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Abstract

Purpose Peri-operative blood transfusion has been identified as a risk factor for anastomotic leak in recent studies, but little
is known about which patients are at risk for blood transfusion. This study aims to assess the relationship between blood
transfusion and anastomotic leak and factors predisposing to leak in patients undergoing colorectal cancer surgery.
Methods This retrospective cohort study was conducted in a tertiary hospital in Brisbane, Australia, between 2010 and
2019. A total of 522 patients underwent resection of colorectal cancer with primary anastomosis with no covering stoma
and the prevalence of anastomotic leak was compared between those who had had perioperative blood transfusion(s) and
those who had not.

Results A total of 19 of 522 patients undergoing surgery for colorectal cancer had developed an anastomotic leak (3.64%).
11.3% of patients who had had a perioperative blood transfusion developed an anastomotic leak whereas 2.2% of patients
who had not had a blood transfusion developed an anastomotic leak (p =0.0002). Patients undergoing procedure on their
right colon had proportionally more blood transfusions and this approached statistical significance (p =0.06). Patients who
received a greater quantity of units of blood transfusion prior to their diagnosis of anastomotic leak were more likely to
develop an anastomotic leak (p =0.001).

Conclusion Perioperative blood transfusions are associated with a significantly increased risk of an anastomotic leak fol-
lowing bowel resection with primary anastomosis for colorectal cancer.
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Introduction

Clinically significant anastomotic leak is one of the most
dreaded complications in colorectal surgery. It is strongly
associated with prolonged hospital stay [1], increased
treatment related costs [2], and significant short- and
long-term morbidity and mortality [3]. The incidence of
anastomotic leak in colorectal surgery has been previously
reported to be between 1.6 and 14% and mortality has been
reported to be between 12 and 30% [4-7].

The etiology of anastomotic leak is multifactorial and
relate to technical factors and patient factors. One factor
that is thought to contribute to anastomotic leak is the
interplay between systemic inflammation and immune
regulation [8, 9]. Risk factors for anastomotic leak after
colorectal surgery are male gender, high American Soci-
ety of Anesthesiologists (ASA) grade, BMI greater than
30 kg/m?, and the operative urgency, with emergency
operations having a higher leak rate than planned, elec-
tive surgery [10].

Anastomotic leaks have a significant impact on patient
outcomes. They are associated with increased rates of
local tumor [11]. In addition, the management of an anas-
tomotic leak with either a temporary or definitive stoma
bears a significant impact on patient’s quality of life [12].

Understanding the risk factors for an anastomotic leak
may enable tailored mitigation of this risk for an individual
patient depending on their risk profile [13]. Recent stud-
ies have shown an increased risk of anastomotic leak in
patients following colorectal surgery who have had blood
loss greater than 100mls or received a perioperative blood
transfusion [14, 15]. These studies do not specifically look
what risk factors predispose patients to receiving a peri-
operative blood transfusion or individually examine the
outcomes with left and right colon surgery.

In this study, we aim to see if perioperative blood trans-
fusions increase the risk of anastomotic leak in patients
who have restorative colorectal cancer surgery with a pri-
mary anastomosis. This study also aims to investigate risk
factors for perioperative blood transfusion.

Methods
Study Design and Data Source

The Prince Charles Hospital (TPCH) in Brisbane, Aus-
tralia, is a quaternary cardiothoracic hospital. TPCH pro-
vides care for colorectal cancer patients and maintains a
detailed clinicopathological database on these patients.
A retrospective study of colorectal cancer patients from
2010 to 2019 at TPCH was done to look at the association
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between receiving a perioperative blood transfusion and
the development of an anastomotic leak. Patient charts
were individually reviewed, and data was compiled by
trained medical practitioners. Operation notes were
reviewed for type of procedure and presence of anasto-
mosis. Anesthetic and post-operative notes were reviewed
to assess if a blood transfusion was given either during the
procedure or afterwards. This study was approved by the
institutional ethics board.

Study Population

Patients who underwent colorectal cancer surgery at TPCH
between January 2010 and December 2019 were included in
the study. Patients were included if they had a lower gastro-
intestinal anastomosis following resection of their colorectal
cancer. Patients were excluded if they had a covering stoma
at time of initial procedure or if they had endoscopic resec-
tion of their malignant lesion alone. Patients were included if
they had resection of a malignant lesion endoscopically that
that underwent resection. Patients below the age of 12 were
excluded from the study. Patients were excluded from the
study if it was unclear if they received a blood transfusion.

Measures and Definitions

Basic demographic data was collected on each patient
including age, gender, height, weight, BMI, and American
Society of Anesthesiologists (ASA) grade. Additional infor-
mation on the patient’s comorbidities were collected.

For the purposes of this study, anastomotic leak was
defined as leakage of gastrointestinal luminal contents
from the site of the lower gastrointestinal anastomosis [16].
This was diagnosed radiographically or clinically based on
radiographic evidence in CT scans ordered to evaluate for
potential anastomotic leak, leakage of gastrointestinal con-
tents into surgical drains or intraoperative evidence of anas-
tomotic leak. Perioperative blood transfusion was defined
as a blood transfusion of packed red blood cells between
fourteen days prior to the procedure or up to seven days
after the procedure. In the case of patients who were diag-
nosed with a clinically significant anastomotic leak, blood
transfusions were only counted if they happened before the
diagnosis of the leak.

Statistics

The null hypothesis was that there was no difference in anas-
tomotic leak between the perioperative transfusion group
and the no perioperative transfusion group. Continuous
variables are reported as median and range. Statical analy-
sis was performed with Fischer’s exact tests and chi-squared
tests for larger tables. Patients where there was no recorded
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Table 1 Baseline characteristics Variable No transfusion Transfusion p-value
Number of patients 443 (84.5%) 79 (15.1%)
Median age 71 (25-96) 73 (31-93) 0.005
Gender
Male 237 (53.5%) 38 (48.1%) 0.3705
Female 206 (46.5%) 41 (51.9%)
Mean BMI 27.9 (14.6-55.0) 27.0 (16-38.6) 0.57
Pre-operative hemoglobin (g/L) 124.87 (77-180) 106.62 (57-159) <0.001
Smoking status
Active smoker 69 (16.31%) 8 (10.12%) 0.1613
Ex or non-smoker 354 (83.69%) 71 (89.88%)
Type of anastomosis
Hand sewn 136 (31.34%) 33 (41.77%) 0.0920
Stapled 298 (68.66%) 46 (58.23%)
ASA
1and?2 180 (40.63%) 24 (30.78%) 0.1179
3,4,and 5 260 (58.69%) 54 (68.35%)
No grade 3 (0.68%) 1(1.27%)
T stage on histology
0,1,and2 142 (32.05%) 9 (11.39%) 0.0019
3 and 4 301 (67.95%) 70 (88.61%)
N stage on histology
0 271 (62.01%) 39 (49.38%) 0.0469
1 and2 166 (37.99%) 40 (50.62%)
M stage on histology
0 387 (87.36%) 68 (86.08%) 0.8954

1

56 (12.64%) 11 (13.92%)

BMI body mass index, ASA American Society of Anesthesiologist, staging as per the TNM staging system

ASA grade were excluded from ASA analysis. Comparison
between number of blood transfusions and was performed
using a chi-squared test. Comparison between amount of
perioperative blood transfusions and leak rate was per-
formed with a chi-squared test for categories which had the
same result as Poisson and ordered categories. Error rate
was set at 0.05 and analysis was conducted using the SPSS
software.

Results

A total of 522 patients with colorectal cancer underwent
colorectal cancer resection with a primary anastomosis
(Table 1). Of these patients 442 (84.7%) patients required no
blood transfusion and 80 (15.3%) patients required a blood
transfusion. Of these patients, 19 (3.64%) procedures were
complicated by an anastomotic leak. Patients who required
a perioperative blood transfusion had a higher median age
and lower pre-operative hemoglobin.

Demographics
Blood Transfusions and Anastomotic Leak

Patients who had a blood transfusion after having a lower
gastrointestinal anastomosis (Table 2) were significantly
more likely to have anastomotic leak (p= <0.0001). The
mean time to anastomotic leak diagnosis in patients who
received a perioperative blood transfusion was 6.30 days,
while the mean to leak diagnosis was 6.67 days for patients

Table2 Anastomotic leak prevalence after colorectal cancer resec-
tion between patients who received perioperative blood transfusion
and patients who did not

Anasto- No anasto- Rate of anas- p-value

motic leak motic leak tomotic leak
Transfusion 9 70 12.86% <0.0001
No Transfusion 10 433 2.31%
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Table 3 The rate of

. o e Number of  Number of Rate of p-value
per IOPerdtIVC transf.uslor.m patients anastomotic leaks  anastomotic leak
in patients undergoing right
and left colonic resection for Right colonic surgery ~ Transfusion 51 5 9.80% 0.02
colorectal cancer No transfusion 240 5 2.08%
Left colonic surgery Transfusion 25 4 16% 0.01
No transfusion 188 5 2.66%

who did not receive a blood transfusion. There was no sig-
nificant difference between these groups (p =0.7386).

Left and Right Colonic Procedures in Patients Receiving
Perioperative Blood Transfusion

This increased rate of anastomotic leak was seen in patients
who had a perioperative blood transfusion (Table 3) follow-
ing surgery on the right colon (p=0.02) and the left colon
(p=0.01). The difference in the rates of perioperative blood
transfusion between patients who had right colonic versus
left colonic surgery approached significance in this dataset
(p=0.06) with 17.87% of patients with right colonic surgery
requiring a blood transfusion and 11.74% of patients under-
going left colonic surgery requiring a blood transfusion.

Types of Procedure and Anastomotic Leak

Of all the procedures performed requiring a lower gastro-
intestinal anastomosis, right hemicolectomy was the most

common with 245 procedures performed across the time
period (46.93% of all procedures). Other operations with a
primary lower gastrointestinal anastomosis included in the
study were extended right hemicolectomies (n =50, 9.58%
of all procedures), left hemicolectomy (n=28, 5.36% of all
procedures), sigmoid colectomy (n=15, 0.96% of all pro-
cedures), total colectomy (n=35, 0.96% of all procedures),
subtotal colectomy (n=8, 1.53% of all procedures), high
anterior resection (n= 113, 21.64% of all procedures), low
anterior resection (n=37, 7.09% of all procedures), and
transverse colectomy (n=1, 0.19% of all procedures). There
was no significant difference between rates of anastomotic
leak between right colonic and left colonic surgery in this
dataset (p=0.64).

Quantity of Blood Transfusions and Rate of Anastomotic Leak
Patients who received a greater quantity of units of blood trans-

fusion prior to their diagnosis of anastomotic leak were more
likely to develop an anastomotic leak (p <0.001) (Fig. 1).

Rate of anastomotic leak by number of peri-operative blood transfusion units

18%
16%
14%
12%
10%

8%

6%

4%
2%

) _
0%

W No Transfusion

W One to Two

11%

9%

M Greater than 3

Number of peri-operative blood transfusion units given

Fig. 1 Rate of anastomotic leak after colorectal cancer resection by quantity of perioperative blood transfusions
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Table 4 Rate of anastomotic leak comparing patients who had pre-operative and intra-operative blood transfusions to patients who had post-

operative blood transfusions

Peri-operative blood transfusion Number of patients Number of anastomotic leaks Rate of anastomotic leak p-value
Pre-op and intra-op transfusion 42 7.14% 0.22
Post-op transfusion 38 15.79%

Timing of Blood Transfusion and Rate of Anastomotic Leak

In patients who received a blood transfusion, 23 had their
first blood transfusion pre-operatively, 19 had their first
blood transfusion intra-operatively, and 38 had their first
blood transfusion post-operatively (Table 4). There was no
difference in the incidence of anastomotic leak by timing of
blood transfusion as the study did not have enough power to
differentiate between the groups.

Blood Transfusion and Leak Management

Patients who had a peri-operative blood transfusion where
just as likely to be managed with a procedure that resulted
in a stoma as patients who did not have a peri-operative
blood transfusion (p =0.5637). Of the 19 patients diagnosed
with an anastomotic leak, 12 were managed with surgery and
formation of a stoma.

Blood Transfusions and Surgical Complications

Patients who had a blood transfusion were more likely have
a Clavien-Dindo grade 3 or greater complication than those
who did not have a blood transfusion after having a lower
gastrointestinal anastomosis. As a blood transfusion is a
Clavien-Dindo grade 2 complication, low grade complica-
tions were not included in the analysis (Table 5).

Operative Urgency and Comorbidities and Perioperative
Blood Transfusion

Patients who had an emergency or urgent procedures
were more likely to have a perioperative blood transfusion
(Table 6). Emergency procedures were defined as patients
admitted from the emergency department or outpatient
clinic who had their operation that admission, urgent was

Table 5 Rates of Clavien-Dindo complications in patients who had a
perioperative blood transfusion after resection for colorectal cancer
with primary anastomosis

Clavien- Clavien- p-value
Dindo >3 Dindo <2
Transfusion 25 55 0.003
No transfusion 58 384

a procedure within 30 days of the diagnosis and elective
was for operations delayed by greater than thirty days (usu-
ally for chemotherapy or radiotherapy prior). Respiratory
comorbidities and diabetes mellitus were not associated
with perioperative blood transfusion (Table 7). Patients with
cardiac comorbidities approached statistical significance
(p=0.0647).

Multivariate Analysis of Causes of Anastomotic Leak in Data

Analysis of other variables that could be contributing to
anastomotic leak found an association with age of patient
(p=0.0002), gender (p=0.019), BMI (p =0.0005), ASA
(»p=0.012), N stage on histology (p =0.025), and respira-
tory comorbities (p=0.01) (see Table 7).

Discussion

In this study, perioperative blood transfusion was associated
with an increased risk of clinically significant anastomotic
leak in patients undergoing restorative colorectal cancer sur-
gery. Patients who received higher volumes of perioperative
blood transfusion were more likely to have an increased rate
of anastomotic leak. The rate of anastomotic leak in our
study in patients receiving a perioperative blood transfu-
sion was 12.86% compared to 2.31%for patients who did not
receive a perioperative blood transfusion. Other studies have
reported associations between perioperative blood transfu-
sion and lower gastrointestinal anastomotic leak [10, 17-21],
however there is no uniform definition of anastomotic leak
or perioperative blood transfusion in the literature [22].
This study also demonstrated an association of anastomotic
leak (see Table 7) with age of patient (p =0.0002), gender
(»p=0.019), BMI (p=0.0005), ASA (p=0.012), N stage on
histology (p=0.025), and respiratory comorbities (p=0.01),
which have been shown to be associated with anastomotic
leak in previous studies [1, 6, 14].

Different mechanisms have been proposed to explain
why blood transfusion may be associated with anastomotic
leak. It has been proposed that the use of intra-operative and
post-operative blood transfusion may be a surrogate marker
for operative difficulty and quality of the subsequent anas-
tomosis [6, 23], however this mechanism alone would not
explain why pre-operative blood transfusions are associated

@ Springer
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Table 6 Operative urgency,

: o Transfusion No transfusion p-value
various comorbidities, and
PerioPerative bloqd transfus.ion Operative urgency Delayed greater than 30 days 5(6.0%) 78 (94.0%) 0.009
in patient undergoing resection Within 30 days 63 (14.0%) 323 (86.0%)
of colorectal cancer with
primary anastomosis Emergency 12 (22.6%) 41 (77.4%)
Comorbidities Cardiac 58 (17.3%) 278 (82.7%) 0.0647
No cardiac 22 (13.4%) 164 (86.6%)
Respiratory 25 (15.5%) 136 (84.5%) 0.8073
No respiratory 55 (18.0%) 306 (82.0%)
Diabetes mellitus 13 (13.8%) 81 (86.2%) 0.5667
No diabetes mellitus 67 (15.7%) 361 (84.3%)
with anastomotic leak. Other explanations for anastomotic A previous study has shown that blood exposure could
leak could be that requirement for blood transfusion may be ~ be highly immunogenic in patients who had received a
a marker for pre-operative patient physiology. kidney transplant [24]. Another previous study has shown
Table 7 IfiSt of variables. Variable Anastomotic leak No anastomotic leak p-value
analyzed in cohort of patients
undergoing colorectal cancer Number of patients 19 (3.64%) 503 (96.36%)
procedures with a primary Median age 723 (52-88) 68.6 (25-96) 0.0002
anastomosis and their
association with anastomotic Gender
leak Male 15 (78.95%) 259 (51.49%) 0.019
Female 4 (21.05%) 244 (48.51%)
Mean BMI 29.5 (22.0-7.9) 27.7 (14.6-55) 0.0005
Pre-operative hemoglobin (g/L) 125.6 (93-159) 121.97 (57-180) 0.46
Smoking status
Active smoker 4 (5.0%) 73 (95.0%) 0.43
Ex or non-smoker 15 (3.4%) 430 (96.6%)
Type of anastomosis
Hand sewn 8 (4.6%) 166 (95.4%) 0.5630
Stapled 11 (2.2%) 337 (97.8%)
ASA
1 and 2 2 201 0.0128
3,4,and 5 16 298
No grade 1 4
T stage on histology
0,1, and 2 2 154 0.06
3and 4 17 349
N stage on histology
0 6 288 0.025
1and 2 13 213
M stage on histology
0 15 446 0.20
1 4 57
Cardiac comorbidities
Yes 16 319 0.11
No 3 183
Respiratory comorbidities
Yes 12 149 0.01
No 7 354
Type 2 diabetes mellitus
Yes 16 319 0.06
No 3 184
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perioperative blood transfusion can delay wound healing
after elective hip surgery [25]. Quantity of perioperative
transfused units of blood did have an association with a
higher rate of anastomotic leakage in this study.

Timing of the perioperative blood transfusion did not
seem to make a statistically significant difference in terms
of anastomotic leak in this dataset. 7.14% of patients with
either a pre-operative or intra-operative blood transfu-
sion suffered an anastomotic leak, compared to 15.79% of
patients whose surgery suffered an anastomotic leak after a
post-operative blood transfusion (p =0.22). While not statis-
tically significant in this study, it may be possible that post-
operative blood transfusion increases the risk of anastomotic
leak more than pre-operative or intra-operative blood trans-
fusion. Additional study would be required to investigate
this claim. Transfusions were not included if they were given
after the anastomotic leak was diagnosed. Other studies have
examined the role of intra-operative blood transfusion and
found an association with anastomotic leak [14].

Procedures on both the right and left colon were associ-
ated with anastomotic leak if the patient had a perioperative
blood transfusion. This is similar to other studies which have
found an association between anastomotic leak in operations
on the right colon [26] and the left colon [15]. In this study,
patients who had a blood transfusion and a left sided colonic
anastomosis where more much more likely to have an anas-
tomotic leak that patients who had a blood transfusion and
a right sided colonic anastomosis (16% vs 9.26%).

In this study, there were differences other that rate of
anastomotic leak between patients who received a perio-
perative blood transfusion and those who did not. Patients
who received a perioperative blood transfusion were more
likely to have a lower pre-operative hemoglobin (p <0.001)
and have higher T and N stage disease (p =0.004 and 0.049
respectively). This could be explained by higher stage local
disease being more likely to result in blood loss into the
bowel and causing pre-operative anemia [26]. Additionally,
older patients were more likely to receive a peri-operative
blood transfusion.

Conclusion

Perioperative blood transfusions are associated with a sig-
nificantly increased risk of an anastomotic leak following
bowel resection with primary anastomosis for colorectal
cancer. Surgeons who are operating on patients who require
pre-operative and intraoperative blood transfusions should
consider the heightened risk of post-operative anastomotic
leak. Clinician’s index of suspicion of anastomotic leak
should be heightened in patients who receive a periopera-
tive blood transfusion after lower gastro-intestinal surgery,
particularly if they have had multiple transfusions. Further

studies should evaluate whether minimizing use of blood
transfusions is associated with better patient outcomes.
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