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Introduction

Anastomotic leak is one of the most discussed and dreaded 
complication in colorectal surgery. It is of utmost importance 
to prevent a leak as it may lead to prolonged hospital stay, 
repeated operations, stoma formation, anastomotic stricture 
formation and even mortality in patients (1-3).

Numerous clinical risk factors have been analysed to 
be associated with anastomotic leakage. Many of these 

patient factors [e.g., body mass index (BMI) and American 
Society of Anaesthesiology (ASA) score] and disease factors 
(e.g., tumour size and location) are not readily modifiable, 
and their identification merely serves as a form of risk 
stratification for anastomotic complications. In contrast, it 
is essential that surgeons are aware of the technical factors 
that affect the outcome of a colorectal anastomosis, because 
these are largely controllable (4,5).

The hallmark of a “perfect” colorectal anastomosis is 
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one that is well-perfused, free of tension, and mechanically 
secure (6). The myriad of techniques and technologies that 
have been proposed to achieve this reflect the substantial 
heterogeneity in practice. The ideal anastomotic technique 
should not only be evidence-based, but also reproducible in 
routine practice. This review is meant to critically appraisal 
the practices described in the literature, and how we have 
applied them in our institution.

Discussion

Enhanced recovery after surgery (ERAS) is widely discussed 
in colorectal surgery since its implementation in 2012 (7). 
With the implementation of ERAS, traditional mechanical 
bowel preparation has been out of favour except in low 
rectal anastomosis with defunctioning ileostomy. A new 
concept of microbiome has been introduced whereby 
anastomotic contamination by digestive flora may result 
in anastomotic leak (8). In the last decade, studies show 
that the use of oral antibiotics preoperatively reduces the 
rate of anastomotic leak (9). A recent meta-analysis by 
Woodfield et al. with 35 randomised controlled trials (RCTs) 
comparing intravenous (IV) antibiotics with or without 
enema, IV antibiotic with oral antibiotics, mechanical bowel 
preparation, mechanical bowel preparation with IV and 
oral antibiotics, mechanical bowel preparation with oral 
antibiotics and oral antibiotics alone showed no difference 
in anastomotic leak rate among these groups (10). In our 
centre, only patients with low colorectal anastomosis 
with defunctioning ileostomy will have mechanical bowel 
preparation.

High ligation of the inferior mesenteric artery (IMA) 
was proposed by Miles, Moynihan, and Dukes in the early 
days of rectal cancer surgery to achieve adequate clearance 
of lymph nodes around the origin of the IMA (11-13). 
Dissection beyond that level, with excision of the periaortic 
lymph nodes, would likely not contribute to an improved 
survival given that a malignant node at this level would 
represent systemic spread of the disease. One of the most 
debated variations in technique would be the preservation 
of the left colic artery (LCA)—a low ligation of the 
IMA—as a means to improve the perfusion to a colorectal 
anastomosis. The proponents of a low ligation contend that 
marginal arteries may not be routinely sufficient to perfuse 
a colorectal anastomosis after a high ligation, and that the 
risk of malperfusion outweighs the oncological benefits of 
the latter (14).

While there have been several review articles published 
on this controversy, there have been relatively fewer 

prospective trials studying it. One RCT by Fujii et al. 
comparing high versus low IMA ligation in 331 patients 
undergoing anterior resection did not demonstrate any 
difference in anastomotic leak rate (15). Given the paucity 
of well-designed studies investigating the differences in 
IMA ligation, together with the heterogeneity of data and 
selection bias, meta-analyses on this topic have arrived at 
conflicting conclusions (16-20).

Some authors have proposed a more tailored approach 
to IMA ligation, only performing a high ligation for 
patients at risk of IMA nodal involvement (20,21). This is 
necessarily flawed given the limited accuracy with which 
nodal involvement can be predicted preoperatively. Other 
authors have attempted to preserve the blood supply of the 
LCA while achieving lymphatic clearance by combining 
a low ligation with lymphadenectomy around the IMA 
origin, at the expense of a slightly longer operative time. A 
meta-analysis by Yin et al. showed a reduced anastomotic 
leak rate in the low tie high dissection group (P<0.001), 
at the expense of a slightly longer operative time (P=0.06) 
and a lower yield of total lymph nodes (P=0.03). However, 
low ligation with IMA lymphadenectomy did not result in 
poorer 5-year oncological outcomes (22).

The authors routinely perform high ligation of the 
IMA for oncological resections involving the sigmoid and 
rectum. Firstly, this ensures complete lymphadenectomy 
based on a consistent anatomical landmark, using an easily 
reproducible method of dissection. Secondly, high ligation 
of the IMA ensures sufficient mobility of the proximal bowel 
to achieve a tension-free anastomosis. The length of viable 
bowel is less likely than its accompanying mesentery to 
limit its reach. By preserving the LCA, the mesentery of the 
proximal bowel is tethered by the remnant IMA, limiting its 
mobility especially in a low colorectal anastomosis.

Instead of potentially compromising oncological 
outcomes, or unnecessarily complicating an otherwise 
straightforward IMA ligation, the authors propose two 
practices that they have implemented as routine—splenic 
flexure mobilisation (SFM) and perfusion assessment 
using indocyanine green (ICG). SFM has been shown to 
significantly increase the length of the proximal colonic 
conduit, particularly when combined with high ligation of 
the IMA/inferior mesenteric vein (IMV) (23,24). Common 
reservations concerning routine SFM include added 
complexity of operation, prolonged operative time, and an 
increased risk of injury to vascular structures and adjacent 
organs (25,26). We routinely perform SFM as we feel that 
the advantage of minimising anastomotic tension outweighs 
the small penalty in operative time.
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Adequate vascularity and tissue perfusion is no doubt 
another cornerstone of a successful anastomosis. Direct 
evaluation of this can be performed by visual inspection of 
cut bowel ends for healthy bleeding—this is rudimentary 
and arguably subjective. A more rigorous assessment is 
provided by the use of ICG to assess bowel perfusion. It 
has been established as safe and cost-effective without 
substantially increasing to the duration of surgery. There are 
differing results on ICG in prevention of anastomotic leaks. 
A meta-analysis by Blanco-Colino et al. comprising five non-
randomized studies showed reduction of anastomotic leak 
in the ICG group (27). On the other hand, two randomized 
controlled studies did not show superiority of ICG in 
prevention of anastomotic leak (28,29). However, one of 
them had an inherent type 2 error due to inadequate sample 

size (29). One criticism is the varying results based on dosing, 
image acquisition device and observational biases (30).  
We advocate the use of ICG as an intravenous bolus of 0.1 
mg/kg and visually confirm a transition point prior to bowel 
transection (Figure 1). We find that such a dose is safe, 
adequate for visualisation, and also allows for repeat dosing 
should further perfusion evaluation be necessary during 
later parts of the surgery.

Another practice that the authors have adopted to 
optimise perfusion is to perform side-to-end anastomoses. 
By securing the anvil of the circular stapler on the 
antimesenteric side of the proximal conduit, the authors 
hypothesise that there is a lower risk of attenuating the 
marginal blood supply. In patients who have undergone 
total mesorectal excision, a side-to-end J-pouch coloanal 
anastomosis potentially mitigates the symptoms of low 
anterior resection syndrome. While meta-analyses offer 
conflicting results on functional outcomes (31-33), most 
support the role of side-to-end anastomoses in reducing the 
risk of anastomotic leakage (34).

The other aspect of the ‘perfect’ anastomosis is its 
mechanical construct. While the widespread adoption of 
staplers in modern day colorectal surgery has brought about 
convenience and expedience, surgeons need to be mindful of 
the intricacies in fashioning such anastomoses. The authors 
make three recommendations with respect to the siting of 
the circular staple line in a colorectal anastomosis. Firstly, 
the circular stapler should be introduced towards the anti-
mesenteric edge of the rectal stump in order to minimise the 
number of mesenteric blood vessels that are inadvertently 
divided by the stapler. Secondly, the circular stapler should 
also be sited towards one end of the rectal linear staple line 
(Figure 2) in a bid to incorporate one end of it within the 
resected ‘donut’ of the circular stapler. Studies have shown 
an association between anastomotic leaks and the number 
of staple cartridges used for rectal transection (35,36). One 
of the reasons for this is the vulnerability of staple line 
intersections. This second recommendation therefore serves 
to half the number of intersections between the circular 
and linear staple lines. For the same reason, in the event 
that multiple linear cartridges were required to complete 
the rectal transection, we recommend incorporating these 
intersections within the tissue that is to be resected by the 
circular stapler (Figure 3).

The integrity of the staple line is affected by the 
thickness (and consistency) of tissue across which it is 
fired, and the shaping of the staples against the anvil (37). 
When apposing the circular stapler to its anvil, we take 

Figure 1 Obvious transition line delineated by ICG injection used 
to guide transection. ICG, indocyanine green.

Figure 2 Spike of the stapler extruded at the end of linear 
stapler line.
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care to ensure that extraneous tissue such as pericolic fat 
are excluded from the staple line. This ensures a uniform 
thickness of tissue throughout the entire circumference of 
the staple line, and also reduces the risk staple line bleeding.

A critical phase in a stapled anastomosis is  the 
deployment of the stapler. One of the shortcomings of a 
manual circular stapler is the inadvertent movement of the 
stapler-anvil complex during the firing process, particularly 
in less experienced hands (38). It is postulated that such 
unwanted movements could result in micro-trauma and 
compromise the anastomosis (39). The powered circular 
stapler has been shown to mitigate this problem, and the 
authors have since incorporated its use to their practice (40).

Just as essential as the care put into the construct of 
the anastomosis are the secondary checks of orientation, 
tension, integrity and perfusion following its completion.

The use of ICG, methylene blue injection, sigmoidoscopic 
evaluation of the anastomosis, and air leak tests are well-
described adjuncts for this purpose. A meta-analysis by 
Kryzauskas et al. reported lower leak rates in patients who 
had at least one of these tests performed (41). A prospective 
cohort study evaluating the use of trimodal testing (combining 
ICG perfusion check, tension testing, air- and methylene 
blue-leak tests) for left-sided colorectal anastomoses also 
concluded that such an approach allows for identification of 
anastomoses with early technical failure; allowing changes in 
the surgical plan where needed and finally culminating in an 
acceptable clinical leak rate (42). We routinely perform an on-
table flexible sigmoidoscopy post-anastomosis, assessing ‘two 
sets of two’ items: firstly, anastomotic integrity as determined 
by the (I) visual confirmation on sigmoidoscopy of a complete 
and well-formed circular staple line, and (II) the absence 

of air leak, assessed by submerging the anastomosis under 
water in the pelvic cavity; secondly, anastomotic perfusion 
as determined by (I) the absence of mucosal malperfusion or 
demarcation, and (II) the absence of staple line bleeding.

Some other adjuncts for reinforcing the staple line for 
better apposition of tissue and added tensile strength have 
been described in the literature. Options include buttress 
with sutures, omentum, mesenteric flaps or synthetic 
materials (43). Fibrin and other associated sealants are 
purported to form a scaffold resistant to tension and 
compression while still remaining porous to cytokines and 
other immune cells essential for healing (44-47). Due to the 
questionable cost-benefit profile of these adjuncts, we do 
not utilise them in our routine practice.

This review article lacks quantitative data and analyses 
but aims to provide the reader with a review of the latest 
literature and discuss some of the controversies regarding 
the “perfect” colorectal anastomosis.

Conclusions

In summary, meticulous technique with nuanced refinements 
based on our understanding of surgical principles, together 
with the adoption of relevant new technologies, are essential 
in our strive towards the “perfect” colorectal anastomosis.
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