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Abstract

Anastomotic leaks (ALs) are a significant and feared postoperative complication, with an incidence of up to 30% despite
advances in surgical techniques. With implications such as additional interventions, prolonged hospital stays, and hospital
readmission, ALs have important impacts for patients, healthcare providers, and healthcare systems. The Risk of colorectal
anastomotic leakage can vary by patient, depending on a variety of factors. The aim of this paper is to explore modifiable pre-
operative risk factors, providing a window into areas that can be targeted to reduce the likelihood of AL. A literature search and
review was conducted using the following keywords: anastomosis, anastomotic leak, colorectal, and risk factors. Following this,
further review was conducted using keywords for these factors (alcohol, smoking, obesity, medications, immunosuppression,
nutrition, and hypoalbuminemia; American Society of Anesthesiologists (ASA) physical status classification; mechanical bowel
preparation; antibiotics). The significance of different modifiable pre-operative risk factors in the development of colorectal
anastomotic leaks varies. Most conclusively, smoking, alcohol consumption, malnutrition (as reflected by hypoalbuminemia),
and high ASA scores have strong evidence supporting a role in leak risk. Factors such as obesity (high BMI), non-steroidal anti-
inflammatory use, immunosuppression, and mechanical bowel preparation had mixed evidence demonstrating impacts on leak
risk. Colorectal anastomotic leakage remains a significant challenge in intestinal surgery, despite medical advancements.
Awareness of modifiable pre-operative risk factors enables clinicians to address these factors proactively, minimizing the risk of
leaks where possible. Additionally, knowing which patients are high-risk ahead of surgery enables more careful postoperative
management.
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Introduction

Research conducted thus far has identified recurring
pre-operative, intraoperative, and post-operative risk
factors for anastomotic leaks (AL) after colorectal
procedures. In this article, the focus will be directed on
preoperative risk factors that elevate a patient’s
likelihood of suffering from AL. Consideration of risk
factors is relevant in the decision-making process for
clinicians at various levels of a patient’s care —
impacting surgeons, anesthesiologists, nurses, and
general practitioners, to name only a few. Identifying
patients at higher risk may allow for more informed
pre-operative patient counselling, planning, and
preparation before surgery. The aim of the following
article is to provide an overview of the current
literature on modifiable pre-operative risk factors
contributing to the occurrence of AL after colorectal

surgery. Such risk factors include alcohol, smoking,
obesity, medications, immunosuppression, nutrition,
and hypoalbuminemia, the American Society of
Anesthesiologists (ASA) physical status classification,
mechanical bowel preparation, and antibiotic use.
Ultimately, the goal of this discussion is to draw
attention to factors that may be modified prior to a
patient’s surgery, as well as kept in mind during the
perioperative period and postoperative management.
This knowledge can help clinicians not only prevent
leaks but also predict which patients are at highest risk
during the postoperative period. Given the substantial
human and economic impact of anastomotic leaks
(e.g., cost to healthcare systems for tests to diagnose
leaks; impacts of late detection such as reoperation,
long-term complications, and even death), a clear
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awareness of these factors is of great value to all those
managing patients undergoing colorectal surgery.

Table 1. Modifiable and Non-modifiable Pre-Operative Risk
Factors for AL*!-5

Modifiable
Alcohol consumption
Smoking
Obesity
Medications
Immunosuppression
Nutrition & Hypoalbuminemia
ASA Physical Status Classification
Mechanical Bowel Prep & Pre-op
Antibiotics
*While some risk factors are consistently described in the literature,
others are controversial. For completeness and transparency, we
include all reported risk factors, noting where controversy has been
identified. Ongoing orfuture research in this area may provide
additional clarity about the impact of specific risk factors.

Modifiable Risk Factors

As with any significant procedure, the risks associated
with colorectal surgery may be increased or decreased
in accordance with factors that are modifiable. Given
that many of these risks can be mitigated with lifestyle
changes, it is critical that a patient’s care team explore
ways to manage such risks in advance, or (if this is not
possible) recognize higher-risk patients and manage
the approach to surgery accordingly. This includes
considerations about the risk of post-operative
complications such as AL, which has shown a
significant association with many of the modifiable
risk factors explored below.

Smoking

Substance use, including alcohol and tobacco, has
been found to be a risk factor for AL across numerous
studies. The factors contributing to the increased risk
of surgical complications are complex, including other
lifestyle factors that may augment the effect of
smoking and/or drinking alone.

Smoking is established to have a negative impact on
surgical outcomes, regardless of the procedure being
performed, with active smoking linked to an increased
risk of perioperative cardiovascular, pulmonary, and
wound healing complications, including infections,
anastomotic dehiscence, reintubation, and respiratory
failure.® For these reasons, preoperative smoking
cessation is highly recommended for improving
postoperative results. The optimal duration of smoking
cessation to confer operative benefits remains under
study and is explored in more detail below.’

Across several studies, smoking has been found to
put patients undergoing anterior or low anterior
resection at risk for AL. Research conducted by
Kruschewski et al. (2007) found that smokers had an
increased risk of anastomotic leakage following
anterior or low anterior resection (multiple regression
analysis; OR = 6.42, 95% Cl: 2.68-15.36).% Similar
conclusions were obtained in work by Bertelsen et al.
(2009), in a study that aimed to identify risk factors for
clinical AL following anterior resection for rectal
cancer.” These findings were based on a national
cohort consisting of 1,495 patients who had curative
anterior resection surgery between May 2001 and
December 2004. Overall, 11% of patients (n = 163)
experienced AL. A significantly higher risk of AL was
found in smokers compared to non-smokers (OR =
1.88, 95% CI: 1.02-3.46), once again supporting the
link between smoking and this significant post-
operative complication. Numerous other studies,
undertaken to explore the association between smoking
and AL, have yielded similar conclusions.*® 2

In 2012, Richards et al. evaluated 233 patients
(identified from a prospective database) undergoing
low anterior resection for benign and malignant disease
over a 10-year period at a single surgical unit. In this
cohort, the overall anastomotic leak rate was 14%
(33/233).® On multivariate analysis, current smokers
(OR 3.68; 95% CI: 1.38-9.82; P = 0.009) and patients
with evidence of metastatic malignant disease (OR
3.43; 95% CI: 1.29-9.13; P = 0.013) were at increased
risk of anastomotic leak. The authors concluded that
both smoking and the presence of metastatic disease
are major risk factors for the development of AL
following low anterior resection. It is notable that
smoking, a modifiable factor, carries as much, if not
more, risk than metastatic disease itself. Furthermore,
in a 2015 study conducted by Baucom et al., the effect
of smoking on clinical leaks after left-sided
anastomoses was evaluated.' From the sample of 246
patients included in the study, the anastomotic leak rate
was 6.5% (n = 16). Importantly, a significant
difference was found in leak rates between smokers
and non-smokers (17% and 5%, respectively), with
smokers experiencing an over four times greater
chance of leak (OR 4.2, 95% CI: 1.3-13.5, P = 0.02).
From these results, smoking was concluded to be a
significant risk factor for AL after a left colectomy.

Additional work has demonstrated that not only is
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smoking associated with AL, but also a patient’s
smoking history (e.g., heavy smoking) confers
additional risk. A 2011 publication from Kim et al.
utilized univariate analysis to demonstrate that both
smoking history and smoking amount were related to
the risk of AL, with a heavy smoking history (more
than 40 pack-years) an independently significant risk
factor for anastomotic complications after low anterior
resection in rectal cancer patients.”® Along similar
lines, evaluations about the impact of smoking
cessation on reducing AL risk have also been conducted.
A recent study by Tsai et al. (2022) investigated the
optimal duration of smoking cessation to reduce the
risk of anastomotic leaks.” Here, a total of 1,246
patients who underwent curative intent sphincter-
preserving surgery without preventative stoma were
enrolled between 2000 and 2012. Using a receiver
operating characteristic (ROC) curve, a cut-off value of
10.5 years of smoking cessation was identified.
Moreover, on multivariate analysis, current smoking (P
= 0.022) as well as former smoking with less than ten
years of smoking cessation (OR = 2.725, P = 0.029)
were both found to be independently related to the
development of anastomotic leakage. Thus, current
evidence suggests smoking cessation for less than ten
years continues to present risks for AL in patients with
mid-to-low rectal cancer undergoing sphincter-preserving
surgery. Additional studies completed by other research
groups have led to similar conclusions regarding the
importance of smoking cessation prior to colorectal
surgery.®'* In a 2016 review, short-term cessation was
not found to be effective in reducing the risk of
anastomotic leaks; a minimum discontinuation of 4 —8
weeks, if not longer, was suggested for benefit.®
Importantly, smoking cessation should occur not only
prior to surgery but also during the postoperative
period.

Critically, despite approximately 30% of colon cancers
warranting a right hemicolectomy (RH), little data
existed until this point regarding the impact of smoking
in this context. Recently, Badiani et al. (2022)
conducted research to better understand the effect of
smoking on postoperative complications following
RH.Y Here, patients who underwent elective RH for
colon cancer between 2016 and 2019 were identified
from the ACS-NSQIP (American College of Surgeons
National Surgical Quality Improvement Program)
database. Of the 5,652 RH patients included, 1,884

(33.3%) were identified as smokers. Overall, smoking
was found to be a significant risk factor for a variety of
serious complications, including a higher rate of organ
space infection (4.1% vs. 3.1%, P = 0.034), an
unplanned return to the operating room (4.8% vs.
3.7%, P = 0.045), and risk of AL (3.5% vs. 2.1%, P =
0.005). Additionally, smoking was found to be an
independent risk factor for wound complications (OR =
1.32; 95% CI: 1.03-1.71; P = 0.032), primary
pulmonary complications (OR = 1.50; 95% CI: 1.06-
2.13; P = 0.024), and AL (OR = 1.66; 95% CI: 1.19-
2.31; P = 0.003). Based on these results, it was
concluded that smokers have an increased risk of
developing major post-operative complications compared
to non-smokers.

Other studies have focused on multiple lifestyle
andconcomitant factors that are known to have
negative impacts on overall health, including smoking
and alcohol consumption (discussed in more detail
below). One such early article comes from Sgrensen et
al. (1999), which focused specifically on the association
between AL and smoking and alcohol consumption.®®
Based on 333 patients who underwent colonic or rectal
resection with anastomosis between 1993 and 1996,
the rate of clinical AL was 15.9% (n = 53). Multiple
regression showed that smokers, compared with non-
smokers, had an increased risk of anastomotic leakage
(relative risk (RR) = 3.18 (95% CI: 1.44 —7.00), as did
alcohol abuse (RR = 7.18 (95% CI: 1.20 —-43.01). Thus,
smoking and alcohol abuse were considered to be
important risk factors for anastomotic leakage after
colonic and rectal resection.

A 1996 study conducted by Fawcett et al. further
supports more recent data exploring the connection
between smoking, vascular health, and the risk of AL.™
Both smoking and hypertension, which contribute to
microvascular disease, were found to be associated
with an increased incidence of anastomotic dehiscence.
Treatment with serotonin antagonists in the perioperative
period may be beneficial to maintain microvascular
flow (increased serum serotonin and vessel hypersensitivity
to serotonin have been observed in smokers, hypertensives,
and after surgery). In 2020, an analysis from the
National Surgical Quality Improvement Program
(NSQIP) identified both smoking and hypoalbuminemia
as risk factors for AL after proctectomy and ileal pouch
anal anastomosis.” From the 910 patients included in
this analysis, an overall leak rate of 4.0% (n = 36) was
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observed. On multivariate analysis, smoking was found
to be the only significant risk factor associated with AL
(P = 0.0016). Subgroup analysis of patients with
preoperative serum albumin levels revealed that low
preoperative albumin was a significant risk factor for
AL (P =0.023).

Research has also been conducted to better
understand the pathophysiology behind smoking and
increased the risk of surgical complications, including
anastomotic leaks.?! Given the well-established adverse
effect of chronic smoking on peripheral vasculature,
the negative impact of smoking on rectal mucosal
blood flow is posited to play a role. One study
measured rectal mucosal blood flow (MBF) in 80
subjects (44 smokers and 36 non-smokers) using laser
Doppler flowmetry.”* Results demonstrated that
chronic smokers had significantly lower MBF at the
posterior and ventral sites of the rectum compared to
non-smokers (P = 0.04 and P = 0.03, respectively).

Table 2. Summary of Findings for Smoking as a Risk Factor

Reduced MBF is thought to impair healing following
surgery, increasing the risk of complications such as
AL. Additional work found that regular smoking was
significantly associated with AL (OR = 6.529, P =
0.007), with the authors suggesting that vascular ischemia
from nicotine-induced vasoconstriction and microthromboses,
along with carbon monoxide-induced cellular hypoxia,
may impair anastomotic circulation in smokers.?

In summary, across numerous studies, smoking has
been shown to be an important risk factor for
anastomotic leaks. While any reduction in smoking is a
major win for patients and providers, most evidence
points to a significant risk reduction only when smoking
cessation has taken place over months or years.
Patients with any recent smoking history should thus
be monitored carefully for AL following surgery, and
additional risk factors should be considered that may
further elevate their likelihood of complications
alongside smoking.

Study Name Design Sample Size Conclusion

Kruschewski et al. Multiple N/A Smoking is known to have a negative impact on

(2007) regression cardiovascular health, and so patients with pre-
analysis existing coronary heart disease, who also smoke,

Bertelsen et al. National cohort

(2009) study
Richards et al. Prospective 233 patients
(2012) database

study

Baucom et al. (2015) Retrospective
cohort study
Univariate

analysis

Kim et al. (2011)

Tsai et al. (2022) Prospective

cohort study

1,495 patients

246 patients

154 patients

1246 patients

are likely at an even greater risk than either health
concern alone

Smokers have a significantly higher risk of clinical
anastomotic leakage following anterior resection for
rectal cancer.

Both smoking and the presence of metastatic disease
are major risk factors for the development of AL
following low anterior resection.

Smoking is a significant risk factor for anastomotic
leakage after left colectomy.

Heavy smoking history is an independently
significant risk factor for anastomotic complications
after low anterior resection in rectal cancer patients.
Current and former smoking with less than ten years
of smoking cessation are independently related to
the development of anastomotic leakage. The
optimal duration of smoking cessation to reduce the
risk of anastomotic leaks is 10.5 years.

Alcohol Consumption

Similar to smoking, excessive alcohol consumption
has been consistently found to be associated with an
increased risk for anastomotic leaks. As depicted in
Figure 1, there are several factors that are posited to
contribute to alcohol’s increased risk of AL. Of
primary concern are negative impacts on wound
healing and increased vulnerability to infection, which
may be further heightened by nutritional deficiencies
caused by alcohol use. Around the site of the

anastomosis, specifically, short-term acute alcohol
exposure has been shown to suppress the release of
pro-inflammatory cytokines, leading to reduced neutrophil
recruitment and phagocytic function, which correlates
with a higher risk of post-injury infection.*” Additionally,
ethanol exposure has been shown to affect the
proliferative phase of wound healing, disrupting aspects
such as re-epithelialization, angiogenesis, collagen
production, and wound closure. Most significant is
alcohol’s impact on wound angiogenesis, which may
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The consumption of alcohol has been linked to several negative impacts onthe
body, such as hindered wound healing and heightened vulnerability to infections.
Prolonged alcohol consumption can weaken the immune system, disrupt the
formation of new blood vessels (angiogenesis), and interfere with the synthesis
of collagen. These processes are vital for effective wound healing.

Furthermore, alcohol abuse can lead to nutritional deficiencies, particularly in
essential nutrients like vitamin C, which is crucial for collagen synthesis and —
tissue repair. -_—

Research has demonstrated that alcohol exposure
hampers the healing process of wounds and increases
the likelihood of infection.

Alcohol exposure weakens the body’s defense
mechanisms, making individuals more susceptible
to infections at the site of the surgical wound.

The effects of alcohol onthe body's ability to
defend itself are strongly influenced by factors
such as the duration and amount of alcohol
consumed, as well as the timing of exposure
and withdrawal from alcohol.

Suppressed release 4# Reduced neutrophil recruitment
of pro-inflammatory— ) and phagocytic function

cytokines

Studies indicate that short-term
acute alcohol exposure generally
suppresses the release of
pro-inflammatory cytokines when
faced with an inflammatory challenge,
leading to reduced neutrophil
recruitment and phagocytic
function, which correlates with a
higher risk of post-injury infection.

il -
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((inhibition of
wound closure

Decreased collagen
production

Reduced
.angiogenesi

In addition to increasing the risk of infection, ethanol exposure also

affects the proliferative phase of wound healing. Animal studies have
shown that a single dose of alcohol, resulting in blood alcohol levels just
above the legal limit in most states in the US, disrupts various aspects of
healing, including re-epithelialization, angiogenesis (formation of new
blood vessels), collagen production, and wound closure.

/

Acute ethanol exposure also influences connective tissue
restoration by decreasing collagen production and
altering the balance of proteases at the wound site. (@)

\
\ O

Reduced expréssion of
VEGF recéptors and decreased
nuclear expression of HIF-1alpha

\

The most significant impact is observed in wound angiogenesis, which can
be reduced by up to 61% after a single exposure to ethanol, This decrease
in angiogenesis is associated with reduced expression of VEGF receptors
and decreased nuclear expression of HIF-1alpha in endothelial cells

Alcohol exposure leads to decreased vascularity, increased hypoxia. and

oxidative stress in the wound area

Figure 1. Pathophysiology of Alcohol Consumption and Impaired Wound Healing.17.22

be reduced by up to 61% after alcohol exposure. This
decrease is associated with reduced expression of
VEGF receptors and decreased nuclear expression of
HIF-lalpha in endothelial cells.”? In an early study
completed by Mikeld et al. (2003), patients who
consumed alcohol were at a significantly elevated risk
for AL compared to those who abstained (OR = 6.19;
95% CI: 2.39-15.99; P = 0.001).2 Unfortunately, more
detailed patient information, including the amount of

alcohol consumption patients were reporting, was not
provided. A subsequent study completed by Nickelsen
et al. (2005) also found a relationship between alcohol
consumption and AL.* It is important to note that
statistically significant results were only obtained for
those with heavy alcohol consumption (> 60g/day; OR
= 2.48; 95% CI: 1.07-5.77). Those with no/low alcohol
consumption were not found to be at increased risk
(OR =0.81; 95% CI: 0.50 -1.31).
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Table 3. Summary of Findings for Alcohol Consumption as a Risk Factor

Study Name Design Odds Ratio (OR) Conclusion

Maikela et al. Early study OR=6.19; 95% Alcohol consumption is associated with
(2003) Cl: 2.39-15.99; P=0.001 increased risk for AL.

Nickelsen et al. Subsequent Heavy alcohol consumption: Heavy alcohol consumption is

(2005) study OR = 2.48; 95% Cl: 1.07-5.77. associated with increased risk for AL.

No/low alcohol consumption:
OR =0.81; 95% Cl: 0.50-1.31

Jannasch et al. Prospective

(2015) study 2.150, P=0.001
McDermott et al. Systematic

(2015) review

Bertelsen et al. Investigation of

(2010) risk factors

OR =1.628; 95% Cl: 1.233-
OR=7.18; 95% Cl: 1.2-43

OR =1.37; 95% ClI: 0.51-3.67

Alcohol history is associated with
increased risk for AL.

Heavy alcohol intake is associated with
increased risk for AL.

No significant association between
alcohol consumption and AL.

In a chart review of the American College of
Surgeons NSQIP, patient cases (completed January
2003 — April 2006) were reviewed for evidence of
anastomotic leaks for 12 months following the
operating date.?® Patients were tracked for up to 10
years to determine survival while assessing morbidity,
mortality, and cost for patients who experienced a leak
compared to those who did not. Multivariable
regression found that AL was associated with alcohol
abuse (OR = 3.7; 95% CI: 2.6-381.4, P = 0.007),
among other factors such as congestive heart failure
and peripheral vascular disease. Further, in a
prospective study completed by Jannasch et al. (2015),
alcohol history was found to be related to the risk of
anastomotic leaks.?® Overall, 17,867 patients with
histopathologically confirmed rectal carcinoma and
primary anastomosis were included. Multivariate
analysis found that alcohol history was a risk factor for
AL (OR = 1.628; 95% CI: 1.233-2.150, P = 0.001),
although no information was provided specifying the
criteria for ‘alcohol history.” The authors note that
lifestyle factors, such as alcohol consumption and
smoking, may be biased, depending on the reliability
of patient reports. A systematic review completed by
McDermott et al. (2015) found that heavy alcohol
intake (>21 units weekly) was associated with AL (RR
=7.18; 95% Cl: 1.2-43).7

Contrary to other findings, a study by Bertelsen et al.
(2010) investigating risk factors for AL after anterior
resection for rectal cancer found alcohol consumption
was not associated with AL.° Other factors that were
found to be insignificant in this investigation include
preoperative weight loss, BMI, ASA score, and self-
reported physical fitness. Results were insignificant for
even the highest threshold of alcohol consumption,
greater than 35 units per week (OR = 1.37; 95% CI:
0.51-3.67). The discrepancy between these results and

other research may be explained by biased patient
reporting.

Overall, the evidence is strongly suggestive that
alcohol — a modifiable lifestyle factor — is significantly
associated with anastomotic leakages in colorectal
surgery. Varied findings and levels of clinical significance
may be attributable to the challenge of obtaining
lifestyle data from patients, who may under or
overestimate their alcohol consumption. Additionally,
some studies failed to define quantities of alcohol
consumed, at times only grouping patients into binary
categories (alcohol —: yes or no). All this considered,
due to the known detrimental effects of alcohol on
surgical outcomes and health overall, encouraging
patients to decrease alcohol consumption (particularly
for heavy drinkers) is advised to minimize AL risk.

Obesity

It is wellestablished that obesity is a risk factor for
numerous health conditions and also adds risk in the
surgical setting.?® In the context of colorectal surgery,
obesity has been cited as a risk factor, particularly for
left-sided anastomotic leaks.”® The risk for other
postoperative complications is also elevated in obese
patients, including wound dehiscence and incisional
site herniation.?® Early reviews of the literature found
strong evidence for a link between obesity and
anastomotic leaks. Retrospective analyses demonstrated
that obesity was a strong risk factor for leaks in those
with low-level anastomosis; in some cases, a two-fold
increased risk over non-obese patients.”® In one
retrospective review, Benoist et al. found a weakly
significant difference in leak rates between obese and
non-obese patients (P = 0.05).*° Other studies have
found increased odds ratios for the risk of anastomotic
leak in obese patients, ranging from 1.5 to 2.32,
depending on BMI.*! However, in multivariate analyses,
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Table 4. Summary of Findings for Obesity as a Risk Factor

Study Name Design

Odds Ratio (OR)

Conclusion

Various, 2023 Literature OR = N/A

Review

Benoist et al., Retrospective
2000 Analysis
OR = N/A

Various, early Retrospective

publications Analysis

Kang et al., 2013 Retrospective OR =7.18; 95%
Analysis Cl: 1.2-43

Piecuch et al., Retrospective OR=0.58

2015 Analysis

OR =1.5-2.32

Obesity is a risk factor for numerous health conditions,
and also adds risk in the surgical setting. Obesity has
been cited as a risk factor, particularly for left-sided
anastomotic leaks. Risk for other postoperative
complications is also elevated for obese patients,
including wound dehiscence and incisional site
herniation. Early reviews of the literature found
strong evidence for a link between obesity and
anastomotic leaks.

Obesity was found to be a strong risk factor for leaks
in those with low-level anastomosis, with a two-fold
increased risk over non-obese patients in some cases.
Some studies found no significant association
between obesity and anastomotic leak.

No higher incidence of obesity or diabetes mellitus
was found in those who suffered a leak.

No significant relationship was found between leak
and BMI.

these results were found not to be significant, despite
other groups finding significant results using similar
statistical methods (OR = 9; P = 0.016).*

Other studies have found less evidence that obesity
itself confers risk and, rather, that low-level rectal
anastomosis is the major risk factor.*®* Through
retrospective reviews of patient records, several
research groups have found no significant association
between obesity and AL.*®**3% |t is important to note
that a number of these early publications did not
provide full descriptions of their study populations
and/or data, including incomplete research definitions
of ‘obesity’ and proportions of overweight or obese
patients in study cohorts.

More recent work has presented a similarly inconclusive
picture of the exact impact of obesity on anastomotic
leak risk. In 2013, a retrospective analysis carried out
by Kang et al. (n = 72,055 patients) did not find a
higher incidence of obesity or diabetes mellitus in
those who suffered a leak.®® Another retrospective
study from Piecuch et al. (2015) also did not find a
significant relationship between leak and BMI based
on logistic regression (OR = 0.58; 95% CI 0.22-1.53; P
= 0.27).* In a large meta-analysis based on thirty-one
studies and 32,953 patients, those with obesity were
found to have a significant increase in risk for AL
(Western study group: OR = 1.57, 95% CI 1.01-2.44;
Asian study group: OR = 1.58, 95% CI 1.07-2.32).%®
Importantly, this increase was only found to be
clinically significant in rectal anastomotic subgroups,
agreeing with previous findings.

Obesity is associated with various parameters that
may themselves better predict a patient’s risk for AL

than BMI. In 2020, Chen et al. investigated such
parameters in 589 rectal cancer patients who
underwent anterior resection of the rectum.*® Results
found that sex, neoadjuvant chemotherapy, operation
time, and anastomosis level from the anal verge were
all risk factors (P <0.05). The level of serum
triglycerides was found to be an independent risk
factor for AL (OR = 2.95; P = 0.024); however, other
obesity-associated parameters were not (including
BMI; visceral, subcutaneous, and total fat area; and
serum cholesterol (P >0.05)).

Overall, results remain mixed regarding obesity and
the risk of anastomotic leaks. While in some cases,
high BMI (greater than 30kg/m?) has been identified as
an independent risk factor for AL, in other cases, this
has not been the case (as described above).>*%“ It does
appear that, particularly for very low rectal anastomoses,
obesity increases the likelihood of a leak (potentially
due to tension at the anastomotic site).> In other cases,
it appears that factors commonly associated with
obesity may be driving the relationship between high
BMI and AL.®*° Regardless, controlled weight loss
should be encouraged by clinical teams for any obese
patient, including healthy lifestyle choices that
decrease the overall risk for

postoperative complications and a range of health
issues known to be associated with obesity.

Medications

In addition to substances such as cigarettes and
alcohol, certain medications may also play a role in the
development of leaks following colorectal surgery.
Most research has focused on two classes of prescription
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medications and their role in the risk of AL: steroids
and anti-inflammatory drugs.

In 2012, a prospective study was carried out by
Slieker et al., investigating the risk of AL in 259
patients with left-sided colorectal anastomoses.®
Importantly, patients involved in this study were
prescribed corticosteroids either as a long-term medication
or perioperatively for the prevention of postoperative
pulmonary complications. Overall, the incidence of AL
was 7.3%, with rates significantly higher in those on
long-term corticosteroids (50%) or on perioperative
steroids (19%). For those with pulmonary comorbidities,
the rate of AL was also significantly elevated (22.6%).
While this compelling evidence suggests medications
can increase the rate of anastomotic leaks, the role of
underlying pulmonary disease must be considered. In a
2014 systematic review by Eriksen et al., corticosteroids
were found to increase the risk of anastomotic leaks,
with an overall AL rate of 6.77% (95% CI: 5.48-9.06)
in patients using corticosteroids, compared to 3.26%
(95% Cl: 2.94-3.58) in those not on the medication.*
This was based on 12 studies with a total of 9,564
patients. Further evidence supporting a role for
corticosteroids in increased risk of AL comes from Jina
& Singh (2019), which found an odds ratio of 4.857 (P
<0.001) for leaks in patients on corticosteroid therapy
compared to those not using the medication.*

Conflicting evidence was found in a Danish cohort
study by Ostenfeld et al. (2015), which looked at the
relationship between AL and preadmission glucocorticoids.®
Of the overall 18,190 patients with colon cancer, 6.5%
experienced an AL. Glucocorticoid use as a whole did
not lead to an increase in the risk of AL (6.9% among
those who had never used; OR = 1.05; 95% CI: 0.89-
1.23). The method of drug administration (oral,
inhaled, or intestinal-acting) also did not significantly
affect the risk of leakage. Similarly, for those with
rectal cancer (n = 5,284 patients), glucocorticoid use
slightly elevated the risk (14.6% vs, 12.8% among
never-users; OR 1.36; 95% CI: 1.08-1.72), and results
did not significantly differ by route of administration.
Based on these results, the authors suggested that a
moderate risk may be associated with anastomotic leak
(particularly after rectal cancer resection), but the
absolute risk difference is small and the clinical impact
may be limited.

Perioperative use of nonsteroidal anti-inflammatory
drugs (NSAIDs) is also associated with a risk of AL.
Given that recovery guidelines are increasingly suggesting
opioid-sparing medications be used whenever possible

following colorectal surgery, post-operative NSAID
use is a common occurrence. It is thus important to be
aware of the potential impact on the risk of AL from
this class of medications.

In 2012, a cohort study was completed evaluating the
effect of postoperative use of NSAIDs on AL requiring
reoperation following colorectal surgery.*” Data for
this study was drawn from a prospective clinical
database and electronic medical records. Overall, NSAID
use (specifically, diclofenac and ibuprofen) was found
to be significantly associated with the AL rate compared
with controls (12.8% and 8.2% vs. 5.1%; P <0.001).
After multivariate logistic regression analysis, only
diclofenac treatment was found to be a risk factor for
leakage (OR 7.2; 95% CI: 3.8-13.4, P <0.001). Based
on these results, the authors suggested that medications
like diclofenac should be used with caution, but that
large-scale, randomized control trials were (at the time)
urgently needed to further understand the relationship
between NSAIDs and anastomotic leak risk.

While most investigations consider NSAID use
broadly, some studies further refine by NSAID type,
recognizing that different drugs may confer different
risks. Modasi et al. (2018) performed a systematic
review whereby the AL rate was assessed following
NSAID use for colonic or rectal anastomoses in the
post-operative care period.* Interestingly, while use of
post-operative NSAIDs was associated with an

overall increased risk of AL (OR = 1.58; 95% CI:
1.23-2.03; P = 0.0003), non-selective NSAIDs were
associated with increased risk specifically (OR = 1.79;
95% CI: 1.47-2.18; P <0.00001), while selective
NSAIDs were not. In this particular review, the non-
selective NSAID diclofenac was associated with an
increased risk of leakage (OR = 2.79; 95% CI: 1.96-
3.96; P <0.00001), while ketorolac was not (OR =
1.36; 95% CI: 0.89-2.06; P = 0.16). These results
suggest that certain medications, even within the same
drug class, may put patients at higher risk of
postoperative complications than others.

A further meta-analysis conducted by Huang et al.
(2018) found that, across all studies, there was a
significantly lower rate of anastomotic dehiscence in
patients not taking NSAIDs (pooled OR = 2.00; 95%
Cl: 1.48-2.71; P <0.00001).”® However, when analyses
were completed using only randomized control trials,
similar dehiscence rates were found between groups (P
= 0.17). In subgroup analysis, non-selective NSAIDs
were associated with a higher risk of leaks (pooled OR
= 2.02; 95% CI: 1.62-2.50; P <0.00001), but there was
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no significant difference in the incidence of leaks
between patients not taking NSAIDs and those on
selective  NSAIDs (P = 0.05). Another recent
systematic review and meta-analysis by Jamjittrong et
al. (2019) found that there was a significant association
between NSAID use and anastomotic leakage (OR =
1.73; 95% CI: 1.31-2.29; P <0.0001).* Included in this
analysis were twenty-four studies with a total of 31,877
patients. Subgroup analyses revealed that non-selective
NSAIDs (but not COX-2- selective NSAIDs) were
significantly associated with the risk of AL. No
significant subgroup difference was found between
selective and non-selective NSAIDs. Chen et al. (2022)
recently examined postsurgical ketorolac administration
and its impact on anastomotic leak rate.> In this meta-
analysis, which included seven studies and 400,822
patients, an increased risk was observed, though this
did not stand up to statistical significance (OR = 1.41;
95% CI: 0.81-2.49; P = 0.23). Subgroup analyses in
case-control and retrospective cohort studies did reveal
a significantly increased risk of leakage (P <0.05).
Recognizing the many physiological effects that
NSAIDs can have, including impacts on wound
healing, Hakkarainen et al. (2015) evaluated the

Table 5. Summary of Findings for Medications as a Risk Factor

relationship between postoperative NSAID administration
and anastomotic complications.®> These results,
published in a report from Washington State’s Surgical
Care and Outcomes Assessment Program (SCOAP),
found that NSAIDs were associated with an increased
risk of leak, which was isolated to nonelective
colorectal surgery (12.3% in the NSAID group vs.
8.3% in the non-NSAID group, OR = 1.70; 95% CI:
1.11-2.68). This was after risk adjustment and based on
a retrospective cohort study of 13,082 patients
undergoing either bariatric or colorectal surgery.

Some work investigating the impact of NSAIDs on
AL leak rates has found conflicting results. In 2020,
Arron et al. performed a systematic review and meta-
analysis.® In this study, which included a cohort of
10,868 patients, the overall anastomotic leak rate was
not increased in patients using NSAIDs for postoperative
analgesia compared to non-users (RR = 1.23; 95% CI:
0.81-1.86; P = 0.34). Even after stratification for low
anterior resections, the effect remained non-significant.
When further analyses examined non-selective
NSAIDs versus COX-2- selective NSAIDs, again,
neither drug sub-type was found to significantly
increase the risk of AL (P =0.19, P = 0.26).

Study Name Design Odds Ratio (OR) Sample Size
Slieker et al. Prospective OR = 50% (longterm) 259 patients
(2012) study or 19% (perioperative)
Eriksen et al. Systematic OR = 6.77% (95% Cl: 5.48-9.06) 9,564 patients across 12
(2014) review studies
Jina & Singh Retrospective OR = 4.857 (P<0.001) 156 patients
(2019) Analysis
Ostenfeld et al. Cohort study OR = 1.05 (95% Cl: 0.89-1.23) (colon 18,190 patients (colon
(2015) cancer) or 1.36 (95% cancer), 5,284 patients
Cl: 1.08-1.72) (rectal cancer) (rectal cancer)
Klein et al. (2012) Cohort study OR =7.2(95% Cl: 3.8-13.4, 2756 patients
P <0.001)
Modasi et al. Systematic OR =1.79 (95% 9835 participants across
(2018) review Cl: 1.47-2.18; P<0.00001) seven included studies

Given that other drugs taken concurrently can bias
risk assessment, Rushfeldt et al. (2016) carried out a
study specifically investigating the risk of AL associated
with NSAIDs and steroids used perioperatively.>
Based on a total of 376 patients included in the study,
the rate of AL in the cohort was 15.7%. When adjusted
for age, sex, and multivariable propensity scores, the
OR for leak was found to be 1.07 (P = 0.92) for
ketorolac, 1.63 (P = 0.31) for diclofenac, and 0.41 (P =
0.19) for dexamethasone. Regular use of steroids
conferred an OR of 7.57 (P = 0.009). Other factors
included in the study, such as malignancy, use of a

vasopressor, and blood transfusions, were similarly
found to have a significant risk of leaks. As such, the
study authors concluded that factors beyond perioperative
drugs may be more crucial for surgical teams to
consider, given their modest impact on AL risk.
Overall, conclusions about NSAID use and the risk of
anastomotic leaks remain mixed. As outlined in an
article by Lee & Fiore Jr. (2021), all evidence points to
more benefits from NSAID use as post-operative pain
control than downsides from the risk of anastomotic
leak.>® Given the unclear association between NSAID
use and AL, more evidence is necessary to continue
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elucidating the role of NSAIDs as a risk factor for post-
operative leaks. It is important to note that patients on
long-term corticosteroids and/or anti-inflammatory
drugs would have been prescribed these medications to
treat another pre-existing condition, which could also
contribute to the development of conditions favoring
post-operative complications, such as an AL.

Immunosuppression

When considering preoperative risks for patients
undergoing colorectal surgery, immunosuppression is a
critical factor that must not be overlooked. Not only is
the prevalence of immunosuppression for surgical
patients nearly double (~5%) that of the average citizen
in the United States, but this number is expected to
continue to rise as survival outcomes for immunosuppressed
patients improve.>®’

In 2014, Snieder & Davids explored the effects of
chemotherapy, radiation, and immunosuppression on
the integrity of intestinal anastomosis.”® As discussed
above, corticosteroids (which have a significant impact
on immunosuppression) are recognized to confer a risk
for AL in colorectal surgery. Snider & Davids further
explored other agents that result in suppression of the
immune system, including immunomodulators (e.g.,
azathioprine and 6-mercaptopurine) and biologic agents
(e.g., infliximab). In a retrospective study involving
417 patients with bowel anastomoses for Crohn’s
disease, there was no significant difference in risk
between patients on immunomodulators versus not
(10% versus 14%, P = 0.263), though use of corticosteroids
was once again found to be a risk factor (P = 0.007).%°
Similarly, in a retrospective analysis of 518 patients
undergoing elective laparoscopic bowel resection (142
of which were on preoperative infliximab), no
difference was found in the rate of AL between
patients on the biologic agent versus not (2.1% with
infliximab vs. 1.3% without, P = 0.81).%

In addition to corticosteroids, immunomodulators,
and biologic agents, long -term immunosuppression in
organ transplant recipients has also been considered.
Given the chronic nature of these immunosuppression
regimens and the impact they may have on wound
healing, studies have been conducted to explore the
potential elevation in risk presented for AL. Despite
limited clinical data on the use of newer immune-
suppressive agents (mTOR inhibitors, such as
sirolimus and everolimus), animal studies have

investigated the impact on AL. A study in a rat model
found that everolimus decreased ileal and colonic
anastomotic breaking strength in a dose-dependent
manner, up to 73% at the highest dose, 3 mg/kg/24 h (P
<0.05).%* When examined histologically, the anastomoses
of rats treated with the mTOR inhibitor demonstrated
signs of decreased anastomotic healing, including less
collagen deposition and hydroxyproline content. In a
follow-up study conducted in the same rat model, no
significant changes in anastomotic strength were
observed if everolimus administration was withheld in
the early postoperative period (first 2-3 postoperative
days), suggesting that mTOR inhibitors have the
greatest impact on the early, proliferative phase of
wound healing.®? Further experimental evidence exists
to suggest that other immunosuppressants may slow
wound healing (and, by extension, increase the risk of
AL), including mycophenolate mofetil, cyclosporin A,
and tacrolimus.®*% Other treatments, including recent
chemotherapy and antiangiogenic and antimitotic agents,
have been suggested to impact AL risk via impaired
wound healing, though direct evidence linking these
agents and AL in human patients remains lacking.?’

In 2016, Yamamoto et al. conducted a retrospective,
multicentre study to identify risk factors for complications
following ileocolonic resection for Crohn’s disease,
focusing specifically on preoperative immunosuppression
and biologic therapy.®® Based on data from 231
patients across three countries (Japan, Brazil, and
Italy), neither immunosuppression nor biologic therapy
prior to surgery was found to be significantly associated
with complications, including anastomotic leaks. That
same year, Thomas & Margolin published an article
exploring various considerations in the management of
anastomotic leaks, including immunosuppression.’
Importantly, they point out the challenges for assessing
this risk factor, noting that because colorectal
anastomoses are frequently carried out in patients with
diseases requiring immunosuppressive therapy (who
may also be sicker than the average patient, e.g., IBD),
it is difficult to tease apart the role of immunosuppression
itself from other patient characteristics that play into
AL risk. Though corticosteroids are well-recognized as
a risk factor, other immunosuppressive drugs have not
been studied extensively enough to provide definitive
conclusions. Even for immunosuppressive drugs that
have been studied (as discussed above), results have
been mixed, with some studies finding increased risk
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and others having
likelihood of AL.
Given this conflicting data in the literature and the
often pivotal role immunosuppressive agents play in
managing pre-existing conditions patients present to
surgeons with, some research has begun to emerge that
explores the impact of chronic immunosuppression on
outcomes of colorectal surgery. El Hechi et al. (2020)
examined the Colectomy-Targeted ACSNSQIP database
for patients who underwent emergent colectomies,
dividing patients into those using immunosuppressants
(IMS) versus those with no immunosuppression use
(NIS).%” Out of the total 17,707 patients who underwent

insignificant impacts on the

Smoking: decreased mucosal blood
flow and vascular ischemia

an emergent colectomy, 15,422 were NIS, and 2,285
were IMS. After patients were propensity-score matched
on demographics, comorbidities, preoperative laboratory
values, and operative variables, a total of 2,882 patients
were included for analyses (1,441 NIS, 1,441 IMS).
Though other complications were found to be significantly
elevated in patients with immunosuppression, the rates
of anastomotic leaks were not significantly different
between the two groups (P = 0.13). Similarly, other
wound infections were not significantly elevated in
those receiving immunosuppression (superficial, deep,
and organ/space surgical site infection: P=1, P = 0.61,
and P = 0.41, respectively).

Immunosuppression: potential
deleterious impact on phases of
wound healing

Nutrition and hypoalbuminemia: key albumin-dependent physiological
processes including solute binding and transport, colloid pressure maintenance,
and platelet inhibition, that may impact wound healing, are affected

Figure 2. Pathophysiology of Certain Modifiable Risk Factors in AL Patients.21,6268

Table 6. Summary of Findings for Immunosuppression as a Risk Factor

Study Name Design Sample Size Conclusion
Snieder & Davids Prospective study 417 patients No significant difference in the risk of anastomotic leak
(2014) (AL) between patients on immunomodulators and

Eriksen et al. (2014) Retrospective Analysis

Jina & Singh (2019) Animal study
Yamamoto et al. Cohort study
(2016)
El Hechi et al. Cohort study
(2020)

518 patients

156 patients

231 patients

2,882 patients

those not on immunomodulators. Corticosteroids
were found to be a risk factor for AL.

No difference in the rate of AL between patients on
the biologic agent (infliximab) and those not on the
biologic agent.

Everolimus (mTOR inhibitor) decreased ileal and
colonic anastomotic breaking strength and impaired
anastomotic healing.

Preoperative immunosuppression and biologic therapy
were not significantly associated with complications,
including anastomotic leak.

Rates of anastomotic leaks were not significantly
different between patients with immunosuppression
and those without. Other wound infections were
also not significantly elevated in patients receiving
immunosuppression.
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Nutrition and Hypoalbuminemia

Given the impact of nutrition (and malnutrition) on
processes throughout the body, including those
relevant to postoperative complications (e.g., wound
healing), it is not surprising that associations have been
found between malnutrition and anastomotic leaks.
Alongside nutritional deficits more broadly, specific
physiological outcomes such as hypoalbuminemia have
been observed as particularly important biomarkers for
AL risk.

Research conducted by Kang et al. (2013) found that,
within 72,000 rectal resections, preoperative weight
loss and malnutrition (OR = 2.81; 95% CI: 2.32-3.40)
and fluid and electrolyte disturbances (OR = 1.79; 95%
Cl: 1.58-2.03), conferred an increased risk for AL.®
Shortly thereafter, Kwag et al. (2014) identified poor
nutrition as an independent risk factor for postoperative
morbidity in patients undergoing surgery for colorectal
cancer.®® In this study, 352 patients (enrolled
prospectively) had nutritional risk screening (NRS)
scores calculated on admission, alongside other clinical
characteristics (e.g., tumor status, surgical procedure,
etc.). Those at nutritional risk (based on the NRS
score) were significantly more likely to experience
postoperative complications, including anastomotic
leakage (P = 0.027) and wound infection (P = 0.01). A
follow-up study carried out by Lee et al. (2018) aimed
at further evaluating the association between NRS
scores and AL again found significant results.®® Here,
retrospective reviews of data from rectal cancer
surgeries found that high NRS scores (increased
nutritional risk) were an independent risk factor for AL
(OR =2.044; 95% CI: 1.085-3.851).

Albumin remains a gold standard for preoperative
markers of nutrition and, thus, is an important
parameter to explore when understanding the risks of
anastomotic leaks. In a prospective observational
quality-improvement study by Sameer M.D. et al.
(2018), a cohort of 100 patients undergoing small and
large bowel resections was included.”® Uni- and
multivariate analyses identified several factors that
were significantly associated with AL risk, including
serum albumin <= 3.0 g/dl and serum pre-albumin <=
20 mg/dl. This study also found that pre-albumin was a
better indicator of AL risk compared to albumin (P =
0.002), suggesting that pre-albumin may be a better
marker to use when assessing the nutritional status of
patients as it relates to the risk of anastomotic leaks.

More recent research from Xu & Kong (2019) further
clarifies the role of malnutrition-related factors and
how these contribute to an elevated risk for
anastomotic leakage in the context of surgery for rectal
cancer.” Based on perioperative clinical data from 382
patients, multivariate analysis revealed that low
postoperative albumin (P = 0.044) was a significant
independent risk factor for postoperative AL. This
suggests that monitoring patient albumin levels both
prior to and following surgery may be valuable in
discerning nutritional status and the risk of leakage.
Further, in a NSQIP investigation carried out in 2020,
subgroup analysis for the 543 patients with available
preoperative serum albumin levels revealed that low
albumin levels prior to surgery were significantly
associated with a risk for AL (P = 0.023).%

In 2008, a prospective review of patient and operative
characteristics that contribute to anastomotic leaks was
undertaken in a cohort of 672 patients.”? Here, several
variables were found to be significant risks for AL in
colorectal resection, including baseline albumin levels
less than 3.5 g/dl (P = 0.04). Other risk factors
discussed previously in this article (or to follow) were
also identified, such as male sex (P = 0.03) and steroid
use at the time of surgery (OR = 3.85; 95% CI: 1.24-
11.93; P = 0.02). A subsequent retrospective audit of
anastomotic leaks in 1,246 patients (137 of whom
experienced a leak) also found albumin levels less than
3.5 g/dl to be an independent risk factor, as were
factors including anemia, hypotension, use of
inotropes, and blood transfusion.” These findings were
confirmed once again in 2017 by Anandan et al., in a
cohort of 112 patients (preoperative serum albumin
<3.5 g/dI significantly associated with leaks; P = 0.0418),
and later by Awad et al. (2021) (P = 0.015)."*"

Other research has assessed not only the impact of
serum albumin on the risk of AL but also how
monitoring albumin levels may be beneficial for
detecting leaks. Shimura et al. (2018) enrolled 200
colorectal cancer patients undergoing curative
laparoscopic surgery, of whom 11 cases (5.6%)
experienced a leak.” Here, there was no difference in
preoperative serum albumin levels between the leakage
group and the non-anastomotic leakage group, though
postoperative serum albumin levels were significantly
lower in those patients with an AL. On multivariate
analysis, lower average serum albumin levels on
postoperative days 1 and 3 were found to be
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independent risk factors for anastomotic leakage (OR =
7.53; 95% CI: 1.60-55.80; P = 0.0095). This suggests
that daily monitoring of postoperative serum albumin
levels may help determine which patients are at
greatest risk of developing an anastomotic leak.

Additional work has focused not only on passively
assessing the impact of nutritional status (including
pre-albumin/aloumin), but also on evaluating how
nutritional interventions may help reduce the risk of
AL. Tian et al. (2020) assessed whether early enteral
nutrition (EEN) could reduce the risk of recurrent
leakage in colorectal cancer surgery.”” Here, 12 out of
a total of 133 patients experienced recurrent leakage in
the EEN group, compared to 28 cases (40%) in patients
receiving a standard postoperative nutritional protocol.
This suggests that optimizing nutrition in the
postoperative period may be beneficial for reducing the
risk of recurrent leaks.

Overall, the evidence available thus far strongly supports
an association between pre-, peri-, and postoperative
hypoalbuminemia (a key marker for malnutrition) and
the risk of anastomotic leaks following colorectal
surgery. Given albumin’s key physiological functions,
including binding and transport of solutes, platelet
inhibition, antithrombosis, and maintenance of colloid
pressure, it is well-established that hypoalbuminemia
has a deleterious effect on wound healing in colorectal
surgery (among other surgical procedures).”® Thus, a
focus on both pre- and postoperative nutritional
protocols that maintain albumin levels above 3.5 g/dl

Vv
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1

should be a priority in preventing anastomotic leaks,
among other complications.

American Society of Anesthesiologist (ASA) Physical
Status Classification

The ASA physical status examination is used by
anesthesiologists to classify the preoperative physical
condition of surgical patients. The scale ranges from 1
(healthy patient) to 5 (patient not likely to survive 24
hours).® As might be expected, ASA scores have been
found to be associated with the risk of anastomotic
leakages, with higher ASA scores indicating a higher
risk. Multiple factors are taken into account when
assigning an ASA classification level, including
smoking status, alcohol consumption, BMI, diabetes
mellitus, hypertension, and pulmonary conditions.®
Other factors are also considered in pediatric or
obstetric cases. Notably, many of the factors that
elevate an ASA grade have also been discussed
throughout this article as risk factors for anastomotic
leaks. Unsurprisingly, research has conclusively
shown a strong association between higher ASA
scores and increased risk for AL.

In 2013, Tan et al. (2013) completed a retrospective
study (n = 505 patients), in which a significant
association was found between AL and ASA score
(OR = 2.99; 95% Cl: 1.345- 6.670; P = 0.007).%* Once
matched for age, BMI, and Charlson comorbidity
index (CCI) on logistic regression, higher ASA scores
were independently related to increased risk for leaks,

Moribund patient not expected to survive
with or without surgery

Patient with severe systemic disease that
is a constant treat to life

Mild systemic disease present
Mild systemic disease present

Normal healthy patient

American Society of
Anesthesiologists’

0

Figure 3. American Society of Anesthesiologists (ASA) Physical Status Classification Score Scale. 80
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when compared to the combined lower ASA scores
(ASA I and 1) cohort. OR (steroids) = 14.35, P <0.01;
OR (ASA_ Il v I-11) =2.02, P = 0.18; OR (ASA_IV
vi-1I) = 8.45, P = 0.03). In a study by Park et al.
(2018), which looked at the influence of ASA scores
on a range of postoperative complications after
laparoscopic colorectal surgery, results demonstrated
that rates of complications did indeed increase with
ASA scores.?? As with a previous study that found
higher ASA scores were a risk factor for AL, ASA
scores of 3 or above were an independent risk factor
for complications such as leaks.® Similarly, Jina &
Singh (2019) and Kryzauskas et al. (2020) found that
ASA grade Ill or IV conferred a significant risk for
anastomotic leaks, with odds ratios of 3.607 and
10.54, respectively.**® These findings were based on
multivariable analysis performed on data from 900
patients who underwent sigmoid or rectal resection for
left-sided colorectal carcinoma. Most recently, Sripathi et
al. (2022) provided a comprehensive report that
summarized the current agreement regarding a
positive association between ASA scores and
anastomotic leaks, whereby ASA grades of 3 or above
have been shown to be a key risk factor for AL 2%

In summary, higher ASA scores have consistently
been shown to confer a higher risk for patients
experiencing postoperative complications, including
anastomotic leaks. Clinical teams should be aware of a
patient’s ASA grade and provide careful monitoring
for anastomotic leaks for those evaluated at grade IlI
or above.

Mechanical Bowel Preparation and Pre-Operative
Antibiotics

Mechanical  bowel preparation (MBP) has
traditionally been used to decrease the colon’s stool
burden, improve visualization during intraoperative
endoscopy, and ease the introduction of stapling
devices. MBP is unpleasant for patients and has not
been shown, on its own, to reduce rates of AL.>"® In a
study by Contant et al. (2008), a multicentre randomized
trial was carried out with 1,431 patients.®* Overall, no
significant difference was found in anastomotic leak
rate between patients who received mechanical bowel
preparation versus those who did not (difference: 0-6%,
95% ClI: 1.7%-2.9%, P = 0.69). Additional randomized
control trials have similarly found no advantage to
including MBP in a patient’s preoperative preparation

to reduce the risk of AL.%%* In a systematic review by
Guenaga et al. (2011), which involved over 5,000
patients, again, no evidence was found to support
MBP, either orally or by enema.*® While one study did
find that there was a lower morbidity rate with MBP,
there was no difference in

AL rate was found between patients receiving MBP
and those who were not.* There is some variation in
the literature regarding the usefulness of MBP, which
could be attributable to the lack of standardization of
MBP types among surgeons.®* Given all of the
currently available evidence, though MBP may be
useful for other aspects of surgery (e.g., facilitating
endoscopy or stapler insertion), it does not appear to
make a meaningful difference in patients’ anastomotic
leak risk.

Broad -spectrum antibiotics are routinely administered
intravenously before elective and emergency colorectal
surgery.?’ The goal of using pre-operative antibiotics is
to reduce post-operative infections. Some surgeons in
the United States use non-absorbable oral antibiotics,
including Tobramycin and Amphotericin B, to perform
selective decontamination of the digestive tract (SDD),
reducing AL rates from 7.4% to 3.3%.%” According to
the American College of Surgeons National Surgical
Quality Improvement database (NSQIP), using MBP
along with preoperative oral antibiotics lowered the
rate of AL from 5.7% to 2.8%.%° Based on these
findings, it was concluded that neither oral antibiotics
nor MBP alone independently lower the rate of AL.
Later studies wusing the same NSQIP database
demonstrated that only oral antibiotics confer any
benefit when used alone, and their combination with
MBP does not provide any additional advantage.®*%°’

Conclusion

Despite continued advancements in clinical medicine,
defining, detecting, and treating anastomotic leaks
continues to pose significant challenges. By understanding
factors that put patients at risk for developing
anastomotic leaks, not only may this complication be
predicted earlier but also mitigated or prevented
altogether. This narrative review identified and outlined
the evidence for modifiable risk factors associated with
anastomotic leaks, finding differing levels of evidence
in support of each. Those factors most conclusively
linked to increased leak risk included smoking, alcohol
consumption, malnutrition (hypoalbuminemia), and
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higher ASA scores. Mixed evidence is available at this
time for other risk factors, such as obesity, NSAID use,
immunosuppression, and mechanical bowel preparation.
Continued work should investigate these and other
potential modifiable risk factors to further elucidate
their impact on preoperative risk for AL. Overall, the
use of risk factors to predict the likelihood of leaks in
patients undergoing colorectal surgery is of great
value, including further exploration of incorporating
these factors into risk models for increasingly accurate
predictions of postoperative complications.

Conflict of Interest
The authors declare no conflicts of interest.

References

1.

Li YW, Lian P, Huang B, Zheng HT, Wang MH, Gu WL, et al.
Very early colorectal anastomotic leakage within 5 post-
operative days: a more severe subtype needs relaparatomy. Sci
Rep. 2017;7(1):39936. doi:10.1038/srep39936

Rahbari NN, Weitz J, Hohenberger W, Heald R), Moran B,
Ulrich A, et al. Definition and grading of anastomotic leakage
following anterior resection of the rectum: a proposal by the
International  Study Group of Rectal Cancer. Surgery.
2010;147(3):339-51. doi:10.1016/j.surg.2009.10.012

Thomas MS, Margolin DA. Management of colorectal
anastomotic leak. Clin Colon Rectal Surg. 2016;29(02):138-44.
Zhou C, Wu XR, Liu XH, Chen YF, Ke J, He XW, et al. Male
gender is associated with an increased risk of anastomotic leak
in rectal cancer patients after total mesorectal excision.
Gastroenterol  Rep. 2018;6(2):137-43.  doi:10.1093/gastro/
gox039

Zarnescu EC, Zarnescu NO, Costea R. Updates of risk factors
for anastomotic leakage after colorectal surgery. Diagnostics.
2021;11(12):2382. doi:10.3390/diagnostics11122382

Khullar D, Maa J. The impact of smoking on surgical
outcomes. ] Am Coll Surg. 2012;215(3):418-26. doi:10.1016/
jjamcollsurg.2012.05.023

Tsai KY, Huang SH, You JF, Tang R, Chiang JM, Yeh CY, et al.
Smoking cessation for less than 10 years remains a risk factor
of anastomotic leakage in mid-to-low rectal cancer patients
undergoing sphincter-preserving surgery. Langenbecks Arch
Surg. 2022;407(3):1131-8. doi:10.1007/s00423-021-02381-9
Bertelsen CA, Andreasen AH, Jgrgensen T, Harling H, Danish
Colorectal Cancer Group. Anastomotic leakage after anterior
resection for rectal cancer: risk factors. Colorectal Dis.
2010;12(1):37-43. doi:10.1111/j.1463-1318.2008.01711.x

G D, Ma W, Cj M, Cj W. Smoking, Colorectal Disease and
Colorectal Surgical Practice. Clinics In Surgery [Internet]. 2016
Sep 15 [cited 2023 Mar 21];1(1). Available from:
https://www.remedypublications.com/clinics-in-surgery-
abstract.php?aid=2560

Goshen-Gottstein E, Shapiro R, Shwartz C, Nissan A, Oberman
B, Gutman M, et al. Incidence and Risk Factors for
Anastomotic Leakage in Colorectal Surgery: A Historical
Cohort Study. Isr Med Assoc J. 2019;21(11):732-7.
Parthasarathy M, Greensmith M, Bowers D, Groot-Wassink T.
Risk factors for anastomotic leakage after colorectal resection:
a retrospective analysis of 17 518 patients. Colorectal Dis.
2017;19(3):288-98. doi:10.1111/codi.13476

Richards CH, Campbell V, Ho C, Hayes J, Elliott T, Thompson-
Fawcett M. Smoking is a major risk factor for anastomotic leak
in patients undergoing low anterior resection. Colorectal Dis.
2012;14(5):628-33. doi:10.1111/j.1463-1318.2011.02718.x
Baucom RB, Poulose BK, Herline AJ, Muldoon RL, Cone MM,
Geiger TM. Smoking as dominant risk factor for anastomotic
leak after left colon resection. Am J Surg. 2015;210(1):1-5.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

doi:10.1016/j.amjsurg.2014.10.033

Kim MJ, Shin R, Oh HK, Park JW, Jeong SY, Park JG. The
impact of heavy smoking on anastomotic leakage and stricture
after low anterior resection in rectal cancer patients. World )
Surg. 2011;35:2806-10. doi:10.1007/500268-011-1286-1
Phillips BR. Reducing gastrointestinal anastomotic leak rates:
review of challenges and solutions. Open Access Surg. 2016:5-
14.

Badiani S, Diab J, Woodford E, Natarajan P, Berney CR. Impact
of preoperative smoking on patients undergoing right
hemicolectomies for colon cancer. Langenbecks Arch Surg.
2022;407(5):2001-9. doi:10.1007/s00423-022-02486-9
Sgrensen LT, Jgrgensen T, Kirkeby LT, Skovdal J, Vennits B,
Wille-Jgrgensen P. Smoking and alcohol abuse are major risk
factors for anastomotic leakage in colorectal surgery. Br ] Surg.
1999;86(7):927-31. doi:10.1046/j.1365-2168.1999.01165.x
Fawcett A, Shembekar M, Church JS, Vashisht R, Springall RG,
Nott DM. Smoking, hypertension, and colonic anastomotic
healing; a combined clinical and histopathological study. Gut.
1996;38(5):714-8. doi:10.1136/gut.38.5.714

Dholakia M, Jochum S, Zhang Y, Matthew Ritz E, John
Saclarides T, Michelle Hayden D, et al. Smoking and
Hypoalbuminemia are Risk Factors for Anastomotic Leak after
Completion Proctectomy and Ileal Pouch Anal Anastomosis: A
National Surgical Quality Improvement Program (NSQIP)
Analysis. ] Am Coll Surg. 2020 Oct;231(4):e109. doi:10.1016/
j.jamcollsurg.2020.08.281

De Bruin AF, Schouten SB, de Kort PP, Gosselink MP, van der
Harst E. The impact of chronic smoking on rectal mucosal
blood flow. Tech Coloproctol. 2009;13:269-72. doi:10.1007/
s10151-009-0529-8

Kwak HD, Kim SH, Kang DW, Baek SJ, Kwak JM, Kim J. Risk
factors and oncologic outcomes of anastomosis leakage after
laparoscopic right colectomy. Surg Laparosc Endosc Percutan
Tech. 2017;27(6):440-4. doi:10.1097/SLE.0000000000000471
Guo SA, DiPietro LA. Factors affecting wound healing. J Dent
Res. 2010;89(3):219-29. doi:10.1177/0022034509359125
Makela JT, Kiviniemi H, Laitinen S. Risk factors for anastomotic
leakage after left-sided colorectal resection with rectal
anastomosis. Dis Colon Rectum. 2003;46:653-60. doi:10.1007
/s10350-004-6627-9

Nickelsen TN, Jgrgensen T, Kronborg O. Lifestyle and 30-day
complications to surgery for colorectal cancer. Acta Oncol.
2005;44(3):218-23. doi:10.1080/02841860510029707
Turrentine FE, Denlinger CE, Simpson VB, Garwood RA,
Guerlain S, Agrawal A, et al. Morbidity, mortality, cost, and
survival estimates of gastrointestinal anastomotic leaks. ] Am
Coll Surg. 2015;220(2):195-206. doi:10.1016/j.jamcollsurg.
2014.11.002

Jannasch O, Klinge T, Otto R, Chiapponi C, Udelnow A,
Lippert H, et al. Risk factors, short and long term outcome of
anastomotic leaks in rectal cancer. Oncotarget. 2015;6(34):
36884-93. doi:10.18632/oncotarget.5170

McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL,
Winter DC. Systematic review of preoperative, intraoperative
and postoperative risk factors for colorectal anastomotic leaks.
Br ) Surg. 2015;102(5):462-79. doi:10.1002/bjs.9697

Gendall KA, Raniga S, Kennedy R, Frizelle FA. The impact of
obesity on outcome after major colorectal surgery. Dis Colon
Rectum. 2007;50(12):2223-37. doi:10.1007/s10350-007-905
1-0

Rullier E, Laurent C, Garrelon JL, Michel P, Saric J, Parneix M.
Risk factors for anastomotic leakage after resection of rectal
cancer. Br ] Surg. 1998;85(3):355-8. doi:10.1046/j.1365-
2168.1998.00615.x

Benoist S, Panis Y, Alves A, Valleur P. Impact of obesity on
surgical outcomes after colorectal resection. Am ] Surg.
2000;179(4):275-81. doi:10.1016/5S0002-9610(00)00337-8
Matthiessen P, Hallb6ok O, Andersson M, Rutegerd ), Sjudahl
R. Risk factors for anastomotic leakage after anterior resection
of the rectum. Colorectal Dis.  2004;6(6):462-9.
doi:10.1111/j.1463-1318.2004.00657 .x

Biondo S, Parés D, Kreisler E, Ragué JM, Fraccalvieri D, Ruiz
AG, Jaurrieta E. Anastomotic dehiscence after resection and
primary anastomosis in left-sided colonic emergencies. Dis
Colon Rectum. 2005;48(12):2272-80. doi:10.1007/s10350-
005-0159-9

International Journal of Medical Reviews. 2024;11(1):669-686 | 684


https://doi.org/10.1038/srep39936
https://doi.org/10.1016/j.surg.2009.10.012
https://doi.org/10.1093/gastro/gox039
https://doi.org/10.1093/gastro/gox039
https://doi.org/10.3390/diagnostics11122382
https://doi.org/10.1007/s00423-021-02381-9
https://doi.org/10.1111/j.1463-1318.2008.01711.x
https://doi.org/10.1111/codi.13476
https://doi.org/10.1111/j.1463-1318.2011.02718.x
https://doi.org/10.1016/j.amjsurg.2014.10.033
https://doi.org/10.1007/s00268-011-1286-1
https://doi.org/10.1007/s00423-022-02486-9
https://doi.org/10.1046/j.1365-2168.1999.01165.x
https://doi.org/10.1136/gut.38.5.714
https://doi.org/10.1007/s10151-009-0529-8
https://doi.org/10.1007/s10151-009-0529-8
https://doi.org/10.1177/0022034509359125
https://doi.org/10.1007/s10350-004-6627-9
https://doi.org/10.1007/s10350-004-6627-9
https://doi.org/10.1080/02841860510029707
https://doi.org/10.1016/j.jamcollsurg.2014.11.002
https://doi.org/10.1016/j.jamcollsurg.2014.11.002
https://doi.org/10.18632%2Foncotarget.5170
https://doi.org/10.1002/bjs.9697
https://doi.org/10.1046/j.1365-2168.1998.00615.x
https://doi.org/10.1046/j.1365-2168.1998.00615.x
https://doi.org/10.1016/S0002-9610(00)00337-8
https://doi.org/10.1111/j.1463-1318.2004.00657.x

Rennie et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Vignali A, Fazio VW, Lavery IC, Milsom JW, Church JM, Hull
TL, et al. Factors associated with the occurrence of leaks in
stapled rectal anastomoses: a review of 1,014 patients. ] Am
Coll Surg. 1997;185(2):105-13. doi:10.1016/51072-
7515(01)00891-2

Alves A, Panis Y, Trancart D, Regimbeau JM, Pocard M,
Valleur P. Factors associated with clinically significant
anastomotic leakage after large bowel resection: multivariate
analysis of 707 patients. World ] Surg. 2002;26:499-502.
doi:10.1007/s00268-001-0256-4

Golub R, Golub RW, Cantu Jr R, Stein HD. A multivariate
analysis of factors contributing to leakage of intestinal
anastomoses. ] Am Coll Surg. 1997;184(4):364-72.

Kang CY, Halabi WJ, Chaudhry OO, Nguyen V, Pigazzi A,
Carmichael JC, et al. Risk factors for anastomotic leakage after
anterior resection for rectal cancer. JAMA Surg. 2013;148(1):
65-71. doi:10.1001/2013.jamasurg.2

Piecuch J, Wiewiyra M, Szrot M, Jopek J, Krzak A, Haza S, et
al. Influence of Obesity on Anastomotic Leakage After Anterior
Rectal Resectionperformed Due to Cancer. Pol ] Surg.
2015;87(3):124-8.

Nugent TS, Kelly ME, Donlon NE, Fahy MR, Larkin JO,
McCormick PH, et al. Obesity and anastomotic leak rates in
colorectal cancer: a meta-analysis. Int J Colorectal Dis.
2021;36:1819-29. doi:10.1007/s00384-021-03909-7

Chen Z, Yang J, Liu Z, Zhang Y, Sun J, Wang P. Which obesity-
associated parameters can better reflect the risk of the
occurrence of the anastomotic leakage?. Scand ] Gastroenterol.
2020;55(4):466-71. doi:10.1080/00365521.2020.1748223
Frasson M, Flor-Lorente B, Rodriguez JL, Granero-Castro P,
Hervds D, Rico MA, et al. Risk factors for anastomotic leak
after colon resection for cancer: multivariate analysis and
nomogram from a multicentric, prospective, national study
with 3193 patients. Ann Surg. 2015;262(2):321-30.

Nikolian VC, Kamdar NS, Regenbogen SE, Morris AM, Byrn JC,
Suwanabol PA, et al. Anastomotic leak after colorectal
resection: a population-based study of risk factors and hospital
variation. Surgery. 2017;161(6):1619-27. doi:10.1016/j.surg.
2016.12.033

Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto Y,
Konishi T, et al. Effect of body mass index on short-term
outcomes of patients undergoing laparoscopic resection for
colorectal cancer: a single institution experience in Japan. Surg
Laparosc  Endosc  Percutan  Tech. 2011;21(6):409-14.
doi:10.1097/SLE.Ob013e31822e5fdc

Slieker JC, Komen N, Mannaerts GH, Karsten TM, Willemsen
P, Murawska M, et al. Long-term and perioperative
corticosteroids in anastomotic leakage: a prospective study of
259 left-sided colorectal anastomoses. Arch Surg. 2012;147(5):
447-52. doi:10.1001/archsurg.2011.1690

Eriksen TF, Lassen CB, Gugenur |. Treatment with
corticosteroids and the risk of anastomotic leakage following
lower gastrointestinal surgery: a literature survey. Colorectal
Dis. 2014;16(5):0154-60. doi:10.1111/codi.12490

Jina A, Singh UC. Factors influencing intestinal anastomotic
leak and their predictive value. Int Surg J. 2019;6(12):4495-
501. doi:10.18203/2349-2902.i5j20195419

Ostenfeld EB, Erichsen R, Baron JA, Thorlacius-Ussing O,
Iversen LH, Riis AH, et al. Preadmission glucocorticoid use and
anastomotic leakage after colon and rectal cancer resections: a
Danish  cohort study. BMJ Open. 2015;5(9):e008045.
doi:10.1136/bmjopen-2015-008045

Klein M, Gugenur |, Rosenberg J. Postoperative use of non-
steroidal anti-inflammatory drugs in patients with anastomotic
leakage requiring reoperation after colorectal resection: cohort
study based on prospective data. BMJ. 2012;345:e6166.
doi:10.1136/bmj.e6166

Modasi A, Pace D, Godwin M, Smith C, Curtis B. NSAID
administration post colorectal surgery increases anastomotic
leak rate: systematic review/meta-analysis. Surg Endosc.
2019;33:879-85. doi:10.1007/s00464-018-6355-1

Huang Y, Tang SR, Young CJ. Nonsteroidal anti-inflammatory
drugs and anastomotic dehiscence after colorectal surgery: a
meta-analysis. ANZ J Surg. 2018;88(10):959-65. doi:10.1111/
ans.14322

Jamjittrong S, Matsuda A, Matsumoto S, Kamonvarapitak T,
Sakurazawa N, Kawano Y, et al. Postoperative non-steroidal

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

anti-inflammatory drugs and anastomotic leakage after
gastrointestinal anastomoses: Systematic review and meta-
analysis. Ann Gastroenterol Surg. 2020;4(1):64-75. doi:10.10
02/ags3.12300

Chen W, Liu J, Yang Y, Ai Y, Yang Y. Ketorolac administration
after colorectal surgery increases anastomotic leak rate: a
meta-analysis and systematic review. Front Surg. 2022;9:
652806. doi:10.3389/fsurg.2022.652806

Hakkarainen TW, Steele SR, Bastaworous A, Dellinger EP,
Farrokhi E, Farjah F, et al. Nonsteroidal anti-inflammatory
drugs and the risk for anastomotic failure: a report from
Washington State’s Surgical Care and Outcomes Assessment
Program  (SCOAP). JAMA  Surg.  2015;150(3):223-8.
doi:10.1001/jamasurg.2014.2239

Arron MN, Lier EJ, de Wilt JH, Stommel MW, van Goor H, Ten
Broek RP. Postoperative administration of non-steroidal anti-
inflammatory drugs in colorectal cancer surgery does not
increase anastomotic leak rate; a systematic review and meta-
analysis. Eur ] Surg Oncol. 2020;46(12):2167-73. doi:10.1016
/j.€j50.2020.07.017

Rushfeldt CF, Agledahl UC, Sveinbjgrnsson B, Sgreide K,
Wilsgaard T. Effect of perioperative dexamethasone and
different nsaids on anastomotic leak risk: a propensity score
analysis. World ] Surg. 2016;40:2782-9. doi:10.1007/s00268-
016-3620-0

Lee L, Fiore JF. NSAIDs and anastomotic leak: What’s the
evidence? Semin Colon Rectal Surg. 2021;32(3):100833.
doi:10.1016/j.scrs.2021.100833

Harpaz R, Dahl RM, Dooling KL. Prevalence of
immunosuppression among US adults, 2013. JAMA. 2016;
316(23):2547-8. doi:10.1001/jama.2016.16477

Al-Khamis A, Abou Khalil J, Demian M, Morin N, Vasilevsky
CA, Gordon PH, et al. Sigmoid colectomy for acute
diverticulitis in immunosuppressed vs immunocompetent
patients: outcomes from the ACS-NSQIP database. Dis Colon
Rectum. 2016;59(2):101-9. doi:10.1097/DCR.000000000000
0513

Sneider EB, Davids JS. Effect of chemotherapy, radiation, or
immunosuppression on the integrity of the intestinal
anastomosis. Semin Colon Rectal Surg. 2014;25(2):105-9.
doi:10.1053/j.scrs.2014.04.008

El-Hussuna A, Andersen ], Bisgaard T, Jess P, Henriksen M,
Oehlenschlager ), et al. Biologic treatment or
immunomodulation is not associated with postoperative
anastomotic complications in abdominal surgery for Crohn's
disease. Scand ] Gastroenterol. 2012;47(6):662-8. doi:10.31
09/00365521.2012.660540

Krane MK, Allaix ME, Zoccali M, Umanskiy K, Rubin MA, Villa
A, et al. Preoperative infliximab therapy does not increase
morbidity and mortality after laparoscopic resection for
inflammatory bowel disease. Dis Colon Rectum. 2013;56(4):
449-57. doi:10.1097/DCR.0b013e3182759029

van der Vliet JA, Willems MC, de Man BM, Lomme RM,
Hendriks T. Everolimus interferes with healing of experimental
intestinal anastomoses. Transplantation. 2006;82(11):1477-83.
doi:10.1097/01.tp.0000246078.09845.9¢

Willems MC, Hendriks T, de Man BM, Lomme RM, van der
Vliet JA. Everolimus-induced loss of wound strength can be
prevented by a short postoperative delay in its administration.
Wound Repair Regen. 2011;19(6):680-6. doi:10.1111/j.1524-
475X.2011.00730.x

Zeeh ), Inglin R, Baumann G, Dirsch O, Riley NE, Gerken G, et
al. Mycophenolate mofetil impairs healing of left-sided colon
anastomoses. Transplantation. 2001;71(10):1429-35.

Petri JB, Schurk S, Gebauer S, Haustein UF. Cyclosporine A
delays wound healing and apoptosis and suppresses activin
beta-A expression in rats. Eur ) Dermatol. 1998;8(2):104-3.
Schaffer MR, Fuchs N, Proksch B, Bongartz M, Beiter T, Becker
HD. Tacrolimus Impairs Wound Healing: A Possible Role of
Decreased Nitric Oxide Synthesis: 1. Transplantation.
1998;65(6):813-8.

Yamamoto T, Spinelli A, Suzuki Y, Saad-Hossne R, Teixeira
FV, de Albuquerque IC, et al. Risk factors for complications
after ileocolonic resection for Crohn’s disease with a major
focus on the impact of preoperative immunosuppressive and
biologic therapy: A retrospective international multicentre
study. United European Gastroenterol J. 2016;4(6):784-93.

685 | International Journal of Medical Reviews. 2024;11(1):669-686


https://doi.org/10.1016/S1072-7515(01)00891-2
https://doi.org/10.1016/S1072-7515(01)00891-2
https://doi.org/10.1007/s00268-001-0256-4
https://doi.org/10.1007/s00384-021-03909-7
https://doi.org/10.1080/00365521.2020.1748223
https://doi.org/10.1016/j.surg.2016.12.033
https://doi.org/10.1016/j.surg.2016.12.033
https://doi.org/10.1111/codi.12490
https://doi.org/10.18203/2349-2902.isj20195419
https://doi.org/10.1136/bmjopen-2015-008045
https://doi.org/10.1136/bmj.e6166
https://doi.org/10.1007/s00464-018-6355-1
https://doi.org/10.1111/ans.14322
https://doi.org/10.1111/ans.14322
https://doi.org/10.1002/ags3.12300
https://doi.org/10.1002/ags3.12300
https://doi.org/10.3389/fsurg.2022.652806
https://doi.org/10.1016/j.ejso.2020.07.017
https://doi.org/10.1016/j.ejso.2020.07.017
https://doi.org/10.1007/s00268-016-3620-0
https://doi.org/10.1007/s00268-016-3620-0
https://doi.org/10.1016/j.scrs.2021.100833
https://doi.org/10.1053/j.scrs.2014.04.008
https://doi.org/10.3109/00365521.2012.660540
https://doi.org/10.3109/00365521.2012.660540
https://doi.org/10.1111/j.1524-475X.2011.00730.x
https://doi.org/10.1111/j.1524-475X.2011.00730.x

Pre-Operative Risk for Colorectal Anastomotic Leakage

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

doi:10.1177/2050640615600116

El Hechi MW, Lee JM, Naar L, El Moheb M, Kokoroskos N,
Velmahos GC, et al. The effect of immunosuppression on
emergency colectomy outcomes: a nationwide retrospective
analysis. World ] Surg. 2020;44(5):1637-47. doi:10.1007/
$00268-020-05378-5

Xu H, Kong F. Malnutrition-related factors increased the risk of
anastomotic leak for rectal cancer patients undergoing surgery.
Biomed Res Int. 2020;2020. doi:10.1155/2020/5059670

Kwag SJ, Kim JG, Kang WK, Lee JK, Oh ST. The nutritional risk
is a independent factor for postoperative morbidity in surgery
for colorectal cancer. Ann Surg Treat Res. 2014;86(4):206-11.
doi:10.4174/astr.2014.86.4.206

Lee SY, Jung MR, Kim CH, Kim YJ, Kim HR. Nutritional risk
screening score is an independent predictive factor of
anastomotic leakage after rectal cancer surgery. Eur J Clin Nutr.
2018;72(4):489-95. doi:10.1038/s41430-018-0112-3

Sameer MD, Chase S, Nadarajan AR, Nayak S. Serum pre-
albumin, a novel indicator of risk of anastomotic leak in bowel
anastomosis. Int Surg J. 2018;5(5):1724-8. doi:10.18203/2349-
2902.isj20181568

Xu H, Kong F. Malnutrition-related factors increased the risk of
anastomotic leak for rectal cancer patients undergoing surgery.
BioMed Res Int. 2020;2020. doi:10.1155/2020/5059670
Suding P, Jensen E, Abramson MA, Itani K, Wilson SE.
Definitive risk factors for anastomotic leaks in elective open
colorectal  resection.  Arch  Surg. 2008;143(9):907-12.
doi:10.1001/archsurg.143.9.907

Choudhuri AH, Uppal R, Kumar M. Influence of non-surgical
risk factors on anastomotic leakage after major gastrointestinal
surgery: audit from a tertiary care teaching institute. Int ) Crit
IlIn Inj Sci. 2013;3(4):246-9. doi:10.4103/2229-5151.124117
Anandan PK, Hassan MM, Mathew M. Pre-operative
hypoalbuminemia is a major risk factor for anastomotic leak in
emergency gastrointestinal resection and anastomosis. Int Surg
). 2017;4(4):1405-8. doi:10.18203/2349-2902.isj20171151
Awad S, El-Rahman Al, Abbas A, Althobaiti W, Alfaran S,
Alghamdi S, et al. The assessment of perioperative risk factors
of anastomotic leakage after intestinal surgeries; a prospective
study. BMC Surg. 2021;21:29. doi:10.1186/512893-020-01044-8
Shimura T, Toiyama Y, Hiro J, Imaoka H, Fujikawa H,
Kobayashi M, et al. Monitoring perioperative serum albumin
can identify anastomotic leakage in colorectal cancer patients
with  curative intent. Asian ) Surg. 2018;41(1):30-8.
doi:10.1016/j.asjsur.2016.07.009

Tian W, Xu X, Yao Z, Yang F, Huang M, Zhao R, et al. Early
enteral nutrition could reduce risk of recurrent leakage after
definitive resection of anastomotic leakage after colorectal
cancer surgery. World J Surg. 2021;45(1):320-30. doi:10.1007
/s00268-020-05787-6

Truong A, Hanna MH, Moghadamyeghaneh Z, Stamos MJ.
Implications of preoperative hypoalbuminemia in colorectal
surgery. World ] Gastrointest Surg. 2016;8(5):353-62.
doi:10.4240/wjgs.v8.i5.353

Lohsiriwat Vv, Chinswangwatanakul V, Lohsiriwat S,
Akaraviputh T, Boonnuch W, Methasade A, et al.
Hypoalbuminemia is a predictor of delayed postoperative
bowel function and poor surgical outcomes in right-sided
colon cancer patients. Asia Pac ) Clin Nutr. 2007;16(2):213-7.
Doyle DJ, Hendrix JM, Garmon EH. American Society of
Anesthesiologists ~ Classification. In:  StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2023 [cited 2023
Mar 22]. Available from: http://www.ncbi.nIm.nih.gov/books/
NBK441940

Tan WP, Talbott VA, Leong QQ), Isenberg GA, Goldstein SD.
American Society of Anesthesiologists class and Charlson's
comorbidity index as predictors of postoperative colorectal
anastomotic leak: a single-institution experience. J Surg Res.
2013;184(1):115-9. doi:10.1016/j.jss.2013.05.039

Park JH, Kim DH, Kim BR, Kim YW. The American Society of

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Anesthesiologists ~ score influences on  postoperative
complications and total hospital charges after laparoscopic
colorectal cancer surgery. Medicine. 2018;97(18):e0653.
doi:10.1097/MD.0000000000010653

Kirchhoff P, Clavien PA, Hahnloser D. Complications in
colorectal surgery: risk factors and preventive strategies. Patient
Saf Surg. 2010;4:5. doi:10.1186/1754-9493-4-5

Kryzauskas M, Bausys A, Degutyte AE, Abeciunas V, Poskus E,
Bausys R, et al. Risk factors for anastomotic leakage and its
impact on long-term survival in left-sided colorectal cancer
surgery. World ] Surg Oncol. 2020;18:1-9. doi:10.1186/
$12957-020-01968-8

Sripathi S, Khan MI, Patel N, Meda RT, Nuguru SP,
Rachakonda S. Factors Contributing to Anastomotic Leakage
Following Colorectal Surgery: Why, When, and Who Leaks?.
Cureus. 2022;14(10). doi:10.7759/cureus.29964

Buchs NC, Gervaz P, Secic M, Bucher P, Mugnier-Konrad B,
Morel P. Incidence, consequences, and risk factors for
anastomotic dehiscence after colorectal surgery: a prospective
monocentric study. Int ] Colorectal Dis. 2008;23:265-70.
doi:10.1007/s00384-007-0399-3

Bakker IS, Grossmann |, Henneman D, Havenga K, Wiggers T.
Risk factors for anastomotic leakage and leak-related mortality
after colonic cancer surgery in a nationwide audit. Br ] Surg.
2014;101(4):424-32. doi:10.1002/bjs.9395

Choi HK, Law WL, Ho JW. Leakage after resection and
intraperitoneal anastomosis for colorectal malignancy: analysis
of risk factors. Dis Colon Rectum. 2006;49(11):1719-25.
doi:10.1007/s10350-006-0703-2

Meyer J, Naiken S, Christou N, Liot E, Toso C, Buchs NC, et al.
Reducing anastomotic leak in colorectal surgery: The old
dogmas and the new challenges. World ] Gastroenterol.
2019;25(34):5017-25. doi:10.3748/wjg.v25.i34.5017

Contant CM, Hop WC, van't Sant HP, Oostvogel HJ, Smeets
HJ, Stassen LP, et al. Mechanical bowel preparation for
elective colorectal surgery: a multicentre randomised trial.
Lancet. 2007;370(9605):2112-7. doi:10.1016/S0140-6736(07)
61905-9

Van't Sant HP, Weidema WF, Hop WC, Lange JF, Contant CM.
The influence of mechanical bowel preparation in elective
lower colorectal surgery. Ann Surg. 2010;252(3):575-6.
doi:10.1097/SLA.0b013e3181f08388

Zmora O, Mahajna A, Bar-Zakai B, Hershko D, Shabtai M,
Krausz MM, et al. Is mechanical bowel preparation mandatory
for left-sided colonic anastomosis? Results of a prospective
randomized trial.  Tech  Coloproctol.  2006;10:131-5.
doi:10.1007/s10151-006-0266-1

Slim K, Vicaut E, Launay-Savary MV, Contant C, Chipponi J.
Updated systematic review and meta-analysis of randomized
clinical trials on the role of mechanical bowel preparation
before colorectal surgery. Ann Surg. 2009;249(2):203-9.
doi:10.1097/SLA.0b013e318193425a

Goenaga KF, Matos D, Wille-Jwrgensen P. Mechanical bowel
preparation for elective colorectal surgery. Cochrane Database
Syst Rev. 2011;2011(9)::CD001544. doi:10.1002/14651858.
CD001544.pub4

Bretagnol F, Panis Y, Rullier E, Rouanet P, Berdah S, Dousset B,
et al. Rectal cancer surgery with or without bowel preparation:
the French GRECCAR Il multicenter single-blinded randomized
trial. Ann Surg. 2010;252(5):863-8. doi:10.1097/SLA.0b013e
3181fd8ea9

Garfinkle R, Abou-Khalil J, Morin N, Ghitulescu G, Vasilevsky
CA, Gordon P, et al. Is there a role for oral antibiotic
preparation alone before colorectal surgery? ACS-NSQIP
analysis by coarsened exact matching. Dis Colon Rectum.
2017;60(7):729-37. doi:10.1097/DCR.0000000000000851
Koller SE, Bauer KW, Egleston BL, Smith R, Philp MM, Ross
HM, et al. Comparative effectiveness and risks of bowel
preparation before elective colorectal surgery. Ann Surg.
2018;267(4):734-42. doi:10.1097/SLA.000000000000215

International Journal of Medical Reviews. 2024;11(1):669-686 | 686


https://doi.org/10.1177/2050640615600116
https://doi.org/10.1007/s00268-020-05378-5
https://doi.org/10.1007/s00268-020-05378-5
https://doi.org/10.1155/2020/5059670
https://doi.org/10.4174%2Fastr.2014.86.4.206
https://doi.org/10.1038/s41430-018-0112-3
https://doi.org/10.18203/2349-2902.isj20181568
https://doi.org/10.18203/2349-2902.isj20181568
https://doi.org/10.1155/2020/5059670
https://doi.org/10.18203/2349-2902.isj20171151
https://doi.org/10.1186/s12893-020-01044-8
https://doi.org/10.1016/j.asjsur.2016.07.009
https://doi.org/10.1007/s00268-020-05787-6
https://doi.org/10.1007/s00268-020-05787-6
https://doi.org/10.4240%2Fwjgs.v8.i5.353
https://doi.org/10.1016/j.jss.2013.05.039
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1186/s12957-020-01968-8
https://doi.org/10.1186/s12957-020-01968-8
https://doi.org/10.1007/s00384-007-0399-3
https://doi.org/10.1002/bjs.9395
https://doi.org/10.3748%2Fwjg.v25.i34.5017
https://doi.org/10.1016/S0140-6736(07)61905-9
https://doi.org/10.1016/S0140-6736(07)61905-9
https://doi.org/10.1007/s10151-006-0266-1
https://doi.org/10.1002/14651858.CD001544.pub4
https://doi.org/10.1002/14651858.CD001544.pub4

