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Background: Elective orthopaedic surgeries incur unavoidable blood loss and may need blood replacement.
Over preoperative blood requesting results in unnecessary crossmatching.

Aim: To audit blood ordering and utilization in elective orthopaedic surgeries at Maharat Nakhon Ratchasima
hospital for a one year period and recommend guidelines for blood orders.

Materials and Methods: A 1 year retrospective analysis of patients who underwent elective orthopaedic
surgeries. Patients’ age, sex, type of operative procedure, pre- and postoperative hematocrit (Hct) levels,
number of units crossmatched, transfusion, crossmatch to transfusion ratio (C:T), transfusion probability,
transfusion indices, and the actual and predicted fall in Hct were reviewed and a blood ordering schedule
proposed based on a surgical blood ordering equation.

Results: 1,417 patients underwent 25 kinds of elective orthopaedic procedures. 1987 units of blood were cross-
matched, but only 296 units were transfused. Transfusions were never used in seven procedures. All of the 25
procedures had C:T >2.0. Nineteen of the 25 procedures had transfusion probabilities of <30 percent. Twenty
from 25 procedures had a low transfusion index (Ti<0.5). The results demonstrated that the majority of
preoperative blood orders were unnecessary. Seven of the 25 elective surgical procedures did not require
preoperative blood orders. This study recommends blood ordering guidelines based on patients and surgical
variables which leads to the maximum utilization of blood.
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Introduction

Many elective orthopaedic surgeries often
inevitably lead to excess blood loss during the
procedure which as a result requires transfusion.
The Orthopaedic Department at Maharat Nakhon
Ratchasima Hospital has many elective surgeries as
well as blood ordering. In the year 2012, the
amount of cross-matched blood was 9,324 units®
but the number of units transfused was only 3,180
units (30 percent) and the cost of this was around
7,372,800 baht. The preoperative assessment of
blood requirements is often an over assumption as
shown by blood bank registers. The consequences
of such misuse include the outdating of blood,
overburdening of blood bank personnel, depletion
of blood bank resources, and wastage of time.

Many hospitals experience over blood
ordering in which high cross-matched to transfusion
ratios (C:T ratio) are more than 2.0 to 97.56
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percent®”. The guidelines for proper cross-
matched blood ordering for surgeons (maximum
surgical blood order schedule: MSBOS) can
decrease costs by around 60 percent®® the C:T
ratio will reduce from 3.6 to 2.6“°™, and it will
also reduce the work load for the blood bank which
as a result gives benefits for emergency conditions.

The maximum surgical blood ordering
schedule (MSBOS) is the list of common elective
surgical procedures for which the maximum
number of units of blood are cross-matched
preoperatively for each procedure®™®. It is
designed to help surgeons to order enough blood for
patients for each operation with 85 percent-90
percent accuracy. Although MSBOS has improved
the efficiency of blood utilization, there are also
certain drawbacks. The most significant drawback
is the absence of accountability for individual
differences in transfusion requirements between
different persons undergoing the same surgical
procedure™®®,

The surgical blood ordering equation
(SBOE) is calculated using incorporating patient
and surgical variables, such as pre- and


http://www.rcost.or.th/journal

18

postoperative hematocrit (Hct) levels of
the patient and the amount of surgical blood loss
during each surgical procedure®*®_ Surgical teams
can develop the transfusion system and set
transfusion limits by using the SBOE.

Hence, this study aims to improve the
efficiency of blood utilization in the trauma care
blood bank and reduce unnecessary cross-matching.
The primary objective is to audit the blood
utilization in elective orthopaedic surgeries and to
recommend a blood ordering schedule.

Materials and Methods

The medical records of patients who
underwent elective orthopaedic surgeries were
reviewed. A retrospective analysis of data for a
period of 1 year from January to December 2012
was performed. Data of the patient age < 15 yrs,
patients with hematologic disease and pre-operative
Hct below 30 percent, and patients who underwent
multiple operations were excluded.

Patient and surgical parameters include
age and gender, type of surgical procedure, pre- and
postoperative Hct levels, estimated blood loss for
each surgical procedure, and the predicted fall in
Hct. The transfusion parameters, such as the
number of units transfused and crossmatched, were
collected. The calculated indices include the cross-
match to transfusion ratio (C:T ratio), transfusion
probability (%T), and transfusion index (Ti).

C:T ratio
= Number of units cross matched
Number of units transfused
The C:T ratio represents proper cross-
matching and usage.

Transfusion probability (%T)
= Number of patients transfused x 100
{ Number of patients cross-matched
The transfusion probability represents
significant blood usage for an operation.

Transfusion index (Ti)
= Number of units transfused
Number of patients cross-matched
The transfusion index represents the
average number of units of blood for a procedure.

A realistic objective for C:T ratio is
between 1:1 and 2:1. AC:T ratio<2.0and Ti > 0.5
is considered as indicative of significant blood
utilization, and %T > 30 is considered as indicative
of significant blood usage™??.

These parameters are used to calculate a
blood ordering schedule using the SBOE. Many
such SBOEs are in use; however, this study
calculated blood ordering to create a guideline by
using an equation modified from Nuttall et al®*2¥
for the purpose of simplicity.

Number of packed red blood cell units required
= [predicted Hct fall(%) — patient Hct capacity(%)]

3

The predicted Hct fall is calculated based
on the amount of blood lost during each surgical
procedure and in the first 24 hour postoperative
period to reduce the risk of severe blood loss and
developing shock after surgery, assuming by the
difference between preoperative and postoperative
Hct that is taken at 24 hours post-surgery. The
difference in the mean preoperative and mean
postoperative Hct levels of the patients for each
procedure gives the predicted Hct fall for any
surgical procedure. The patient’s Hct capacity is
calculated based on postoperative Hct which should
not be less than the normal threshold at 33
percent®, so the differential between preoperative
Hct and 33 is a capacity of the amount of blood loss
from the surgical procedure. For example, the
preoperative Hct is 36, so the capacity of the
amount of blood loss from the surgical procedure is
3 percent. If the predicted Hct fall is 6 percent, the
number of packed red blood cell (PRC) units
required = [6 — 3]/3 which equals one unit.

Result

A total of 1,417 patients were included in
this study with 1,065 patients cross-matched. These
patients underwent 25 common different elective
procedures of orthopaedic surgery at Maharat
Nakhon Ratchasima hospital. There were 646 males
(60.7 percent) and 419 females (39.4 percent). The
mean age was 46.9 years old. Out of the total 1,987
PRC units crossmatched from 1,065 cases, only 296
units (14.9 percent) were transfused to 243 patients.
This means 85.1 percent of the total crossmatched
units were not transfused. The number of patients
and units cross-matched and transfused is tabulated
in Table 1.

A majority of the patients (75.2 percent)
underwent elective operations with cross-matching
(1,065 patients cross-matched from 1,417 cases).
The C:T ratio, transfusion probability, and
transfusion index were formulated for each of the
elective procedures and are shown in Table 2.

The overall C:T ratio was 6.7 (1,987/296
units). Seven out of the 25 elective procedures
namely, lumbar discectomy, forearm and ankle
plating, patella tension band wiring (TBW), below
knee amputation (BKA), knee, and shoulder
arthroscopy never had blood transfused and these
cannot be used to calculate the C:T ratio. None of
the 25 elective procedures had C:T ratio < 2; the
lowest C:T ratio was for posterolateral interbody
fusion (PLIF) with a C:T ratio of 2.3. The highest
C:T ratio was for anterior cervical discectomy and
fusion (ACDF) with a C:T ratio of 61.5.
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The overall transfusion probability was
only 22.8 percent. There were eight procedures with
significant blood usage in which the transfusion
probability was > 30 percent, namely posterior
lumbar fusion (PLF) 1-2 levels, PLF 3-4 levels,
PLIF 1-2 levels, PLIF 3-4 levels, femoral
cephalomedullary  nailing, femoral plating,
acetabular fixation, and distal femoral plating.
However, the transfusion index was > 0.5 in PLF 3-
4 levels, PLIF 1-2 levels, PLIF 3-4 levels,
acetabulum fixation, and distal femoral plating.

Many elective operations were performed
with meticulous care of bleeding or were quickly
completed and so resulted in minimal or
uncountable blood loss during surgery. However,
postoperative bleeding is unavoidable and may
cause the fall in postoperative Hct until a need for
blood infusion was necessary after surgery. The
amount of Hct loss between preoperative and
postoperative measurements of each procedure was
calculated in Table 3.

There is an accepted guideline for
postoperative infusions at Maharat Nakhon
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Ratchasima Hospital to infuse blood if Hct drops
below 30 percent®. The predicted Hct fall is
indicated the blood consumption and it should be
the amount of units of blood prepared for a
procedure and can be a protocol for preoperative
cross-matched or surgical blood operative schedules
(SBOS). However, patients with Hct levels which
are high preoperatively and remain normal after the
surgery was performed do not need the blood
infusion and the preoperative cross-matching is
wasted. Therefore, if the difference between
preoperative Hct and the predicted Hct fall was
more than 30 percent the preoperative cross-
matching is unnecessary. The SBOS was drafted
based on the SBOE. When the number of units
calculated is less than 0.9 units, a type and screen
(T&S) policy is recommended. When it is more
than 0.9 units, the number of PRC units is rounded
off to the nearest integer. The Hct capacity,
predicted Hct loss, and the SBOS are tabulated in
Table 4.

Table 1 Blood cross-matched and transfusion patterns for different elective orthopedic surgeries

. . Crossmatched Transfused
Operation Type Patients(n) Patients(n) | Units(n) | Patients(n)| Units(n)
Anterior cervical discectomy and fusion 1 level 42 42 87 2 2
Anterior cervical discectomy and fusion 2 levels 14 14 27 0 0
Anterior cervical discectomy and fusion 3 levels 4 4 9 0 0
Corpectomy 10 10 21 2 2
Lumbar discectomy 48 48 66 0 0
Posterior lumbar fusion 1-2 levels 73 73 147 23 26
Posterior lumbar fusion 3-4 levels 40 40 103 24 35
Posterior lumbar interbody fusion 1-2 levels 23 23 56 14 23
Posterior lumbar interbody fusion 3-4 levels 5 5 14 4 6
Arthroscopic knee 105 2 2 0 0
Arthroscopic shoulder 12 1 0 0 0
Total hip arthroplasty 92 92 182 27 31
Total knee arthroplasty 91 91 182 5 5
Hip hemiarthroplasty 68 68 136 20 22
Plate and screw humerus 30 30 49 8 11
Plate and screw forearm 170 48 63 0 0
Multiple screw neck femur 12 12 17 1 1
Dynamic hip screw 80 79 146 18 18
Cephalomedullary nail femur 61 61 115 21 22
Intramedullary nail femur 56 56 111 15 20
Kuncher nail femur 8 8 16 1 1
Distal plate femur 22 22 53 15 18
Plate and screw femur 72 72 150 27 31
Intramedullary nail tibia 65 48 56 4 4
Plate and screw tibia 92 61 88 4 4
Plate and screw ankle 62 18 21 0 0
Acetabulum fixation 15 15 44 8 14
Patella tension band wiring 37 10 13 0 0
Below knee amputation 8 12 13 0 0
Total 1,417 1,065 1,987 243 296
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Table 2 Blood utilization for different elective orthopedic operations

Operation Type C:T ratio %T Ti
Anterior cervical discectomy and fusion 61.5 3.3 0.03
Corpectomy 11 20 0.2
Lumbar discectomy * - - -
Posterior lumbar fusion 1-2 5.7 315 0.36
Posterior lumbar fusion 3-4 2.9 60 0.88
Posterior lumbar interbody fusion 1-2 2.4 60.8 1
Posterior lumbar interbody fusion 3-4 2.3 80 1.2

Arthroscopic knee * - - -

Arthroscopic shoulder * -

Total hip arthroplasty 5.9 29.3 0.34

Total knee arthroplasty 36 5.49 0.05
Hip hemiarthroplasty 6.2 29.4 0.32
Plate and screw humerus 4.5 26.7 0.37
Plate and screw forearm * - - -

Multiple screw neck femur 17 8.3 0.08
Dynamic hip screw 8.1 22.8 0.22
Cephalomedullary nail femur 5.2 34.4 0.36
Intramedullary nail femur 5.6 26.8 0.36
Kuncher nail femur 16 12.5 0.13
Distal plate femur 2.9 68.2 0.82
Plate and screw femur 4.8 37.5 0.43
Intramedullary nail tibia 14 8.33 0.08
Plate and screw tibia 22 6.55 0.07
Plate and screw ankle * - - -

Acetabulum fixation 3.1 53.3 0.93

Patella tension band wiring * - - -

Below knee amputation * - - -

*Packed red blood cells (PRC) was not transfused in this procedure

Table 3 Predicted hematocrit loss for different orthopaedic procedures

Type of surgery Predicted hematocrit loss (percent)

Plate and screw forearm 0.47
Plate and screw ankle 0.4
Patella tension band wiring 0.4
Multiple screw neck femur 1.95
Plate and screw tibia 2.31
Below knee amputation 1.57
Dynamic hip screw 3.37
Cephalomedullary nail femur 2.91
Plate and screw humerus 3.53
Intramedullary nail femur 3.7
Intramedullary nail tibia 3.63
Distal plate femur 5.14
Plate and screw femur 5.31
Kuncher nail femur 6.28
Acetabulum fixation 7.28
Arthroscopic shoulder 0.3
Arthroscopic knee 0
Anterior cervical discectomy and fusion 1.99
Lumbar discectomy 212
Total knee arthroplasty 3.18
Hip hemiarthroplasty 3.01
Corpectomy 4.06
Total hip arthroplasty 5.57
Posterior lumbar fusion 1-2 4.65
Posterior lumbar interbody fusion 1-2 7.85
Posterior lumbar fusion 3-4 7
Posterior lumbar interbody fusion 3-4 12.24
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Table 4 Predicted hematocrit loss and surgical blood ordering schedule

Predicted

Preoperative hematocrit (%

Type of surgery Het loss | 30

32 133134 135]36 |37 38|39 | 40

Plate and screw forearm - -

Plate and screw ankle - -

Patella tension band wiring - -

Arthroscopic shoulder

Arthroscopic knee

Multiple screw neck femur

Plate and screw tibia

Below knee amputation

Anterior cervical discectomy and fusion

Lumbar discectomy

Dynamic hip screw

Cephalomedullary nail femur

Total knee arthroplasty

Hip hemiarthroplasty

T&S

Plate and screw humerus

Intramedullary nail femur

Intramedullary nail tibia

Corpectomy

distal plate femur

Plate and screw femur

Posterior lumbar fusion 1-2

Kuncher nail femur

Total hip arthroplasty

Acetabulum fixation

Posterior lumbar interbody fusion 1-2

Posterior lumbar fusion 3-4
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Discussion

Blood is a valuable commodity and its
proper usage certainly promotes the management
efficiency of the blood bank resource and hospital.
The results from the present study shows highly
improper blood ordering in this hospital according
to the overall C:T ratio, transfusion probability, and
transfusion index, and that some operations,
namely, lumbar discectomy, forearm and ankle
plating, patella tension band wiring, below knee
amputation, knee, and shoulder arthroscopy, never
needed blood infusions at all . So the C:T ratio
parameter could not be calculated due to dividing
by zero.

Many operative procedures in this study
have a low risk for intraoperative bleeding because
of the use of a tourniquet for bleeding control, but
bleeding still might continue in the postoperative
period. Therefore, the surgeons cannot predict the
necessary preoperative cross-matching because the
surgeons might not have the estimate data for the
amount of blood to be used or blood loss which
leads to improper blood ordering. The elective
orthopedic procedures in which the tourniquet was
used intraoperatively, but still had a postoperative
Hct loss of more than 3 percent were total knee
arthroplasty and intramedullary nailing tibia.
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However, these procedures showed the insignificant
blood usage with transfusion probabilities of 5.49
and 8.33, respectively.

There are some operative procedures in
which the tourniquet cannot be used. The routine
preoperative cross-matching without the guideline
for this group had never been reviewed and might
lead to improper blood ordering. In the present
study, none of the 48 patients who underwent
lumbar discectomy used any blood that was
crossmatched. Also, only 2 ACDF patients recieved
infusions out of the total 60 patients.

The operations which used significant
amounts of blood as calculated by the transfusion
probability were PLIF, PLF, acetabulum fixation,
femur and distal femoral plating, and femoral
cephalomedullary  nailing.  Although  these
procedures had significant blood usage the C:T
ratio was still high. It means that the preoperative
cross-matching was much higher than what was
actually needed. The appropriate blood usage can
be achieved by a blood ordering schedule which
will result in a decreased fee from unnecessary
cross-matching®?”.  The appropriate  blood
ordering can be achieved by using guidelines or
schedules and many schedules have been developed
for this purpose. Bhutia et al.®® evaluated the
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preoperative blood ordering and transfusion
practices for common elective general surgical
procedures and found that 40 percent of the cross-
matches performed were unnecessary. Vibhute et
al."® used MSBOS to analyze the blood evaluation
and transfusion practices for 500 elective general
surgical procedures. It was shown that MSBOS
definitely improved the blood utilization and
reduced the wastage rate. However, it does not take
into consideration the individual differences in
transfusion needs between different patients
undergoing the same surgery. The SBOE is created
from this concern. The risk factors have been
analyzed and found to be useful in predicting blood
transfusions"’*®. Some of them include low
preoperative Hb/hematocrit, surgical blood loss,
and the type of surgery. This study drafted the
schedule which was formulated using the modified
SBOE from Nuttall et al.®® and operations with less
bleeding, but the patients had low hematocrit
capacity, preoperative cross-matching in this
situation might or might not be necessary. The
concept of type and screen will then be used by
performing grouping and screening antibodies
without cross-matching. Type and screen is
suggested to be 99 percent effective in preventing
incompatible transfusions®®3Y. This is due to the
high efficacy of antibody screening in the detection
of potentially clinically significant antibodies.
According to the American Association of Blood
Banks’ recommendations®®, if the antibody
screening is negative and there are no previous
records of detecting such antibodies, serological
testing to detect ABO incompatibility is adequate
and antiglobulin  testing is  performed,
crossmatching may be skipped. Benefits of a type
and screen (T&S) include reduced costs of reagents
(used for crossmatching), improved turnaround
time, and decreased workload of the laboratory
personnel. Most importantly, it helps reduce
unnecessary loss of blood supply due to the
outdating of blood.

However, the necessity of crossmatched
infusions of some patients cannot be achieved by
using the ratio. The surgical team needs to assess
the need of crossmatching by assessing the rapidity
of blood loss and the sign indications of blood loss.
However, sometimes it appears that the amount of
hematocrit is not high enough to fall into the blood
replacement need category. In addition, the use of
hematocrit may be varied due to other factors such
as dehydration or technical errors in the sample
collecting process which can lead to an inaccuracy
in the interpretation of the results.

There are many factors that are associated
with blood loss during and after each surgical
procedure regardless of the kind of procedure.
Hence, the results obtained from this study are
meant to be a guideline rather than a rule. People
associated with the use of this guideline need to

determine the appropriateness of its use.
Nevertheless, the implementation of such schedules
requires a careful assessment of blood utilization
practices of the hospital and regular reviews to
improve the accuracy of the guideline.

Conclusion

Blood is a valuable resource. There is the
cost associated with the supply and the storage
process of blood. An excess ordering of blood
burdens in a significant waste of time, resources,
and money. However, a proper and an appropriate
amount of blood ordering is difficult to determine
and there is a significant risk to patients. The
assessment of blood ordering and utilization can be
performed by a quantitative review and reflected in
the form of C:T ratios, transfusion probabilities and
transfusion indexes.

If the result is higher than the mean, the
surgical team should consider the case because it
can lead to an improvement of the utilization. The
guideline and the follow up of the guideline’s result
can lead to a more accurate guideline. This will lead
to a reduction in the waste of crossmatching, costs
associated with the over ordering of crossmatching
and the time consumed in the ordering process of
the blood bank. Most importantly, it will reduce the
risk of insufficient blood supply for the patient in
the necessary situation or emergency surgical
procedure.
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