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Background - Patients undergoing colorectal cancer surgery may require
a blood transfusion. However, blood transfusions are associated with
postoperative complications and long-term oncologic outcomes. Patient
blood management (PBM) is an evidence-based multimodal approach for
blood transfusion optimisation. We sought to investigate the effects of PBM
implementation in blood transfusion practice and on short-term postoperative
outcomes.

Materials and methods - This study retrospectively reviewed data from 2,080
patients who had undergone colorectal cancer surgery at a single centre from
2015 to 2020. PBM was implemented in 2018, and outcomes were compared
between the pre-PBM (2015-2017) and the post-PBM (2018-2020) periods.
Results - A total of 951 patients in the pre-PBM group and 1,129 in the
post-PBM group were included. The transfusion rate of the total number of
packed red blood cells (PRBCs) used decreased after PBM implementation
(16.3 vs 8.3%; p<0.001). The rate of appropriately transfused PRBCs increased
from the pre-PBM period to the post-PBM period (42 vs 67%; p<0.001). There
was no significant difference in rates of complications between the two groups
(23.0 vs 21.5%; p=0.412); however, a reduction in both anastomosis leakage
(5.8 vs 3.7%; p=0.026) and the length of stay after surgery (LOS) (10.3+11.2 vs
8.2+5.7 days; p<0.001) was reported after PBM implementation.

Discussion - The PBM programme optimised the transfusion rate in patients
undergoing colorectal cancer surgery. Implementation of the PBM programme
had a positive effect on postoperative length of stay and anastomosis leakage
while no increase in the risk of other complications was reported.
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INTRODUCTION

Blood transfusion is a common procedure among hospitalised patients'. Surgical patients
are more likely to receive a blood transfusion of packed red blood cells (PRBCs) due to a
greater prevalence of pre-existing or acquired anaemia, which can lead to reduced oxygen
delivery, a worsening of tissue hypoxia, and impaired wound healing??. Despite the benefit
of ensuring appropriate oxygen delivery to body tissues, PRBC transfusion is not without
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risks. PRBC transfusion promotes a systemic inflammatory
response in patients undergoing colorectal cancer
surgery and is associated with increased postoperative
complications, including anastomotic leakage*s.

Packed red blood cell transfusion also negatively affects
long-term outcomes (overall survival and cancer-specific
survival) in patients undergoing colorectal cancer
surgery*®. Therefore, it is of the utmost importance to
balance the risks and benefits of blood transfusion.
Alargeproportionofblood transfusionsareinappropriately
administered*?, with patients receiving PRBCs despite
a pre-transfusion haemoglobin (Hb) concentration of
>8 mg/dL (an inadequate Hb trigger)**°, while some are
"over-transfused” with a resulting Hb concentration of
>9 mg/dL (an inadequate Hb target)".

A Patient Blood Management (PBM) programme was
introduced at our institute to reduce unnecessary blood
transfusions and optimise these procedures. PBM for
surgical patients is based on three factors: optimisation
of the preoperative red cell mass, minimising blood loss,
and the correct management of postoperative anaemia.
These are the three pillars of Patient Blood Management
according to the World Health Assembly?. PBM is an
evidence-based multimodal approach that aims to improve
patient outcomes and safety by encouraging the practice
of evidence-based blood transfusion criteria through
an institutional protocol. Several previous studies have
reported that implementation of a PBM programme is a safe
and effective method to reduce the transfusion rate*?.
Improving patient outcomes is the primary goal of PBM.
In addition, the current shortage in blood supply due to
the coronavirus disease (COVID-19) pandemic further
highlights the importance of optimising blood transfusion
protocols®?°. Restrictions on movement to prevent the
spread of severe acute respiratory syndrome coronavirus
2, the fear of exposure to the virus in medical facilities,
and the increase in infected patients have led to a decrease
in blood donations, stretching the available blood supply
even thinner. In the United States, Shander et al. reported
130,000 fewer blood donations in just a few weeks due
to the COVID-19 pandemic®. In South Korea, according
to statistics from the Centers for Disease Control and
Prevention, the total number of blood donations in July
2020 decreased by about 5.1% compared to those recorded
in July 2019. To minimise the negative consequences of
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blood shortages and transfusion-related side effects, a
reduction in improper transfusions is required, and this
increases the need for PBM.

The present study aims to investigate the effects of
the implementation of a PBM programme on the
appropriateness of PRBC transfusion and the short-
term postoperative outcomes of colorectal cancer
surgery patients. In addition, we sought to evaluate the
association between blood transfusion and short-term

surgical outcomes when a PBM was not adopted.

MATERIALS AND METHODS

Study population

This was a retrospective study which evaluated a
consecutive series of patients who had undergone
colorectal cancer surgery from January 2015 to December
2020 at a tertiary referral centre (Korea University
Anam Hospital, Seoul, South Korea). The necessary
data were extracted from a prospectively maintained
colorectal cancer database. Study inclusion criteria were:
1) colorectal resection; 2) elective surgery; 3) histological
evidence of adenocarcinoma; and 4) no previous history
of colorectal cancer. Exclusion criteria were: 1) emergency
surgery; 2) transanal minimally invasive surgery (TAMIS)
or transanal excision (TAE), i.e., surgical interventions
that consist of local mass excision with a transanal
approach; 3) hereditary colorectal cancer; 4) history of
inflammatory bowel disease; 5) combined resection of
other major organs (i.e., lungs and liver); 6) history of bone
marrow-related disease; and 7) history of chronic renal
failure. This study was approved by the institutional
review board of Korea University Anam Hospital (approval
n. 2021AN034).

Korea University Anam Hospital launched the Minimal
Blood Transfusion Task Force team in January 2018
together with the PBM system and opened the Bloodless
Medicineand Surgery Centerin October 2018. As partofthe
PBM, the transfusion management computer programme
was updated according to the Blood Transfusion
Guidelines (2016, version 4) of the Korea Disease Control
and Prevention Agency to prescribe blood transfusions
according to specific indications. These indications are:
1) last Hb level within five days <7 g/dL; 2) Hb <10 g/dL
in patients with cardiovascular disease, cerebrovascular
disease, peripheral vascular disease, or SaO, < 90%; 3) cases
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following a massive transfusion protocol or of postpartum
haemorrhage. As part of the procedure of prescribing a
blood transfusion, the computer programme notified the
physician through a pop-up window as to whether the
transfusion indication was or was not appropriate. Since
January 2018, several in-hospital meetings with each
clinical department were held, together with continuous
medical staff group discussions, in order to minimise the
number of unnecessary blood transfusions.

Afterthe PBM systemhadbeenintroduced inJanuary2018,
patients who had undergone surgery from January 2015 to
December 2017 were defined as the pre-PBM group and
those who went on to undergo surgery from January 2018
to December 2020 were defined as the post-PBM group,
respectively. Data related to patient demographics, past
medical history, American Society of Anesthesiologists
(ASA) score, neoadjuvant chemoradiotherapy, tumour
location, pathological tumour stage (according to the
8" edition of the American Joint Committee on Cancer
[AJCC] staging system), surgical approach, operation
time, estimated blood loss, Hb before transfusion, and the
number of blood transfusions were all analysed.

The definition of perioperative blood transfusion was
a transfusion of PRBCs that occurred between 30 days
before and 30 days after surgery. The preoperative
Hb level was determined from the results of the last
blood analysis performed before surgery. Preoperative
anaemia was confirmed through a blood test performed
by a gastroenterologist or colorectal surgeon for routine
evaluation before surgery and defined according to the World
Health Organization guidelines as Hb <13 mg/dL for male
patients or <12 mg/dL for female patients, respectively®.
Preoperative iron supplementation was given by oral or
intravenous routes within one month before surgery.
The criteria of oral or intravenous iron administration
were not clear, but intravenous iron was administered
in many cases. In the case of severe anaemia, evaluation
and correction were performed in co-operation with a
haematologist.

To investigate the appropriate transfusion rate of
PRBCs, Hb level and the number of PRBC units
received were measured at the time of transfusion
for each patient. Postoperative complications were
analysed to compare the short-term postoperative
outcomes between the two groups (pre- and post-
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PBM). Surgical site infection, urinary tract infection,
pneumonia, postoperative bleeding, anastomosis leakage,
reoperation or readmission within 30 days after surgery,
and 30-day mortality were compared, respectively.
The Clavien-Dindo classification® was used to evaluate
the severity of complications. The relationship between
transfusions and short-term postoperative outcomes
was also evaluated. This study was performed according
to the guidelines on Strengthening the Reporting of
Observational Studies in Epidemiology?*.

Statistical analysis

Patients’ characteristics were summarised using basic
descriptive statistics. Continuous variables were presented
as mean + standard deviation values and compared using
a t-test on individual samples. For categorical data, the y,
test was used and results were expressed as percentages.
All statistical analyses were performed using the SPSS
Statistics for Windows version 24.0 software (IBM Corp.,
Armonk, NY, USA). p-values <0.05 were considered
statistically significant for all comparisons.

RESULTS

A total of 2,411 consecutive patients underwent colorectal
cancer surgery from January 2015 to December 2020.
A total of 2,080 patients satisfied the inclusion and
exclusion requirements and were enrolled in this study:
951 patients in the pre-PBM group and 1,129 in the
post-PBM group (Figure 1). Patients, tumour, and surgical
baseline characteristics are reported in Table I. There
was no difference between the two groups regarding
age (p=0.489) or sex (p=0.376). The post-PBM group had
a higher hypertension rate (p<0.001) and ASA scores

| 2,411 Colorectal cancer surgery |

TAMIS or TAE (n=81)

IBD related cancer (n=3)
Hereditary cancer (n=20)
Emergency (n=79)
Combined resection (n=111)
Bone marrow disease (n=3)
CKD (n=43)

2,080 Colorectal cancer surgery

951 Pre-PBM group | | 1,129 Post-PBM group

Figure 1 - Patient selection
TAMIS: transanal minimally invasive surgery; tae: transanal excision;
CKD: chronic kidney disease; PBM: patient blood management.

477

No other use without premission



(p<0.001). The rest of the demographic data were similar
between the two groups. The surgical approach and
volumes of intraoperative blood loss were also similar

Table I - Patients’ baseline characteristics

between the two groups, but surgery time was longer in
the pre-PBM group than in the post-PBM group (197.0+77.4
vs 188.0+71.8 min; p=0.006). Tumour location, stage, and
neoadjuvant treatment rate were similar between the two
groups.

No differences were detected in preoperative Hb level

Variable F;:‘e_::l“)" :’:_s:";:;’; P or anaemia rate between the two groups (p=0.096 and
H =0
Age, years 63.9412.0 63.5412.0 0.489 p=0.059, respectively) (Table II). However, the transfusion
b 9412, 5412, .
Sex, n (%) 0376 rate has been halved since the introduction of PBM
y .
o 585 (61.5) 673 (59.6) (16.3 vs 8.3%; p<0.001), and the rates of preoperative,
Female 366 (38.5) 256 (40.4) intraoperative, and postoperative blood transfusions were
BMI, kg/ 38035 236037 0.420 also similarly distributed in both groups. Meanwhile,
, .813. 613, . i i
e 0001 the rate of patients who received oral or intravenous
i o - . . .
E— Pp—— 028 (62.2) iron supplements for anaemia has doubled since the
1
-~ 64 (6.1 201 (178) introduction of PBM (3.3 vs 6.6%; p<0.001).
>3 points o ) .
o 145 (366) 500 (44.3) 0001 There was a significant difference in mean Hb threshold
s N (% <0. £
g 17 18.8) o@D | 0062 before transfusion between the pre- and post-PBM groups
,n (% .
cardi ordi (8.5+1.3 vs 7.6+1.4 g/dL; p<o.001) (Table III). The total
ardiovascular disease, 59(6.2) 79(7.0) 0.469
n (%)
Pulmonary disease, n (%) 21(22) 27(24) 0.782 Table II - Preoperative anaemia, iron replacement,
Cerebrovascular disease, 59 (6.2) 60 (5.3) 0.384 and perioperative transfusion rate
n (%) Variabl Pre-PBM P PBM
ariables re- ost- p
:e(:/lsheralvascular disease, 0(0) 2(0.2) 0.194 (n=951) (n=1,129)
Preoperative Hb, g/dL 12.7+1.8 12.5+1.7 0.096
Approach, n (%) 0.473
Robotic 219 (23.0) 278 (24 6) Anaemia, n (o/u)a 400 (42.1) 522 (46.2) 0.059
Laparoscopic 706 (74.2) 824 (73.0) Transfusion, n (%) 155 (16.3) 94 (8.3) <0.001
Open 17(1.8) 13(1.2)
Preoperative, n (%)° 99 (63.9) 65 (69.1)
Conversion 9(0.9) 14 (1.2)
Operative time, min 197.0+77.4 | 188.0:71.8 | 0.006 Intraoperative, n (%)° 18(11.6) 10(10.6)
Estimated blood loss, mL 17.6+121.9 11.5+107.5 0.226 Postoperative, n (%) 68 (43.9) 34(36.2)
Tumour location, n (%) 0.747 .
Preoperative iron, n (%) 31(3.3) 75 (6.6) <0.001
Right 213 (22.4) 274 (24.3)
*Anaemia was defined according to World Health Organization guidelines: men,
— 354(37.2) 420(37.2) haemoglobin (Hb) <13 g/dL; women, Hb <12 g/dL. ><“Patients received blood
Rectum 372(39.1) 421 (37.3) transfusion in the preoperative, intraoperative, and postoperative periods.
Multiple 12(1.3) 14(1.2)
Pathologic stage, n (%) 0.158
0 43 (4.5) 76 (6.7) Table I11 - Appropriateness of packed red blood cell transfusion
| 194 (20.4) 203 (18.0) Variables Pre-PBM Post-PBM p
= a *n=04)b
I 290 (30.5) 358 (31.7) [ fhnsss
m 282 (29.7) 335 (20.7) Mean trigger Hb, g/dL 8.5+1.3 7.6£1.4 <0.001
v 141 (14.8) 156 (13.8) Total PRBC units 466 306
Neoadiuvant PRBC units per patient 3.0£2.2 3.2+2.7 0.509
c:::u:rua‘::othera n (%) 163 (17.1) 198 (17.5) 0-811 Appropriate transfusion
Py, n {7 u:ipts (I:b) ’ 195/466 (42) | 206/306 (67) | <0.001
ASA score: American Society of Anesthesiologists score; BMI: body mass

index; DM: diabetes mellitus; HTN: hypertension; min: minutes; PBM: Patient
Blood Management.
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number of transfused PRBC units decreased from 466 U
before PBM to 306 U after PBM, but there was no difference
in the number of PRBC units per patient between the
two groups, with an average of 3 U given per patient
(p=0.509). Among the total PRBC units transfused in the
two groups, appropriately transfused PRBCs, according
to the institutional transfusion criteria, totaled 195 out of
466 U (42%) in the pre-PBM group and 206 out of 306 U
(67%) in the post-PBM group (p<0.001). The appropriate
transfusion rate increased during the six years of the study
period, from 38.2% in 2015 to 71.1% in 2020 (Figure 2).

No difference was detected in the rates of complications
between the pre- and post-PBM groups (23.0 vs 21.5%;
p=0.412) (Table IV). However, significant reductions in
anastomotic leakage (5.8 vs 3.7%; p=0.026) and length
of hospital stay after surgery (LOS) (10.3+11.2 vs 8.2+5.7
days; p<0.001) were detected. There was no significant
difference in any of the other complications or their
grading according to the Clavien-Dindo system between
the two groups. Moreover, there was no difference in rates
of repeated surgery, readmission, and mortality, all at 30
days, between the two groups.

To evaluate any relationship between transfusions and
short-term postoperative outcomes, the study dataset was

PERCENT
N
o

618
°0 545 B
2l
0 426
20 e 28.9
10
0

2015 2016 2017 2018

YEARS

2019 2020

W Appropriate transfusion Inappropriate transfusion

Figure 2 - Appropriate transfusion rate in the Department
of Colon and Rectal Surgery of Korea University Anam
Hospital by year

divided into two groups according to whether patients
had or had not received a transfusion, regardless of PBM.
A total of 1,827 patients did not receive a transfusion
(no-transfusion group), while 253 did receive a transfusion
(Online
Table SI). The postoperative bleeding rate was higher

(transfusion  group) Supplementary  Content,
in the transfusion group (p<o0.001). Surgery-related
complications were 2-fold higher in the transfusion
group (39.5 vs 19.8%; p<0.001). Surgical site infection

Table IV - Outcomes according to the Patient Blood Management (PBM) period

Variables Pre PBM Post PBM p
(n=951) (n=1,129)

All complications, n (%) 219 (23.0) 243 (21.5) 0.412
Anastomotic leakage, n (%) 55 (5.8) 42 (3.7) 0.026
Postoperative bleeding, n (%) 12(1.3) 14 (1.2) 0.964
Surgical site infection, n (%) 29 (3.0) 37(3.3) 0.768
Urinary tract infection, n (%) 7(0.7) 10(0.9) 0.706
Pneumonia, n (%) 8(0.8) 9(0.8) 0.911
Clavien-Dindo grade 0.359

| 51(23.3) 60 (24.7)

1l 107 (48.9) 124 (51.0)

llla 26 (11.9) 27(11.1)

1lb 25(11.4) 29 (11.9)

v 4(1.8) 3(1.2)

Vv 6(2.7) 0(0.0)
Length of stay after surgery, days 10.3+11.2 8.2+5.7 <0.001
Reoperated within 30 days, n (%) 27 (2.8) 28 (2.5) 0.611
Readmission within 30 days, n (%) 23 (2.4) 36(3.2) 0.292
30-day mortality, n (%) 3(0.3) 0(0.0) 0.059
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(p=0.002), urinary tract infection (p=0.029), pneumonia
(p=0.003), anastomotic leakage (p<0.001), Clavien-Dindo
complication grade (p<o0.001), LOS (p<0.001), 30-day
repeated surgery rate (p<0.001), and 30-day readmission
rate (p=0.019) were higher in the transfusion group. There
was no significant difference in 30-day mortality between
the two groups (p=0.262).

DISCUSSION

This study confirms the positive impact of the PBM
programme in optimising perioperative transfusion
rates in patients undergoing colorectal cancer surgery.
The implementation of PBM was associated with a
significant decrease in the perioperative transfusion rate
and an increase in the rate of appropriate transfusions.
PBM was significantly associated with anastomotic
leakage and postoperative LOS. Moreover, transfusion
was associated with postoperative morbidity, regardless
of PBM.

The primary result of PBM implementation in this
study was the significant reduction in the perioperative
transfusion rate by reducing the rate of unnecessary
transfusion and increasing the rate of preoperative iron
supplementation. Optimising transfusion rates can
prevent critical delays in caring for patients requiring
essential transfusion and reduce medical costs®. The
COVID-19 pandemic, with its consequent blood shortage,
has reinforced the need for a PBM. The imbalance
between blood supply and demand may push health care
providers toward implementing a multimodal approach
through PBM in order to ensure patient safety.

Previous studies have also confirmed that the introduction
of PBM can reduce the number of unnecessary blood
transfusions  while maintaining patient safety.
Gani et al. retrospectively evaluated the results of PBM
implementation at a tertiary care hospital involving a
large number of surgical patients (n=17,114)' and confirmed
an increase in the rate of "restrictive" transfusions
(Hb trigger: <7 g/dL; p<0.001) and a decrease in the rate of
"liberal" haemoglobin transfusions (Hb trigger: >8.0 g/dL;
p<0.001). The authors also reported a decrease in the rate of
"over-transfused" patients (target >9 or 10; p<0.001). After
adjusting for relevant patient and disease characteristics,
theimplementation of the PBM programme was associated
with 23% lower odds of receiving a blood transfusion
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(Odds Ratio: 0.77; 95% Confidence Interval: 0.657-0.896;
p=0.001)".

Similarly, in our study, PBM implementation also
improved the quality of blood management. The rate
of appropriate transfusions increased during the study
period, from 38.2% in 2015 to 71.1% in 2020. Moreover,
after PBM implementation, the optimal transfusion rate
improved in all patients in the Korea University Anam
Hospital, regardless of whether they underwent surgery or
not*. These findings clearly demonstrate the positive role
of evidence-based PBM in optimising blood transfusion
procedures.

Optimising blood transfusion practices may have a
significant impact on short-term postoperative outcomes.
In a retrospective propensity score-matched study of
colorectal cancer surgery patients, McSorley et al. reported
that perioperative blood transfusion was associated
with postoperative systemic inflammatory response
(measured using C-reactive protein level), postoperative
complications (p=0.017), anastomotic leakage (p=0.021),
Clavien-Dindo grades III-V complications (p<0.001),
and longer LOS (p=0.011), with no difference in rates of
long-term survival (either overall survival or cancer-
specific survival) in the matched groups*. In the
current study, PBM implementation was associated
with a significant reduction in anastomotic leakage
(p=0.026) and LOS (p<o0.001), with no improvement
in other complications or 30-day mortality (p=0.059).
However, when evaluating the relationship between
blood transfusion and short-term surgical outcomes,
blood transfusion was significantly associated with
all complications, LOS, and repeated surgery and
readmission within 30 days, but not with mortality. These
results confirm the need to reduce the number of blood
transfusions and optimise the related procedures to
improve short-term outcomes in postoperative patients.
the
between blood transfusion and postoperative infective

Several studies have confirmed association
complications?”, anastomotic leakage®*®, and disease
recurrence®® or survival*?2. Pang et al. also reported
that poor overall survival was associated with blood
transfusion volume®. However, Hanna et al. found that
blood transfusion was not associated with a decrease
in disease-free survival but was associated with worse

overall survival and increased hospital LOS in patients
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undergoing curative rectal cancer resection®. Moreover,
other authors did not find any independent impact of
blood transfusion on recurrence of colorectal cancer
when data were corrected for preoperative anaemia®>*.
The
infective-oncologic outcomes has not yet been clearly

relationship between blood transfusion and
established. It has been hypothesised that allogeneic
blood transfusion might impair the host adaptive immune
response, affecting the patient’s response to pathogens
and circulating or micrometastatic tumour cells’. Another
hypothesis is that the clinical condition in which blood
transfusion is required may affect survival outcomes?.
Along-term follow-up study is underway using the present
study’s patient population to elucidate any relationship
between blood transfusion and long-term oncologic
outcomes.

When evaluating the current study, it must be reported
that, even before the establishment of the PBM
programme, the colorectal surgery department had
attempted to minimise unnecessary blood transfusions.
As a result of such active improvement efforts, since
2018, the Hb trigger has been reduced, with no impact
on patients’ safety consequent to the reduction in the
rate of blood transfusions. In addition, the threshold
Hb (trigger Hb) in the pre-PBM phase was 8.5+1.3 g/dL,
which is similar to or even better than that reported by
other studies, highlighting the positive outcomes of any
improvement in blood transfusion management®.

Blood transfusion procedures can be further improved
in our department. In particular, this study showed that
patients with transfusions received an average of 3 U of
PRBCs (Table III). To improve this, it is feasible to update
the current PBM guidelines, such as those regarding
single-unit transfusions for patients without ongoing
bleeding. It is expected that the current transfusion rate
will be further improved by continuously improving
the quality of the PBM programme in various ways. We
believe that improving the transfusion rate will further
improve clinical outcomes.

This study has several limitations. First, it was a
retrospective analysis of a prospectively maintained
database; therefore, there could have been a degree of
selection bias. Second, in determining whether a blood
transfusion was appropriate, a patient’s Hb level and
comorbidities could be verified through data analysis from
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the institutional database, but, in the case of transfusion
due to ongoing bleeding, it was difficult to determine
retrospectively whether the clinical condition at the time
was an indication for transfusion. This could have led to an
overestimation of the unnecessary blood transfusion rate.
Third, as the study considered two different consecutive
periods, surgical techniques and management between
the two groups may have differed over time. Since this
study compared before and after the introduction of PBM,
inevitably it covered a long timeframe.

However, this study also has several strengths. First,
the study series is relatively large. Second, the data of
all patients included in this study were prospectively
collected, and, in the case of blood transfusion due to
ongoing bleeding, patients’ vital signs, estimated blood
loss, and amount of drainage were examined to objectively
judge the appropriateness of transfusion. Third, since
2012, postoperative morbidity and mortality data have
been prospectively collected through weekly quality
improvement meetings of our division and recorded in the
colorectal database, ensuring high-quality data. Fourth, the
majority of patients (97.2% in the pre-PBM and 97.6% in the
post-PBM groups) underwent minimally invasive colorectal
resections. Minimally invasive surgery is known to be
associated with less perioperative blood loss and a reduced
inflammatory response**. This could have affected the
results of the current study, underestimating the possible
effect of blood transfusion on short-term postoperative
outcomes; this should be considered in future studies.

CONCLUSIONS

In patients undergoing colorectal cancer surgery,
implementation of a PBM programme was associated
with a decrease in the total transfusion rate, a decrease in
the Hb threshold before transfusion (Hb trigger), and an
increase in the optimal transfusion rate. Implementation
of a PBM programme was also associated with a reduction
in postoperative LOS and anastomosis leakage. Blood
transfusion was associated with worse short-term
postoperative outcomes, regardless of whether the PBM
was operative or not.
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