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Abstract:

BACKGROUND: Blood transfusion is the cornerstone of therapy for many serious ailments, surgical
and trauma patients. Patients undergoing orthopedic surgeries as elective procedure or emergency
orthopedic surgery for trauma often experience excessive blood loss- requiring transfusions.
However, preoperative placement of blood requests frequently overshoots the actual need resulting in
unnecessary crossmatching, which can be reduced by formulating maximum surgical blood ordering
schedule (MSBOS). It is a table of elective surgical procedures, which lists the number of units of
blood routinely cross-matched pre-operatively.

OBJECTIVE: The objective of this study is to audit the blood utilization in orthopedic surgeries so
that unnecessary cross-matching, wastage of blood bank resources, and financial losses to the
patients could be reduced.

MATERIALS AND METHODS: A retrospective study was carried out in our tertiary care hospital
over a period of 6 months to determine the utilization of blood during different orthopedic procedures
and to recommend an appropriate blood ordering schedule. The data collected include patient’s
requests, patient’s transfused, type of surgical procedure, number of units crossmatched and
transfused, crossmatch to transfusion ratio (CTR) and transfusion indices (TI's); according to them,
MSBOS was proposed.

RESULTS: A total of 478 units of blood were crossmatched for 273 patients and only 243 units were
transfused to 183 patients. About 50.8% of the crossmatched units and 67% of the total patients
were transfused. Seven out of the thirteen procedures had a CTR higher than 2, low Tl <0.5 and
blood utilization <50%. Fracture forearm and unilateral total knee replacement have the transfusion
probability of <30%, so implementation of type and screen policy was recommended for these two
procedures.

CONCLUSIONS: MSBOS based on the past blood utilization records for different surgeries and
keeping patients variables in consideration wherever required would provide an efficient way of blood
utilization and appropriate management of blood bank resources.
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National Health Services, which has
been reported to be in the range of
10% - 15%.111 However, it has been
observed that the preoperative placement

Introduction

Patients undergoing orthopedic
surgeries as an elective procedure

or emergency orthopedic surgery for
trauma often experience excessive blood
loss- requiring transfusions. Orthopedic
surgeries alone consume a considerable
proportion of blood available to the
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of blood requests frequently overshoots
the actual need resulting in unnecessary
crossmatching.!”’ The consequences of
unnecessary crossmatching results in
outdating of blood, overburdening of
blood bank personnel, depletion of blood
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bank resources, wastage of time and financial loss to
the patients.[*

The cross-match to transfusion ratio (CTR), the
transfusion index (TI), transfusion probability and
blood utilization when considered together are simple
and reliable indicators of the accuracy of preoperative
assessment of expected transfusions for an individual
patient undergoing a particular surgical procedure. These
TI's are helpful in formulating the maximum surgical
blood ordering schedule (MSBOS). MSBOS is a table of
elective surgical procedures, which lists the number of
units of blood routinely cross-matched pre-operatively.
Another term, surgical blood ordering equation which
is an extended MSBOS incorporates patient and surgical
variables, such as pre and post- operative hemoglobin
levels of the patient and the amount of surgical blood
loss during each surgical procedure.” They are intended
only as a guide to the ordering of blood and blood
products and are interpreted according to individual
circumstances, including the clinical condition of the
patients.l

The ratio of the number of units crossmatched to the
number of units actually transfused, i.e., CTR should
not exceed 2:1." Lower CTR also reduces the overall
consumption of blood bank resources, workforce
and time. To limit the number of units held out of
the circulation and outdating of blood units, MSBOS
recommends that for patients likely to be transfused
during surgery, the number of cross-matched units
should be twice the median requirement for that surgical
procedure.®!

According to the International Red Cross, appropriate
use of blood had cut down the number of transfusions
by 30%.°T Implementation of MSBOS by Chawla
et al. resulted in about 60% reduction of cost to the
patients.! Similarly, Hardy ef al. found 33% reduction in
the number of blood units crossmatched for an elective
surgical procedures after introducing MSBOS at their
hospital.'l Keeping in view the previous literature, this
study was initiated to improve the efficacy of ordering
and utilization of blood by the formulation of MSBOS for
common orthopedic procedures. Our primary objective
was to audit the blood utilization in orthopedic surgeries
both elective and emergency trauma so that unnecessary
crossmatching, wastage of blood bank resources, and
financial losses to the patients could be reduced.

Materials and Methods

A retrospective analysis of data for 6 months from
September 2014 to February 2015 was performed.
Required data of patients who underwent orthopedic
surgeries were collected from blood bank records

(from patient request forms, crossmatching forms and
blood issuance register). Revision total hip replacement
(THR), revision total knee replacement (TKR), pelvic
fractures, bone tumor surgeries, bilateral primary joint
replacement, polytrauma (multiple bone fractures)
and fracture shaft femur are the various causes for
massive transfusion in orthopedics. Patients who
underwent massive transfusion were excluded from
the study to eliminate bias. In this study, the patients
who had only multiple bone fractures were included
as polytrauma; although polytrauma patients also have
major abdominal and chest injuries, but those patients
were excluded from the study as it exclusively involved
orthopedic procedures. The total number of patient’s
requests, number of patient’s transfused, number of
units crossmatched, and number of units transfused
were calculated for each surgical procedure.

The CTR, transfusion probability (%T) and TI were
calculated as:

1. The formula for CTR:

Number of units cross - matched

CIR =
Number of units transfused

CTR is used as a measure of the efficiency of blood
ordering practice. A ratio of more than 2.5 indicates
excessive crossmatching of blood for a specific
procedure even aratio of =2 is considered indicative
of significant blood wastage. A realistic objective for
CTRis1-2:1.

2. The formula for transfusion probability:

Transfusion probability % (%T)

_ Number of patients transfused x 100

Number of patients cross matched

A value of <30 was considered indicative of
significant blood wastage.
3. The formula for TI:

Transfusion index (TI 1)

Number of units transfused

- Number of units cross - matched

Transfusion index (TI 2)

Number of units transfused

Number of patients cross - matched

The TI is defined as the average number of units
transfused for a given procedure. TI of more than
0.5 indicates that blood needs to be cross-matched
preoperatively for that procedure while a value of
=<0.5 signifies no need for crossmatch.
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4. Blood utilization (%)

3 Number of units transfused x 100

Number of units cross - matched

5. Blood ordering quotient (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 - matchecy

Number of patients cross matched

Number of units transfused

Where TI = BOQ

Number of patient’s transfused

of <1.5 indicates significant usage of blood for that
procedure.

6. MSBOS =1.5 x TI

Number of units transfused

where TI = -
Number of patient's transfused

MSBOS was formulated using Mead’s criterion. According
to this criterion, the number of red blood cells (RBCs)
calculated was one and half times the T1 for each surgical
procedure. Keeping in view, the MSBOS calculated using
Mead’s criteria, Tls and the clinical experience, MSBOS is
recommended for each surgical procedure.

Results

Thirteen common orthopedic surgeries carried out at
our teaching hospital were evaluated. For 273 patients,

478 units of blood were crossmatched and only 243 units
were transfused to 183 patients [Table 1], that is, 50.8%
of the crossmatched units and 67% of the total patients
were transfused.

Maximum number of patient requests were received
for fracture femur, i.e., 64 (23.4%) followed by bilateral
TKR, i.e., 52 (19%). Furthermore, maximum number of
blood units were transfused to patients for these two
procedures, i.e., 50 (20.6%) and 59 (24.3%), respectively.
Fracture femur was the most common procedure,
followed by bilateral TKR but maximum number of
patients transfused (45) and maximum number of
blood units transfused (59) were for bilateral TKR.
Blood crossmatch and transfusion patterns for the
13 orthopedic surgeries were shown in Table 1.

The CTR, transfusion probability (%T), as well as TI 1 and
T12, were formulated for each of the elective procedures
and is shown in Table 2.

The CTR was =2, TI 1 <0.5, and blood utilization was
<50% for seven procedures, i.e., fracture humerus,
fracture femur, fracture forearm, unilateral TKR,
osteomyelitis, polytrauma, and THR indicating excessive
crossmatching of blood for these procedures. Although
fracture femur was at number two orthopedic procedure
for which maximum number of blood units were
transfused, blood utilization for it was <50% (46.7%)
indicating excessive crossmatching. The CTR for spine
surgeries, fracture tibia, bilateral TKR, pelvic fractures,
diabetic foot, and amputation was <2 which was within
the MSBOS criteria. Transfusion probability was <30%
for fracture forearm (25%) and unilateral TKR (20%)
indicating insignificant blood usage for these two
procedures. BOQ was higher, i.e., >1.5 for bilateral

Table 1: Total number (n) of patient requests, number of patients transfused, number of units crossmatched,
and number of units transfused for the orthopedic surgeries

Type of surgery Number of patient’s

requests (%)

Number of patient’s
transfused (%)

Number of units
transfused (%)

Number of units
crossmatched (%)

Spine surgeries 17 (6.2) 9 (4.9) 21 (4.4) 11 (4.5)
Fracture 15 (5.5) 10 (5.5) 26 (5.4) 13 (5.3)
humerus

Fracture tibia 23 (8.4) 16 (8.7) 29 (6.1) 18 (7.4)
Fracture femur 64 (23.4) 34 (18.6) 107 (22.4) 50 (20.6)
Fracture forearm 4 (1.5) 1(0.54) 5(1) 1(0.4)
Bilateral TKR 52 (19) 45 (24.6) 101 (21.1) 59 (24.3)
Unilateral TKR 10 (3.7) 2(1.1) 14 (2.9) 2(0.8)
Pelvic fractures 9 (3.3) 9 (4.9) 20 (4.2) 13 (5.3)
Diabetic foot 22 (8.1) 18 (9.8) 37 (7.7) 23 (9.5)
Amputation 6 (2.2) 5(2.7) 8(1.7) 6 (2.5)
Osteomyelitis 5(1.83) 4(2.2) 10 (2.1) 4 (1.6)
Polytrauma 35 (12.8) 25 (13.7) 84 (17.6) 37 (15.3)
THR 11 (4.0) 5(2.7) 16 (3.3) 6 (2.5)
Total 273 (100) 183 (100) 478 (100) 243 (100)

THR = Total hip replacement, TKR = Total knee replacement
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TKR, pelvic fractures, osteomyelitis, and polytrauma
indicating excessive blood ordering for these procedures.
MSBOS was calculated using Mead’s criteria for all the
thirteen procedures and MSBOS for our hospital was
recommended keeping in view the TIs and clinical
experience of orthopedicians. Type and screen policy
(and ensuring the availability of group specific blood) was
recommended for fracture forearm and unilateral TKR.

Table 3 shows the comparison of the results of the present
study with other studies from the literature.

Discussion

Although the risk of transfusion transmitted infections is
declining, zero risk could not be achieved; moreover, the
non-infectious serious hazards of transfusion (immune

Table 2: Crossmatch to transfusion ratio, transfusion probability, transfusion index, blood utilization, blood
ordering quotient, and maximum surgical blood ordering schedule for orthopedic surgeries

Type of surgery CTR %T Tl Blood utilization (%) BOQ MSBOS

TI1 TI2 Calculated by Mead’s criterion Recommended MSBOS
Spine surgeries 1.9 53 0.52 0.64 52.4 1 1.8 2
Fracture humerus 2 66.7 0.50 0.86 50 1.33 2.0 1
Fracture tibia 16 695 062 0.78 62 1.12 1.7 1
Fracture femur 2.1 53 0.47 0.78 46.7 1.13 2.2 2
Fracture forearm 5 25 020 0.25 20 1.25 1.5 Tand S
Bilateral TKR 1.7 86,5 0.58 1.13 58.4 1.5 2 2
Unilateral TKR 7 20 0.14 02 14.3 14 1.5 Tand S
Pelvic fractures 1.5 100 0.65 1.44 65 1.54 2.2 2
Diabetic foot 16 818 062 1.04 62.2 1.32 1.9 2
Amputation 1.3 833 0.75 1 75 1.1 1.8 2
Osteomyelitis 25 80 040 0.8 40 2 15 1
Polytrauma 22 714 044 1.05 441 1.6 2.2 2
THR 2.7 455 046 0.54 375 1.2 1.8 2
Total 2.0 67 05 0.89 50.8 1.3

CTR = Crossmatch to transfusion ratio, THR = Total hip replacement, TKR = Total knee replacement, MSBOS = Maximum surgical blood ordering schedule,
Tl = Transfusion index, BOQ = Blood ordering quotient, %T = Transfusion probability

Table 3: Comparative analysis of crossmatch to transfusion ratio and blood utilization in various orthopedic

surgeries among present study and previous studies

Comparative Parameters Present study Thimmaiah et al. Thabah etal. Waqas et al. Challand etal. Subramanian et al.
Overall CTR 2:1 2:1 >2.5:1
Blood utilization (%) 50.8 40
Fracture femur 2.1:1 3.5:1 >4:1
%T - 53% %T - <50%
Spinal surgery 1.9:1 2.6:1 4.02:1 newer Tand S
protocol will
reduce it to
1.74:1
TKR 7:1,s0 T and 4.33:1
S for unilateral noninfected
TKR Tand S
1.7 bilateral recommended
TKR and 2.16:1
infected TKR
1.2:1 after
intraoperative
cell salvage
initiated
THR 2.7:1 2.2:1 reduced >4:1
%T - 45.5% to 1.93 after %T - <50%
initiating
intraoperative
cell salvage
Fracture forearm 5:1 >2.5:1
Tand S Tand S
Amputation 1.3:1 >2.5:1

CTR = Crossmatch to transfusion ratio, TKR = Total knee replacement, %T = Transfusion probability, THR = Total hip replacement
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as well as nonimmune) significantly contributes to the
morbidity and mortality associated with transfusion
which can rarely be fatal. Provision of adequate and
safe blood is challenging in developing countries due
to the paucity of voluntary blood donors, poor facilities
for storage and blood component preparation as well as
inappropriate blood ordering and utilization." Limited
availability and supply of blood and the associated risks
of transfusion necessitates the rational use of blood and
avoidance of unnecessary transfusions.!! Chawla et al.
in their study found that both the public and private
hospitals were not rational in the use of blood. In the
public

Hospitals, appropriate use of blood was only 54.1%
(n = 92) compared to the private hospitals where
appropriateness was 69.4%.4 Even in developed
countries, inappropriate transfusion is in the range of
18% - 35%, while in India the range varied from 30%
to 60%."2

One of the best methods of evaluating transfusion
practices is to determine the ratio of units crossmatched
to units transfused (CTR). The more accurately the
clinicians predict patient’s blood needs, the closer the
CTR will approach 1:1. A CTR =2.5, %T =50 and TI
>(0.5 are considered indicative of significant blood
utilization.l”)

In the present study, overall CTR was 2:1 which was
same as CTR of Thimmaiah et al., although this was
within the recommended guidelines, efforts should be
made to reduce it to 1:1.11

In the study by Thabah et al., for orthopedic cases,
surgeries for fracture femur was the most common
procedure followed by spinal surgeries and the CTR
was 3.5 and 2.6 respectively, and it was <2 for other
surgeries.l?! Similarly, in the present study, surgery
for fracture femur was the most common procedure
with CTR of 2.1 which was quite lower than that of
Thabah et al.

CTR for spine surgeries was 1.9 in the present study while
in the study of Wagqas et al., CTR for spine surgeries was
very high, i.e., 4.02 which could be reduced significantly
to 1.74 by implementing their new transfusion protocol,
considering factors such as age, gender, preoperative
hemoglobin and number of spine levels decompressed
and fused.!

According to Challand et al., cross - matching was
necessary for both non - infected and infected revision
THR, but the number of units requested could be
reduced to 2 units, which was same as the recommended
MSBOS for THR in the present study. In revision TKR,

transfusions were more likely in infected cases and a
“group and save” may be sufficient for noninfected cases
same type and screen policy was recommended in the
present study for unilateral TKR but not for bilateral
TKR. In the present study, CTR for THR (including both
infected, non — infected and revision THR) was 2.7 and
TI was 0.46 while in Challand et al. study, for revisions
of noninfected THR, the CTR = 2.24 and TI = 1.67; in
infected cases, CTR = 2.16 and TI = 1.68. In revisions
of non-infected TKR, the CTR = 4.33 and TI = 0.48 and
in infected cases, the CTR = 2.16 and TI = 1.35. They
observed the considerable change in the practice of
ordering crossmatched blood following the introduction
of intraoperative cell salvage devices (revision THR:
CTR = 1.93, TI = 0.84; revision TKR: CTR = 1.20,
TI = 0.16)."1 From results of Challand et al., it could be
considered that intraoperative cell salvage is a very good
option to reduce the overall usage of blood.

Thimmaiah et al. conducted their study on 449 patients,
14.5% of them underwent blood transfusion.
Requirements of blood transfusion were 5% in both
primary and revision TKR, 38% in primary and revision
THR and revision THR alone 74.7% of patients.! In
the present study, transfusions were required in 45.5%
of THR, 86.5% of bilateral TKR and 20% of unilateral
TKR, transfusion requirements were little higher in
replacement surgeries in the present study than study
by Thimmaiah et al. but their CTR was same (2:1) as the
present study.

In a study of Subramanian et al., 6 of the 12 elective
procedures had a high CTR =2.5 with 2 of them, namely,
intertrochanteric fracture femur and THR, exceeding 4.
However, the probability that a patient would undergo
transfusion (%T) was <50% in these procedures while in
the present study CTR and transfusion probability was
2.1 and 53% for fracture femur and 2.7 and 45.5% for
THR, respectively. Fracture spine and fracture forearm
indicates insignificant blood utilization in Subramanian
etal. study. The present study also indicated insignificant
blood utilization in forearm surgeries (25%) but not for
spine surgeries (53%)."!

The patient’s preoperative condition affects the CTR
because MSBOS algorithm uses the surgical procedures
alone.®! Elderly patients with comorbid conditions and
inoperable diseases; in such cases, it is best to crossmatch
blood units only after the surgeon had decided to proceed
further.®! Blood wastage also depends on the surgeons’
expertise (resulting in more or less blood loss) for a
particular surgery and the anesthesiologists decision
(their preset higher transfusion triggers). Despite much
studies and evidence - based guidelines for transfusion,
inappropriate transfusion still happens. In drawing
up the “schedule,” attention must be paid to factors
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that would affect the speed of provision of compatible
blood such as, the distance of the operating rooms from
the blood bank and emphasis should be laid on local
circumstances, clinical practice and patient’s variables.!
Nuttall et al. determined the predictors of red blood cell
transfusion in total hip arthroplasty and developed a
theoretically more efficient system which incorporated
patient factors in the ordering of RBC’s for surgical
patients.™ Low preoperative hemoglobin/hematocrit,
short stature, female sex, availability of preoperative
autologous blood donation, surgical blood loss, and the
type of surgery are the risk factors useful in predicting
the blood transfusion.?!

Transfusion request for each patient should be based
on clinical judgment of the patient and appropriate
hemodynamic monitoring. The risk of transfusion
reactions, infections and metabolic complications
associated with massive transfusion should curtail the
indiscriminate or routine prophylactic use of allogeneic
blood products. Numerous methods have been
suggested and used earlier to reduce the use of blood in
elective major surgeries such as THR and TKR. These
include the intraoperative and perioperative cell salvage,
antifibrinolytic agents, treatment of anemia, reviewing
antiplatelet drugs and anticoagulation; appropriate use
of these would help in reducing the transfusion rate and
would reduce the wastage of blood bank resources.?
However, none of these options were considered in
the present study due to the lack of facilities, financial
constraints and availability of sufficient blood-stock;
moreover most of the orthopedic procedures were
emergency procedures and considering options such
as preoperative use of erythropoietin and iron therapy
were not feasible.

Conclusions

MSBOS implementation helps in logical and appropriate
use of blood bank resources by avoiding the unnecessary
crossmatching for surgeries where preoperative blood
requirement is minimal but the availability of adequate
blood supply should be ensured before surgery. Regular
auditing to ensure the appropriateness and efficacy of
MSBOS and periodic feedbacks are essential to improve
the blood utilization practices and patient care. It would
have not only an impact in blood bank management
but also a change in attitude and practice of surgeons
for better.
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