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Key points

� Colorectal anastomotic leakage significantly in-

creases morbidity and mortality.

� Factors related to the patient, anaesthesia and

surgery influence the risk of anastomotic leakage.

� There are modifiable and non-modifiable risk

factors, but the exact cause of anastomotic

leakage is often multifactorial.

� Effective optimisation of modifiable risk factors

depends on multidisciplinary team working

within high quality, integrated care processes.

� Early recognition and management of anasto-

motic leakage is critical to minimise serious

consequences.
Learning objectives
By reading this article, you should be able to:

� Describe the normal physiology of intestinal

blood flow and perioperative factors affecting it.

� Discuss the modifiable and non-modifiable risk

factors associated with increased rates of anas-

tomotic leakage.

� Outline strategies to address modifiable risk fac-

tors in the perioperative period.

� Explain the rationale underpinning the perioper-

ative management of patients undergoing intes-

tinal anastomosis.

� Detail the options available formanaging patients

with a diagnosed anastomotic leak.

Intestinal surgery is performed for a variety of pathologies

including cancer, inflammatory bowel disease (IBD) and

trauma. Anastomotic leakage (AL) is the most common

complication associated with intestinal surgery. It can cause

considerable morbidity and mortality and depending on its

severity, has the potential to cause sepsis andmay even result

in recurrence of cancer. Despite recent advances in periop-

erative care pathways and improved surgical techniques, the

incidence of AL is as high as 20%.1 The aetiology of AL is

heterogeneous and involves multiple complex factors before,
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during and after surgery. Pre-existing comorbidities, periop-

erative medical conditions and anaesthesia and surgical

technique can all influence the risk of AL. It is essential to

understand the pathophysiology and practice meticulous

multidisciplinary perioperative care in order to decrease its

risk and associated adverse outcomes. In this article we

summarise the consequences, risk factors and measures

available to minimise the risk of AL, with a focus on anasto-

moses involving the large intestine in adults.
Definition of anastomotic leak

There are multiple definitions for intestinal AL, many of

which comprise both clinical and radiological criteria.2 The

Association of Surgeons of Great Britain and Ireland (ASGBI)

define AL as a leak of luminal contents from a surgical join

between two hollow viscera. This definition is not site-specific

and does not indicate severity. The International Study Group

of Rectal Cancer (ISGRC) defines AL as a defect in the integrity

of the intestinal wall at the anastomotic site leading to a

communication between the intra- and extraluminal com-

partments.3 The ISGRC also proposed a severity grading sys-

tem, which has subsequently been validated. Grade A requires
rved.
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no therapeutic intervention, Grade B requires active inter-

vention (e.g. systemic antimicrobials or drainage of localised

abscess) and Grade C requires repeat laparotomy.
Incidence

The reported incidence of AL varies between 2% and 20%

depending on how it is defined, the site of the anastomosis and

the population being studied.1 In terms of anatomical site,

extraperitoneal anastomoses are twice as likely to leak as

intraperitoneal anastomoses; anastomoses involving the

rectumconfer thehighest risk for developingAL: the incidences

are 5e20%for ileorectal, 5e15%for colorectal, 3e6%for colocolic

and 2e5% for ileocolic anastomoses, respectively. Anastomotic

leakage is alsomorecommonafter emergency surgery (a 2- to 3-

fold increased incidence compared with elective surgery).
Prediction, diagnosis and consequences of
AL

Prediction

Preoperative prediction of AL may aid decisionmaking when

considering the formation of a protecting stoma. The colon

leakage score (CLS) was developed to predict the risk of a leak

before surgery by assessing 11 weighted patient and operative

factors for left-sided colonic resection. The Dutch leakage

score (DULK) comprises 13 factors, whereas the modified

DULK score is based on four (ventilatory frequency >20 bpm,

clinical deterioration, abdominal pain other than wound pain

and plasma C-reactive protein [CRP] >250 mg L�1). The DULK

andmodified DULK both aid in prediction of clinically relevant

postoperative anastomotic leaks.2 The DULK has a negative

predictive value of 97% but a positive predictive value of less

than 20%.2 The modified DULK has similar predictive values

but a slightly higher specificity. It is simple to implement and

uses only four clinical variables, which allows it to be incor-

porated into daily postoperative bedside monitoring for early

detection of AL.
Diagnosis

There is no gold standard tool for diagnosing AL. Clinical

symptoms and signs, laboratory tests, surgical drain fluid

analysis and radiological investigations have been suggested

for early diagnosis.3

� Timing of AL: The median time to AL is frequently reported

as being 7 days after surgery. Nonetheless, AL can occur

several weeks after surgery. Early AL (between 5 and 7 days)

more commonly presents with peritonitis, whereas late AL

(after 7 days) often presents with an intra-abdominal ab-

scess. When enhanced recovery after surgery (ERAS) path-

ways are used, patients are often discharged from hospital

before the median time of AL. A number of patients will

develop AL after discharge, and it remains the most com-

mon cause for readmission after colorectal surgery.

� Clinical features: The clinical picture varies from no sig-

nificant signs to septic shock. Development of pyrexia,

pelvic pain, paralytic ileus, diarrhoea, oliguria, or increased

white cell count (WCC) in the first 3 to 4 postoperative days

should be considered as warning signs. Pus or enteric

contents may be present in the drain.

� Biomarkers: Several biomarkers such as CRP, WCC, pro-

calcitonin, interleukin 6 (IL-6), serum lactate and
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peritoneal fluid amylase have been studied as possible

predictors of AL. Currently, there is no single biomarker

with high sensitivity and positive predictive value. None-

theless, third or fourth postoperative day CRP concentra-

tions >150mg L�1 may suggest AL.2 Although routine use is

not yet established, in high-risk patients, biomarkers can

help guide diagnostic investigations such as CT imaging.

� Radiological investigations: CT is commonly used to di-

agnose AL with a sensitivity of around 70%. Contrast to-

mography imaging may not be possible in critically ill or

haemodynamically unstable patients who are unsuitable

for transfer to the radiology department.

Consequences

Anastomotic leakage is associated with significant conse-

quences for both the patient and healthcare providers

(Table 1). Consequences are determined by several factors

including site, severity, pre-existing comorbidities and the

provision of clinical care (see Fig. 1).
Physiology of intestinal anastomosis
formation

Anastomotic healing process

Although the classical phases of tissue healing are the same,

intestinal tissue healing differs from cutaneous wound heal-

ing because it takes place in a distinct environment so that

different factors are involved (e.g. shear stress from peristalsis

and luminal contents, the presence of a microbiome, blood

supply fluctuations, inability of healthcare professionals to

assess the progress). Intestinal anastomotic healing relies on a

delicate balance between physiological, molecular and

biochemical processes in an optimal tissue environment

(Fig. 1). These processes overlap and consist of:

� Haemostasis (begins immediately)

� Inflammatory phase (up to 1 week)

- Leucocyte, monocyte and platelet response leads to the

release of growth factors and cytokines

� Proliferative phase (3 dayse3 weeks)

- Collagen is synthesised by fibroblasts and smoothmuscle

cells and angiogenesis occurs

� Remodelling (3 weeks to a few months)

- Epithelial repair and differentiation of cell layers occurs

Each intestinal wall layer plays a role during healing; the

submucosa is responsible for the tensile strength of the wall,

the serosa provides a matrix for fibroblasts and the mucosa is

important in maintaining the homeostasis that facilitates

anastomotic healing. Measurement of the hydroxyproline

content at the anastomotic healing area, bursting pressure

(intraluminal pressure at which leakage or rupture of anas-

tomosis occurs) and histological examination of healing tissue

are some of the methods that have been used to evaluate the

healing process in animals.4 These experimental methods

require access to anastomosed and perianastomotic tissue,

which makes them unsuitable for human clinical practice.

During surgery, anastomotic strength can be assessed with an

air or dye leak test and endoscopic examination.
Intestinal blood flow and oxygenation

The intestines have a unique macro- and microcirculatory

arrangement and metabolic requirements. Watershed areas



Table 1 Consequences of anastomotic leak

Hospital:
[ Length of hospital stay (two to three times)
[ Demand on critical care
[ Requirement for diagnostic (e.g. radiological) and therapeutic interventions (e.g. antibiotics, surgery)
Damage to institutional reputation for surgical outcomes

Surgical:
[ Need for reoperations
[ Unintended stoma formation (in many cases permanent)
[ Readmission rate (the most common cause after colorectal surgery)
[ Mortality (double or more when compared to patients who do not develop AL)

Oncologic:
Delayed postoperative adjuvant therapy
[ Risk of local recurrence
[ Risk of distant metastasis
Y Long-term cancer-specific survival

Medical:
[ Risk of abdominal (e.g. peritonitis) and systemic (e.g. pneumonia) septic complications
[ Risk for paralytic ileus (leading to delayed oral intake)
[ Risk of complications associated with delayed mobilisation (e.g. DVT)
[ Risks for anaesthesia

Physiological and psychosocial:
[ Requirement for TPN
Long-term impaired bowel function (change in bowel movement, stool control)
Impaired pelvic organ functions (e.g. from adhesions, or fibrosis in the area after local abscess)
Y Quality of life
[ Psychological and social stress

Immunological:
Changes in gut microbiome and its functions

Financial:
[ Costs to hospital (two- to three-fold in the short term; long-term postoperative care costs also increase)

Anaesthesia and intestinal anastomosis
(e.g. the splenic flexure and rectosigmoid junction) where

collateral circulation is not well developed, anastomoses are

more vulnerable during ischaemia. Anastomosis involving the

rectum are more susceptible to changes in blood flow because

of its dual blood supply from splanchnic and systemic arterial

systems. An arterial plexus in the intestinal submucosa

branches into capillaries that deliver oxygen and other nu-

trients to the mucosa and muscularis layers via parallel net-

works. Owing to its highermetabolic requirements, 70e80% of

the intestinal blood flow travels to the mucosa under normal

circumstances. Autoregulatory mechanisms permit redistri-

bution of blood flow from outer layers of the intestine to the

mucosa during low perfusion states. The physiological range

for autoregulation of intestinal blood flow is not known.

The countercurrent arrangement of arteriole and venule

within the villi results in oxygen diffusion from the arterial to

venous side as the blood travels towards the luminal side of

mucosa. The PO2 drops precipitously along the radial axis from

the intestinal submucosa to the lumen of the colon, which

functions at a PaO2 of 1.33 kPa.5 During normal health, adap-

tive mechanisms allow epithelium on the luminal side to

function at low environmental PaO2.
5 Hypoxia of anastomosed

tissue impairs healing through its adverse effects on inflam-

matory and immune repsonses.6 Although production of

growth factors (e.g. vascular endothelial growth factor) is

upregulated in low oxygen environments, their processing

mechanismsmay not function well in the presence of cellular

hypoxia. Experimental animal studies suggest a hypoxic

environment in the colon decreases hydroxyproline content
(a major component of protein collagen) of healing intestinal

tissue, which renders it more vulnerable to AL.
Gut microbiome

The gut’s naturalmicrobiome and itsmetabolites have several

physiobiological functions including immunological re-

sponses, epithelial regeneration (e.g. butyrate producing bac-

teria) and healing of intestinal tissue (e.g. Lactobacillus spp.).7

Microbial dysbiosis, referred to as altered microbial numbers,

diversity, composition andactivity have been implicated in the

pathogenesis of AL. Experimental and clinical studies suggest

significant changes in the anastomotic tissue-associated

microbiome (e.g. a decrease in obligate anaerobes) as a result

of changes in local environmental conditions.7 Many internal

and external perioperative factors may cause harmful effects

on healing by causing microbial dysbiosis and disturbing

microbialehost andmicrobialemicrobial harmony, which can

be improved by targeted therapeutic measures.7 These mea-

sures aim to maintain local environment and re-establish

‘desired’ microbiome in the colon (Table 2).7
Perioperative risk factors

Inconsistency in research methodologies has resulted in vari-

able and often contradictory perioperative risk factors being

identified.1,2 Despite this, it is worth remembering that AL may

occur in the presence of no identifiable risk factors. When pre-

sent, risk factors can be categorised as modifiable or non-
BJA Education - Volume 21, Number 11, 2021 435



Fig 1 Ideal healing environment and major risk factors for anastomotic leak.
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Table 2 Factors affecting the gut microbiome, microbial mechanisms for anastomotic leak and measures to modify these

Factors affecting
� Age, sex
� Personal habits: nutrition, exercise, smoking, alcohol intake
� Environment (e.g. home microbiome), geographical location
� Coexisting diseases: obesity, diabetes, cancer, IBD
� Adjuvant therapeutic measures: chemotherapy, radiotherapy, antibiotics, mechanical bowel preparation
� Surgery: surgical trauma, resection of bowel and creation of anastomosis
� Medications: opioids, NSAIDs, steroids, vasopressors, proton pump inhibitors
� Tissue oxygenation: hypoxia (causes less aerobes, more anaerobes), hyperoxia (more aerobes, less anaerobes)
� ? Inhalation anaesthetic agents

Microbial mechanisms for AL:
� Altered microbialemicrobial and microbialehost interactions
� Change in microbial genotype and phenotype leads to increased number and virulence of pathogenic bacteria
� Harmful microbial metabolic products (e.g. Enterococcus faecalis, Staphylococcus, Pseudomonas aeruginosa, Serratia marcescens): collagenases,
activation of host metalloproteinases in anastomotic tissues

� Impairment of healing: inhibition of vascular remodelling (e.g. Bifidobacterium genus), inhibition of epithelial growth, tissue hypoxia
� Effects on gastrointestinal secretions and pH

Measures to modify microbiome:
� Preoperative microbial analysis (e.g. targeted bowel preparation, oral antibiotics)
� Probiotics (the beneficial microbes themselves)
� Prebiotics (compounds that act as a substrate on which beneficial microbes can grow)
� Postoperative microbial analysis, e.g. faecal microbidata transplantation (microbe-rich faeces from healthy donors)

Anaesthesia and intestinal anastomosis
modifiable. Early identification ofmodifiable risk factors should

be integrated into ERAS programmes and prehabilitation.
Prehabilitation

Although a prehabilitation programme may provide an op-

portunity to address several of the modifiable risk factors for

AL such as smoking, malnutrition, anaemia, alcohol intake

and obesity and improving functional capacity and physio-

logical well-being, there is little evidence to date showing that

the use of a prehabilitation programme is associated with a

reduced incidence of AL.

Enhanced recovery after surgery

Originally, ERAS programmeswere developed for use in colonic

resection surgery with the goal of reducing postoperative com-

plications and improving recovery times. As a major cause of

morbidity is AL, it is perhaps not surprising that many of the

ERAS elements (https://erassociety.org/guidelines/list-of-

guidelines/) are aimed at reducing AL. There is no definitive

consensus about the relative effectiveness of a regimen of no

preoperative bowel preparation compared with oral antibiotics

alone, or combined mechanical bowel preparation (MBP) and

oral antibiotics. However, for rectal surgery MBP is often advo-

cated particularly when a diverting stoma is planned. Prophy-

lactic i.v. antibiotics should be given within 60 min before the

skin incision for colorectal surgery. Reduced fasting times can

contribute towards optimal fluid management. Carbohydrate

loading before surgery can reduce insulin resistance after sur-

gery, prevent postoperative hyperglycaemia, help maintain

protein balance and promote an early return to gut function.

This could minimise any potential negative changes to the gut

microbiome. Maintenance of normal body temperature is rec-

ommended as perioperative hypothermia has detrimental ef-

fects on healing of anastomoses.

Lines of evidence proving the association between ERAS

protocols and reduced AL rates are scarce. Nonetheless, one

large multicentre prospective cohort study demonstrated that
AL incidence in their ERAS group was 6% compared with 7.8%

in the non-ERAS group (odds ratio [OR]¼0.75; 95% confidence

interval [CI], 0.58e1.08).8 Patients with the highest rate of

compliance to an ERAS protocol had less risk of AL compared

with those with lowest adherence to ERAS components

(OR¼0.48; 95% CI, 0.28e0.81; P¼0.007).8

Role of quality improvement programmes

In the UK, the Perioperative Quality Improvement Programme

(PQIP) (www.pqip.org.uk) aims to reduce the burden of peri-

operative complications including AL by improving perioper-

ative care processes and implementation of best practices

with the involvement of multidisciplinary team composed of

clinicians, nurses, healthcare managers and patients. PQIP

and the National emergency laparotomy audit (NELA) collect

hospital data through local collaborators and support the

quality improvement activities. In the USA, the Agency for

Healthcare Research and Quality (AHRQ) collaborates with

hospitals and surgical professional organisations to provide

evidence-based guidance to improve perioperative care of

colorectal surgical patients. However, the impact of these

programmes on reducing the rates of AL and minimising its

consequences remains to be demonstrated.
Modifiable preoperative risk factors

Anaemia

Up to 50% of patients undergoing colorectal surgery are

anaemic. This may be a consequence of gastrointestinal blood

loss, nutritional deficiencies or an inflammatory-mediated

reduction in nutrient absorption. Severe anaemia (haemoglo-

bin [Hb] <94 g L�1) has been identified as an independent risk

factor for AL.9 Anaemia is the most common reason for peri-

operativeallogenicbloodtransfusion,which itself isa risk factor

for anastomotic complications. Patient blood management

strategies should be implemented before surgery if required.
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Nutrition

Preoperative weight loss >10% and hypoalbuminaemia

(serum albumin < 3.5g L�1) are risk factors for AL.1 The risk

correlates with the degree of hypoproteinaemia. The systemic

stress response to surgery is known to decrease serum albu-

min after surgical trauma. This impairs the wound healing

process andmay cause intestinal tissue oedema by decreasing

plasma oncotic pressure. Nutrition assessment and optimi-

sation should be re-evaluated throughout the perioperative

period. This strategy has been shown to reduce the risks in

non-malnourished patients.
Obesity

Dietary advice and increased activity before surgery can aid

weight loss. Time for these changes may be limited in patients

awaiting surgery for cancer or IBD. Any weight loss before sur-

gery must be calculated and pragmatic to prevent the risks

associated with malnutrition. In one meta-analysis for laparo-

scopic surgery, the risk of AL and overall postoperative mor-

tality rate were increased in patients with obesity.10 Increased

mesocolon thickness, visceral adiposity and increased abdom-

inal pressure may pose technical challenges in creating the

anastomoses and keeping them free of tension. Patients with

obesity are at risk of increased blood loss, prolongedduration of

surgery and conversion from laparoscopic to open surgery.10

Smaller studies have failed to replicate these results for right-

sided colorectal surgery and for patients undergoing surgery

for IBD. Visceral obesity (waist circumference or waist to hip

ratio) is more predictive than BMI.2
Diabetes mellitus

Diabetes is associated with several comorbidities including

obesity, atherosclerosis and increased susceptibility to infec-

tion. A recent meta-analysis found the relative risk of AL in

patients with diabetes was 1.562 (95% CI, 1.197e2.036).11 Pa-

tients with diabetes who are also obese or taking steroids have

additional risks.11 The risk of death is four times higher in dia-

betic patients who develop AL compared with in non-diabetic

patients.2 Although the relationship between preoperative

HbA1c andAL is not clear, postoperative hyperglycaemia (blood

glucose >10 mmol L�1) is common in both prediabetic (HbA1c

5.7e6.4%) and diabetic patients HbA1c >6.5 %). Intra- and post-

operative hyperglycemia require correction with insulin ther-

apy as both are associated with adverse outcomes.

Smoking

Anastomoses are more likely to leak in current (relative

risk [RR]¼3.18; 95% CI, 1.44e7.00) and ex-smokers after

colorectal surgery.12 The risk from smoking appears to be

dose-dependent. Smoking affects all phases of healing as

smokers are prone to developing atherosclerosis, microvas-

cular thrombosis, immunosuppression and cellular hypoxia.

To reverse the detrimental effects on healing, a minimum of

4e6 weeks’ abstinence has been suggested.12 The effects of

electronic cigarettes on the incidence of AL are not known and

require further investigation.

Alcohol intake

Increased alcohol intake (>3 units day�1) has been associated

with an increased incidence of AL.12 This may be because of
438 BJA Education - Volume 21, Number 11, 2021
the systemic effects of alcohol including malnutrition

(anaemia, hypoproteinaemia and electrolyte imbalances),

immunosuppression, cardiac dysfunction and impaired hae-

mostasis. A period of abstinence (4e6 weeks) is recommended

to help reverse the immune-related adverse effects of alcohol.

Non-modifiable preoperative risk factors

Sex

Men are more likely to suffer AL than females, particularly

after rectal surgery.1,2 There is a suggestion that the technical

difficulty associated with undertaking surgery in the narrower

male pelvis could account for the increased rates of rectal AL.

Age

Although age is not a contraindication to forming an anasto-

mosis formation, in one study patients aged >60 yrs under-

going anterior resection surgery had double the average risk

for AL.2 However, these data should be interpreted with

caution because older people are more likely to have other co-

existing morbidities and risk factors.

Tumour characteristics

Tumours within 5 cm from the anal verge, >3 cm in size and

those that have metastasised are risk factors for AL.1,2
History of pelvic radiotherapy

Whether used as neoadjuvant treatment for rectal carcinoma

or another unrelated malignancy, radiotherapy significantly

increases the risk of AL.1
Steroids

Steroids suppress anastomotic healing by various mecha-

nisms including decreased activation and infiltration of

macrophages and polymorphonuclear leucocytes, inhibition

of growth factors and collagen synthesis. Perioperative steroid

use is common in patients with inflammatory bowel and

autoimmune diseases and for optimisation in some patients

with chronic pulmonary disease. Perioperative and long-term

use of corticosteroids has been associated with increased

rates of AL and other infectious complications after open or

laparoscopic surgery for cancer or benign conditions.13 The

definition, dose and duration of steroid use varies amongst

studies.13 In contrast to long-term preoperative steroid ther-

apy, a single dose of steroid (e.g. dexamethasone 4e8 mg i.v.)

before the surgical incision may be beneficial for early anas-

tomotic healing period by inducing connective tissue growth

factor, which is important for the formation of extracellular

matrix and angiogenesis. However, more multicentre studies

are required to investigate this including the mechanisms of

any benefits and interactions with other drugs affecting

anastomotic healing such as non-steroidal anti-inflammatory

drugs (NSAIDs).
Immunotherapy and chemotherapeutic agents

The evidence suggesting a link between infliximab and

increased rates of AL is inconclusive. Patients taking bev-

acizumab are advised to stop treatment 6 weeks before elec-

tive surgery and delay initiation of therapy for at least 28 days

after surgery.
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Urgency

Emergency surgery is an independent predictive risk factor for

all colorectal resections.2 Patients presenting for emergency

general surgery are often systemically unwell, and their risk

may be compounded by other risk factors such as suboptimal

nutrition (e.g. hypoproteinaemia), shock, faecal peritonitis,

bowel obstruction, pre-existing medical problems, advanced

age and blood loss.2
Intraoperative anaesthetic risk factors

Anaesthetic technique

There is no evidence to suggest that AL is related to the choice

of TIVA or inhalational anaesthesia either for open or lapa-

roscopic or robotic-assisted colorectal surgery.
Tissue oxygenation and ventilatory targets

Intestinal tissue oxygenation is critical for the healing of

anastomoses. This depends on partial pressure of oxygen,

cardiac output and local tissue blood flow. During the peri-

operative period, increased oxygen demands, surgery-related

vasoconstriction, microvascular thrombosis and tissue

oedema predispose anastomotic and perianastomotic areas

to hypoxia. Experimental studies demonstrated that tissue

hypoxia leads to AL by various mechanisms including

impairment of collagen synthesis and cross-linking.6 Peri-

anastomotic tissue PaO2 has been shown to predict AL in

experimental and clinical studies.14,15 In an experimental

animal study, Shandall and colleagues showed anastomoses

performed with a perianastomotic PO2 (PtO2) >7.33 kPa healed

well, whereas below a ‘critical level’ of 3.3 kPa a severe leak

developed in all anastomoses.14 Nonetheless, the findings

from animal studies cannot be extrapolated to humans as

morphological, functional and physiological variables differ

significantly among species.

Studies in humans have shown a correlation between

decreasing tissue oxygenation and increased risk of AL.6

Sheridan and colleagues15 demonstrated a linear relation-

ship between PaO2 and colon PO2 at different colonic sites

during the intraoperative period whilst breathing FIO2 0.33.

The colon serosal PaO2 (PtO2) averaged 32% of PaO2. Anasto-

moses constructed in tissue with an oxygen tension <2.6 kPa

had a significantly increased risk of subsequent leakage.15 The

optimal FIO2 to reduce the risk of AL during the perioperative

period remains unknown. Increasing FIO2 from 0.3 to 1.0

doubled colonic PO2 in healthy and perianastomotic (2 cm

proximal to anastomosis) areas.
16 Some studies have shown a

reduction in the risk of AL risk with FIO2 in the range of 0.8. It is

possible that higher FIO2 may be more useful for anastomoses

involving the rectum, but more robust data are required to

clarify the role of high FIO2 on recovery of intestinal function,

postoperative anastomotic leak, wound infection and pul-

monary complications. Until further data are available, it is

advisable to maintain SpO2 >93% and FIO2 between 0.8 and 0.3.

In one study, the risk of AL was 4.2 times higher with colonic

haemoglobin oxygen saturation (StO2) �90%; the mean StO2
was 93% in patients who did not develop AL.17 StO2 does not

reflect microperfusion and partial pressure of oxygen.

Carbon dioxide may also affect anastomoses by influ-

encing tissue oxygenation via its effects on cardiac output,

mesenteric vascular resistance and peritoneal blood flow. One

study (with intraoperative FIO2 0.8) demonstrated that mild
hypercapnia (end tidal CO2 6.66 kPa) significantly increased

colonic tissue oxygenation when compared with normo-

capnia (PE0CO2 4.66 kPa).18 The median colonic PO2 was 14.23

kPa in patients withmild hypercapnia comparedwith 7.07 kPa

in normocapnic patients). This measurement was taken in

healthy colon distant from the anastomotic site.18 The effects

of mild hypercarbia during the postoperative period are not

known.
Intestinal haemodynamics and blood flow

Adequate blood flow in the perianastomotic region is critical

for the viability of the anastomosis. Several perioperative

factors affect intestinal blood flow including fluid therapy,

anaesthetic technique, vasopressor usage and intra-

abdominal pressure. Technical factors such as pneumo-

peritoneum, mobilisation of the bowel, stretching and

twisting of mesentery, ligation of blood vessels and suture or

staple tension can compromise circulation around the anas-

tomotic site.

The relationship between perioperative arterial pressure or

other commonly used systemic cardiovascular monitoring

goals (e.g. stroke volume variation [SVV], pulse pressure

variation [PPV], cardiac output) and AL is not clear. The

optimal intra- and postoperative BP for each individual pa-

tient should be based upon their preoperative BP in health.

There is no robust evidence describing what degree of devia-

tion from preoperative BP may be detrimental to intestinal

anastomotic healing. A preoperative diastolic BP >90mmHg or

intraoperative decrease of >40% in diastolic BP from baseline

value have been shown to be independent risk factors for AL.19

This study included patients undergoing open and laparo-

scopic surgery, and most received patient-controlled epidural

analgesia in the postoperative period, which was not stand-

ardised.19 Individualised haemodynamic goals set within

standardised institutional haemodynamic protocols are

advised. Such an approach has already been shown to reduce

AL after oesophageal cancer surgery.20

Visual inspection of the serosal surface, appropriate

bleeding at incision sites and peristalsis may suggest viable

bowel. These clinical features can be deceptive and cannot be

relied upon entirely. Assessment of perfusion at the anasto-

motic site facilitates decision making when deciding on the

level of bowel transection. Ameta-analysis demonstrated that

real-time assessment with intraoperative use of fluorescence

perfusion angiography (FPA) reduced colorectal anastomosis

leakage significantly.21 The use of PFA led to a change in the

anastomotic site in 9.7% of 2220 patients. Other anastomotic

vascularisation assessment methods exist, but the evidence

supporting them is lacking. They include laser Doppler flow-

metry, near-infrared or visible light spectrophotometry,

intravital microscopy, mucosal Ph and luminal microdialysis.
Fluids

Intestinal capillaries are fenestrated. The intestines have a

large extracellular compartment and are more susceptible to

oedema formation in comparisonwith lung tissue. Changes in

microvascular permeability, portal venous pressure, plasma

albumin concentration and intestinal lymphatic function or

flow result in an imbalance in intestinal capillary Starling

forces.

Experimsental studies have shown that giving large vol-

umes of crystalloids results in lower bursting pressures,
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reduced hydroxyproline content of healing intestinal anasto-

mosed tissue and increased submucosal oedema at the

anastomotic site. These changes weaken the mechanical

strength of anastomoses. Intestinal oedema results in

impaired oxygen delivery, which leads to tissue hypoxia and

acidosis. In a porcine model,22 goal-directed colloid therapy

with hydroxyethyl starch (HES) significantly increased tissue

oxygen tension andmicrocirculatory perfusion in healthy and

perianastomotic colon in comparison with both goal-directed

and restricted Hartmann’s fluid regimens. This was despite no

significant differences in cardiac output and capillary pul-

monary wedge pressure amongst the groups.22

The effects of restrictive (e.g. <1.75 L day�1), standard (fixed

ml kg�1 h�1), zero balance (fluid therapy which cause zero

weight gain) and liberal (e.g. >2.75 L day�1) fluid strategies on

AL rates are controversial. Lack of clear definitions, protocol

standardisation and small study populations make it difficult

to generalise findings from studies comparing these regimens.

On balance, the evidence suggests that fluid excess after

bowel anastomosis is harmful. Patients who were given more

than 8 L i.v fluid during the 72 h perioperative period had a

statistically significant increased risk of developing AL

(OR¼3.20; 95% CI, 1.10e9.31; P¼0.049).23 In patients who un-

derwent primary colonic anastomosis because of traumatic

injury, multivariate analysis showed 10.5 L crystalloids given

over the first 72 h was independently associated with anas-

tomotic breakdown (OR¼5.26; 95% CI, 1.14e24.39; P¼0.033).24

Most consensus guidelines advise avoiding excessive fluids.

Goal-directed fluid therapy (GDFT) remains contentious in

the era of laparoscopic surgery and ERAS. A meta-analysis of

seven RCTs25 examined the role of transoesophageal Doppler-

guided GDFT (345 patients vs 365 control patients in the con-

ventional fluid therapy group) on the rate of AL in adult pa-

tients undergoing elective laparoscopic or open colorectal

surgery. Intraoperative GDFT did not affect the incidence of

anastomotic dehiscence (RR¼0.90; 95% CI, 0.43e1.90; P¼0.79).

Thismeta-analysis highlights the fact thatmany fluid therapy

research studies do not report the AL complication rate or

differentiate between studies that used an ERAS or conven-

tional pathway.25 Another meta-analysis of six RCTs

comparing conventional fluid therapy with GDFT within ERAS

found no significant difference in AL between groups

(OR¼0.66; 95% CI, 0.29e1.49; P¼0.31).26 GDFT studies included

a variable number and type of interventions in the ERAS

group, and also different monitoring tools were used in

different studies. In the presence of other ERAS interventions,

GDFT may not influence the risk of AL particularly in low-risk

groups. In addition, GDFT may not be useful for low-risk pa-

tients undergoing laparoscopic surgery.

It is unclear whether or how the type of fluid used affects

the outcome of intestinal anastomoses. In a randomised trial

of balanced 6% HES (130/0.4, Volulyte) compared with

balanced crystalloid (Hartmann’s solution) for SVV-guided

GDFT in high-risk patients undergoing elective (open or

laparoscopic) colorectal surgery, there was no difference in

the incidence of AL.27 The fluid balance at 24 h from the start

of surgery in the crystalloid group was 4226 ml (range

3251e5779 ml) compared with 3610 ml (range 2443e4519 ml)

in the colloid group. There was no difference between the

groups with regard to vasopressor use and serum concentra-

tions of inflammatory markers such as IL-6 and CRP.27 In

contrast, Joosten and colleagues28 recently reported a higher

incidence of AL in patients receiving crystalloids compared

with those receiving colloids (eight vs zero patients, P¼0.046).
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In this double-blinded RCT, a 100 ml bolus of either crystalloid

or colloid was delivered using closed-loop systems to achieve

targeted stroke volume and SVV.28

Levy and colleagues29 and demonstrated that lower sys-

temic oxygen delivery ( _DO2) is common despite volume opti-

misation in patients undergoing laparoscopic colorectal

surgery and is associated with AL.29 Of the 18 patients with a
_DO2 of <400 ml min�1 m�2, four (22%) developed AL compared

with one (6%) of the 57 patients with a _DO2 of >400 ml min�1

m�2 (P¼0.01).29

In summary, GDFT may not benefit patients who have no

significant comorbidities and who are undergoing laparo-

scopic surgery within an ERAS pathway. Patients with multi-

ple comorbidities or those who have complicated surgery (e.g.

laparoscopic converted to open), undergo emergency surgery

or deviate from ERAS pathways (e.g. unable to resume oral

intake) require careful monitoring of their fluid management

to mitigate the intestinal effects of fluid imbalance on anas-

tomotic healing. Further research is warranted to explore the

effects of various fluid management strategies on intestinal

oxygen delivery and its effects on the incidence of AL.
Vasopressors

Effects of vasopressors on intestinal circulation are deter-

mined by the drug used, dose, duration, indication, blood

volume, cardiovascular effects and baseline intestinal

vascular resistance. Interestingly, intestinal mucosal perfu-

sion remains relatively constant despite reductions in

regional blood flow caused by autoregulatory mechanisms. In

theory, vasopressors may lead to splanchnic vasoconstriction

and result in intestinal ischaemia and hypoxia. Conversely,

prolonged untreated hypotension may compromise perfusion

and oxygen delivery in injured and anastomosed tissue.

There are limited data to support a correlation between

perioperative use of vasopressors and AL. A retrospective re-

view of 223 patients undergoing a variety of gastrointestinal

anastomosis admitted to ICU after surgery revealed vaso-

pressor use was associated with AL (P¼0.02).30 This risk was

independent of the Acute Physiology and Chronic Health

Evaluation II (APACHE II) score and was higher with prolonged

duration of vasopressor use.30 Multivariable analysis revealed

that vasopressor exposure was associated with AL with an OR

of 3.26 (95% CI, 1.13e9.39). Of note, only 26 (of 223) patients

received any form of vasopressor. Several other clinical

studies in ‘fluid-optimised’ patients undergoing gastrointes-

tinal and pancreatic surgery have found no association be-

tween the use of vasopressors and impairment of the

intestinal microcirculation or risk of AL.20

Another important question is how the effects of vaso-

pressors on intestinal haemodynamics and oxygenation vary

with different fluid regimens. In animals receiving restrictive

fluid therapy (3 ml kg h�1), low to moderate dose noradrena-

line used to increase MAP to 65e75 mmHg resulted in insig-

nificant changes in intestinal blood flow, tissue PaO2 and pH;

however, the study was of short duration (4 h) and no bowel

resection was performed. Further work is required.
Analgesic techniques

Multimodal techniques are often employed to achieve optimal

analgesia, including neural blockade (e.g. epidural, intra-

thecal, regional), systemic (e.g. opioids, NSAIDs, adjuvant

analgesics) and oral analgesics. These techniques have
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evolved with minimally invasive surgery (MIS) and the intro-

duction of ERAS. With the exceptions of epidural analgesia

and NSAIDs, there is limited evidence regarding the associa-

tion between AL and other analgesic techniques.

Epidural analgesia
Effects of epidural analgesia on intestinal haemodynamics

may be beneficial or detrimental depending on several factors

including baseline sympathetic activity, spread of sympa-

thetic block, local anaesthetic used (volume and concentra-

tion), method of delivery (bolus or infusion), blood volume and

associated use of vasopressor. Theoretically, if a block is

limited to mesenteric sympathetic activity (T8eL1), arteriolar

and venous dilatation should increase both intestinal macro-

and microcirculatory perfusion. Haemorrhage, sepsis,

inflammation and increased intra-abdominal pressure may

further complicate the effects of epidural anaesthesia on in-

testinal circulation and oxygen delivery.

The effects of epidural analgesia on intestinal motility in

patients undergoing intestinal surgery are of interest. Case

reports in the 1980s suggested epidural anaesthesia or anal-

gesia may contribute to an increased AL risk by increasing

colonic motility, which may result in tonic contraction and

shortening of the rectum. In contrast, many experimental and

clinical studies have demonstrated beneficial effects of

epidural analgesia on early return of intestinal function (e.g.

shorter time to pass flatus and early oral intake), which may

be beneficial to healing intestinal tissue.

The effect of epidural analgesia on AL rates remains

controversial despite one meta-analysis concluding that the

technique does not influence the outcome of anastomoses.31

The majority of studies often include small numbers, lack

standardisation of management of breakthrough pain, utilise

variable evaluating tools, suggest different strategies to

manage hypotension, implement variable ERAS protocols and

code complications differently. In the past decade, retro-

spective studies from large databases have found no signifi-

cant impact on the incidence of AL with the use of epidural

analgesia for open or laparoscopic surgical patients. Current

ERAS protocols do not recommend the routine use of epidural

analgesia for patients undergoing laparoscopic surgery, and

the decision to use them in open surgery should be individu-

alised to the patients’ needs.

Hypotensive episodes, excessive i.v. fluids and increased

vasopressor requirements have been associated with negative

effects on intestinal anastomoses. The role of epidural anal-

gesia in ERAS pathways is controversial. It impairs early

mobilisation, can make the timing of thromboprophylaxis

complex and often results in incomplete analgesia.

Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs may predispose to AL

by several proposed mechanisms including impaired leuco-

cyte function, decreased production of vascular endothelial

growth factor, reduced angiogenesis and impaired collagen

production and cross-linking. Studies and metanalyses have

reported conflicting results with regard to the association of

NSAIDs and risk of AL.2,32 The risk depends on the location of

anastomosis in addition to class of NSAIDs and its duration of

use and indication (e.g. cancer vs IBD surgical patients).32

Small bowel anastomoses are affected to a greater extent

than colonic anastomosis.32

One metanalysis in 2019 reported that the use of an NSAID

after surgery was associated with an overall increased risk of
AL (OR¼1.58; 95% CI, 1.23e2.03; P¼0.0003).31 Non-selective

NSAIDs were associated with an increased risk (OR¼1.79;

95% CI, 1.47e2.18; P¼<0.00001), but there was no increased

risk of AL with selective NSAIDs.31 The authors advised

caution against NSAID use after colonic and rectal anasto-

moses. However, a later metanalysis of nine studies involving

cancer patients (10,868 patients e 70.7% low rectal resection

and 28.1% colon resection) only concluded the overall AL rate

was not increased in patients using NSAIDs for postoperative

analgesia compared with non-users (RR¼1.23; 95% CI,

0.81e1.86; P¼0.34).33 Subgroup analysis showed neither non-

selective NSAID use nor cyclo-oxygenase-2 (COX-2) selective

NSAID use caused an increase in AL.33

Non-steroidal anti-inflammatory drugs are an important

component of multimodal analgesia. Nonetheless, careful

consideration should be given to their use in patients under-

going colorectal anastomosis.
Other analgesia options
Intrathecal and systemic opioids, regional techniques (trans-

verse abdominis plane, paravertebral, or wound and perito-

neal infiltration blocks/catheters) and systemic adjuvant

analgesics (e.g. i.v. lidocaine infusion) are used for post-

operative analgesia. There is no strong evidence to suggest

any specific choice with regard to AL outcome after laparo-

scopic surgery.
Choice of reversal agent

Some case reports have suggested an association between the

use of neostigmine and an increased incidence of AL. The

suggested mechanisms are increased bowel motility and

intraluminal pressure with an associated decrease in blood

flow.

The lack of effect on intestinal motility associated with

sugammadex has prompted interest in its use in colorectal

surgery, particularly if anastomoses are planned. Current ev-

idence demonstrates only a reduction in time to first bowel

movement with sugammadex when compared with the

combination of neostigmine and glycopyrrolate.
Intraoperative surgical risk factors

Minimally invasive surgery

Historical data demonstrate no difference in AL rates between

laparoscopic and open techniques.2 A recent large population-

based propensity matched retrospective study, reported a

significantly lower incidence of AL after MIS (laparoscopic and

robotic) in comparison with open surgery. MIS reduced AL

rates for both left colectomy (OR¼0.775; 95% CI, 0.710e0.845;

P¼<0.001) and right colectomy (OR¼0.770; 95% CI, 0.713e0.830;

P¼<0.001).34
Abdominal sepsis

Intraoperative contamination of bowel contents is an inde-

pendent risk factor for the development of AL.2 Surgeons

commonly face this clinical scenario during emergency sur-

gery. Determining if the calculated risk is acceptable or a

bowel diversion strategy is more appropriate can be chal-

lenging and involves a multidisciplinary approach.
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Other surgical factors

The effects of preoperative oral antibiotics, surgical approach,

anastomosis technique, blood loss and blood transfusion,

duration of surgery, diverting stoma, drainage issues, intra-

operative tests for perfusion and leakage, individual surgeon

experience, institution caseload and use of adjuvants to

strengthen anastomosis are detailed elsewhere and are not

discussed further here.1,2,35
Postoperative risk factors

Preoperative and intraoperative risk factors, if not optimised,

continue into the postoperative period. Postoperative com-

plications including anaemia, hyperglycaemia and hypo-

proteinaemia are likely to increase the risk of AL. Hypoxia and

hypotension during the postoperative period are detrimental

for healing. Postoperative compliance to ERAS components

such as early enteral feeding and preventing fluid excess are

likely to have positive effects on anastomotic healing. Colo-

rectal surgical patients are at high risk of other postoperative

medical complications. The association between complica-

tions such as pneumonia, paralytic ileus, renal failure and AL

are not clear.
Management of the patient with AL

Anaesthetists have an important role to facilitate diagnosis

and provide critical care in patients with AL while in the high

dependency unit, ICU and operating room.

Clinical management depends on the severity.2 A Grade A

leak is diagnosed radiologically in asymptomatic patients.

Grade B leak is characterised by a localised collection resulting

in low grade sepsis and peritonitis. Grade C leak results in

generalised peritonitis with systemic effects. Antibiotics and

CT-guided percutaneous drainage depending on size of

collection are required for Grade B leak whereas emergency

laparotomy is indicated for Grade C leak.
Conclusions

Anastomotic leakage remains a common and devastating

complication after colorectal surgery despite advances in care

pathways, surgery and anaesthesia. Identification of risk

factors and formulating strategies to prevent this frequent

postoperative complication is of paramount importance. A

collaborative perioperative approach is essential when

addressing themultifactorial causes of AL. Anaesthetists have

great potential to affect perioperative care with the support of

national quality improvement initiatives at every phase of

perioperative care, whether that is in identifying and opti-

mising modifiable risk factors, facilitating diagnosis of AL or

providing high-quality care to patients with AL.
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