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Audit of Blood Transfusion Practice during Intraoperative
Period in Adult Spine Surgery
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A b s t r ac t
Background: Transfusion of blood is regarded as of key importance in the spinal procedure. In spite of increase in rate of spinal surgeries, the
audit of blood transfusion throughout spinal procedures in regional traumatic centers is important. Therefore, the present study was undertaken
to evaluate blood transfusion practices in adult spine surgeries and also determine the extent of utilization, wastage of blood products, and
prescription of blood during spine surgery with the help of indices (C/T, %T, and TI) for assessing blood ordering.
Materials and methods: A retrospective observational study among 130 patients was conducted to audit the blood transfusion practice
during the intraoperative period for adult spine surgery over a period of 1 year. The rate of blood transfusion and indices of blood utilization
were calculated.
Results: Out of 510 blood units cross-matched for 130 study subjects, just 112 units were transfused to 60 cases, indicative of only 46.15% of
cases required transfusions of blood. We observed that factors related to a greater chance of transfusion of blood were preoperative hemoglobin,
indication of surgery, surgical approach, and region of spine by Chi-square. Of all of these variables, only indication of surgery was relevant in
the multivariate model. The transfusion probability (%T), “transfusion index” (TI), and “cross-match transfusion (C/T) ratio” were 46.2, 0.86, and
4.5%, respectively.
Conclusion: The independent factor associated with more number of blood transfusions was indication of surgery. Transfusion probability
and TI in the present study are indicative of optimal utilization of blood. However, the high C/T ratio suggests the over cross-matching, which
should be minimized in future.
Keywords: Audit, Blood transfusion, Chi-square, Cross-match transfusion ratio, Hemoglobin, Indices, Spine surgery, Transfusion index, Transfusion
probability.
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I n t r o d u c t i o n

1

Blood is a valuable asset and the secret to successful management
of blood bank services is its proper use. Transfusion of blood has
a significant role in surgical patient resuscitation and treatment,
but we frequently underestimate expected blood loss by overordering blood.1 However, transfusion of blood is measured as high
importance in spinal procedures. In sight of increase in number of
spinal processes due to road traffic accidents, pathological causes, the
audit of blood transfusion throughout spinal procedures in regional
traumatic centers is essential. Advancement in surgical procedures,
method of hemostasis, as well as enhanced managing strategies have
considerably decreased intraoperative transfusion requirement.2
There is wastage of time and efforts in cross-matching for each
patient posted for spine surgeries as most of the cross-matched
blood is not utilized for transfusion. Once cross-matched, the
blood bag is kept in reserve, which leads to storage difficulties for
blood center, decrease in lifespan, financial burden, and wastage
of blood units [540]. There are various indices for evaluating blood
assembling practice, such as “transfusion index” (TI), “transfusion
probability” (%T), and “cross-match/transfusion (C/T) ratio.” They
will help to reduce the extraordinary financial cost of ineffective
blood recommendation practices.2
Now, we are more concentrated on identifying patients who are
unlikely to need transfusion of blood during the surgical procedure,
so this appeared to be the place where we could better minimize
the cost of blood banks without sacrificing safety of patients. Also,
we involve auditing cross-match to transfusion practices of our
institute and compare them with other studies and analyze the

several preoperative factors that contribute to transfusion of blood
for cases underwent spine surgeries.
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M e t h o d s

The present retrospective observational study was conducted in the
Department of Anesthesiology at Tertiary Care Institute during the
1-year period from Jan 1, 2016 to Dec 31, 2016. Overall 130 patients
of ASA grade I, II, and III, having age between 18 and 60 years and
who were scheduled for spinal cord or nerve root compression
surgery and pathological spine surgery (congenital, degenerative,
infective, traumatic, idiopathic) were enrolled to audit the blood
transfusion practice during the intraoperative period. Patients
with unsteady vertebral segment or reduced malformation as in
scoliosis were also included. Patient whose notes not recovered,
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revision surgery, neoplastic surgery, and multiple surgeries were
excluded from the study.
Anesthetic plans were revised for all the patients in contest
with age, sex, ASA grading, lab investigations, indication of
surgery, technique of anesthesia, position during surgery, operative
approaches, operative time, number of vertebral levels, transfusion
records, and intraoperative complications. Blood requisition and
transfusion of spine surgery cases were compiled and reviewed with
quantity of units equipped, cross-matched, and transfused, no. of
patients cross-matched and transfused, source of blood donation
or collection, and anesthesia type. All these records were collected
from the operation theater registers, anesthesia—team record as
well as blood bank record.
The blood transfusion rate and blood utilization indices—for
example, C/T, TI, and %T—were determined and utilized to compare
different patient groups. Transfusion index of ≥0.5, % T of ≥30%,
and C/T ratio of ≤2.5 are measured revealing judicious blood
prescription practice and use.

S tat i s t i c a l A n a lys i s
The statistical analysis was done by using SPSS ver. 20. Data were
analyzed regarding number of blood units ordered for every case vs
overall number of units transfused (C/T ratio). Continuous variables
were presented as mean ± SD, while categorical variables presented
as numbers and percentage. We determined the relation between
outcome (blood transfusion) and other study parameters (age,
sex), utilizing the univariate analysis (Chi-square test, Fischer Exact
test) where appropriate variables with p value ≤0.2 were involved
in ‘binary logistic regression model’ to identify independent
association with blood transfusion. The p value less than 0.5 was
considered statistically significant.

the surgical procedure via the posterior approach whereas residual
patients undergo the process via the anterior approach (32.3%),
circumferential approach (7.7%), and lateral approach (6.9%).
Maximum number of patients (43; 33.1%) underwent cervical
surgery are shown in Figure 1.
The mean duration of surgery was significantly less in male
than female patients. However, the mean blood loss and mean
hemoglobin levels were significantly more in male than female
cases (p < 0.05) as shown in Table 2.
Total 510 blood units were cross-matched for 130 cases, 112
units were transfused to 60 cases, representing that only 46.15%
of cases require transfusions of blood (Fig. 2).
When Chi-square was applied for comparison between no. of
cases with cross-matched blood and demanding transfusion with
respect to patient characteristic, it showed that factors related
with a greater risk of transfusion of blood were preoperative
hemoglobin, indication of surgery, surgical approach, and region of
spine (p < 0.05) (Table 3). The multivariate analysis showed that the
factors that were individually linked with greater risk of transfusion
of blood was sign of operation (p < 0.05) (Table 4).
From Figure 2, we can derive the %T of the spine operations by:
%T  (Number of patients transfused  100) /
Number of patients cross - matched
 60  100 / 130  46.2%
The TI was derived by:

TI = No. of units of blood transfused /
No. of cases cross - matched = 112 / 130 = 0.86

R e s u lts
Total 130 spine operations were done over a period of 1 year under
consideration. Out of 130 patients, 70 (53.8%) patients were male
and 60 (46.2%) were female. Average age of the patients was 40.4
± 12.13 years, with range of 18–60 years. Most of the cases (30.7%)
were in 41–50 years of age group followed by 51–60 (23.9%) and
31–40 years (21.6%). The age and sex distribution of patients is
summarized in Table 1.
Total 41 patients (31.53%) had comorbidities such as
hypertension (HTN) (16; 12.3%), diabetes mellitus (DM) (12; 9.2%),
ischemic heart disease + HTN (8; 6.2%), and ischemic heart disease
+ DM (5; 3.8%). The primary indication for surgery was degenerative
spine disease (61; 46.9%) followed by trauma (26; 20%), adult
idiopathic scoliosis (AIS) (20; 15.4%), infection (8; 6.2%), and others
including Pott’s disease (15; 11.5%). Total 69 (53.1%) patients had
Table 1: Age and sex distribution of patients

Age (in years)
18–20
21–30
31–40
41–50
51–60
Total
Mean ± SD
24

Male

Female

Total

No. of patients
(%)
4 (3.1)
13 (10)
11 (8.5)
21 (16.1)
21 (16.1)
70 (53.8)
41.4 ± 12.67

No. of patients
(%)
2 (105)
12 (9.2)
17 (13.1)
19 (14.6)
10 (7.8)
60 (46.2)
39.3 ± 11.46

No. of patients
(%)
  6 (4.6)
25 (19.2)
28 (21.6)
40 (30.7)
31 (23.9)
130 (100)
40.4 ± 12.13

Fig. 1: Distribution of patients according to region of spine
Table 2: Mean duration of surgery, blood loss, and hemoglobin levels
Mean duration
of surgery
(minutes)
Mean blood
loss (mL)
Mean hemoglobin levels
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Male
298.06 ± 30.80

Female
Total
319.77 ± 28.04 308.07 ± 31.38

830.55 ± 28.38

592.87 ± 29.73 720.85 ± 122.41

14.6 ± 3.41

12.09 ± 3.37

13.44 ± 3.61

Audit of Blood Transfusion Practice during Intraoperative Period in Adult Spine Surgery

Fig. 2: Blood request and transfusion record of patients
Table 3: Chi-square comparison between number of patients with cross-matched blood and requiring transfusion with
patients characteristic
No. of patients
Parameters
Age (in years)
Sex
Preop hemoglobin
Comorbidities
Indication of surgery

Surgical approach

Region of spine

≤40
>40
Male
Female
≤9 g/dL
>9 g/dL
Yes
No
Degenerative
Trauma
AIS
Infection
Others
Posterior
Anterior
Circumferential
Lateral
Cervical
Lumbar
Thoracolumbar
Thoracic
Cervicothoracic

The C/T ratio was derived by:
C / T = No. of units of blood cross - matched /
No. of units of blood transf
=
used 510
=
/ 112 4.5

D i s c u s s i o n
Significant perioperative blood loss and major transfusion needs
have traditionally been linked with spine surgeries. 3–5 With a
growing trend to reduce the requirement for allogenic blood
transfusion, many blood-saving strategies have been used

Cross-matched
59 (45.4)
71 (54.6)
70 (53.8)
60 (46.2)
18 (13.8)
112 (86.2)
36 (27.7)
94 (72.3)
61 (46.9)
26 (20)
20 (15.4)
8 (6.2)
15 (11.5)
69 (53.1)
42 (32.3)
10 (7.7)
9 (6.9)
43 (33.1)
42 (32.3)
30 (23.1)
10 (7.7)
5 (3.8)

Transfused
32 (24.6)
28 (21.5)
28 (21.5)
32 (24.6)
14 (10.8)
46 (35.4)
15 (11.5)
45 (34.6)
14 (10.8)
14 (10.8)
14 (10.8)
5 (3.8)
13 (10)
41 (31.5)
6 (4.6)
7 (5.4)
6 (4.6)
5 (3.8)
25 (19.2)
21 (16.2)
7 (5.4)
2 (1.5)

p value
>0.05
>0.05
<0.05
>0.05
<0.05

<0.05

<0.05

to decrease the criteria for transfusion in patients with spinal
surgery. Preoperative allogeneic donating blood, proper patient
placement, and sufficient muscle weakness have been used to
reduce intra-abdominal stress, paravertebral tissues infiltration
with epinephrine, intraoperative blood rescue, regulated
hypotensive anesthesia, and antifibrinolytic agent usage. 6–11
Current understanding of the risks associated with allogeneic
blood transfusion has been increased, such as allergenic reactions,
hemolytic reactions, increased rates of infection, and transmission
of diseases especially human immunodeficiency viruses and
hepatitis viruses.12–16
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Table 4: Multivariate analysis of factors associated with a higher risk of transfusion in patients
Parameters
Age (in years)
Sex
Preop hemoglobin
Comorbidities

Indication of surgery

Surgical approach

Region of spine

≤40
>40
Male
Female
≤9 g/dL
>9 g/dL
Hypertension
Diabetes mellitus
Ischemic heart disease
Degenerative
Trauma
AIS
Infection
Others
Posterior
Anterior
Circumferential
Lateral
Cervical
Lumbar
Thoracolumbar
Thoracic
Cervicothoracic

In the present study, most of the cases (53.84%) did not
required transfusions of blood and the quantity of blood crossmatched far surpassed the necessity. Out of 510 blood units
cross-matched for our 130 cases, only 112 units were transfused to
60 cases, demonstrating that only 46.15% of cases require blood
transfusions. For developing countries such as India, where health
care is already restricted due to financial constraints, this was
obviously an eye-opener; such a large waste of valuable resources,
including time, money, equipment, workers, and storage space, was
carried on for years on an unnoticed daily basis. This was especially
important for surgeries carried out for routine degenerative spine
pathologies such as lumbar microdiscectomy, laminectomy, cervical
laminectomy, anterior cervical discectomy, etc. Interestingly, these
are also the most common elective cases of the spine and do not
involve perioperative transfusions in general.
A variety of variants were being suggested to be correlated
with elevated transfusion demands in the literature,17–19 including
low preoperative hemoglobin, history of pulmonary disease, tumor
surgery, increased number of fused spinal levels, female gender, age
>60 years, and a preoperative ASA score of 3 years. In the present
study, variables related with a greater risk of blood transfusion
were preoperative hemoglobin, indication of surgery, surgical
approach, and region of spine (p < 0.05) by the Chi-square test.
This is comparable with the study done by Alam et al.1 In contrast
to the cervical spine, the lower regions of the spine (thoracic,
thoracolumbar, and lumbar) were more likely to require transfusion,
which is understandable considering the physical variations. This
finding is correlated with the study done by Alam et al.1 and TorresClaramunt et al.19

26

Odd ratio (95% confidence
interval)
1
5.14 (0.43–8.21)
1
2.59 (1.52–578)
1
3.48 (0.63–6.36)
1
1.96 (0.16–3.23)
1.28 (0.84–2.78)
1
1.12 (1.01–1.25)
1.61 (1.43–1.83)
1.70 (1.15–2.50)
1.42 (1.26–3.60)
1
1.10 (0.99–1.22)
0.97 (0.82–1.16)
1.39 (0.85–2.31)
1
0.75 (0.54–1.03)
0.81 (0.61–1.09)
1.17 (0.45–2.85)
1.23 (1.00–1.51)

p value
–
0.251
–
0.483
–
0.372
–
0.614
0.728
–
0.014
0.017
0.001
0.037
–
0.482
0.716
0.862
–
0.091
0.425
0.514
0.613

The multivariate analysis revealed that the variables that were
individually related with higher risk of blood transfusion was sign
of surgery (p < 0.05), which is comparable with the study done by
Alam et al.1 Taking degenerative spine surgery as the reference
category in indication of surgery, the odds ratio of other indication
of surgery requiring transfusion were calculated. It was found
that as compared to degenerative spine surgery, trauma patients
require 1.12 (p value 0.014), adult idiopathic scoliosis requires 1.61
(p value 0.017), infection patients require 1.70 (p value 0.001) blood
transfusions, which were statistically significant.
The current study found the high C/T ratio indicates that
there was excess ordering of cross-matching than the number
of units transfused. While TI was derived as 0.86 and the %T was
46.2%, which indicates effective blood utilization practices at our
institution. Similarly, Alam et al.1 reported high C/T ratios (C/T ratio
= 4.4:1) and those undertaking arthrodesis for progressive disease
(6.9:1) or cervical spine arthrodesis (23:1) had the maximum C/T
ratios representing an important defect in their blood collection
practice. Arinze et al.2 found %T of the spinal surgeries 45.8%, TI
derived was 0.7, and C/T ratio was 3.4; these findings are similar to
the present study.
An innovative approach is needed to minimize the allogeneic
transfusion demands of spinal surgical patients and to improve
perioperative patient care, as blood management is definitely a
complex problem. The present retrospective observational study
among 130 patients in a tertiary hospital was conducted to audit
the blood transfusion practice during intraoperative period for adult
spine surgery to evaluate the blood transfusion practice; however
we did not aim to develop any institutional guideline.
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L imi tat i o n
•

•

of

S t u dy

In our research, even days after the procedure, certain blood
units that were very likely to be transfused postoperatively in
the wards were not calculated on the basis of transfusion rate
and blood utilizations indices.
The present study is limited as retrospective design and
representing only our institutional practices. Therefore, these
results cannot be generalized.

C o n c lu s i o n
After evaluation of audit of blood transfusion practices in
adult spine surgeries, we observed that factors associated with
blood transfusion were preoperative hemoglobin, indication of
surgery, surgical approach, and region of spine by Chi-square.
The multivariate analysis showed that the independent factor
associated with more number of blood transfusions was indication
of surgery.
Transfusion probability and TI in the present study are indicative
of optimal utilization of blood. However, the high C/T ratio suggests
the over cross-matching, which should be minimized in future.
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