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Abstract
Background: The requests for blood products in elective surgeries exceed actual use, leading to financial wastage and loss of shelf-life.
In this study, we assessed the blood transfusion indices in elective surgeries performed in the operating rooms.
Methods: In this cross-sectional study, from January to June 2017, a total of 970 adult patients who underwent elective surgeries in
the operating rooms of Nemazee hospital, a general referral hospital in southern Iran, were investigated. Demographic, clinical, and
laboratory data, such as hemoglobin (Hb), hematocrit (Hct), platelets, prothrombin time (PT), and partial thromboplastin time (PTT)
were gathered from medical records. Blood utilization was evaluated using the following indices: cross-match to transfusion ratio (C/T
ratio), transfusion probability (T%), transfusion index (TI), and Maximum Surgical Blood Order Schedule (MSBOS).
Results: The overall C/T, T%, and TI ratios were 2.49, 46.6%, and 0.83 for all procedures, and the highest and lowest ratios pertained
to the thoracic and cardiac surgeries, respectively. The C/T ratio was ≥2.5 for all surgical procedures except for cardiac surgeries. T%
was <30 for thoracic and orthopedics surgeries and ≥30 for other surgical procedures. In all surgical procedures, TI was less than 0.5,
except for cardiac surgeries. Also, the MSBOS was about 3 units for cardiac surgeries and ranged from 0.5 to 1 units in other surgeries.
Conclusion: The results of this study showed a high quality blood transfusion practice in cardiac surgeries, possibly due to more focus
on this critical ward. Assessing difficulties in the process of reservation, utilization, and preparation of standard protocols and policies
are required to improve the blood utilization practice in operating rooms.
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Introduction
Many surgical patients need blood transfusions due to
blood loss during surgery. There are many variations in
the transfusion practice. These differences might be caused
by differences in patients’ characteristics, the amount of
perioperative blood loss, and variations in transfusion
threshold decisions.1
Over-ordering of blood components reduces the stock
of blood banks and the shelf-life of blood. Moreover, it
may lead to shortage of blood products where blood
transfusion requirement is necessary,2 resulting in excess
financial burden on healthcare expenditure.3-5 Several
studies have shown that blood units requested for elective
surgeries are mostly more than the actual needs.6-8 Zaman
et al reported that the main cause of inappropriate blood
requests in operation rooms is overestimation of blood
units by surgical teams.9
Several guidelines and strategies have been recommended
to modify blood product utilization to develop a

cost-effective transfusion practice.10-12 To evaluate the
transfusion practice, there are some indices including crossmatch to transfusion ratio (C/T) which was suggested
for the first time by Boral Henry in 1975,13 transfusion
index (TI), and transfusion probability (T%) introduced
by Mead et al in 1980.14 Also, Maximum Surgical Blood
Order Schedule (MSBOS) was presented to avoid pointless
ordering of blood components and reduction of excessive
cross-matching and wastage of blood in elective surgeries.
MSBOS estimates the maximum number of units of blood
that may be needed for each procedure.13-15
In this study, we evaluated the blood transfusion practice
in elective surgeries in operating rooms of Nemazee
hospital, in Shiraz, southern Iran.
Materials and Methods
A retrospective cross-sectional study, from January to June
2017, was carried out in the operating rooms of Nemazee
hospital, a general referral hospital, in Shiraz, southern
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Iran. All adult patients who underwent elective surgical
procedures during this six-month period were included in
the study (n = 970). Pediatric patients were excluded from
the study.
Demographic, clinical, and laboratory data, such as age,
sex, type of surgery, hemoglobin (Hb), hematocrit (Hct),
platelet counts, blood group, prothrombin time (PT),
and partial thromboplastin time (PTT) were gathered
from medical records. The number of blood units that
were requested, cross-matched and transfused, and the
number of patients for whom blood was cross-matched or
transfused were collected from the patients’ records.

Table 2. Demographic and Laboratory Data of Surgical Patients
Variables
Age

Mean ± SD (95% CI)
55.40 ± 18.23 (54.23, 56.57)

Hemoglobin (g/dL)

11.70 ± 2.46 (54.23, 56.57)

Hct (%)

36.52 ± 14.06 (35.68, 37.51)

Platelet/μL

235 000 ± 104 000 (228.09, 241.51)

PT (s)

14.97 ± 5.60 (14.62, 15.35)

PTT (s)

33.79 ± 8.15 (33.25, 34.31)
No. (%)

Gender
Male

628 (64.1)

Female

352 (35.9)

Blood type and RH

Data Analysis
Data were coded, entered, and analyzed using the
Statistical Package for the Social Sciences (SPSS) software
version 16. Descriptive data were presented as mean,
standard deviation, frequency, and percentage. The
Pearson correlation coefficient was calculated to determine
the correlation between two quantitative variables. A
two-sided P value less than 0.05 was considered to be
statistically significant. Blood utilization indices including
CT, TI, T%, and MSBOS indices were calculated based
on the formula in Table 1.
Results
The mean age of the patients was 55.4 ± 18.2 years, with
64.1% being males and 35.9% females. The demographic
characteristics and blood group profiles are shown in
Table 2. Blood groups O+ and AB- had the greatest and
smallest frequency with 37% and 0.7%, respectively.
The descriptive information of requested, transfused,
and returned blood units (the gap between requested
and transfused values) by blood groups is demonstrated
in Table 3. The highest and lowest mean number of the
requested units were 3.281.25 ± and 1.870.81 ± with 95%
CIs [2.13 to 4.44] and [1.52 to 2.22], pertaining to ABand A- blood groups, respectively. The highest and lowest
mean number of the returned units pertained to the ABand A- blood groups, as well.
Blood request and blood utilization indices including
C/T ratio, T%, and TI for each type of elective surgeries
are presented in Table 4. The overall C/T ratio was 2.49 for
all procedures. The highest and lowest C/T ratio pertained
to thoracic (7.86) and cardiac surgeries (1.54). The total
T% was 46.6% with the lowest T% of 16.8% for thoracic

A+

263 (91.6)

A-

23 (8.0)

B+

213 (94.7)

B-

12 (5.3)

AB +

49 (87.5)

AB -

7 (12.5)

O+

350 (92.4)

O-

28 (7.4)

PT, prothrombin time; PTT, partial thromboplastin time; Hct, hematocrit.

and the highest T% of 80.1% for cardiac surgeries. The
total TI was 0.83. Thoracic and cardiac surgeries were the
procedures with the lowest and the highest TI (0.25 and
1.75), respectively.
The C/T ratio was ≥2.5 for all surgical procedures
except for cardiac surgeries. T% was <30 for thoracic
and orthopedics surgeries and ≥30 for other surgical
procedures. TI was less than 0.5 in all surgical services
except for cardiac surgeries (1.75).
The highest MSBOS was 2.62 units for cardiac surgeries
and the lowest was 0.37 units for thoracic surgeries. This
variable ranged from 0.55 to 0.69 units for other surgeries.
Table 5 presents the correlation of the requested,
transfused and returned blood units with laboratory data
of surgical patients. Significant relationships were observed
between platelets (r = -0.185, P < 0.001) and PT (r = 0.092,
P = 0.004) with the requested blood. On the other hand,
significant relationships were observed between Hb (r =
-0.114, P < 0.001), platelets (r = -0.170, P = 0.001) and
PT (r = 0.082, P = 0.011) with transfused blood. Also, we
found a significantly positive correlation of Hb (r = 0.177,
P < 0.001), and Hct (r = 0.076, P = 0.018) with returned

Table 1. Formula and Standard Values of Blood Utilization Indices
Indices
C/T ratio
T%
TI
MSBOS

Formula

Appropriate Value

Number of units cross-matched/Number of units transfused

<2.5

Number of patients transfused *100/Number of patients cross-matched

≥30%

Number of units transfused/Number of patients cross-matched

>0.5

TI*1.5

Institution‑specific

C/T ratio, cross-match to transfusion ratio; T%, transfusion probability; TI, transfusion Index, MSBOS, Maximum Surgical Blood Order Schedule.
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Table 3. Requested, Transfused and Returned Blood Based on Blood Groups of Surgical Patients
Requested
Blood Units

Transfused
Blood Units

Returned
Blood Units

Mean ± SD (95% CI)

Mean ± SD (95% CI)

Mean Difference ± SD (95% CI)

A+

2.33 ± 1.12 (2.19, 2.47)

0.89 ± 1.09 (0.76, 1.03)

1.43 ± 0.93 (1.32, 1.54)

A-

1.87 ± 0.81 (1.52, 2.22)

0.48 ± 0.79 (0.14, 0.82)

1.39 ± 0.94 (0.98, 1.80)

B+

2.36 ± 1.13 (2.21, 2.52)

0.83 ± 1.06 (0.69, 0.98)

1.53 ± 1.07 (1.38, 1.68)

B-

2.67 ± 1.43 (1.75, 3.58)

1.25 ± 0.87 (0.70, 1.80)

1.42 ± 1.38 (0.54, 2.29)

AB +

2.17 ± 0.94 (1.89, 2.43)

0.57 ± 0.91 (0.31, 0.83)

1.59 ± 0.91 (1.33, 1.85)

AB -

3.28 ± 1.25 (2.13, 4.44)

1.14 ± 1.34 (-0.10, 2.39)

2.14 ± 1.21 (1.02, 3.27)

O+

2.48 ± 1.33 (2.33, 2.61)

0.82 ± 1.15 (0.70, 0.95)

1.66 ± 1.22 (1.53, 1.79)

O-

2.11 ± 1.18 (1.64, 2.59)

0.61 ± 0.90 (0.25, 0.98)

1.50 ± 1.21 (1.01, 1.99)

Blood Type, Rh

Table 4. Blood Transfusion Indices in Various Surgical Services of Nemazee Hospital
Surgical Services

Cross-matched

Transfused

CT

T%

TI

MSBOS

537 (67.5)

1.54

80.1

1.75

2.62

95 (11.9)

3.96

32.8

0.46

0.69

No. of Patients (%)

No. of Units (%)

No. of Patients (%)

No. of Units (%)

Cardiac, n = 307

307 (32.1)

825 (41.5)

246 (55.4)

Kidney, n = 207

204 (21.3)

376 (18.9)

67 (15.1)

Orthopedics, n = 51

49 (5.1)

91 (4.6)

13 (2.9)

18 (2.3)

5.05

26.5

0.37

0.55

Plastic, n = 84

84 (8.8)

143 (7.2)

31 (7.0)

39 (5.0)

3.67

36.9

0.46

0.69

14 5(15.2)

249 (12.5)

50 (11.3)

56 (7.0)

4.45

34.5

0.38

0.57

51 (5.3)

75 (3.8)

18 (4.0)

23 (2.9)

3.26

35.3

0.45

0.67

113 (11.8)

220 (11.1)

19 (4.3)

28 (3.5)

7.86

16.8

0.25

0.37

General, n = 148
Neuro surgery, n = 53
Thoracic, n = 114

T%, transfusion probability; TI, transfusion Index, MSBOS, Maximum Surgical Blood Order Schedule.

Table 5. Pearson Correlation Coefficients between Requested, Transfused, and Returned Blood Units with Age and Laboratory Data in Surgical Patients
Variables
Requested blood units

Transfused blood units

Returned blood units

Age (y)
Correlation coefficient r
P value
Correlation coefficient r
P value

Hb (g/dL)

Hct (%)

0.148

0.60

0.019

<0.001*

0.063

0.561

0.210

-0.114

-0.057

<0.001*

<0.001*

0.079

Plt(/µL)

PT (s)

PTT (s)

-0.185

0.092

0.003

<0.001*

0.004*

0.926

-0.170

0.082

0.026

<0.001*

0.011*

0.425

Correlation coefficient r

-0.048

0.177

0.076

-0.035

0.018

-0.018

P value

0.145

<0.001*

0.018*

0.273

0.574

0.571

*Statistically significant.
Hb, Hemoglobin (g/dL); Hct, hematocrit; Plt, platelet; PT, prothrombin time (s); PTT, partial thromboplastic time (s).

blood. Moreover, the patients’ age showed a mild positive
correlation with both requested (r = 0.148) and transfused
blood (r = 0.182) (P < 0.001).
Discussion
Blood and its components play an important role in
maintaining the survival of patients undergoing elective
surgeries. In addition to the shortage of this vital substance,
nowadays we face other problems around the world such
as rising demands and requested blood products remaining
unused. Excessive blood requests, besides imposing a high
financial burden on the health system, can reduce the
blood supply and impair the process of blood transfusion
to patients. Taken together, it negatively affects the patients

undergoing surgical procedures.16,17
Blood transfusion indices such as CT, T% and TI can
also be affected by many factors including differences in
surgical and anesthetic techniques, preoperative conditions
of the patients and variations in the usage of blood due to
different transfusion protocols.12,13
Based on our results, the maximum cross-matched
blood units pertained to cardiac surgery service followed
by kidney and general surgery units. Cardiac surgery
contributed to 41.5% of the total blood units crossmatched among all surgical procedures, of which 34.9%
were unused. Overall, the present study revealed that
59.9% of the cross-matched blood was unused. This
finding is nearly similar to that reported in Ethiopian
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(56.4%), and Indian (60.3%) studies.6,18 However, it is
less than the values reported in other poor countries such
as Sri Lanka (84.9 %), Pakistan (95.1%), and Tanzania
(82.9%).19-21 In three Iranian studies, greater wastage of
blood components was reported,22-24 while it was less in
one study conducted in Iran.25 In our study, the amount
of requested and transfused blood was positively correlated
with age and preoperative value of PT and negatively
correlated with preoperative values of Hb and platelet
of the surgical patients. Besides, the amount of returned
blood showed a positive correlation with Hb and HCT,
indicating that higher preoperative Hb level is related
to less blood transfusion need and a higher amount of
blood wastage. Our results were in contrast with those of
Yazdi et al who observed no relationship between these
preoperative factors and transfusion needs.24
A CT ratio of 2.5 or below, T% of ≥30%, and TI of
more than 0.5 are indicative of efficient blood utilization.
The overall CT ratio of 2.49 in the present study was
relatively higher than those previously reported in other
studies in the same settings25-29 and it was very similar to
the ratio reported in India.18 However, it was lower than
what was reported in Egypt (3.9), Malaysia (5), Tanzania
(5.8), Thailand (4.27),2,19,30,31 and also some studies in Iran
(ranging from 3.71 to 7.38) which could be attributed to
their inappropriate use of MSBOS guidelines.22-24 The
C/T ratio of more than 2.5 in all surgical services in our
study, except for cardiac surgery service, highlights our
inappropriate blood utilization. The highest CT was
observed in thoracic surgery (7.86), compared to studies
conducted in Iran, India and the United Kingdom
which reported lower CT ratios (1.53, 2.58 and 1.2–3,
respectively).24,28,32 The reason for the high CT ratio can
be the tendency to request blood units more than the real
requirement. Over-ordering of blood by physicians may
be a result of the extreme request of blood by surgeons
during surgery to ensure that in case of an unexpected
blood loss, the patient would be safe.
The results of this study revealed an overall transfusion
probability (T%) of 46.6% which was indicative of
over-reservation of blood units. This finding was almost
similar to that reported in the Ethiopian study6 and was
more than what was observed in researches carried out in
Tanzania (15.9%), Thailand (23%), Egypt (36.9%),2,19,3
and previous Iranian studies (16.83%, 14.52%, and
12.8%, respectively).22-24 This is indicative of appropriate
utilization of blood units in our hospital compared to
those studies, whereas several Indian studies showed higher
indices.26-29 Also among the mentioned surgeries, this ratio
was 16.8% for thoracic surgeries which is lower than what
was reported in some countries such as the UK (50%),
Iran (52.95%), and India (63.64%) as well as 80.1% in
cardiac surgeries which is in line with studies by Kaur et al
(89.75%) and Mangwana et al (85.84%) in India.24,26,28,32
The TI ratio in the current study was 0.83, indicating
110
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efficient blood usage. This index is higher than TI ratios
determined in other studies conducted in Thailand (0.23),
Tanzania (0.2), Sri Lanka (<0.5), and India (0.5).2,19,20,27
Similarly, it was higher than the TI values reported in some
previous Iranian studies.22-24 However, several researchers
have found an overall TI ratio of more than one.25,26,28
This illustrates better utilization management compared
to ours. On the other hand, there were other studies from
Ethiopia6 and India,29 reporting TI ratios of 0.77 and 0.81,
respectively, which are comparable to our finding. Based
on our results, cardiac surgeries had the highest TI value
(1.75) which was higher than the value determined in
some analogous studies which were previously mentioned
(0.5).22,27 Likewise, the highest TI value in one of the
Iranian studies pertained to cardiac surgeries (4.03).25
In our study, the lowest TI value pertained to thoracic
surgeries (0.25). It was even less than what was reported
in operating rooms of multiple countries including Iran
(0.88, 1.1, 1.2, respectively).24,28,32 The calculated ratio of
TI for all other surgical procedures is less than 0.5, which
indicates blood compatibility testing is not required before
the surgery.
Through the use of Mead’s criterion, the MSBOS is
1.5 times the TI for each surgical procedure. In our study,
the highest and lowest MSBOS pertained to cardiac and
thoracic surgeries (2.62, 0.37), respectively, which is
comparable to the studies mentioned above. (It was 0.75
in Dashab et al and Kuchhal et al; 6.04 in Nikpour et al;
and 1.32, 1.65 and 1.8 in Yazdi et al, Mangwana et al, and
Charles et al, respectively).22,24,25,27,28,32
The blood conservation indices should be used to
monitor unessential orders and overall requisition of
blood. The reduction of unnecessary perioperative blood
orders by MSBOS contributes to the modification of extra
cost in hospitals and decreases the financial charge of the
patients. One study in the United Kingdom showed that
the use of MSBOS protocol resulted in a considerable
improvement in blood ordering with a reduction in
CT ratios.33 Also, similar studies in the United States in
2013 and 2014 showed cost-savings of $254.583 and
$137.223, respectively.10,34 In addition, another study in
the United Kingdom demonstrated an annual saving of
about £8596.00.7 Furthermore, in Nigeria, India, and
Thailand, a reduction in hospital costs was reported
through implementation of MSBOS.35-37 This highlights
an urgent need to formulate an appropriate blood ordering
schedule by blood banks in the hospital.
In conclusion, although overall CT, TI, and T% indices
were compatible with standard values, CT ratio and TI
values were not compatible with the standard range in each
of the surgical services, except for cardiac surgery service.
T% indices were in the standard range in all services,
except for thoracic and orthopedic services. This shows a
high quality blood transfusion practice in cardiac surgery,
possibly due to more focus on this critical ward. Situation
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analysis and qualitative research are required to find the
basic problems in transfusion practice in different surgical
services and preparation of a standard protocol to improve
the blood utilization practice. It seems that the estimation
of MSBOS according to our setting can improve blood
ordering.
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