for thyroidectomy. 14The crr ratio of9 and 30.5, Ti of 0.12
and 0.03 for the two procedures respectively, in this study
compares well with the reported figures. Mastectomies have a
crr ratio between 2 and 3, %T of about 30 and a Ti of 0.6_1.2.7.12
The values in our study also fall within this range. Major intra-
abdominal resectional procedures uniformly show significant
blood use. Mead et al. reported %T of 71 for gastrectomy 12while
colonic resections have a %T of more than 40.2,12.23,31

Two solutions have been advocated to reduce over-ordering of
blood:
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1. Formulation of MSBOS for procedures showing significant
blood use, and

2. Substitution of a full cross-match by T&S for procedures with
insignificant blood usage.

Mead suggested the criterion of providing 1.5 times the aver-
age amount of blood per transfused patient for a procedure as the
maximum requirement. 12Various authors have used this criterion
to formulate their MSBOS.23-2.'5,28The MSBOS suggested in this
study compare well with similar schedules used elsewhere. The
MSBOS of2 units for mastectomy suggested in this study has also
been recommended by various authors. 2,16,2.'5,27Two units for gas-
trectomy has also been suggested by a number of authors. 7.9.12,16,24
Abdominoperineal resection and neck dissection have a MSBOS
of 3-4 units9,16,27,28and 2 units,16,2.'5,27respectively. Whipple's
procedure has a MSBOS of 4 units in the present study against
published figures of 4,2.'5624and 8 units."

Type and screen has been suggested as a safe alternative to a
full cross-match for procedures with insignificant blood usage
and all the the procedures recommended for T&S in this study
have come under the same category in various studies.2.3.5,6,8,9,24
Ever since Boral and Henry suggested its use in 1975, all other
studies advocate its use for such procedures.2,f>-II,I3-16.24.2.'5It
involves grouping the patient's blood and screening the serum for
the presence of any unusual antibodies. If such an antibody is
detected, it is identified, its titre determined and 2-3 units of
cross-matched blood is kept in reserve. Otherwise no blood is kept
reserved. In the event that such a patient needs blood, type-
specific screened blood can be provided immediately which has
an acceptable risk of minor incompatibility, i.e. 1:10000.23.24
Fully cross-matched blood can be provided in 30-40 minutes.
Type and screen is safe, cheaper and takes less time to perform
than a full match. 8,12,16,23Its use reduces unnecessary cross-matches
and makes blood-ordering more scientific. Had T&S been used in
this study, 370 cross-matches (40%) would not have been done
and the overall crr ratio would have fallen from 2.42 to 1.63,
which is highly desirable.

However, T&S can only be used in blood banks with an
adequate stock of group- and type-specific blood to tackle any
unexpected requests for blood. It requires close cooperation
between surgeons, anaesthetists and the blood bank. It requires a
cross-match back up and strict quality control of all serological
methods, reagents and screening cell panels.

There is no consensus as to what are the absolute indications
for blood transfusion. Beneficial effects have been demonstrated
by preoperative or intraoperative haemodilution for patients
undergoing surgical operations,22,26.32-34and haematocrit values of
25%-30% are safely tolerated provided cardiac functions are
normal and the blood volume is maintained.v-" Hence, there is a
need to reduce homologous blood transfusion and encourage
autologous transfusionlhaemodilution in suitable patients.

In conclusion, this study has shown that there was gross over-
ordering of blood in 10out of 21 surgical procedures studied at our
hospital. Implementation of the recommended MSBOS and
replacement of a full cross-match by T&S for eligible procedures
would be a safe, effective and economic solution.

We have planned a follow up study after implementation of
these guidelines to determine its effect on transfusion practices
and to evaluate its cost-effectiveness in India.
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