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1 Introduction:
Anastomotic leak is the most severe surgical complication following
large bowel resection. Despite all the advances in surgery the quest for
uneventful healing of bowel anastomosis still remains a challenge. The
anastomosis done in a technically sound manner by the seniormost surgeon is
also at risk for anastomotic leak because the healing of an anastomosis is
dependent on other biochemical and physiological factors and not just
technical factors.

Identifiying the factors which predispose the patient to

anastomotic leak following colorectal resections is important in early detection
of a leak as well as in reducing the morbidity and mortality associated with
anastomotic leaks.

1.1 Epidemiology:
The incidence of leaks following colorectal anastomoses varies from
1% to 12 % in colorectal resections and from 10% to 14% in low rectal
surgeries.(1) Reoperations are required in the management of anastomotic
leaks and it may also require creation of a stoma. This significantly increases
the cost of treatment and also the duration of hospital stay, adding to the
morbidity of the patient and may rarely result in mortality.(2) The overall
incidence of anastomotic leak is 2 to 7% when performed by experienced
surgeons. The lowest leak rates are found with ileocolic anastomoses (1 to 3
%) and the highest rates are noted with coloanal anastomosis (10 to 20 %).(3)
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There are many factors that contribute to anastomotic leakage. Poor
surgical technique can lead to anastomotic leak. However, even when the
operation is done technically well, anastomotic leaks occur. Several factors
have been identified, that may have an impact on anastomotic leakage:
adequacy of blood flow to the anastomosis, contamination, anastomotic
technique, the presence of a pelvic drain, anastomotic tension, absence of
active disease or distal obstruction, and the distance from the anal verge.(4)
Other factors mentioned in literature include mechanical bowel preparation
(MBP), prophylactic drainage (PD), ASA-score, prolonged operating time, use
of corticosteroids, anastomotic configuration, technique of wound closure,
neoadjuvant radiotherapy, laparoscopic surgery, and gender.
Since ischemia is considered to be one of the causes of anastomotic
leak,

studying

vascular

disease,

i.e.,

atherosclerosis

could

be

a

new approach as suggested by Foster et al.(5) Analysis of known risk factors
for atherosclerosis like hypertension, dyslipidemia, smoking, and diabetes
mellitus could be an interesting addition to the group of potential risk factors.
The aim of the study is to find out the incidence of anastomotic leak and
the risk factors associated with anastomotic leak among patients who
underwent left colonic resections.

1.2 Reason for the study:
There are many studies done to look at the risk factors and incidence of
anastomotic leak among colorectal operations. There are no studies done on
5

anastomotic leaks complicating isolated left colonic resections, where the
anastomosis is above the level of peritoneal reflection (Left hemicolectomy,
sigmoid colectomy and high anterior resection). Studying the risk factors for
anastomotic leak associated with left colonic resections may help reduce
patient morbidity and mortality.

6

2 Aims and objective:
Aim:
To study the clinical profile of patients with anastomotic leak complicating left
colonic resections.
Objectives:
1. To determine the incidence of anastomotic leak following left colonic
resections.
2. To identify the risk factors associated with anastomotic leak following left
colonic resections.
3. To study the clinical course and outcome of patients with anastomotic leak
following left colonic resections.
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3 Literature review:
3.1

Intestinal anastomosis:

Intestinal anastomosis is a surgical procedure that establishes a communication
between two portions of the intestine. This procedure restores the intestinal
continuity after removal of a pathological condition affecting the intestine.
Intestinal anastomosis is one of the most commonly performed general
surgical procedures. It is performed as an emergency procedure as well as an
elective procedure.(6) The anastomotic technique selected depends upon the
site of anastomosis, condition of the bowel and underlying disease process.
The decision to perform a particular type of anastomosis is based on the
surgical experience and personal preference of the surgeon.(7)

3.2 History of colorectal surgery:
The advances in colonic surgery since the eighteenth century is attributed to
the extraordinary courage and cunningness of surgeons of that era. Morbidity
and mortality following colonic surgeries was very high in those days. Jean
Amussat performed the first colostomy for an obstructing carcinoma of the
rectum in 1839.

He reached the retroperitoneal space and punctured the

sigmoid colon using a trocar and sutured the bowel edges to the skin. (8)
Many surgeons during the eighteenth century believed that it was not safe to
enter the peritoneal cavity and John Deaver from Philadelphia strongly
advocated retroperitoneal colostomy. After Lister’s antiseptic technique gained
8

wide acceptance, there was a rapid transition to intraperitoneal approach for
colostomy.(9) Reeves in 1882, brought the transition from lumbar to inguinal
and iliac colostomy. He entered the peritoneum and performed sigmoid
colostomy with minimal spillage.(10)
Ernest Miles reported perineal excisions of rectal cancers. However, he found
that the perineal operations had a recurrence rate of 95% within 3 years.(11)
Hence, he presumed that the cause of recurrence was the persistence of disease
in the lymphatics and so he decided to modify the surgical procedure to excise
the draining lymphatics, similar to the surgery for breast cancer. The essential
components of Miles’ procedure (Abdomino perineal excision) were(12)
1. Permanent colostomy
2. Removal of entire pelvic colon with the blood supply
3. Removal of pelvic mesocolon and lymph nodes upto the common iliac
bifurcation level
4. Wide perineal resection
Miles’ abdominoperineal excision remains the best surgical procedure ever
proposed for mid and lower rectal cancers.

Anterior Resection:
Abdomino perineal excisions were the standard treatment for rectal cancers
until anterior resection was introduced for proximal rectal cancers. The
important surgical breakthrough in rectal resections in recent years is the
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advent of total mesorectal excision (TME). This technique emphasized the
importance of preservation of function, with dissection being done in
appropriate anatomical planes. (13)
The concept of total mesorectal excision(TME) was given by Prof Heald R J
from Basingstoke hospital, UK.(14) In 1982 he introduced this technique of
achieving adequate en bloc clearance of the rectal mesentry, including its
lymphatic drainage and blood supply. The local regional recurrence rate
following TME was 4% after 5 years without adjuvant radiation therapy.(15)

3.3 Laparoscopic colorectal surgeries:
The use of minimally invasive techniques in colorectal surgery began in 1991.
The first laparoscopic colectomy was described in 1991 by Dr Fowler. Since
the introduction of laparoscopic colectomy, a great deal of controversy has
surrounded its use. There were reported instances of port site metastasis of
upto 21% following laparoscopic colectomies. However, newer studies have
proven beyond doubt, the benefits and safety of laparoscopic colorectal
surgery, making it the preferred approach for colorectal resections.(16)(17)

3.4 Physiology of bowel anastomosis:
In 1882, Halsted was the first to propose the idea that the collagen in the
submucosal layer was the key factor responsible for the strength of the
anastomosis. The physiology of intestinal anastomosis healing is similar to
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wound healing that happens elsewhere in the body. The anastomotic healing
process is divided into three phases.
1. Acute inflammatory phase
2. Proliferative phase
3. Remodeling or maturation phase
The important step in collagen formation is the hydroxylation of prolene to
hydroxy prolene which gives strength to collagen. The bursting pressure is
often used to measure the strength of an anastomosis. The bursting pressure of
an anastomosis increases rapidly in the early post operative period. It reaches
60% of the strength of the surrounding bowel by the fourth day and 100% by
the seventh day. The serosa holds the suture better and stronger than the
muscular layers of the intestine.(18)
The absence of serosa below the peritoneal reflection in the rectum makes the
anastomosis difficult and technically challenging and results in an increased
chance of anastomotic failure in low rectal anastomosis.
The vascularity of the bowel is also an important key factor in the anastomotic
healing. The stomach and small bowel are more vascular than the colon and
they heal more rapidly. Hence the incidence of anastomotic leak is also less.
The following principles are mentioned in the literature for a successful
intestinal anastomosis.
1. Well nourished patient
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2. No systemic illness
3. No fecal or purulent contamination
4. Gentle tissue handling
5. Absence of tension
6. No distal obstruction
7. Approximation of well vascularized cut ends of the bowel
8. Meticulous surgical technique - the key principle

3.5 Technical aspects of colorectal anastomosis:
Construction of a colorectal anastomosis is an important part of surgical
training. Many techniques, have been described in literature, with low rate of
anastomotic leak. The technique of hand sewn anastomosis has not been
standardized with respect to intersuture distance, tension on the suture and
suture distance from the anastomotic edge.
3.5.1 Suture material:
Decades ago, several suture materials were used for colorectal anastomosis
including silk, linen, polyglactin and nylon. Nowadays, the preferred suture
material for colorectal anastomosis is polydioxanone. In a systematic review
which compared absorbable sutures with non-absorbable sutures, it was proven
that absorbable sutures elicit more tissue reaction and they get absorbed fast
thereby influencing the strength at the anastomosis.(19). Multifilament when
compared with monofilament sutures caused more tissue damage and there
was easier adherence of materials within the interstices of multifilament
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sutures thereby favoring chance of infection(20). There were only two studies
on the usage of polydioxanone for anastomosis. On the basis of experimental
studies, non-absorbable or slowly absorbable monofilament sutures are the
first choice for colorectal anastomosis. But there is no level 1 evidence to
confirm this hypothesis.
3.5.2 Configuration of the bite:
In this context, anatomic apposition of all layers promoting primary healing
was considered important. But nowadays most surgeons use a simple throughall-layers technique. From animal studies it is known that the mucosal layer
does not contribute to the strength of the anastomosis.(21) There were two
studies on rat colon comparing full thickness sutures and sero-submucosal
sutures. Houdart et al found that there were no significant histologic
differences between these 2 sutures. (22) But Krasniqi et al found better
histological results in terms of granulation tissue formation for full thickness
sutures than sero-submucosal sutures.(23) So we can conlude that both full
thickness and sero-submucosal sutures provide equal strength and they have
low rates of anastomotic leak. (24)
3.5.3 Inverting vs Everting sutures
Surgeons generally advocate an inverting technique of gastrointestinal
anastomosis as described by Lembert.(25) If the sutures are not inverting, it
will result in protrusion of mucosa which will lead to anastomotic leak.
Between 1960 and 1970 there were many studies done comparing both
13

everting and inverting techniques. There was no unanimous conclusion on
anastomotic healing based on these studies. Slieker JC et al showed that
inverting sutures improved anastomotic healing. Therefore, based on the
available studies, inverting sutures seem better than everting sutures in
colorectal anastomosis. But even for this there is no level 1 evidence.
3.5.4 Interrupted Vs Continuous Sutures
When single layered anastomoses became common practice, there was doubt
on whether to use continuous sutures or interrupted sutures. Slieker J C et al
included six experimental studies in his analysis. Though the results were
equivocal, there was better serosal apposition and blood flow in continuous
sutures.(26)(27). Randomized controlled trials evaluating interrupted and
continuous sutures for colorectal anastomosis are lacking. From this review we
cannot conclude that one technique is superior to the other. However,
continuous sutures are preferable to interrupted sutures in colorectal
anastomosis because it is technically simple and less time consuming.
3.5.5 Stapled vs hand sewn anastomosis:
The technique of performing stapled anastomosis was introduced in 1980.
Since then both techniques have become prevalent in colorectal anastomosis.
Stapled anastomosis is preferred in lower rectal anastomosis. Most of the
surgeons use both techniques, although often with a personal preference.
Lustosa et al conducted a meta-analysis and concluded that there was no
significant difference between hand sewn and stapled anastomosis in colorectal
14

surgeries in terms of anastomotic leak, stricture and reoperation.(28). Friend et
al in their meta-analysis found that there was more anastomotic leak in hand
sewn colorectal anastomosis when it was performed by residents. So he
concluded that stapled anastomosis seemed to have an advantage in less
experienced surgeons. (29)

3.6 Indications of Intestinal anastomosis:(6)
It can be broadly divided into two categories:
1. Restoration of bowel continuity following resection of diseased
bowel
2. Bypass of unresectable diseased bowel
1. Restoration of Bowel Continuity Following Resection of Diseased Bowel


Bowel gangrene secondary to vascular compromise



Malignancy of the colon



Intestinal polyps, intussusception



Infections such as TB complicated with stricture or
perforation



Traumatic perforations of intestine



Radiation enteritis complicated with perforation



Inflammatory bowel disease(ulcerative colitis, or Crohn
disease)



Idiopathic slow transit constipation, Hirschprung disease
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2. Bypass of Unresectable Diseased Bowel


Locally advanced tumor causing luminal obstruction



Metastatic disease causing intestinal obstruction



Poor general condition that prevents major resection

3.7 Contraindication of Intestinal Anastomosis:
Intestinal anastomosis is contraindicated in conditions where there is high risk
of anastomotic leak, such as in the following conditions:


Severe sepsis



Poor nutritional status like severe hypoalbuminemia



Disseminated malignancy (multiple peritoneal and serosal deposits,
ascites)



Viability of bowel in doubt



Fecal contamination or frank peritonitis

3.8 Types of intestinal anastomosis: (30)
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a)

End to End anastomosis

b)

End to side anastomosis

c)

Side to Side anastomosis

3.9 Operations of the left colon and rectum:
3.9.1 Left hemicolectomy:
It is done for tumors in the distal transverse or descending colon and for
some patients with proximal sigmoid cancer. The left colic vessels and the
left branch of middle colic vessels along with their mesentry are removed
in this surgery. Segmental colectomy can also be done in certain selective
cases as along as adequate margins and lymphadenectomy can be
obtained.
3.9.2

Sigmoid colectomy:

In sigmoid cancers the inferior mesenteric artery is ligated at its origin and
the dissection is proceeded towards the pelvis until adequate margins are
obtained.
3.9.3 Anterior resection:
It is done for cancers of mid and distal sigmoid colon and upper rectum.
The sigmoid colon and the rectum are removed. The inferior mesenteric
artery and left colic artery are ligated at the highest possible level to
ensure a tension free anastomosis between vascularised left colon and the
rectum. This also ensures an adequate resection of the lymphovascular
pedicle.
17

Anterior resection is classified as high or low depending on the level of
the colorectal anastomosis. When the anastomosis is intraperitoneal it is
termed as high anterior resection and when it is extra peritoneal it is
termed as low anterior resection.

3.10 Complications of intestinal anastomosis:(6)
Important complications following intestinal anastomosis include the
following:


Anastomotic leak



Bleeding



Wound infection



Anastomotic stricture



Prolonged functional ileus, especially in children
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3.11 Risk factors of colo-rectal anastomotic leak:(3)
The risk factors for anastomotic leak in colonic resections are often
categorized into patient specific risk factors, intra operative risk factors and
factors specific for the site of anastomosis. They are often classified as
preoperative and intra operative factors associated with anastomotic leak.
The preoperative factors mentioned in literature include

malnutrition,

steroids, tobacco use, leukocytosis, cardiovascular disease, alcohol use,
ASA score, and diverticulitis. Intraoperative risk factors include low
anastomoses, suboptimal anastomotic blood supply, operative time greater
than 2 hours, bowel obstruction, perioperative blood transfusion, and
intraoperative septic conditions not conducive for primary anastomosis
 Pre operative risk factors
o Age
o Gender
o Body mass index- obesity
o Pre operative albumin
o Bowel preperation
o Co-morbidities
 Intra- operative risk factors:
o Blood loss
19

o Blood transfusion
o Type of anastomosis
 Stapled vs handsewn
 End to end vs Side to end
 Double layer vs Single layer
o Prolonged operating time
o Hypothermia
o Pelvic drain
o Splenic flexure mobilization
o Laparoscopic vs Open surgeries
o Laparoscopic vs Robotic surgeries
 Etiological factors
o Malignancy vs benign
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3.11.1 Age:
The postoperative mortality rate in surgical patients of age more than 70 years
is low. Despite having increased prevalence of chronic medical conditions,
they do well post operatively. However, the ASA class (III + IV) and
emergency surgery

increases the risk of developing postoperative

complications in elderly patients.(31)

Elderly patients who undergo

laparoscopic surgeries have lesser complications when compared to open
surgeries.(32)
3.11.2 Gender:

Kirchoff et al in their study on post-operative complications in laparoscopic
colorectal surgeries showed that male patients had a higher risk of
complications when compared female patients.(33) Another study by Lipska et
al showed that anastomotic leakage after colorectal surgeries were more
among men.(34) This study was done among patients who underwent anterior
resection and right hemicolectomy. The total number of cases were 541 and
the anastomotic leak rate was 6.5%(35 cases). Apart from male gender, the
other factors which had significant association with anastomotic leak in this
study were previous abdominal surgery and lower rectal cancers.
3.11.3 Nutrition:
Nutritional status of the patient is an important factor contributing to
anastomotic leak. Patients with low albumin are at an increased risk of
anastomotic leak. There are multiple studies that prove that malnutrition is
21

associated with a significant increase in the leak rate. A case control study has
proved that malnutrition (serum albumin < 35g/L) was a substantial risk factor
for anastomotic leak after multivariate analysis, with a 13.2 odds ratio (95%
CI, 2.83- 61.85) in the “leak” and “no leak” group. The conclusion of the study
was that malnutrition, as evidenced by low albumin, was the single most
potent risk factor for anastomotic leak. So, preoperative nutrition was an
important measure in reducing the risk of anastomotic leak in patients.(35)
Another

study

from

Thailand

reported

that

preoperative

hypoalbuminemia(Albumin <3.5g/dl) was a major risk factor for increase in
post operative complications following rectal surgeries. The post operative
complications that were measured as outcome in this study were surgical site
infection, urinary tract infection, pneumonia and anastomotic leak.(36)
It is mentioned in literature that hypoalbuminemia is a better predictor
of some types of morbidity like sepsis and major infections. Ryan et al proved
that decreased serum albumin levels on the first postoperative day following
surgery was itself an independent predictor of poor outcome following
gastrointestinal cancer surgery. (37) The reason behind this was that
hypoalbuminemia was associated with decreased collagen synthesis and
thereby poor tissue healing in the surgical wounds or at the anastomosis.
Hypoalbuminemia is also associated with impairment of immune responses
like macrophage activation and granuloma formation. So hypoalbuminemic
patients are at risk for wound infection, pneumonia, and the most dreadful
complication namely anastomotic leak.
22

3.11.4 Mechanical bowel preparation:
The fecal load in colon at the time of anastomosis was traditionally
thought to cause leakage of anastomosis. In the olden days it was a practice to
perform on table lavage in emergency operations. One prospective randomized
study included a total of 267 patients and put them into two groups of
mechanical bowel preparation vs no bowel preparation. This study concluded
that there was no significant difference in the incidence of anastomotic leak
between the two groups. Two more studies also confirmed the same finding.
However, the morbidity associated with anastomotic leak was less in a patient
who underwent mechanical bowel preparation since fecal contamination was
less in those patients.(38)
3.11.5 Mechanical bowel preparation with antibiotics
There was another study done on the use of oral antibiotics along with
mechanical bowel preparation. In this study they categorized the patients into 3
groups
1. Mechanical bowel preparation alone (27.2%)
2. Mechanical bowel preparation with oral antibiotics(45.3%)
3. No preparation(27.5%)
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There were a total of 8442 patients in this study. The outcomes that were
looked at in these patients were anastomotic leak, surgical site infection(SSI)
and ileus. The baseline characteristics of these patients were similar.
Mechanical bowel preparation with or without antibiotics was associated with
reduced ileus and surgical site infection when compared to no bowel
preparation. Mechanical bowel preparation with antibiotics was independently
associated with reduced anastomotic leak and post operative ileus. These data
from this study clears the nearly 50 year debate on whether bowel preparation
improves the outcome after colorectal resection. Mechanical bowel preparation
with oral antibiotics reduces by half the most common and troublesome
complications following colorectal surgeries such as surgical site infection,
anastomotic leak and post operative ileus.(39)
3.11.6 Comorbid conditions:
ASA grade >3 is an indicators of patients at high risk of anastomotic
leak.(40) Comorbid conditions such as diabetes mellitus, hypertension, and
cardiac disease all affect ASA status and can affect the microcirculation
required for a healthy anastomosis.(35) In various studies mentioned, the
individual comorbidities were not statistically significant. But when the
comorbidities were taken together as charlson comorbidity index, the patients
with score more than 3 are at increased risk of anastomotic leak. There are
studies that report diabetes as a risk factor for anastomotic leak. But this study
and some other studies have concluded that diabetes was not associated with
increased risk for leak(41).
24

There was no increased incidence of anastomotic leak in obese patients
in the study done by Kang et al.(42) However, obesity becomes a risk factor
for colo rectal anastomosis only in cases with very low rectal anastomosis. The
reason behind this is due to the tension at the anastomotic site. (43)
3.11.7 Anastomotic site ischaemia:
Hall and colleagues measured tissue oxygen tension before and after
low or high division of the inferior mesenteric artery in 62 elective colorectal
resections.

It was found that following colon mobilization and vascular

ligation, oxygen tension was improved or equal in the transverse and
descending colon but diminished in the sigmoid colon. His hypothesis was that
the marginal artery was not adequately perfusing the sigmoid colon.(44) In
addition to using the well perfused left colon for anastomosis, importance has
been given to increasing anastomotic site blood flow by performing side to end
anastomoses. Theoretically, it is proven in studies that the blood flow in
proximal pouch of a side to end anastomosis is more consistent than that of an
end colonic anastomosis.(45)
3.11.8 Steroid use:
A prospective study evaluating 391 elective colon resections found that
long term preoperative steroid use mandating peri operative steroid coverage
was an important risk factor for anastomotic leak when subjected to
multivariate analysis.(Leak rate of 11.8% in steroid group vs 2.4% in those
without steroids.(46)
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3.11.9 Neoadjuvant radiation therapy:
It is not clear from existing data whether neo adjuvant radiation is a risk
factor for anastomotic leak. From retrospective studies it is observed that there
is no sufficient evidence to say the radiation therapy increases the risk of
anastomotic leak.(45)
3.11.10
Drains:
The concept of placement of drains in colonic anastomosis has been a
topic of controversy for many years. It was believed that drains helped in
removing the peri anastomotic fluid collections. But Merad and colleagues
performed controlled, multicenter prospective study including 317 patients and
proved that intra abdominal drains were not beneficial in terms of prevention
of anastomotic leak. They randomized patients into two groups, drains vs no
drains. The outcome that they looked at was pelvic abscess and there was no
significant difference between the two groups.(47)
3.11.11

Epidural analgesia:

Epidural analgesia is very effective in providing pain relief in post operative
period for patients after major abdominal surgery. The effect of epidural
analgesia on anastomotic leak is still controversial. The study mentioned here
compares epidural analgesia vs intravenous analgesia
anastomotic leak.

as risk factor for

But there was no difference in anastomotic leakage

occurrence between the epidural analgesia group and intravenous analgesia
group. The other result of this study was that females had a lower rate of
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anastomotic leak compared to males. So epidural analgesia does not influence
the risk of anastomotic leak after open colorectal surgery.(48)
3.11.12
The

Blood transfusion and anastomotic leak:
most important pathophysiological factor responsible for

anastomotic leak is gut ischaemia. Blood transfusion in general activates
systemic coagulation by rising the levels of prothrombin 1 and 2 along with
thrombin-antithrombin complexes. This tilt of balance towards the
procoagulant side causes formation of microthrombus in the perianastomotic
area. The net effect is an increased formation of microthromboses in the
perianastomotic area leading to increased chance of gut ischaemia and
anastomotic leakage.(49)
3.11.13

Intra operative IV fluids and surgical outcome:

Both excessive and insufficient intravenous fluids during surgery affect the
surgical outcome. A restrictive IV fluids regimen followed intraoperatively
limiting the IV fluids to the minimum reduced major complications after
complicated surgeries. It is difficult to draw a line between restrictive and
liberal intravenous fluids. Modern evidence suggests that IV fluids
requirement is based on two parameters.
1. In low risk surgeries high volume infusions at the rate of 20-30 ml/kg
improves anaesthesia outcomes such as pain and increases street
readiness.
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2. However high risk patients undergoing complex surgery benefit from a
restrictive fluid regimen during surgery.
A good working definition for the usage of IV fluids intra operatively in a
patient with normal renal function would be to keep the intraoperative urine
output between 0.5ml-1ml kg/hour.(50)
3.11.14

Hypothermia:

Hypothermia is detrimental to the normal healing process of the human
body. Hypothermia in the perioperative period causes vasoconstriction and a
significant reduction in the oxygen tension in the tissues. It also affects the
immune function of the body. It decreases the release of cytokines and growth
factors, thereby, affecting the progression of inflammation and scarring. In
cases of coloninc anastomosis studied in rats, hypothermia inhibits
detoxification of reactive oxygen species at the site of anastomosis thus
harming the healing process.

It is also reported in studies that excess

production of reactive oxygen species or failure of detoxification of these
reactive oxygen species causes increased

oxidative stress, which is an

important factor affecting non healing chronic wounds.(51)
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3.11.15

Duration of Surgery in anastomotic leak.

The duration of surgery is identified as an important risk factor for
anastomotic leak in patient with colorectal resections. Divino et al in their
study demonstrated that intraoperative factors have the strongest association
with anastomotic leak. The main factors that were positive in his study were
prolonged operative time, increased blood loss and requirement of blood
transfusion. Preoperative albumin less than 3.5 g% was a significant risk factor
for anastomotic leak as is evident in other studies. In his study he concluded
that operative time of 200 minutes or longer was an independent risk factor for
anastomotic leak along with blood loss more than 200 ml. The risk of
anastomotic dehiscence was more in patients with these risk factors.(52)
3.11.16

Double layer vs single layer anastomosis:

In the early 19th century, Lembert and Travers performed the first
double layered intestinal anastomosis and it was considered safe.(53)
Hautefeuille in 1976 first described single layered anastomosis. He claimed
that single layered anastomosis was strong enough and that it decreases the
time of anastomosis and the cost of suture material(54). Another study done in
India proved that single layered bowel anastomosis was safe and that it did not
have increased risk of complications. It also proved that the single layered
anastomosis took significantly lesser time for construction and it significantly
reduced the cost of the suture material.(55)
3.11.17

Stapled vs Hand sewn anastomosis:

29

The three key factors in an anastomosis are
1. No tension at the site of anastomosis.
2. Adequate blood supply at the level of anastomosis
3. An inverted anastomosis.
In the modern era there are various staplers available for constructing a
colorectal anastomosis. Now the question that comes to many of our mind is
that whether these stapled anastomosis is strong enough in quality when
compared to hand sewn anastomosis done traditionally. Docherry and his
colleagues studied a total of 652 patients randomized and found that there was
no significant difference in the clinical leak rate between stapled and hand
sewn anastomosis. The incidence of leak diagnosed radiologically was higher
in the hand sewn anastomosis group when compared to the stapled
anastomosis group.(56)
3.11.18

End to end vs Side to End anastomosis:

Shekarriz et al in their study on left sided colorectal resections investigated
the anastomotic technique and the rate of anastomotic leak. He did a total of
382 end to end and 363 side to end anastomoses in left colectomies and
rectal surgeries. The leak rate was 8.64 % in end to end compared to 1.93 % in
side to end anastomosis technique. With these results, they concluded that
the anastomotic leak rate after left colectomy and rectal resections could be
reduced significantly by using side to end anastomosis technique.(57)
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3.11.19

Inotropic requirement and anastomotic leak:

The risk for anastomotic leak was four times more common in patients
who required inotropic support in the perioperative period and three times
more common in patients who developed hypotension during the surgery. This
was reported from a retrospective audit of all anastomotic leakages at GB Pant
hospital, New Delhi. The aim of this study was to identify the non surgical risk
factors that are associated with increased incidence of anastomotic leakage.
The other significant risk factors that they found in this study were anaemia
(Hb <8g), hypoalbuminemia (albumin <3.5g) and intraoperative blood
transfusion. (49)
3.11.20

Laparoscopic surgeries vs open surgeries:

There were two important concerns after the introduction of
laparoscopic colorectal resections namely the oncological adequacy of
laparoscopic surgeries the effect on anastomotic lea. Based on various studies,
it has been proved that laparoscopic colorectal resections are safe,
oncologically adequate and the incidence of leak is the same as open
surgeries(58). In a prospective study group which included 948 anastomoses,
the highest leak rate (12.7%) was noted in patients undergoing anterior
resections while the leak rate was only 7% in left hemicolectomies. (59)
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3.11.21

Laparoscopic surgeries vs Robotic surgeries:

There are no randomised trials available comparing laparoscopic and robotic
colorectal surgeries. The ACSNSQIP database (Americal College of Surgeons
National Surgical Quality Improvement Program) was used to compare robotic
and laparoscopic colorectal surgeries. There were a total of 630 robotic
surgeries and 9847 laparoscopic surgeries. There were significant differences
observed between the two in terms of conversion to open, prolonged operating
time and length of hospital stay. The robotic colorectal surgeries took longer
operating time but their conversion to open surgeries in the pelvis was lesser
and the length of hospital stay of the patient was significantly shorter. There
were no significant differences between robotic and laparoscopic colorectal
surgeries in terms of surgical site infection, anastomotic leak and need for
reoperation in 30 days. The conclusions that were drawn from this study were
that the robotic procedures took more time, but they had reduced rate of
conversion to open in pelvic surgeries and reduced length of hospital stay.
These findings warrant continuous evaluation of the role of minimally invasive
techniques in colorectal surgeries(60)

3.11.22

Laparoscopy for benign diseases:

Earlies studies done in sigmoid diverticular disease showed that there
was no difference in incidence of anastomotic leak when comparing the open
and laparoscopic cases. The study by Levack M et al showed that anastomotic
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leaks occurred less frequently following laparoscopic sigmoid colectomy
compared to open sigmoid colectomy. This finding was true even after logistic
regression analysis when controlling for age, length of resected bowel and
splenic flexure mobilization.(61) In another study laparoscopy was found to
have a lower incidence of anastomotic leak. The reason less tissue handling
and less tissue trauma causing lower inflammatory response in laproscopic
procedures, which favour improved anastomotic healing and recuded incidence
of leak. (62)
3.11.23

Location of Anastomosis:

Many studies have identified the distance from the anal verge to be a
risk factor for anastomotic breakdowns. In a list of prospective cases studied,
it was found that the incidence of anastomotic leak was higher in rectal and
rectosigmoid resections compared to colonic resections. There were other
retrospective studies which confirmed the same finding. One retrospective
study showed leak rates of 7% above the peritoneal reflection compared to
18% when the anastomosis is 5 cm from the anal verge.(63)

3.11.24

Splenic flexure mobilization for sigmoid colectomy:

The presumed surgical principle in anterior resection is that splenic
flexure mobilization along with high ligation of the inferior mesenteric artery
achieves a satisfactory outcome in terms of the recovery of the patient and also
in oncological clearance. But this is debatable in the light of the new evidences
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mentioned in the literature. Finan PJ et al in their review article have
mentioned that splenic flexure mobilization was one of the techniques
available to obtain adequate length for anastomosis but it had very little effect
on the blood supply. From studies it has been proved that mandatory splenic
flexure mobilization is without merit. There is no significant foundation in
evidence for mandatory splenic flexure mobilization. A selective approach
towards splenic flexure mobilization is likely to benefit patients.(64)
3.11.25

High ligation of Inferior mesenteric artery:

In one study it was showed that patients with high ligation of inferior
mesenteric artery had a 3.8 times increased rate of anastomotic leak than those
with low ligation.(41) This study also showed that the incidence of leaks was
more in males compared to females. The possible explanation that could
explain this is that the male pelvis is narrow and dissection and anastomosis in
male pelvis is challenging.
3.11.26

IMA preservation in benign diverticular disease:

Ligation of inferior mesenteric artery is advised for sigmoid colectomy
done for cancers. However, ligation of IMA is not mandatory for sigmoid
colectomy done for benign diverticular disease. A meta-analysis was done
which compared preservation of IMA vs ligation of IMA in sigmoid colectomy
done for diverticular disease. A total of 4 studies were included with a total of
400 patients. The outcome showed that anastomotic leak was 7.4% in the
preservation group and 11% in the ligation group. But, statistically there was
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no significant difference between the two groups. So the meta analysis showed
that there was no role of preservation of inferior mesenteric artery in sigmoid
colectomy done for benign diverticular disease.(65)
3.11.27

Role of diversion stoma :

A study has showed that the incidence of leak was less in patients who
underwent diverting stoma. But the meta-analysis done by Huser et al showed
that the defunctioning stoma did not decrease the incidence anastomotic leak.
They showed that the morbidity associated with anastomotic leak was less in
patients who had a defunctioning stoma.(66)
3.11.28
Tube ileostomy as fecal diversion for distal colorectal
anastomoses:
Tube ileostomy is considered as an alternative for defunctioning loop
ileostomy which is done for distal colorectal anastomosis. But there are no
randomized controlled trials to evaluate its benefit. A systematic review of
literature was done by Nachiappan S et al to evaluate tube ileostomy as a fecal
diversion procedure. They included a total of 7 studies in his review. Pooled
analysis of 3 comparative studies were done comparing tube ileostomy to loop
ileostomy. They concluded that there was no statistically significant difference
in anastomotic leak rates. So there is a re-emergence of interest in using tube
ileostomy instead of defunctioning loop ileostomies. This technique needs to
be refined and randomized controlled trials need to be done before surgeons
can regularize this procedure.(67)
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3.12 Definition of an anastomotic leak :
There is no uniform definition of an anastomotic dehiscence and leak. In
a review of 97 studies, as an example, 56 different definitions of an
anastomotic leak have been used in literature. (68) The majority of reports
define an anastomotic leak using clinical signs, radiographic findings, and
intraoperative findings.
The clinical signs include:
1. Pain

2.Fever

3.

Tachycardia

4.Peritonitis

5.Feculent drainage

6.Purulent drainage
The intraoperative findings include:
1. Gross enteric spillage

2.Anastomotic disruption

The radiographic signs include:
1. Fluid collections

2. Gas containing collections

3.13 Prediction of ansatomotic leak by plasma markers:
Early recognition of anastomotic leak is crucial to reduce mortality among
patients with colo rectal surgeries. Since early clinical and radiological signs
are not specific, markers of inflammation and gut damage may be suitable.
These markers are hallmarks of anastomotic leakage. The markers studied in
this study are C-reactive protein(CRP), calprotectin, interleukin-6(IL-6),
intestinal fatty acid binding protein, ileal bile acid binding protein and liver
fatty acid binding protein.

Diagnostic accuracy of these markers were
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measured by receiver operating characteristic curve analysis. This study
included a total of 84 patients of which 8 patients had anastomotic leak which
are clinically diagnosed at mean post operative day 6. Calprotection was
found to have the best diagnostic accuracy to detect anastomotic leak. Highest
diagnostic accuracy was shown when CRP and calprotection were combined
on the third post operative day. Both of them had a sensitivity of 100% and
specificity of 100%. To implement these markers in our daily practice, further
studies are needed.(69)
3.13.1 Role of C-Reactive Protein(CRP):
Many recent studies have investigated the role of C-reactive protein as an
important marker in predicting anastomotic leak in postoperative patients
following colorectal resections. A systematic review and meta-analysis was
done using a total of seven studies including 2483 patients. The C-reactive
protein values on the third, fourth and fifth postoperative days were
calculated and analysed. It was concluded that CRP was a useful negative
predictive test that predicted the

development of anastomotic leakage

following colorectal surgery.(70)
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3.14 Management of anastomotic leak:
A small percentage of leaks are inevitable despite excellent surgical technique.
The various potential risk factors for anastomotic leak mentioned in literature
in various studies are obesity, male gender, prolonged operative time, level of
anastomosis, peritoneal contamination and blood transfusion. The surgeon
must have a high index of suspicion to diagnose an anastomotic leak early.
Anastomotic leak increases the morbidity, duration of hospital stay, cost of
treatment and can also cause mortality. The treatment of anastomotic leak is
based on the patient’s clinical condition and the magnitude of the leak.
Once the diagnosis of anastomotic leak is made, treatment should be started
immediately. The patients should receive IV fluid resuscitation, bowel rest,
continuous monitoring and broad spectrum antibiotics. The next step in
management is based on the clinical condition of the patient and the severity of
the leak. The various strategies mentioned in the management of an
anastomotic leak include
1. Percutaneous drainage
2. Surgical revision of the anastomosis with proximal diversion
3. Dismantling of the anastomosis and end colostomy
4. A subclinical leak which is radiographically diagnosed with no
significant abdominal findings, may be managed expectantly.
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5. In case of patients who have localized peritonitis and low grade sepsis,
imaging is advised. If free intraperitoneal leak is evident on imaging,
then the patient needs definitive surgical management.
6. In case of patients with small contained abscess (<3cm), conservative
management comprising antibiotics and bowel rest is adviseable.
7. In case of patients with larger abscess, percutaneous drainage of the
collection is advised. If image guided drainage is not possible, open
drainage is advisable.
8. Patients with generalized peritonitis, hypotension and high grade sepsis
should be resuscitated and be taken up for emergency laparotomy. The
surgical management is dependent on the intra operative findings.

3.15 Advances in management of anastomotic leak: (71)
The traditional management of anastomotic leak is exploratory laparotomy
and drainage with defunctioning stoma formation. But recently there are case
reports describing the use of laparoscopic drainage of the perianastomotic
collection followed by endoscopic stenting of the site of anastomotic leak.
In patients who are hemodynamically stable and in low grade sepsis
laparoscopy may help in evaluating the extent of the leak and peritonitis. Esin
Kabul Gürbulak et al reported that in low grade sepsis patients, smaller leakage
sites could be stented endoscopically after laparosopic peritoneal lavage. This
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excludes the need for a stoma formation. However, this practice needs
evidence from more studies.

3.15.1 Endoscopic Management of acute colorectal anastomotic
complications:(72)
The case report by Maher A Abbas et al describes the use of endoscopic
stenting for postoperative anastomotic complications following colorectal
surgeries. They had illustrated 2 cases in their report and concluded that some
complications which are traditionally managed operatively could be managed
endoscopically. Endoscopic procedures avoid the need for laparotomy which
in itself causes significant morbidity and prolongs the recovery of the patient.
The knowledge and role of endoluminal procedures in managing postoperative
complications is however limited. Future advances in technology may provide
advanced surgical instruments for endoscopic surgerons which may enable
them to tackle broad spectrum of anastomotic complications following
colorectal surgeries more effectively.
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4 Methodology:
4.1 Study setting:
This Study was carried out in department of colorectal surgery in Christian
medical college, vellore.
4.1.1 Christian Medical College
Christian medical college, Vellore is a 2695 bedded multispeciality hospital
and medical college which caters to 1.9 million out patients and 1.2 lakh inpatients per year. It caters to 5500 outpatients, 2500 in patients, 22 clinics and
30 births on a daily basis.

The speciality of colo-rectal surgery has

traditionally remained under the general surgery department in most places of
India and so also in Christian Medical College, Vellore. A separate colo-rectal
unit was formed in 2003, but it still functions as one of the units(surgery unit2)
of the department of general surgery. The spectrum of diseases managed by
the

colo-rectal

speciality

surgical

unit

include

colo-rectal

cancers,

inflammatory bowel disease, pelvic floor disorders, rectal prolapse and
complex anal, rectal and entero-cutaneous fistulae. There are 1200-1400
admissions on a yearly basis and the number of surgeries performed amounts
to a total of 1400 approximately with

40% of the surgeries being

speciality(colorectal) surgeries. The most commonly performed surgeries are
right hemicolectomy, left hemicolectomy, sigmoid colectomy, anterior
resection and low anterior resection.
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4.2 Study Design:
This study is an observational cohort study with prospective and retrospective
components.

4.3 Study participants:
All patients who underwent left sided colonic resections in the department of
surgery unit 2 from 2006

to 2015 who meet the inclusion criteria were

included in the study.
4.3.1 Inclusion Criteria:
All patients irrespective of age undergoing resection and anastomosis on the
left colon(left hemicolectomy, sigmoid colectomy and high anterior resection)
where the anastomosis was above the level of peritoneal reflection. Both
elective as well as emergency cases will be included.
4.3.2 Exclusion Criteria:
Patients who underwent radiotherapy were excluded.

4.4 Sample Size:
In this study , the primary objective was to estimate the proportion of
anastomotic leak.
The formula used to calculate the sample size was,
n=4PQ/d*d
where, n= sample size
p= expected proportion from a pilot data
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q= 1-p
d= precision
With the expected proportion of 10.7% with 5% absolute precision, the
minimum sample size required for the study is 144. So the sample size was
rounded off to 150.
4.5 Data collection:
The patients who underwent left sided colonic resections from September 2006
to march 2015 were included in the study.
4.5.1 Retrospective component:
Patients who underwent left sided colonic resections during the period October
2006 to September 2013 were listed out. Those patients medical records were
obtained from the medical records department.
Information regarding the various factors were collected from the medical
records i.e discharge summary, inpatient charts, and operation notes.
4.5.2 Prospective component:
The patient who underwent left sided colonic resections during the period
October 2013 to march 2015 were included in the study after obtaining a valid
informed consent. Their data was collected prospectively at the time of
admission and discharge of the patient.

43

Detailed diagrammatic Algorithm of the study

4.6 Study Tool:
A proforma was made for collection of data which is enclosed in the appendix.
The data was collected in the proforma sheet and it was subsequently entered
in the epidata. In the proforma, the following variables were defined.
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The outome of the study is anastomotic leak which is defined by
1. Feculent discharge from wound site (or)
2. CT evidence of leak ( Contrast leakage from anastomotic
site ) (or)
3. Intraoperative finding of leakage from anastomotic site
at exploratory laparatomy
Exposure – Resection and anastomosis of left colon where the anastomosis is
above the peritoneal reflection.

4.7 Risk factors/ variables measured
1. Preoperative factors:
1. Age
2. Sex
3. BMI
4. S.albumin
5. Haemoglobin
6. Preoperative bowel preparation
7. Type of surgery( Left hemicolectomy vs Sigmoid colectomy vs
Anterior resection)
8. Medical comorbidities(charlson comorbidity score)
9. Elective or emergency
10. Laparoscopic or open or laparoscopic converted open.
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2. Intraoperative factors
1. Blood loss
2. Blood transfusion
3. Amount of IV fluids intraoperatively
4. Temperature at the end of surgery
5. Type of anastomosis (end to end or end to side or side to side)
6. Type of suturing – handsewn vs staples,laparoscopic /open,
7. Duration of surgery,
8. Seniority of surgeon
9. Insertion of drain
10. Splenic flexure mobilisation
3. Post operative course:
1. duration of hospital stay
2. Post operative icu stay
3. Day of diagnosis of leak
4. Management – Surgical vs Conservative
5. Complications other than anastomotic leak.
6. Outcome of anastomotic leak
4. Etiological factors:
1. Malignancy
2. Benign
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4.8 Data Management:
The data collected in the proforma was entered in the epidata software. All
variables doth dependent and independent were entered and the database from
EpiData was transferred to SPSS software for analysis.

4.9 Data Analysis:
The proportion of anastomotic leak will be calculated among all
subjects.
The

rate of anastomotic leak with 95% confidence interval will be

calculated. A univariate analysis will be performed to measure the association
between each of the risk factors.The univariate analysis to find the association
between all exposure variables and anastomotic leak will be measured using
chisquare test. To measure the risk of each variable logistic regression analysis
will be used. A scoring system will then be developed from the risk factors
which have significant association with the anastomotic leak.
4.9.1 Descriptive statistics:
The demographic characteristic and various factors of the study
population have been presented using the frequency and percentages for
categorical variables, mean ± SD for continuous variables.
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4.9.2 Risk Factor analysis:
Bivariate analysis was done using Chi square test to know the
associations between categorical variables. Uni-variate analysis was done to
generate an odds ratio and 95% confidence interval for the risk factors. Risk
factors which had significant p values and some other potential risk factors like
gender were included in the multivariate analysis by a logistic regression
model.

48

5 Results:
5.1 Demographic characteristics of study population:
A total of 130 patients were included in this study based on the inclusion
criteria. All these patients had left sided colonic resections( Left
hemicolectomy, Sigmoid colectomy or High Anterior resection) and the
anastomosis was above the level of peritoneal reflection. The primary outcome
of the study is anastomotic leak. Among these patients, 16 of them had
anastomotic leak. A total of 22 patients were included prospectively and 108
patients were included retrospectively in the study.

The demographic

characteristiscs of the patients along with their treatment details are entered in
the proforma and analysed.
5.1.1 Age distribution of patients:
70
59(86.8%)

60
50
40

32(88.9%)

No leak
Leak

30
23(88.5%)
20
9(13.2%)

10

4(11.1%)

3(11.5%)
0
Age <40 (n=26)

Age 40-60(n=68)

Age>60(n=36)

Figure 5-1 - Age Distribution of the patients Vs Anastomotic Leak
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The mean age of the patient in the study group is 51.8 years. The
youngest patient in our study was 21 years old and the oldest patient was 87
years old. The patients were categorized into 3 groups for analysis. The rate of
anastomotic leak was compared between the 3 groups. The maximum number
of patients (n=68) was in the 40 to 60 age group and the maximum number of
leaks(n=9) was also in this group. However there was no significant difference
in the rate of leaks between the age groups.
5.1.2 Gender distribution of the patients:

100
90
80
70
60
50

No leak

77(88.5%)

Leak

40
30
37(86.1%)

20
10
10(11.5%)

6(13.9%)

Male n=87(67%)

Female n=43(33%)

0

Figure 5-2 - Gender distribution vs Anastomotic leak

Among the 130 patients, 87(67%) of them were males and 43(33%) of
them were females. Lipska et al in their study had proven that the rate of
anastomotic leak was more among males.(73) The leak rate was 11.5%(n=10)
among males and 13.9%(n=6) among females. The percentage of leaks were
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slightly high among the females in our study. Even though it appears that
females are at high risk for anastomotic leak, this difference was not
statistically significant (p=0.688).

5.2 Types of left sided colonic resections and rate of leaks:

Leak Rate

Left hemi colectomy(n=34)
5(14.7%)

6(12.2%)

Sigmoid colectomy(n=47)
High Anterior
Resection(n=49)

5(10.6%)

Figure 5-3 - Types of Left colonic surgeries and leak rate

Among

our

study

population,

34

patients

underwent

left

hemicolectomy, 47 patients underwent sigmoid colectomy and 49 patients
underwent high anterior resection. There was no significant difference in leak
rate between these 3 group of patients.

5.3 Anaemia and anastomotic leak:
We classified the study population into 2 groups based on their
hemoglobin values. Those with Hb <10g/dl were considered anaemic and
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those with Hb >=10g/dl were considered normal. There were 42 patients in the
anaemic group and 9 of them had anastomotic leak. The leak rate was 8%(n=7)
among patients who were not anaemic and it was 21.4%(n=9) among patients
in the anaemic group. This showed that patients with low hemoglobin have
two times the risk of anastomotic leak. This difference was statistically
significant(p=0.029). The number of leaks among females was 6 and 5 of them
had hemoglobin <10g/dl. This showed that the females with low hemoglobin
have more risk of anastomotic leak.
100%
90%

80%
70%
60%

78.60%(n=33)
92% (n=81)

50%

No leak
Leak

40%
30%
20%
10%

21.40%(n=9)
8%(n=7

0%
Anaemia - Hb<10g n=42

Normal n-88

Figure 5-4 - Anaemia Vs Anastomotic Leak

5.4 Body mass index and anastomotic leak:
Among the study group, BMI was obtained for a total of 77 patients. They
were categorized into 4 groups based on the WHO criteria and the leak rate
was calculated. The leak rate was 6.4 % in patients with normal BMI. But it
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was high in overweight(18.7%), obese(22.2%) and underweight group(12.5%).
Patients with BMI more than 25 kg/m2 have increased rate of anastomotic
leak. But this difference was statistically insignificant.

100%
90%

7(87.5%)

44(93.6%)

13(81.3%)

7(77.8%)

80%

70%
60%
50%

No leak

40%

Leak

30%
20%
10%

1(12.5%)

0%
Underweight

3(18.7%)

2(22.2%)

Over weight

Obese

3(6.4%)
Normal

Figure 5-5 - BMI vs Anastomotic Leak

5.5 Nutritional status of the patient and anastomotic leak:
Serum albumin was one of the factors which is representative of the nutritional
status of the patient. Preoperative albumin value >3.5g/dl was considered as
good nutritional status in prior studies. (74) In our study we categorized the
patients into 2 groups, those with Albumin<3.5g/dl and those with albumin
>=3.5g/dl and the results are as below.

The number of patients with

hypoalbuminemia were 11 and 2(18.2%) of them had anastomotic leak. Even
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though the leak rate was more in patients with low albumin, there was no
statistical significance.
100%
90%

80%
70%

60%

n=9(81.8%)

n=99(87.6%)
No Leak

50%

Leak

40%
30%
20%
10%

n=2(18.2%)

n=14(12.4%)

0%
Albumin <3.5g(n=11)

Albumin>=3.5g(n=113)

Figure 5-6 - Albumin Vs Anastomotic Leak

5.6 Role of mechanical bowel preparation:
Mechanical bowel preparation was given to the patients in the day prior to
operation. The preparation given to our patients was sodium phosphate
solution. Literature says that there was no difference in rate of leak with bowel
preparation. In our study , data regarding bowel preparation was obtained for
102 patients. Among the patients with bowel preparation the leak rate was
8.9%(n=5). The leak rate was high among patients who did not get bowel
preparation(17.4%). However there was no statistical significance to this
finding.
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60

50

40

30

No Leak

n=51(91.1%)
n=38(82.6%)

Leak

20

10

0

n=8(17.4%)

n=5(8.9%)
Bowel Prep (n=56)

No bowel prep(n=46)

Figure 5-7 - Bowel preparation vs Anastomotic Leak

5.7 Leak rates in Laparoscopic, open and laparoscopy
converted surgeries:
80
72(88.9%)
70
60
50
Leak

40

31(86.2%)

No Leak

30
20

10

11(81.8%)

9(11.1%)
5 (13.8%)

2(18.2%)

0
Lap (n=36)

Open(n=81)

Lap converted open (n=13)

Figure 5-8 - Laparoscopy/Open/Lap. Converted procedures Vs Leak
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The leak rate in laparoscopy converted open surgeries appear little higher than
both open and laparoscopic surgeries. On univariate analysis there was no
statistical significance.

5.8 Charlson comorbidity index and leak rate:
The medical comorbidities of the patients are taken into account and they are
given a score in charlson comorbidity index. Based on the charlson
comorbidity score less number of patients had score more than 1. So it was
decided to categorize people with comorbidites were into one group and those
without comorbidities constitute the other group. The leak rate was high in
patients with no comorbidities which was contradictory to the studies
mentioned in literature. Statistically this difference was not significant.

Table 5-1 Comorbidity vs Anastomotic Leak

Charlson
Comorbidity
index

Leak

No Leak

Total

CCI = 0

14(14.4%)

83(85.6%)

97

CCI >=1

2 (6.2%)

30(93.8%)

32
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5.9 Epidural Anaesthesia and Leak rate:
Most of the patients in the study group received epidural anaesthesia(n=111)
during the surgery. The epidural catheter was placed in order to give good pain
relief to the patients in the post operative period. There was no anastomotic
leak in the group of patients who did not have epidural anaesthesia. All the
leaks happened in the

group of patients who had received epidural

anaesthesia. On analysis, there was no statistical significance for this
finding(p=0.085). This finding was contradictory to the findings mentioned in
the literature.
Table 5-2 - Epidural anaesthesia vs Anastomotic Leak
Epidural
Anaesthesia

Leak

No Leak

Total

No

0 (0%)

18 (100%)

18

16 (14.4%)

95 (85.6%)

Yes

111

5.10 Duration of surgery and the rate of anastomotic leak:
Prolonged operative time is associated with increased rate of leak.(75) The
data on duration of surgery was obtained for 83 patients in this study. There
were 8 patients in this group who had anastomotic leak. They are classified
into two groups as above. There was no significant difference in leak rate
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between the two groups. The duration of surgery has no significant association
with respect to leak rate from our study.
50
44(89.8%)

45
40
35

31(91.2%)

30
25

Leak

20

No leak

15
10
5(10.2%)

3 (8.8%)

5
0

<200 minutes

>= 200 minutes

Figure 5-9 - Duration of Surgery vs anastomotic leak

5.11 Hypothermia and the rate of anastomotic leak:
100%
90%
80%
70%
60%
50%

9(75%)
28(89.3%)

No Leak
Series 1

40%
30%
20%
10%
0%

3(25%)
3(10.7%)
Temp <= 36

Temp >36

Figure 5-10 - Temperature and Anastomotic Leak
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The data on temperature at the end of surgery was obtained for 44 patients in
this study group. Among them 6 of them had leak. They were grouped into
two as those with temperature less than 36 deg and those with more than 36
deg. The leak rate was more among patients who are normothermic at the end
of surgery. Statistically this was not significant.

5.12 Blood Transfusion and leak rate:
In our study the data on blood transfusion was obtained for 88 patients. Blood
transfusion was given to 8 patients intraoperatively. Among the 8 patients who
received transfusion only one patient had anastomotic leak. The leak rate was
11.3%(n=9) among patients who did not receive blood transfusion. On
comparison there was no significant difference in leak rate with respect to
blood transfusion in this study.

Table 5-3 - Blood transfusion Vs Anastomotic Leak

Blood Transfusion

Leak

No Leak

Total

No

9 (11.3%)

71
(88.7%)

80

1 ( 14.3%)

7 (85.7%)

Yes

59

8

5.13 IV fluids in intraoperative period and anastomotic
leak:
There was no established guidelines on intraoperative fluid management. The
available evidence says to give fluids intraoperatively at the rate of 20 to 30
ml/kg for good outcome in terms of anaesthesia. A restrictive fluid regimen is
advised for major surgeries.(76) In our study the data on intraoperative IV
fluids was obtained for 75 patients. They were grouped in to 3 groups as
mentioned in the table below.
Table 5-4 - Intra operative IV Fluids Vs Anastomotic Leak
Intra operative IV fluids
(ml/Kg)

Leak

No Leak

Total

<20 ml/Kg

1 (6.3%)

15 (3.7%)

16

4 (17.4%)

19 (82.6%)

1 (2.7%)

35 (97.3%)

20 to 30 ml/Kg

>30 ml/Kg

23

36

The leak rate was low(2.7%) in the group which received more IV fluids when
compared to the patients who received IV fluids <30 ml/kg. Due to less
number of cases, there was no statistical significance to this difference.

5.14 Type of anastomosis and leak rate:
The data on the type of anastomosis performed was obtained for 111 patients
in study group. The most commonly performed type of anastomosis from our
study was end to end anastomosis(n=101). The least common type of
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anastomosis that was found in our study was side to side(n=4) There was no
leak in the side to side anastomosis group. The leak rate among end to side
anastomosis 16.67%(n=1) and leak rate among end to end anastmosis was
13.8%(n=14).There was no significant difference in leak rate with respect to
the type of anastomosis performed
Table 5-5 - Type of Anastomosis vs Anastomotic Leak
Type of
anastomosis

Leak

No Leak

Total

End to End

14 (13.8%)

87 (86.2%)

101

1 (16.67%)

5 (83.33%)

0 (0%)

4 (100%)

End to side
Side to Side

6
4

Statistically there was no significant difference in leak rate with respect to the
type of anastomosis performed.

5.15 Technique of Anastomosis and the rate of leak:
Data on the technique used for anastomosis was obtained for 110 patients. The
number of stapled anastomosis(n=61) was more in number than hand sewn
anastomosis(n=49).
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Table 5-6 - Technique of Anastomosis Vs Leak rate

Technique of
anastomosis

Leak

No Leak

Total

Hand Sewn

8 (16.3%)

41 (83.7%)

49

6 (9.8%)

55 (90.2%)

Stapled

61

The leak rate among handsewn anastomosis was 16.3% which was higher than
the leak rate among stapled anastomosis which was 9.8%. From this data this
appears that the handsewn anastomosis are more at risk for leak. After
statistical analysis, this difference was not of significance.

5.16 Seniority of the Surgeon and Leak rate:
The data on the operating surgeon was obtained for a total of 116 patients.
The operating surgeons were categorized into 3 groups based on their seniority
and designation. The number of cases operated by registrar were lesser when
compared to consultants.
Table 5-7 - Seniority of Surgeon vs Anastomotic leak
Seniority of the
Surgeon

Leak

No Leak

Total

Professor

6 (13.6%)

38 (86.7%)

44

6 (12.2%)

43 (87.8%)

3 (13.04%)

20 (86.96%)

Asst Professor
Registrar

62

49
23

Figure 5-11 - Seniority of surgeon and leak rate
50
43(87.8%)

45
40

38(86..7%)

35
30
23(86.96%)

25

Leak
No leak

20
15
10

6(13.6%)

6(12.2%)
3(13.04%)

5
0
Professor( n=44)

Asst. Professor (n=49)

Registrar (n=26)

The leak rate was almost the same irrespective of the seniority of the surgeon
operating on the patient. There was no relationship of seniority of surgeon to
anastomotic leak in our study.

5.17 Splenic flexure mobilization and leak rate:
The splenic flexure mobilization is done in left sided colonic resections to
ensure that there is no tension at the anastomotic site. The data on splenic
flexure mobilization was got for 117 patients. The rate of leak was high among
patients who had mobilization of splenic flexure. This difference was not
significant statistically(p=0.425).
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Table 5-8 - Splenic flexure mobilisation vs Anastomotic Leak
Splenic
Flexure
Mobilisation

Leak

No Leak

Total

Yes

9 (16.3%)

46 (83.7%)

55

7 (11.3%)

55 (88.7%)

No
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5.18 Drain placement and rate of anastomotic leak:
The data on usage of drain was obtained for a total of 116 patients. There was
no difference in the leak rate between the two groups. The number of patients
who had drain was lesser.
Table 5-9 - Pelvic Drain vs Anastomotic Leak

Pelvic Drain

Leak

No Leak

Total

Yes

7 (14.58%)

41 (85.42%)

48

9 (13.2%)

59 (86..8%)

No

64

68

Drain

41 (84.42%)

Improved
Expired
7(14.58%)

Figure 5-12 - Drain Vs Leak

No Drain

9(13.2%

Improved
Expired
59 (86.2%)

Figure 5-13 - No drain Vs Leak
The data from our study says that there was no difference in the leak rate
between the two groups. The percentage of the leaks was almost the same on
both groups. The idea of placing a drain is made based on the intra operative
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findings and also the surgeons preference. It had already been proven that
drains do not influence anastomotic leak.

5.19 Etiological factor and rate of anastomotic leak:
The etiologies for left colon surgeries are broadly classified into 2 categories
as malignant and benign. The number of cases in the benign category was 18
and there was no leak in this group.

So the leak rate in patients with

malignancy is quite high when compared with benign cases. This finding was
not significant(p=0.087) on univariate analysis.
Table 5-10 - Etiology Vs Anastomotic Leak
Etiological
Factor

Leak

No Leak

Total

Malignancy

16 (14.3%)

96 (85.7%)

112

Benign

0

(0%)

18 (100%)

18

Malignancy ( n=112)

96(85.7%)
Improved

16(14.3%)

Expired

Figure 5-14 - Rate of anastomotic leak in malignancy
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5.20 Distribution of Benign cases:
The most common benign pathology among patients who underwent left
colonic resections is diverticular disease. All patient who had left colonic
resections for benign diseases had good outcome. None of them had
anastomotic leak. So patients with malignancy are at higher risk of developing
anastomotic leak. There was no significance statistically with this finding. The
other benign pathologies and their percentages are mentioned in the pie chart
below.

Benign Cases(n=18) - No Leak in this group
1(5.5%)
1(5.5%)

Diverticular disease
Ischaemic Stricture
3(16.67%)

Adenoma
9(50%)

Lipoma
Arterio Venous
Malformation
Eosinophilic
Enteritis

3(16.67%)

1(5.5%)

Figure 5-15 - Benign Cases Distribution
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5.21 Complications other than anastomotic leak:
Complications other than anastomotic leak that are encountered in this study
are surgical site infection, post operative prolonged ileus and urinary tract
infection. There was one patient who had pneumonia in the post operative
period. The distribution of the common complications are presented in the
table below.
Table 5-11 - Other Complications
Other complications

Number (%)

Ileus

11 (8.4%)

Surgical Site infection

23 (17.7%)

5.22 Mode of Diagnosis of anastomotic Leak:
The diagnosis of anastomotic leak is based on clinical finding or radiological
findings and intraoperative findings. The proportion of patients with different
modes of diagnosis of leak are given below. The day of diagnosis of leak was
also obtained.
Table 5-12 - Mode of Diagnosis
Mode of Diagnosis

Percentage

Clinical

10 (62.5%)

Radiological

4 (25%)

Surgical

2 (12.5%)
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5.23 Management of anastomotic leak:
Out of the 16 patients with leak, 14 were taken up for surgery. The remaining 2
were managed conservatively. The patients in the conservative management
group improved well without any further complications.

But among the

patients who underwent exploration for leak, three of them died.
Table 5-13 - Mode of Management

Mode of Management

Number (%)

Surgical

14 ( 87.5%)

Conservative

2 (12.5%)

5.24 Outcome of Anastomotic Leak

Outcome of Anastomotic Leak
Improved
3(18.75%)

Expired

13(81.25%

Figure 5-16 - Outcome of Anastomotic Leak
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There were 3 patients who died of anastomotic leak. The reason for their death
is due to intra abdominal sepsis related multi organ dysfunction. The mortality
rate of patients following left sided colonic resections is 2.3%

5.25 Tables summarizing the analysis of all the risk factors:
Table 5-14 - Analysis of Preoperative risk factors vs Anastomotic Leak
S.No Variable Vs Leak

P value

Odds Ratio

1.

Age (40 to 60)
Age >60

0.826
0.958

1.16
0.95

95% confidence
interval
0.29 to 4.70
0.19 to 4.69

2.

Gender – Female

0.688

1.24

0.42 to 3.69

3.

BMI
Underweight

– 0.585

1.95

0.17 to 21.54

0.190

3.15

0.56 to 17.57

0.173

3.90

0.54 to 27.73

Hb 0.029

3.15

1.08 to 9.17

<3.5 0.587

1.57

0.30 to 8.02

2.147

0.65 to 7.08

0.39

0.08 to 1.84

Overweight
Obesity
–

4.

Anaemia
<10g/dl

5.

Albuming/dl

6.

Nobowel
preparation

7.

Charlson
0.237
comorbidity
index- Patients
with comorbidities

0.210
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Table 5-15 - Analysis of Intraoperative risk factors vs Anastomotic Leak
S.No Variable Vs Leak

P value

Odds Ratio

95%confidence
interval

1.

Blood Transfusion

0.915

1.26

0.12 to 10.24

2.

IV fuids 20 to 0.326
30ml/kg
IV fluids >30 0.558
ml/kg

3.15

0.31 to 31.29

0.42

0.02 to 7.313

3.

Handsewn
anastomosis

0.315

1.78

0.57 to 5.54

4.

Assistant
Professor
Registrar(Trainee)

0.842

0.88

0.26 to 2.97

0.946

O,95

0.21 to 4.20

5.

Splenic flexure
Mobilization =No

0.428

0.65

0.22 to 1.88

6.

No drain

0.836

0.89

0.30 to 2.59

7.

Temperature
deg

>36 0.208

3.11

0.53 to 18.22

8.

Open surgery
0.670
Lap
converted 0.895
Open

0.77
1.12

0.24 to 2.50
0.19 to 6.67
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6 Discussion:
The uncomplicated healing of colonic anastomosis is not based on the
surgeons technical expertise alone. The healing of an anastomosis is dependent
on various biochemical, physiological and morphological factors. They are
traditionally categorized into preoperative factors(patient specific), etiological
factors and operative factors. The significance of each of these factors in
relation to anastomotic leak is discussed in detail below.
The primary outcome of the study is to find out the leak rate following
left sided colonic resections in our institution. The rate of anastomotic leak in
our study is 12.3%. This was in comparison with the leak rate described in
literature for colorectal surgeries which was 1% to 12%(1). There was no
studies done before on left sided colonic resections alone.

6.1 Pre operative factors(Patient specific Factors):
The current study aimed to delineate patients who are at high risk for
anastomotic leak after left sided colonic surgeries. The results are compared
with the evidence available from literature.
The mean age of the patient in the study group is 51.8. The youngest
patient in our study was 21 years old and the oldest patient was 87 years old.
The patients are grouped into 3 age groups for further analysis. There was no
significant difference in the rate of leak between the 3 age groups. Heriot et al
in their study showed that the post operative morbidity associated with
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colorectal surgeries are more in elderly(age>70) patients.(77) The chance of
metastatic disease is more in elderly patients and hence they are at risk for
complications.
The leak rate was almost the same between males and females. This is
contradictory to the study by Lipska et al which showed high leak rate among
males.(73) Difficult dissection in the narrow male pelvis was quoted as the
reason for high leak rate.
The leak rate was high among obese and over weight patients. Kang et
al in their study found no increased leak rate among obese patients.(42) In our
study there was high leak rate among patients with BMI>25kg/m2, but it was
not statistically significant.
Preoperative hypoalbuminemia is considered as an independent risk
factor for anastomotic leak from various studies.(37) In our study the leak rate
was high in patients with albumin less than 3.5g/dl. But on univariate analysis
it was not statistically significant. There were only 11 patients with low
albumin and 2 of them had anastomotic leak. Since the numbers are very less
the significance is doubtful.
The patients were categorized into 2 groups based on their hemoglobin
values. Those who were anemic (Hb<10g/dl)had increased number of leaks
and the p value was 0.029, making this statistically significant. There were 6
females who had anastomotic leak. The percentage of women with anaemia
who had anastomotic leak was 83.3%. The odds ratio of patients with anaemia
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who had anastomotic leak was 3.15. Therefore Anaemic patients are at three
fold increased risk for anastomotic leak. This is a significant finding.
Mechanical bowel preparation was believed to reduce the leak rate in
olden days. But Miettinen et al in their study showed that the morbidity
associated with leak is low in patients who had bowel preparation.(78) In our
study the leak rate was low among patients who had bowel preparation. The
total number of patients who had bowel preparation was 56 and the leak rate
was 8.9%. In univariate analysis this difference was not significant(p=0.202)
There are 3 types of surgeries which were included in our study as part
of left colonic resections. There was no significant difference in leak rate
between these surgeries. There is no data available on leak rate where
anastomosis is above peritoneal reflection.
We followed the charlson comorbidiy index for evaluating the influence
of medical comorbidities in anastomotic leak. In our study the patients who did
not have comorbidities had high leak rate when compared to the patients with
comorbidities. The reason for this was that the individual comorbidities were
not assessed and they were merged together in the charlson comorbidity score
and it was used for analysis.

6.2 Operative Factors:
There was no difference in leak rate between laparoscopic and open
surgeries from literature.(79) In our study the leak rate was high (13.8%) in
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laparoscopic surgeries laparoscopy converted open surgeries (18.2%). This
difference was not significant in univariate analysis
Epidural anaesthesia is routinely given to most of the patient
undergoing colorectal surgeries for post operative analgesia. Epidural
anaesthesia did not influence the rate of leaks in the study done by Piccioni et
al.(48) In our 111 patients received epidural anaesthesia and 16 of them leaked
(14.4%). There were 18 patients who did not receive epidural anaesthesia and
none of them had anastomotic leak. This was contradictory finding when
compared to literature. There was no statistical significance to this finding.
The amount of IV fluids given intraoperatively was found to have
influence in leak rate.(76) Patients who receive more than 30 m/kg were found
to have increased post operative complications in that study. We got IV fluids
detail on 75 patients in our study. Our study had only 6 patients in this group
who had leak. Even though the leak rate was less in patients with IV fluids
more than 30 ml/Kg, it was not significant due to low numbers.
Blood transfusion in the perioperative period was found to influence the
rate of anastomotic leak.(76) In our study the leak rate was almost similar
between patients who received blood transfusion and those who did not receive
transfusion. The total number of patients who received blood transfusion in our
study was 8.
The leak rate in side to end anastomotic technique was low from
studies.(57) In our study majority of patients(n=101) had end to end
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anastomosis and the leak rate was 13.8%. There were only 6 patients who had
end to side anastomosis and out of them only one had leak(16.7%). Since the
number of patients with end to side anastomosis was less, there was no
significant difference in leak rate. There were 4 patients who had side to side
anastomosis and none of them had leak.
The leak rate was almost double in our study among patients who had
handsewn anastomosis when compared to stapled anastomosis. The leak rate is
the same in stapled and hand sewn anastomosis from previous studies.(80).
There was no statistical significance to our finding in univariate analysis. The
reason that we hypothesize for this was the technical difficulty in doing
handsewn anastomosis deep in the pelvis.
The seniority of the surgeons did not influence the leak rate in our
study. The leak rate is almost the same among cases operated by professors,
assistant professors and training registrars. Stapled anastomosis is better in the
hands of inexperienced hands.(80)
The splenic flexure mobilization is done in left sided colonic resections
to ensure a tension free anastomosis. This was found to compromise
vascularity at the site of anastomosis. This is advised in selective set of
patients with anterior resection.(81) In our study the splenic flexure
mobilization had no significant influence in leak rate.
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The usage of drains had no influence on anastomotic leak.(82) In our
study also the rate of leak was the same in patients with pelvic drain and those
without drain.
Hypothermia is detrimental to the tissue healing capacity of the patient.
This hampers the healing of anatomosis. Intraoperative hypothermia is found
to have influence in causing more leaks.(83)In our study the data on
temperature at the end of surgery was obtained for only one third of patients.
The leak rate was high in normothermic patients. The numbers are less, so the
finding is statistically not significant(p=0.193)

6.3 Etiological factors:
The patients in our study are broadly categorized into 2 groups as benign and
malignant based on the etiology. There were 18 patients who had benign
diseases and their distribution is mentioned in the results column. The leak rate
for benign diverticular disease is low when done laparoscopically.(84) In our
study none of the patients in the benign category had leak. The leak rate was
obviously high in patients who were operated for malignancy. Statistically this
difference was not significant.
The other complications that were seen commonly in the post operative period
in our study patients were surgical site infection and prolonged post operative
ileus. Urinary tract infection was seen in 2 patients.
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6.4 Outcome of anastomotic leak:
Among the patients who leaked, 87.5% of them were taken for surgical
exploration and 12.5% of them were managed conservatively. The proportion
of patients who improved after anastomotic leak were 81.25%. The mortality
rate among patients who had anastomotic leak is 18.75% and the overall
mortality rate following left sided colorectal resections is 2.3%.
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7 Conclusion:
The rate of Anastomotic leak in our study is 12.3%. There was no prior studies
done on left sided colonic resections with anastomosis above peritoneal
reflection. The previous studies included all rectal resections as part of the left
sided colorectal surgeries. This is a new finding and on comparison this leak
rate was similar to the leak rate in colorectal surgeries.
From the results of this study it is concluded that risk of anastomotic
leaks is not related to the operative factors alone. Non-surgical factors are also
associated with anastomotic leak. The demographic characterisitics of the
patient including age and male sex had no significant association with
anastomotic leak in our study. But male sex and age more than 70 years were
found to be significant risk factors from previous studies on colorectal
surgeries.
This study showed that patients with anaemia are at increased risk for
anastomotic leak.

Anaemic patients have three fold increased risk of

developing anastomotic leak. This is the strong finding from this study which
was statistically significant. Anaemia in women further increases the risk for
anastomotic leak.
Among the factors related to surgery, there was no significant
association with anastomotic leak.

The factors which showed positive

association are handsewn anastomosis, blood transfusion during surgery and
usage of epidural anaesthesia. But these findings on statistical analysis were
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found to be insignificant. The unique finding from our study is that patients
who did not have epidural anaesthesia never had leak. In other words all the
patients with anastomotic leak had got epidural anaesthesia.
When comparing the etiological factors, in the benign group there were
no leaks. Since the number of benign cases were less, there was no
significance to this finding. Surprisingly patients who received more IV fluids
intraoperatively had a better outcome and the patients who had restrictive IV
fluid regimen had more leaks. But the data on intraoperative IV fluids were not
available for all patients because most of the data was from retrospective cases.
The other technical factors that were not included in the study were the suture
material used for hand sewn anastomosis and usage of inotropes
intraoperatively.
In conclusion patients with hemoglobin less than 10g/dl are three times
more at risk for anastomotic leak on comparison with normal hemoglobin.
The rate of anastomotic leak in left colonic resections in our department is
similar to the rate mentioned in the literature on colorectal surgeries.
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8 Limitations
This study was an observational study with prospective and
retrospective components. The patients in the prospective component were
consented and enrolled into the study and they were excluded from the study if
there was no anastomosis done and colostomy was done. Patients who had
diversion loop ileostomy were also not included in this study.
Majority of the cases in this study was from the retrospective
component. The data was obtained from the IP case sheets which was available
in the medical records department. The IP case sheets for some patients were
not complete and it had missing records. Some of the patients did not have
anaesthesia record. In the prospective arm the data collection was complete
and there was no missing data.
The number of cases in this study was small to make a comparison. But
this study looked only at left colonic resections when compared to other
studies which included all colorectal surgeries including low anterior resection.
The details on ligation of inferior mesenteric artery whether it was high or low
was not mentioned clearly in the operation notes .
All patients who had anastomotic leak were in the epidural anesthesia
group. The details on the post operative epidural related hypotension was not
looked into in this study. Epidural associated hypotension will affect the
colonic blood supply and that in turn increases the risk for anastomotic leak in
these cases.
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Temperature monitoring of these patients were not available in most of
the anaesthesia records. The finding that we got was increased leak rate in
normothermic patients which was contradictory and not significant. The data
on usage of body warming devices used intraoperatively were also not looked
into in this study. The usage of body warming devices, hypothermia and rate of
leaks would be a new thing to know.
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Annexure:
Data collection sheet:

FALLCOR STUDY Proforma (( Factors associated with Anastomotic Leak after Left COlon

Resections )
Name :

Age :

Sex

Hospital number :

Preoperative factors

DOA :

DOSx:

Height :

Weight :

Preop . Hemoglobin –

DOD:
BMI :
Preop. Albumin

- Bowel preparation – Yes/No

Surgery - Elective / Emergency
Name of the Surgery Laparascopic / Open -

Comorbidity score ( Charlson ) –
Charlson Comorbidity Scoring System
One Point



Myocardial infarction (history, not ECG changes only)



Congestive heart failure



Peripheral disease



Cerebrovascular disease: CVA with mild or no residua or TIA



Dementia



Chronic pulmonary disease



Connective tissue disease



Peptic ulcer disease



Mild liver disease (without portal hypertension, inlcudes chronic hepatitis)



Diabetes without end-organ damage (excludes diet-controlled alone)

Two Points

Type of



Hemiplegia



Moderate or severe renal disease



Diabetes with end-organ damage (retinopathy, neuropathy,nephropathy, or brittle diabetes)



Tumor without metastasis (exclude if > 5 y from diagnosis)



Leukemia(acute or chronic)



Lymphoma

Three Points



Moderate or severe liver disease

Six Points



Metastatic solid tumor



AIDS (not just HIV positive

)

Intraoperative factors:
•

Type of anaesthesia : epidural vs no epidural

•

Intra op blood loss - volume

•

Intra op blood transfusion -- volume

•

Intra op IV fluids – volume

•

Temperature at the end of surgery

•

Type of anastomosis - End to end / end to side / side to side /side to end

•

Type of suturing - Handsewn / stapled

•

Seniority of the surgeon – Professor / Assoc. Professor / Asst . professor / Registrar

•

Splenic flexure mobilisation - yes / no

•

Pelvic Drain – yes/no

Post operative factors :
Duration of Hospital stay:
Post op ICU stay: yes/no
If yes means how many days –

Disease Factors :
Etiology: Malignancy / Benign If malignancy , Stage of disease –
Benign 1 ………………
2……………….
3……………….

4……………….

Anastomotic leak Details :
Mode of diagnosis : - clinical / radiological / exploratory
Day of diagnosis:
Management: Surgical / Conservative
Duration of hospital stay from the day of anastomotic leak:
Outcome of anastomotic leak :
Complications other than anastomotic leak
1………………………….
2………………………….
3…………………………..
4…………………………..
5…………………………..
************************************************************************************************

WRITTEN INFORMED CONSENT DOCUMENT
Date____/___/___
Study Title: The Risk factors for anastomotic leak among patients who underwent left colonic
resection.
I _____________________________________________________________,
son/daughter of ___________________________________
(Please tick boxes)
(i)Declare that I have read the information sheet provide to me regarding this study and
have clarified any doubts that I had. [ ]
(ii) I understand that my participation in the study is voluntary and that I am free to
withdraw at any time, without giving any reason without my medical care and legal rights
being affected ( ).
(iii)I understand that the investigator and other researchers will not need my permission to
look at my study information both in respect of the current study and any further research
that may be conducted in relation to it. I agree to this access. However, I understand that
my identity will not be revealed in any information released to third parties or published ( ).
(iv)I agree not to restrict the use of any data or results that arise from this study provided
such a use is only for scientific purpose(s) ( ).
(v)I voluntarily agree to participate in the above study ( ).

If you have any questions about this research study, please contact Dr. Gilbert 04162282159, or 9894873719 or my guide, Dr. Benjamin Perakath at 0416-2282159.
Your participation in this research is voluntary, and you will not be penalized or lose benefits
if you refuse to participate or decide to stop.
Signing this document means that the research study, including the above information, has
been described to you orally, and that you voluntary agree to participate.

Name of Participant ....................
Signature/ thumb impression
of the participant …………………………………………
Date

..................

Name of witness .................................
Signature/thumb impression of the Witness ………………………………………….
Date

………………………………………

Signature of Investigator …………………………………………
Date……………………………………...

INFORMATION SHEET
FALLCOR study: Anastomotic leak among left colonic resections ; an analysis of risk factors
Information sheet – adults
The following information is provided to inform you about this study and to request your participation
in it. Please read this information carefully and feel free to ask any questions you may have about this
study and information given below. You will be given a copy of this information sheet and you will
be given an opportunity to ask questions, and your questions will be answered. Your participation in
this research study is voluntary. You are also free to withdraw from this at any time. Your withdrawal
will not affect any of your treatment or benefit you receive from our institution (CMC vellore )
Purpose of the study:
Anastomotic leak is a complication which sometimes occurs afterbowel resections. If this happens,
the patient can become very sick.. This study is designed to find out the risk factorsforanastomotic
leak among patients who undergo left colonic resection and to develop a scoring system from the risk
factors which may predict the probability of anastomotic leak.
Methods to be followed:
All the details regarding your disease, investigations that were done and the surgery you are going to
have will be collected from the case sheets. You will not have to do anything on your part apart from
giving permission to be a part of the study.
Approximate duration of study:
One and a half years (October 2013 to march 2015)

Expected cost:
There will be no cost to you

Unforeseeable risk:
There are no unforeseeable risks to you.

Compensation in case of study-related injury:
We do not expect any injury related to this study and hence will not be compensating you monetarily.

Anticipated benefits from this study:
You may not derive any direct benefit from this study. However, if a scoring system can be
developed, future patients may benefit.

Compensation for participation:

We will not be giving you money to be a part of this study

.

Circumstances under which the principal investigator may withdraw you from the study
participation:
Not applicable
What happens if you choose to withdraw from study participation?
There will be no change to the treatment or care you are given if you withdraw from the study.

Contact information:
If you have any questions about this research study or possibly, please feel free to contact:
Dr. Gilbert S J S 0416-2282159 or 9894873719
Confidentiality:
All efforts will be made to keep your personal information, in your research
record, confidential.

Privacy:
Your information may be shared with faculty in the department and Institutional Review Board of
Christian Medical College.

IRB Approval letter:

