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Abstract:

Background: Perioperative blood transfusion is an integral component of major surgical care for managing acute
blood loss and maintaining adequate tissue oxygenation. However, inappropriate transfusion practices may
increase postoperative complications, healthcare costs, and resource utilization. Identifying factors associated with
blood transfusion is essential for optimizing perioperative blood management and improving patient outcomes.
Aim: To evaluate perioperative blood transfusion requirements and identify associated risk factors among patients
undergoing major surgical procedures.

Methodology: A hospital-based retrospective observational study was conducted over one year at a Netaji Subhas
Medical College and Hospital in Bihta, Patna, Bihar. A total of 145 adult patients undergoing major elective
surgical procedures were included. Data regarding demographic characteristics, clinical profile, laboratory
parameters, surgical details, perioperative blood transfusion, and postoperative outcomes were collected from
hospital records. Statistical analysis was performed using IBM SPSS version 26.0, with p < 0.05 considered
statistically significant.

Results: Among the 145 patients, 46 (31.7%) required perioperative blood transfusion, while 99 (68.3%) did not.
Packed Red Blood Cells were the most frequently transfused blood component. Lower preoperative haemoglobin
levels, intraoperative blood loss exceeding 500 mL, and operative duration greater than three hours were identified
as significant independent predictors of perioperative blood transfusion (p < 0.05).

Conclusion: Perioperative blood transfusion was commonly required in major surgical procedures and was
significantly associated with preoperative anaemia, excessive blood loss, and prolonged surgery. Adoption of
Patient Blood Management strategies and restrictive transfusion practices may improve patient outcomes and
optimize blood utilization.

Keywords: Perioperative blood transfusion, Major surgery, Patient blood management, Preoperative anaemia,
Blood loss, Risk factors, Packed red blood cells.
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Introduction

Large blood losses are common in major surgery and
blood transfusion is often part of the care provided
during surgery. The transfusion of blood is essential
in restoring the blood volume, maintaining optimum
tissue oxygenation and preventing the problems as-
sociated with acute anaemia before and after sur-
gery. While transfusion of allogenic blood has made
major surgical interventions safer, it is also known
to have several detrimental effects such as transfu-
sion reactions, immunomodulation, transmission of
infectious agents, length of hospital stay, health care
costs and higher postoperative morbidity and mor-
tality [1]. Thus, current practice in the perioperative
arena no longer involves routine replacement of sur-
gical blood loss with allogenic blood transfusion,
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but rather evidence-based methods to reduce unnec-
essary transfusion while achieving best patient out-
comes.

This paradigm shift highlighted the need for the cor-
rect transfusion practice and the need for patient
management in the peri-operative period. Patient
Blood Management (PBM) has become an inte-
grated and multi-disciplinary strategy to maximize
care for patients who may require blood transfusion
over the last 20 years. PBM is the use of evidence-
based medical and surgical strategies to maintain he-
moglobin concentration, optimize hemostasis and
reduce blood loss in a timely fashion to enhance
clinical outcomes. PBM is not just about blood
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replacement but about correction of any anemia be-
fore surgery, careful surgery to minimize the need
for blood during surgery, judicious use of blood
transfusion and postoperative blood conservation
measures. Many international studies have shown
that PBM programs are an effective means of reduc-
ing transfusion needs, postoperative complications,
hospital stay and improving patient survival without
any effect on patient safety [2].

Although restrictive transfusion practice is gaining
popularity, the issue of blood transfusion in the peri-
operative period is a complicated clinical one.
Guidelines for transfusion have been published by a
number of professional bodies which suggest re-
strictive hemoglobin thresholds and individual as-
sessment of the patient based on clinical parameters,
not just laboratory support [3]. Significant interhos-
pital, interspecialty, inter-anesthesiologist and indi-
vidual variability is still found, however, in transfu-
sion practice. This is because there is variation in in-
stitutional protocols, surgeon preference, clinical
judgment, expected blood loss, and blood product
availability. This results in the administration of un-
necessary transfusions in many patients and delay of
transfusion in others with considerable blood loss.
These discrepancies illustrate the need for ongoing
assessments of transfusion services across various
healthcare settings to pinpoint areas for improve-
ment and the need for standardized PBM protocols

[4].

Several factors, related to the patient and surgery,
influence the risk of needing a blood transfusion dur-
ing or after surgery. Increasing age, female gender,
low preoperative hemoglobin concentration, pres-
ence of underlying co-morbidities, coagulation ab-
normalities, nutrition deficiencies, emergency sur-
geries, long operation duration, large tissue dissec-
tion and high intraoperative blood loss are recog-
nized as factors of importance in transfusion [5].
Likewise, the extent of surgery and the type of sur-
gery to be performed significantly affects transfu-
sion needs; transfusion requirements for major
hepatobiliary surgery, cardiovascular surgery, or-
thopedic surgery, oncological surgery, gastrointesti-
nal surgery, and trauma surgery are higher than
those for the less invasive surgeries. Identifying
these risk factors early allows clinicians to optimize
patients prior to surgery, optimize blood ordering
schedules, reduce unnecessary cross matching and
use appropriate blood conservation measures.

There are risks associated with blood transfusion.
While complications due to transfusion have signif-
icantly decreased with improvement in donor selec-
tion, infectious disease testing and transfusion
safety, allogenic blood transfusion remains linked to
adverse clinical outcomes. Transfused patients have
been shown to be at higher risk for infections after
surgery, transfusion-related acute lung injury
(TRALI), transfusion-associated circulatory

Kumar et al.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

overload (TACO), immunosuppression, thrombo-
embolic events, longer hospital stays, higher health
care costs and decreased long-term survival. Pre-
operative and postoperative allogenic blood transfu-
sion has been associated in the field of oncological
surgery with immunomodulatory effects, which can
lead to higher risk of tumor recurrence and have a
negative impact on long-term prognosis. These find-
ings have reinforced the recommendations for re-
striction of transfusion and proper use of blood prod-
ucts in so far as is clinically possible [6].

Several techniques have been developed to prevent
unnecessary allogenic blood transfusion, such as the
pre-operative treatment of anemia with iron therapy
or the use of erythropoietin, autologous blood dona-
tion, and intraoperative cell salvage, acute
normovolemia hemodilution, and the use of anti-
fibrinolytic agents and restrictive transfusion thresh-
olds. Although some of these interventions have
shown promising results in specific patient groups,
their implementation is not consistent due to issues
of cost-effectiveness, feasibility, and inconsistent
clinical effects. In addition, the rise of the demand
for blood products, the reduction of the numbers of
donors in some countries, and the pressures on the
health system highlight the need to optimize blood
use and minimize avoidable transfusion [7]. Multi-
ple large observational cohort studies have made ef-
forts to assess blood use during surgery and to deter-
mine factors affecting perioperative use.

The Turkish National Perioperative Transfusion
Study (TULIP-TS) has been conducted with the aim
of evaluating the postoperative outcomes, incidence
and indications of blood transfusion, understanding
the transfusion practices in Turkey and establishing
transfusion practice standards for the country, and to
provide evidence for future health care planning [8].
Similarly, in patients undergoing elective liver sur-
gery, the rate of blood transfusion is 10-33% despite
all the improvement in the surgical technique and
peri-operative care. Low preoperative hemoglobin
levels expected blood loss, large resections, long op-
erative time, and patient comorbidities have been
important factors predicting the need for transfusion
in these investigations. Besides, risk prediction for
transfusion has been demonstrated to enhance the
management of blood banks by minimizing the
number of unnecessary cross matching and by al-
lowing the proper use of packed red blood cells [9].

The overall information on peri-operative blood
transfusion practices in India is relatively scanty, es-
pecially in resource constrained tertiary care hospi-
tals. Significant regional variations in patient popu-
lation, disease load, type of surgical cases, availabil-
ity of blood bank, institutional transfusion habits,
etc., can have a profound effect on the way blood is
being used. Hence, the need to assess transfusion
needs and transfusion risk factors in local health care
is crucial to enhance patient safety and evidence-
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based transfusion practice. The present retrospective
study is an attempt to address the questions of blood
transfusion requirement at peri-operative period of
patients undergoing major surgical procedures,
identification of factors associated with transfusion
and transfusion practices which will help in the im-
plementation of better Patient Blood Management
strategies and in optimizing the use of blood prod-
ucts in a tertiary care hospital of Bihta, Patna, Bihar

Methodology

Study Design: A hospital-based retrospective ob-
servational study was conducted to evaluate periop-
erative blood transfusion requirements and associ-
ated risk factors among patients undergoing major
surgical procedures. The study involved a review of
hospital records to assess transfusion practices, indi-
cations for transfusion, perioperative blood utiliza-
tion, and factors influencing transfusion require-
ments. The primary outcome was the incidence of
perioperative blood transfusion, while secondary
outcomes included identification of predictors of
transfusion, number of blood units transfused, post-
operative complications, length of hospital stay, and
clinical outcomes.

Study Area: The study was conducted at Depart-
ment of Anesthesiology, Netaji Subhas Medical
College and Hospital in Bihta, Patna, Bihar, India.
The hospital provides comprehensive surgical ser-
vices, including General Surgery, Orthopaedic Sur-
gery, Urology, Neurosurgery, Obstetrics and Gyne-
cology, and other specialties performing major elec-
tive surgical procedures. The institution has a well-
established blood bank that follows national transfu-
sion guidelines for blood collection, storage, com-
patibility testing, and blood component therapy.

Study Duration: The study was conducted over a
period of one year from January 2024 to December
2024.

Sample Size: A total of 145 patients (N = 145) who
fulfilled the eligibility criteria were included in the
study.

Study Population: The study population comprised
adult patients who underwent major elective surgi-
cal procedures requiring admission to the operating
theatre during the study period. Patients from vari-
ous surgical specialties, including General Surgery,
Orthopedics, Urology, Neurosurgery and Obstetrics
& Gynecology, were included irrespective of
whether they received perioperative blood transfu-
sion. Including both transfused and non-transfused
patients enabled identification of factors associated
with perioperative blood transfusion.

Data Collection: Data were collected retrospec-
tively from the medical records of patients who un-
derwent major elective surgical procedures during
the study period. Information was retrieved from
hospital case files, operation theatre registers,
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anesthesia records, laboratory reports, blood bank
records, and discharge summaries using a structured
data extraction proforma. The collected variables in-
cluded demographic characteristics (age and gen-
der), medical comorbidities, preoperative hemoglo-
bin concentration, platelet count, coagulation pro-
file, blood group, type of surgery, duration of sur-
gery, estimated intraoperative blood loss, number of
packed red blood cell (PRBC) units cross-matched
and transfused, transfusion indications, timing of
transfusion, postoperative hemoglobin level, post-
operative complications, intensive care unit (ICU)
admission, duration of hospital stay, and discharge
outcome. Perioperative blood transfusion was de-
fined as any transfusion administered during surgery
or within 48 hours following surgery. All collected
information was reviewed for completeness and ac-
curacy before data entry to ensure data quality and
consistency.

Inclusion Criteria: Patients fulfilling all the follow-
ing criteria were included:

e  Adult patients aged 18 years and above

e Patients who underwent major elective surgical
procedures

e Patients with complete perioperative medical
records

e Patients with documented preoperative labora-
tory investigations

e Patients with complete blood bank transfusion
records

e Both transfused and non-transfused patients

Exclusion Criteria: Patients meeting any of the fol-
lowing criteria were excluded:

e Patients undergoing emergency surgery

e  Patients younger than 18 years

e  Minor surgical procedures not requiring major
operative intervention

e Patients with incomplete medical or blood bank

records

e Patients referred to after surgery from another
institution

e Patients with missing perioperative laboratory
investigations

e Patients discharged against medical advice be-
fore completion of treatment

Study Procedure: All eligible patients who under-
went major elective surgical procedures during the
one-year study period were reviewed retrospec-
tively. Patients satisfying the inclusion criteria were
enrolled consecutively until the required sample size
of 145 was achieved. Demographic details, clinical
history, laboratory investigations, operative find-
ings, anaesthesia records, blood bank records, and
postoperative outcomes were extracted from the
hospital information system and patient case files.
The preoperative hemoglobin value recorded imme-
diately before surgery was considered the baseline
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hemoglobin concentration. The number of blood
units cross-matched and transfused during the peri-
operative period was obtained from blood bank rec-
ords, while intraoperative blood loss and surgical
details were collected from operative notes and an-
aesthesia charts. Blood transfusion practices were
evaluated according to institutional transfusion pro-
tocols, with transfusion generally considered for pa-
tients having hemoglobin levels below 8 g/dL or be-
low 10 g/dL in those with symptomatic anemia or
significant cardiovascular disease. Patients were
subsequently categorized into transfused and non-
transfused groups, and perioperative variables along
with postoperative outcomes were compared to
identify factors associated with blood transfusion re-
quirements.

Statistical Analysis: The collected data were en-
tered into Microsoft Excel and analyzed using IBM
Statistical Package for the Social Sciences (SPSS)
version 26.0 (IBM Corp., Armonk, NY, USA). Con-
tinuous variables were expressed as mean =+ standard
deviation (SD) or median with interquartile range
(IQR), whereas categorical variables were presented
as frequencies and percentages. Comparisons be-
tween transfused and non-transfused patients were
performed using the independent Student's t-test or
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Mann—Whitney U test for continuous variables and
the Chi-square test or Fisher's exact test for categor-
ical variables, as appropriate. Variables showing sta-
tistical significance in univariate analysis (p < 0.05)
were entered into a multivariable binary logistic re-
gression model to identify independent predictors of
perioperative blood transfusion. Adjusted odds ra-
tios (ORs) with 95% confidence intervals (Cls) were
calculated. The goodness-of-fit of the regression
model was assessed using the Hosmer—Lemeshow
test, and the predictive performance of the model
was evaluated by receiver operating characteristic
(ROC) curve analysis with calculation of the area
under the curve (AUC). A two-tailed p-value < 0.05
was considered statistically significant.

Result

Table 1 shows the baseline demographic and clinical
characteristics of the study participants. Among the
145 patients, the highest proportion belonged to the
4660 years age group (32.4%), with a mean age of
49.8 + 14.6 years. Males constituted 60.7% of the
study population. Most patients had preoperative
haemoglobin levels of >12 g/dL (40.0%), while
64.1% had one or more comorbidities.

Table 1: Baseline Demographic and Clinical Characteristics of the Study Participants (N = 145)
Variable | Frequency (n) | Percentage (%)
Age Group (years)

18-30 22 15.2
3145 38 26.2
46-60 47 324
>60 38 26.2
Gender

Male 88 60.7
Female 57 393
Preoperative Haemoglobin (g/dL)

<8 12 8.3
8-9.9 29 20
10-11.9 46 31.7
>12 58 40
Comorbidity Present 93 64.1
No Comorbidity 52 359

Table 2 presents the distribution of patients accord-
ing to the type of major surgical procedure. General
surgery accounted for the highest proportion
(31.7%), followed by orthopaedic surgery (20.0%)

and obstetrics & gynaecology (16.6%). The study
included patients from various surgical specialties,
providing a comprehensive assessment of perioper-
ative transfusion practices.

Table 2: Distribution of Patients According to Type of Major Surgical Procedure (N = 145)
Surgical Specialty Frequency (n) Percentage (%)
General Surgery 46 31.7
Orthopaedic Surgery 29 20
Obstetrics & Gynaecology 24 16.6
Urology 18 12.4
Neurosurgery 15 10.3
Gastrointestinal Surgery 13 9
Total 145 100
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Table 3 demonstrates the perioperative blood trans-
fusion characteristics of the study population. Out of
145 patients, 46 (31.7%) required blood transfusion,
whereas 99 (68.3%) did not. Among transfused
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patients, Packed Red Blood Cells (PRBCs) alone
were the most frequently administered blood com-
ponent (67.4%), followed by PRBC with Fresh Fro-
zen Plasma.

Table 3: Perioperative Blood Transfusion Characteristics (N = 145)
Variable Frequency (n) Percentage (%)
Patients Receiving Blood Transfusion 46 31.7
Patients Not Receiving Blood Transfusion 99 68.3
Blood Component (n=46)
PRBC only 31 67.4
PRBC + FFP 10 21.7
PRBC + Platelets 3 6.5
PRBC + FFP + Platelets 2 4.4

Table 4 compares transfused and non-transfused pa-
tients. Patients receiving blood transfusion had sig-
nificantly higher mean age, lower preoperative hae-
moglobin levels, greater intraoperative blood loss,

and longer operative duration than those who did not
receive transfusion (p < 0.05). However, the pres-
ence of comorbidities was not significantly associ-
ated with blood transfusion (p = 0.189).

Table 4: Comparison of Clinical Variables Between Transfused and Non-Transfused Patients
Variable Transfused (n=46) Non-Transfused (n=99) p-value
Mean Age (years) 55.4+13.1 472+144 0.003*

Hb <10 g/dL 26 (56.5%) 15 (15.2%) <0.001*
Blood Loss >500 mL 29 (63.0%) 18 (18.2%) <0.001*
Duration of Surgery >3 hours 24 (52.2%) 22 (22.2%) 0.001*
Presence of Comorbidity 33 (71.7%) 60 (60.6%) 0.189

Table 5 shows the independent predictors of periop-
erative blood transfusion. Preoperative haemoglobin
<10 g/dL, intraoperative blood loss >500 mL, and
operative duration >3 hours were identified as

significant predictors of blood transfusion (p <
0.05). The regression model demonstrated a good fit
(Hosmer—Lemeshow p = 0.61) with good predictive
accuracy (AUC = 0.84)

Table 5: Multivariable Logistic Regression Analysis of Risk Factors Associated with Perioperative
Blood Transfusion

Variable Adjusted OR 95% CI p-value

Preoperative Hb <10 g/dL 4.83 2.01-11.62 <0.001*

Blood Loss >500 mL 5.62 2.37-13.29 <0.001*

Duration of Surgery >3 hours 2.71 1.16-6.31 0.021*

Age >60 years 2.08 0.94-4.62 0.071

Discussion management despite the advances in surgical and

The aim of this retrospective study was to assess the
blood transfusion requirement and risk factors for
blood transfusion in patients undergoing major sur-
gical procedures in a tertiary care hospital. Of the
145 patients, 31.7% needed period blood transfusion
and 68.3% didn't need any transfusion. This transfu-
sion rate is similar to previous reports which showed
blood transfusion rates in major surgery of 28% to
33% depending on the type and complexity of sur-
gery. In addition, a high rate of blood transfusion in
patients undergoing major elective surgery was re-
ported in the Turkish National Perioperative Trans-
fusion Study (TULIP-TS), highlighting that blood
transfusion is still a major part of peri-operative
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anaesthetic techniques” (Iskender et al., 2020) [10].

Most of the patients in the current study were in the
age group of 46—60 years with the mean age of 49.8
+ 14.6, and 60.7% were male. Cockbain et al (2010)
reported similar demographic data, with middle
aged and elderly patients being the largest popula-
tion that received blood transfusion during surgery.
Transfusion needs have consistently been linked to
increasing age as older patients often have a number
of co-morbidities, a decreased physiological reserve
and increased surgical complexity [11] . In this
study, low preoperative Haemoglobin was found to
be an independent risk factor for peri-operative
blood transfusion with Adjusted OR = 4.83 at
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p<0.001 and ~28.3% of patients had preoperative
Haemoglobin levels < 10 g/dL. This is consistent
with the TULIP-TS findings that almost one-third of
all surgical patients were anaemic before surgery
and that reducing preoperative haemoglobin was as-
sociated with a higher risk for transfusion with red
blood cells perioperatively. Similarly, Cockbain et
al. found that low preoperative haemoglobin
(Hb<12.5 g/dL) was one of the strongest risk factors
for perioperative transfusion and Pulitano et al.
added low Hb concentration to their transfusion risk
score for liver surgery. All these observations em-
phasize how vital it is to have a proper diagnosis and
management of anaemia in the pre-surgery period as
one of the bases of Patient Blood Management
(PBM) [12].

Packed Red Blood Cells (PRBCs) was found to be
the most transfused blood group with 67.4% of cases
in the present study. Similar results were seen in TU-
LIP-TS with red blood cell transfusion as the most
common blood component used during the peri-op-
erative period, while Fresh Frozen Plasma and plate-
let transfusions were limited to patients with major
blood losses or coagulation disorders. This similar-
ity is reflective of the ongoing use of PRBC transfu-
sion to correct perioperative anaemia and restore ox-
ygen-carrying capacity [13]. A comparison of trans-
fused and non-transfused patients showed that the
age and amount of blood loss as well as the duration
of surgery and the preoperative concentration of
haemoglobin were significantly associated with
blood transfusion during surgery. In the current
study, the blood loss was significantly higher with
transfusion rates and excessive blood loss was the
most significant independent predictor of transfu-
sion (Adjusted OR = 5.62; p<0.001). Cockbain et al.
made similar observations, and identified extensive
surgical resection, larger tumour size, and techni-
cally difficult procedure as important determinants
of blood loss and transfusion requirement. Similarly,
Pulitano et al. showed that complex surgical proce-
dures, involving large dissection, had a significant
impact on the risk of blood transfusion [14].

In the present study, the length of the operation
(p=0.021; Adjusted OR=2.71) was also found to be
an independent predictor of transfusion. The dura-
tion of surgery tends to correlate with the complex-
ity of the procedure, amount of handling of tissues,
and cumulative blood loss during surgery and hence
the need for transfusion. However, other studies
have also shown a positive correlation between
blood transfusion and prolonged operative time, as
seen by Quan et al. (2020) who reported that multi-
ple perioperative factors such as the complexity of
the surgery, preoperative haemoglobin level and
others significantly affected blood transfusion risk
in liver resection patients [15].

The patients with associated comorbidities had a
higher transfusion rate in the present study, but this
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was not statistically significant (p=0.189). The TU-
LIP-TS, on the other hand, showed that certain car-
diovascular comorbidities, especially coronary ar-
tery disease and heart failure, were also associated
with higher transfusion requirements periopera-
tively, because they have lower haemoglobin thresh-
olds for adequate tissue oxygenation. This discrep-
ancy in study results may be due to variation in pa-
tient characteristics, sample size, and comorbid con-
dition distribution [16]. The logistic regression
model created in the present study exhibited good
predictive ability, showing an AUC of 0.84 which is
considered satisfactory for the discrimination of the
model to predict blood transfusion during surgery.
This finding is favourable in comparison to the pre-
dictive model reported by Cockbain et al. (ROC =
0.77) and the transfusion risk score developed by
Pulitano et al. which showed excellent predictive ac-
curacy in high-risk surgical patients. These findings
validate the application of the predictive models in
optimizing blood ordering, minimizing unnecessary
cross matching and increasing the utilization of
blood resources [17].

In general, the results of the present study corrobo-
rate the principles of Patient Blood Management as
they focus on the correction of preoperative anae-
mia, a careful assessment of the risk to transfusion,
minimising blood loss during surgery and following
a restrictive transfusion policy. Adoption of uniform
PBM practices and evidence-based transfusion
guidelines in tertiary hospitals could lead to greater
efficiency in the use of scarce blood bank resources,
better patient outcome, and fewer unnecessary blood
transfusions. The findings agree with recommenda-
tions from recent multicenter studies which call for
transfusion decision making to be personalized as
well as more extensive use of PBM programmes in
surgical practice.

Conclusion

The present study affirms that perioperative blood
transfusion is still an integral part of the manage-
ment of patients subjected to major surgical proce-
dures and nearly one-third of patients require trans-
fusion during the period of perioperative. Preopera-
tive anemia, and a high amount of blood loss in the
operating room and longer operating time were
found to be significant independent risk factors for
blood transfusion. Based on these findings, it is im-
portant to have a thorough pre-op assessment, early
detection and correction of anemia, careful surgical
haemostasis and evidence-based restrictive transfu-
sion policies for better blood utilization. Patient
Blood Management (PBM) principles can help min-
imize unnecessary transfusions, enhance peri-opera-
tive outcomes and use scarce blood resources more
efficiently in tertiary care hospitals. More prospec-
tive multi-center trials with larger numbers of pa-
tients are warranted to verify these results and
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enhance transfusion practices in various surgical
fields.
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