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Abstract

Background: Blood transfusion is an important part of management of patients undergoing orthopedic surgeries. 
However frequently perioperative anticipated blood requirements overshoot the actual need resulting in 
unnecessary cross matching of blood. Therefore, it is important to formulate a maximum surgical blood ordering 
schedule (MSBOS) for common orthopedic surgeries.

Objective: To evaluate our blood utilization in various orthopedic surgeries and to develop a blood ordering 
schedule for various orthopedic surgeries.

Methodology: A 12-month (January-December 2016) retrospective study was carried out on patients undergoing 
orthopedic procedures. Data collected included number of patients transfused, number of units cross-matched and 
number of units transfused.

The cross matched to transfusion ratio (CTR), transfusion probability and transfusion index were calculated and 
from the calculated values a MSBOS was proposed.

Results: A total of 224 units of blood were cross matched for 105 patients out of which only 97 units of blood was 
transfused to 55 patients. Nine out of 15 surgical procedures had CTR higher than 2, 4 had a low TI <0.5 and 12 
had a blood utilization of <50%.

Fracture of the forearm, total knee replacement (unilateral), tibiofibular and ankle fractures all had blood utilization 
of <30% and thus Type & Screen policy was recommended for these procedures.

Conclusion: The overall CTR was high with low percentage blood utilization and resultant significant blood 
wastage. To prevent unnecessary blood wastage, we suggest the implementation of the recommended MSBOS 
schedule.
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A value of < 0.5 signifies no need for cross-match

4. Blood Utilization (%)
Number of units transfused 100=
Number of unitscross- matched

×

A value of < 50% indicates excessive cross-matching for the 
procedure.

5. MSBOS = 1.5 × TI

Number of units transfusedWhere TI =
Number of patient's transfused

The MSBOS was formulated using Mead’s criterion which states 
that the number of red blood cells calculated was one and half times 
the TI for each surgical procedure. Thus, using the Mead’s criteria 
and clinical experience, the MSBOS was recommended for each 
surgical procedure.

RESULTS

A total of 105 patients had 15 common orthopedic surgical 
procedures, for which requests for grouping and cross-matching 
were made. Sixty-eight (64.8%) were males while 37(35.2%) were 
females with ages ranging between 4-99 years. Eighty-four (80%) 
of the surgical procedures were done as elective while 21(20%) 
were emergencies.

A total of 224 units of blood were cross-matched for these patients 
but only 97 units (43.3%) were transfused. Table 1 shows the types 
of surgery with the number of cases, number of units cross-matched, 
number of patients cross-matched, number of units transfused, and 
number of patients transfused. Table 2 however, shows 6 indices 
that were calculated which are; CTR, Transfusion probability (%), 
Transfusion index, Blood utilization (%), MSBOS calculated using 
the Mead’s criteria and the Recommended MSBOS.

The CTR was >2 in 8 of the surgical procedures viz humeral 
fractures, forearm fractures, fractures of the Femur, upper limb 
amputations, total hip replacements (THR), bone tumors, removal 
of implants and patella fractures. The Transfusion probability (%) 
was < 30 in 5 of the surgical procedures namely; forearm fractures, 
spine surgery, total knee replacements (TKR), tibiofibular fractures 
and ankle fractures. The Transfusion index (TI) was < 0.5 in 5 of the 
surgical procedures which were; forearm fractures, spine surgery, 
TKR, tibiofibular fracture and ankle fracture. While percentage 
blood utilization was > 50% in only 3 surgical procedures viz; 
amputation of lower limbs, pelvis and acetabulum fracture and 
multiple fractures. Mead’s criteria and the Recommended (MSBOS) 
was calculated for all the fifteen surgical procedures using the 
Mead’s criteria and the MSBOS for our hospital was recommended, 
keeping in view clinical experience of the orthopedic surgeon and 
the patient’s variables. The type and screen (T&S) policy i.e., blood 
group and screening were recommended for forearm fracture, spine 
surgery, TKR, tibiofibular fracture and ankle fracture.

DISCUSSION

One of the ways of evaluating blood transfusion practice is to 
determine the CTR and the closer the CTR approaches 1:1 the more 
likely the prediction that patients will need blood transfusion. In 
this study, the overall CTR was 2.3:1, which was similar to 2.4:1 
reported by Olawumi and Bolaji [9] but was more than that of 
Kumari et al. [10] and Thimmaiah et al. [11] with CTR 2:1 each. 
Our overall CTR is indicative of significant blood wastage and 
therefore, the need for efforts to reduce the CTR to 1:1 [11].

INTRODUCTION

In the United States, it is estimated that 24 million blood and 
products are used for the sick and injured yearly [1]. Chiavetta et 
al. [2] reported that over 31% of blood is utilized by the cardiac and 
orthopedic surgeons. Therefore, blood transfusion is an important 
part of management of patients undergoing orthopedic surgeries 
either as an elective or emergency procedure [3]. However, 
perioperative anticipated blood requirement and placement of 
blood request frequently overshoots the actual need thus resulting 
in unnecessary cross-matching of blood [4]. This imposes inventory 
problems for blood banks, financial loss to the patients, results in 
loss of shelf life and wastage of blood [5]. In South Africa 7% to 
10% of blood is wasted annually due to over ordering of blood [6]. 
Despite all of these, there is very little literature on the utilization 
of blood in orthopedic and trauma surgery [3].

The cross-match to transfusion ratio (CTR), the transfusion index 
(TI), transfusion probability and blood utilization when used, 
are reliable indicators of accuracy of preoperative estimation of 
transfusion for a patient undergoing a surgical procedure. The (TI) 
is important in formulating the maximum surgical blood ordering 
schedule (MSBOS). MSBOS is a table of surgical procedures 
with the number of units of blood routinely cross-matched 
preoperatively. The implementation of MSBOS by Chawla et al. 
[7] resulted in about 60% reduction in cost to the patients. Hardy et 
al. [8] also found 35% reduction in the number of blood units cross-
matched for elective surgical procedures after introducing MSBOS.

In our institution, we lack a policy on MSBOS. Therefore, our 
objective was to evaluate our blood utilization in various emergency 
and elective orthopedic surgeries, and to develop a blood ordering 
schedule for various orthopedic surgical procedures in our Centre.

MATERIALS AND METHODS

This is retrospective analysis of medical records, anaesthetic records 
and blood transfusion records of all patients admitted between 
January 2016 and December 2016, who had orthopedic surgeries. 
Demographic data collected include age and sex. Other data 
collected were: type of surgery, elective or emergency, preoperative 
packed cell volume (PCV), estimated blood loss and postoperative 
PCV. For each orthopedic surgical procedure, we calculated the 
total number of patients, number of patients transfused, number of 
units cross-matched, and number of units transfused.

The cross-matched to transfusion ratio (CTR), transfusion 
probability (%T) and transfusion index (TI) were calculated as:

1. The formula for CTR:

Number of unitscross - matchedCTR =
Number of units transfused

A ratio of > 2.5 indicates excessive cross-matching of blood for 
a specific procedure and a ratio of >2 is considered indicative of 
significant blood wastage. 

2. Formula for transfusion probability (%)
Number of patients transfused ×100=
Number of patientscrossmatched

A value of < 30 was considered indicative of significant blood 
wastage.

3. Transfusion Index

Number of units transfusedWhere TI =
Number of patient's transfused
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Open reduction and internal fixation (ORIF) for fracture of the 
femur was the most common orthopedic surgery performed in our 
study, which was similar to that of the study conducted by Kumari 
et al. [10] and Thabah et al. [12]. The CTR for femoral fracture in 
this present study was 2.1 with Transfusion Probability T (%) of 
63% and blood utilization of 46.8%. This was in keeping with that 
of Kumari et al. [10] with a CTR of 2.1, Tp of 53% and percentage 
blood utilization of 46.7% as against the CTR of 3.5 by Thabah et 
al. [12]. Of all the surgical procedures, forearm fractures had the 
highest CTR value of 15, a Tp of 12.5% and insignificant blood 
utilization of 6.7%. These results were similar to those of Kumari 
et al. [10] with a CTR of 5, T (%) of 25% and insignificant blood 
utilization of 20%. Subramanian et al. [4] also reported insignificant 
blood utilization in fracture of the forearm surgeries. In view of 
this, our MSBOS recommendation for fracture of the forearm was 
type and screen policy.

In this study, THR had a CTR of 3, a Tp of 100% and a recommended 
MSBOS of 2 units of blood which was the same as recommended 
by Challand et al. [13] and Kumari et al. [10] All the TKR cases 
done however were primary and unilateral, and the probability 
for blood transfusion was zero percent. This is similar to that of 
Thimmaiah et al. [11] with 5% and Kumari et al. [10] with 20% 
and thus informed our recommendation of type and screen policy 

for unilateral TKR in our Centre.

The patient’s pre-operative condition affects the CTR because the 
MSBOS algorithm uses the surgical procedure alone [14]. Blood 
wastage also depends on the surgeon’s expertise for a particular 
surgery as well as the anaesthetists preset higher transfusion 
triggers. Despite much studies and evidence based guidelines for 
transfusion, inappropriate transfusion still occurs [15].

In establishment of a schedule of MSBOS, emphasis should be laid 
on local circumstances, clinical practice and patient’s variables. 
The schedule should to be reviewed regularly and adjustments 
made as necessary for the recommended MSBOS schedule to be 
effective [6,16].

CONCLUSION

The overall CTR in this study was high with a low percentage blood 
utilization and resultant significant blood wastage. Implementation 
of the recommended MSBOS schedule in this will prevent 
unnecessary blood wastage, help standardize the blood ordering 
schedule, reduce workload on blood-bank personnel as well as 
reduce cost of treatment to the patient in our resource constrained 
environment. 

Type of surgery Number of patients Unit cross matched Patients Cross matched Unit Transfused Patient Transfused
Humeral Fracture (ORIF) 7 13 7 5 4
Forearm Fracture (ORIF) 10 15 8 1 1
Fracture of Femur (ORIF) 30 62 30 29 19

Spine 2 4 2 0 0
Pelvis + Acetabulum Reconstruction 4 12 4 8 4

Amputation (Upper Limb) 4 12 4 4 2
Amputation (Lower Limb) 10 22 10 12 7

Multiple Fractures 7 21 7 18 7
TKR 3 6 3 0 0
THR 1 3 1 1 1

Bone Tumors 13 25 12 11 5
Removal of Implants 4 9 4 3 2

Tibiofibular Fracture (ORIF) 3 6 3 0 0
Ankle fracture Reconstruction 2 2 1 0 0

Patella Fracture (ORIF) 5 12 5 5 3
Total 105 224 101 97 55

TKR: Total Knee Replacement, THR:  Total Hip Replacement

Table 1. Number of patients, unit cross matched, patient’s cross matched, unit transfused, and patient transfused for the various orthopedic surgeries.

Table 2. Crossmatch to transfusion ratio, transfusion probability, transfusion index, blood utilization, calculated MSBOS by Mead´s criteria and recommended 
MSBOS for orthopedic surgeries.

Type of surgery CTR T (%) TI Blood Utilization (%) MSBOS (M) Recommended MSBOS
Humeral Fracture (ORIF) 2.6 57.1 0.71 38.4 1.1 1
Forearm Fracture (ORIF) 15 12.5 0.12 6.7 0.9 T & S
Fracture of Femur (ORIF) 2.1 63.3 0.97 46.8 1.5 2

Spine 0 0 0 0 0 T & S
Pelvis + Acetabulum Reconstruction 1.5 100 2 66.7 3 3

Amputation (upper limb) 3 50 1 33.3 1.5 2
Amputation (lower limb) 1.8 70 1.2 54.5 1.8 2

Multiple Fractures 1.2 100 2.6 85.7 3.9 4
TKR 0 0 0 0 0 T & S
THR 3 100 1 33.3 1.5 2

Bone Tumors 2.3 41.7 0.92 44 1.4 1
Removal of Implant 3 50 0.75 33.3 1.1 1

Tibiofibular Fracture (ORIF) 0 0 0 0 0 T & S
Ankle Reconstruction 0 0 0 0 0 T & S

Patella Fracture  (ORIF) 2.4 60 1 41.7 1.5 2
Total 2.3 54 0.9 43

CTR: Cross-match Transfusion Ratio, T (%):  Transfusion Probability, MSBOS (M):  Maximum Blood Ordering Schedule By Mead´S Criteria, TI:   Transfusion 
Index, TKR:   Total Knee Replacement, THR:   Total Hip Replacement, T&S:   Type And Screen.
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