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Abstract  

Background: The aim is to identify and predict risk factors for postoperative 

gastrointestinal anastomotic leakage & to study the anastomotic leakage 

postoperatively, morbidity and mortality associated with gastrointestinal 

anastomosis. Materials and Methods: Prospectively investigated for all 9 

parameters of E-PASS, absence or presence of anastomotic leakage & mortality 

in 100 patients of age 18 years & above who underwent elective or emergency 

abdominal surgeries involving anastomosis of bowel but excluding patients who 

underwent a stoma procedure initially and having relaparotomy for reversal of 

stoma in a tertiary hospital, RIMS, Ranchi from 20th October 2021 and 19th 

October 2022. Result: Out of 100 patients included in the study, 65 were 

operated in emergency while 35 patients underwent elective procedure. 

Anastomotic leakage incidence was 14.29% in elective cases while 16.92% in 

emergency procedure. The mean value of Comprehensive Risk Score (CRS) 

with anastomotic leakage patients was 0.95 which was significantly higher than 

the patients without anastomotic leakage i.e. 0.50 (p<0.0001). Conclusion: The 

E-PASS scoring system which requires 6 pre-operative & 3 intra-operative 

parameters may be useful in predicting anastomotic leakage, its prognosis & 

hence deciding intraoperatively whether to undergo bowel anastomosis or 

alternative procedures. 

 
 

 

INTRODUCTION 
 

In elective and emergency settings, intestinal 

anastomoses are common major surgical procedures. 

The parameters in relation to the nature of disease, 

operating technique and host factors are important in 

defining the outcome and prognosis of intestinal 

anastomosis.  Patients with anastomotic leaks have 

longer duration of stay, higher mortality rates, more 

readmission rates, more number of reoperations, and 

an overall greater impact on quality of life.[1] 

Unsurprisingly the incidence of leakage varies in the 

literature in a dramatic way.[2] According to the site 

of anastomosis, the prevalence and consequences of 

AL varies. The incidence ranges from 2.7% to 15% 

in esophageal anastomosis. It ranges between 5% to 

20% in colorectal anastomosis. In pancreatico-enteric 

it occurs between 20% and 25% of all 

pancreatoduodenectomies.[3] The morbidity & 

mortality in anastomotic leaks almost doubles the 

hospital stay.[4] 

There are multiple scoring systems available for the 

prediction of postoperative anastomotic leakage in a 

patient. According to Haga Y et al (1999) E-PASS 

scoring system is more accurate in evaluating elective 

enteric surgeries than any other existing system.[5] 

Again Haga Y et al (2012) validated E-PASS Scoring 

System in predicting anastomotic leaks and renamed 

it as mE-PASS.[6] Thus a surgeon, using this scoring 

system during operation, can be helpful in predicting 

anastomotic leakage in gastrointestinal anastomosis.  

E-PASS scoring system has three components like 

Pre-operative risk score (PRS), Surgical Stress Score 

(SSS) and Comprehensive Risk Score (CRS). PRS 

provides an average estimate of change of clinical 

condition of the patient which would lead to the 
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postoperative complications. SSS quantifies the 

stress applied to the patient’s homeostasis during 

surgery using type of incision, duration of operation 

and amount of loss of blood. Combining PRS and 

SSS scores gives CRS, which is an absolute number 

to the amount of ‘operative stresses’ undergone by 

the patient and his preoperative clinical condition. 

Parameters for Preoperative Risk Score (PRS)[5]: 

• Age in years 

• Presence or absence of severe heart disease 

(NYHA class III or IV) 

• Presence or absence of pulmonary disease 

(defined as vital capacity less than 60%) 

• Diabetes Mellitus 

• Performance Status Index (described by Japanese 

Cancer Society) 

• ASA score 

Parameters for Surgical Stress score (SSS): 

• Approximate blood loss (ml/kg) 

• Operating time (in hours) 

• Extent of skin incision: three scores (0-minor 

incision, 1-laparotomy, 2-laparotomy with 

thoracotomy) 

Equations: Pre-operative Risk Score = -0.0686 + 

0.00345(X1) + 0.323(X2) +0.205(X3) + 0.153(X4) + 

0.148(X5) + 0.0666(X6). 

Factors used to calculate PRS are, 

X1: age 

X2: presence (1) or absence (0) of severe heart 

disease*, 

X3: presence (1) or absence (0) of severe pulmonary 

disease*, 

X4: presence (1) or absence (0) of diabetes mellitus, 

X5: performance status index (0-4), 

X6: American Society of Anaesthesiologists 

physiological status classification (1-5) 

Surgical Stress Score = -0.342 + 0.0139(X1) + 

0.0392(X2) +0.352(X3) 

X1: blood loss/ body weight (g/kg), 

X2: operation time (hours) 

X3: extent of skin incision (0= minor incision for 

laparoscopic or thoracoscopic surgery, including 

scope-assisted surgery; 1= laparotomy or 

thoracotomy alone; 2= both laparotomy and 

thoracotomy) 

Comprehensive Risk Score = -0.328 + 0.936 (PRS) + 

0.976 (SSS) 

*Severe heart disease: heart failure > New York 

Heart Association class 3, severe arrhythmia 

*Severe pulmonary disease: %Vital Capacity < 60% 

or FEV1% < 50% 

Aims and Objectives 

• To identify and predict risk factors for post-

operative gastrointestinal anastomotic leakage. 

• To prevent the anastomotic leakage 

postoperatively, morbidity and mortality 

associated with gastrointestinal anastomosis. 
 

 

 

 

MATERIALS AND METHODS 

 

This prospective observational study was conducted 

in the Department of General Surgery, Rajendra 

Institute of Medical Sciences, Ranchi from October 

2021 to October 2022. Prior approval was obtained 

from Institutional Ethical Committee, RIMS, Ranchi.  

Patient’s written informed consent was obtained prior 

to the study. The formula n= Z2pq/d2 was used to 

calculate the sample size, where Z= standard normal 

deviate (for 95% CI, the value is taken as 1.96), p= 

prevalence, q= 100-p, d= precision (0.05). Patients 

included were those aged 18 years or above who 

underwent abdominal surgeries involving 

anastomosis of bowel either as elective or emergency 

procedure. Exclusion criteria include all patients who 

underwent stoma procedure and having relaparotomy 

for stoma reversal. 

 

RESULTS 

 

Out of 100 patients included in this study, 65 were 

operated in emergency while 35 patients underwent 

elective procedure. Among 100 cases, 16 cases had 

postoperative leakage. Anastomotic leakage 

incidence was 14.29% in elective cases while 16.92% 

in emergency procedure. Among 10 patients with 

heart disease, 7 patients with pulmonary disease and 

26 patients with diabetes, 6, 3 & 8 had anastomotic 

leakage postoperatively respectively which was 

about 60%, 42% & 30% respectively. 

On chi-square tests, heart disease was more 

significantly associated with the incidence of 

anastomotic leakage with p-value of <0.001 than 

diabetes and pulmonary disease whose p-values were 

0.0169 and 0.044 respectively. 

Mean operating time for patients with & without 

anastomotic leakage were 2.73 hours & 2.27 hours 

respectively. Among patients with & without 

anastomotic leakage the mean duration of hospital 

stay were 35 and 24.82 days respectively. Total 

number of deaths was 8. Death among patients with 

& without anastomotic leakage were 6 (37.5%) & 2 

(2.38%) respectively. 

Relevance of E-PASS scoring system in relation to 

incidence of anastomotic leakage: 

Three components of E-PASS scoring system namely 

Pre-operative Risk Score (PRS), Surgical Stress 

Score (SSS) and Comprehensive Risk Score (CRS) 

for each patient were calculated. Mean value of each 

score among patients with and without anastomotic 

leakage were calculated and their significance was 

tested using t-test for equality of mean. 

The mean Pre-operative Risk Score for patients with 

anastomotic leakage was 1.06±0.27 which was 

significantly higher than the patients without 

anastomotic leakage with mean Pre-operative Risk 

Score 0.66±0.18. The t-test for equality of means was 

significant (p<0.0001). The mean Surgical Stress 

Score for patients with anastomotic leakage was 

0.29±0.08 which was significantly higher than the 
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patients without anastomotic leakage with mean 

Surgical Stress Score 0.21±0.07. The t-test for 

equality of means was calculated and was significant 

(p<0.0001). Similarly the mean Comprehensive Risk 

Score for patients with anastomotic leakage was 

0.95±0.20 which was significantly higher than the 

patients without anastomotic leakage with mean 

Comprehensive Risk Score 0.50±0.17. The t-test for 

equality of means calculated and was significant 

(p<0.0001). 

 

Table 1: Age Distribution  

Age group (years) Frequency (n) Percent (%) 

18–30  14 14 

31–40 32 32 

41–50 29 29 

51–60 16 16 

61–70 7 7 

71 & above 2 2 

Total 100 100 

Mean age is 43.36 years. 
 

Table 2: Case Distribution 

Diagnosis Frequency (n) Percent (%) 

Acute Intestinal Obstruction (Koch’s abdomen) 8 8 

Adhesive Intestinal Obstruction 10 10 

Blunt Trauma Abdomen 16 16 

CBD injury 5 5 

Caecal volvulus 1 1 

Carcinoma Ascending Colon 1 1 

Carcinoma Stomach 17 17 

Carcinoma descending colon 2 2 

Choledochal Cyst type 1 1 1 

Distal CBD stricture 2 2 

GOO- Caustic Ingestion 2 2 

GOO- Chronic duodenal ulcer 1 1 

GOO- GIST 2 2 

Ileal Gangrene- Mesenteric Ischemia 5 5 

Ileocaecal tuberculosis 1 1 

Multiple Ileal Perforation 1 1 

Periampullary Carcinoma 2 2 

Sigmoid Volvulus 9 9 

Strangulated Femoral Hernia 4 4 

Strangulated Incisional Hernia 6 6 

Strangulated Inguinal Hernia 4 4 

Total 100 100 
 

Table 3: Incidence of co-morbidities in study population (n=100) 

Co-morbidities No. of patients No. of patients with AL (%) 

Heart disease 10 6 (60%) 

Pulmonary disease 7 3 (42%) 

Diabetes mellitus 26 8 (30%) 

 

Table 4: t-test tables for Mortality Risk Prediction 

PRS Mortality Mean Std. Err. Std. Dev. [95% Conf. Interval] p value 

No 92 0.7142984 0.0237294 0.6671628± 0.761434 0.04 

Yes 8 0.8886 0.1025439 0.6461223± 1.131078 

SSS Mortality Mean Std. Err. Std. Dev. [95% Conf. Interval] p value 

No 92 0.2192391 0.0073514 0.070512±0.2046365 0.001 

Yes 8 0.33125 0.0335643 0.0949342±0.251883 

CRS Mortality Mean Std. Err. Std. Dev. [95% Conf. Interval] p value 

No 92 0.5545607 0.2249615 0.5079725± 0.6011489 0.001 

Yes 8 0.8270296 0.2774861 0.5950454± 1.059014 
 

Table 5: Mean CRS and Anastomotic leakage 

CRS Mean S.D. p Value 

Leakage 0.95 0.20 <0.0001 

No leakage 0.50 0.17 

 

Comparison of patients with CRS >0.9 and CRS 

<0.9: CRS were compared between patients with 

leakage and those without leakage. CRS >0.9 was 

associated significantly with the anastomotic leakage 

(p<0.0001). The mean value of CRS for patients with 

anastomotic leakage was significantly higher than in 

patients without leakage. The t-test for equality of 

means was significant (p<0.0001). 
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DISCUSSION 
 

Surgeons usually encounter postoperative 

anastomotic leakage as a common complication in 

gastrointestinal surgeries. Several studies have 

identified multiple risk factors for anastomotic 

leakage such as amount of blood loss, male sex, 

excessive smoking, ASA score, low preoperative 

serum albumin, long duration of operation, IHD, 

diabetes mellitus and pulmonary diseases. There are 

only few studies reported to predict the actual 

incidence of anastomotic leakage, therefore this study 

was undertaken to predict the anastomotic leakage 

using E-PASS scoring system which is based on the 

hypothesis that patients’ homeostasis is deranged 

when the physiological reserve is overtaken by 

surgical stress. 

In this present study, majority of the patients (n=61) 

belongs to 31-50 years of age group. Maximum 

number of patients (n=5) were in age group 61-70 

years in which anastomotic leakage was encountered. 

Abhishek Jina (2019) in their study reported 

maximum number of anastomotic leaks in the 51-60 

yrs age group (23.07%).[4] 

In our study, incidence of anastomotic leakage was 

15.61%. Abhishek Jina (2019) reported anastomotic 

leakage in 16.02% cases.[4] Seiichi Shinji et al,[9] 

(2018) also reported that overall rate of anastomotic 

leakage was 11.7% (18 out of 154 patients). 

In majority of cases (18%) the cause of resection & 

anastomosis was due to intestinal obstruction, 

however it was in 15% cases reported by Abhishek 

Jina (2019).[4] In their series leakage rate was highest 

in patients (36.36%) with sigmoid volvulus with 

obstruction. 

It was observed that incidence of anastomotic leakage 

was more (16.2%) in emergency cases than in 

elective operations (14.29%). Results of our study are 

in accordance with the study of Abhishek Jina,[4] 

(2019) who reported higher incidence of leakage in 

cases in which emergency surgery was done 

(17.59%). Many studies reported that the cases who 

underwent emergency operations, there was 

increased incidence of anastomotic leakage. This is 

due to many factors like poor general condition, 

decreased oxygen transport to the anastomotic site 

due to hypoxemia, anaemia, faecal contamination of 

gut and loaded bowel. Though conflicts are present 

wherein elective cases, regarding bowel preparation 

in emergency cases there is high proliferation of 

bacteria and sepsis which affects anastomotic 

healing.[7,8] 

Three important co-morbid conditions such as IHD, 

diabetes mellitus and pulmonary disease were 

evaluated in E-PASS scoring system. The effect of 

each co-morbid condition was also studied on the 

incidence of anastomotic leakage. Association of co-

morbid conditions with anastomotic leakage were 

tested using chi-square test, of which heart disease (p 

value 0.001) was more strongly associated with the 

leakage than pulmonary disease (p 0.044) or diabetes 

(p 0.0169). Seiichi Shinji et al,[9] (2018) found that a 

history of IHD (ischemic heart disease) was strongly 

related with anastomotic leakage (p=0.012). 

Ischaemic heart disease was associated with 

anastomotic leakage and can be explained by the 

impairment of the microvascular blood supply at 

anastomotic site, however how a history of heart 

disease affects anastomotic leakage is not clear. 

Kruschewski et al,[10] (2007) reported that ischaemic 

heart disease is a risk factor for anastomotic leakage. 

They reported that the serosal microvascular disease 

at anastomosis leads to impaired microcirculation 

which decreases flow of blood and impaired wound 

healing resulting in anastomotic leakage. Ischaemic 

heart disease is associated with arteriosclerosis. Their 

findings suggest that patients with a history of 

ischaemic heart disease already have intestinal 

microvascular disease, which results in impaired 

circulation at anastomotic sites. In cases with 

mesenteric ischemia, the viability of gut ends must be 

assessed intraoperatively. If gut ends are not viable 

then some studies suggest making both ends of gut as 

an ostomy and later re-laparotomy can be performed 

for anastomosis when general condition of patient 

improves. 

Anastomotic leakage is significantly associated with 

severe pulmonary disease which could be due to 

ischemia. In extensive abdominal tuberculosis cases 

there was impaired wound healing which leads to 

anastomotic leakage. Severe pulmonary disease has 

significant association with anastomotic leakage 

which could be due to derangement of pulmonary 

function in emergency cases with high abdominal 

compartment pressure. Michael Quintel et al,[11] 

(2004) reported the hazardous effects of high 

abdominal compartment pressure in the pulmonary 

system particularly in prior lung injury. In acute 

abdomen patients in postoperative period, to improve 

the pulmonary function, resuscitation and 

preoperative management could improve peri-

ananstomotic oxygen tension and prevent 

anastomotic leakage. In emergency setting diversion 

operation could be done in patients with severely 

deranged pulmonary function and definitive 

anastomosis could be done later when the pulmonary 

function improves. 

As an important preoperative parameter, probably 

DM causes ischemia of the substituted conduit 

induced by destroyed vascular system which impairs 

the anastomotic healing and cause an AL.[12,13] 

In our study, another factor was mean operating time 

which was 2.73 hours for patients with anastomotic 

leakage and it was more than the patient without a 

leakage (2.27 hours). Some studied reported that the 

duration of anesthesia can increase the morbidity 

postoperatively while the effect of duration of 

operating time on incidence of anastomotic leakage 

is not well reported. Komen N et al,[14] (2009) in his 

series of 739 patients who underwent colorectal 

analysis stated that overall, the median duration of 

anesthesia was 217 min (range 75–630 min) and the 
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median duration of operation was 162 min (range 49–

497 min).  

One of the parameters like duration of hospital stay is 

used statistically to measure the morbidity associated 

with diseases. In our study, mean duration of stay in 

the hospital for patients with anastomotic leakage 

was 35 days and that of without leakage was 24.82 

days. Therefore anastomotic leaks increase the 

duration of hospital stay which ultimately increases 

the morbidity associated with the surgical operations. 

Abhishek Jina,[4] (2019) has also shown about three-

fold higher hospital stay and increased morbidity in 

patients suffering from anastomotic leakage. 

Among 16 patients with anastomotic leakage, 6 

patients (37.5%) died postoperatively. Mortality was 

around 2.38% in patients without anastomotic 

leakage. Thus anastomotic leakage increases the 

morbidity and mortality postoperatively. The 

mortality rate for an anastomotic leakage in the 

literature typically is in the range of 10% to  

15%.[15-18] 

Fielding LP et al,[19] (1980) stated that, despite the 

“perfect patient”, healthy bowel and good technique, 

some anastomoses continue to leak resulting in 

significant morbidity and mortality (e.g., 22% 

mortality in patients with a leakage vs 7.2% mortality 

in those without leakage). 

Analysis of E-PASS scoring system 

In our study, each score in E-PASS scoring system 

was associated with the incidence of postoperative 

anastomotic leakage significantly. Postoperative 

anastomotic leakage was 100% associated with 

Comprehensive Risk Score >1.0. Nearly 78.57% of 

patients who had anastomotic leakage had 

Comprehensive Risk Score >0.9. Computation of 

preoperative risk score needs only six parameters viz. 

age, presence of co-morbid conditions like ischaemic 

heart disease, diabetes mellitus, pulmonary disease, 

ASA score and performance index score. These 

parameters can be easily available preoperatively. 

For computation of Surgical Stress Score, three 

parameters are needed like expected blood loss, 

approximate operating time, and extent of skin 

incision. Operating surgeon can also judge 

preoperatively these factors with reasonable 

accuracy. 

Comprehensive Risk Score of > 0.9 was associated 

with incidence of postoperative anastomotic leakage 

significantly (p= <0.0001). With nine parameters 

available, E-PASS scores can be computed before 

surgery easily. If the Comprehensive Risk Score is 

>0.9, in emergency setting, a surgeon can decide 

ostomy operation and do the definitive anastomosis 

later on when clinical status of patient improves.  

In this study, the mean value of CRS was 0.827 in 

patient who died postoperatively and was 0.554 for 

alive patients. Thus mortality rate correlates well 

with increasing value of CRS. 

 

 

 

CONCLUSION 
 

The E-PASS scoring system is a useful predictor of 

post-operative morbidity and mortality. E-PASS 

scoring system can be applied to predict anastomotic 

leakage which is a dreadful complication following 

bowel anastomosis in emergency as well as elective 

surgeries. A CRS value below 0.9 can be considered 

unsafe for undergoing primary bowel anastomosis 

and hence an alternative procedure can be employed 

& definitive surgery could be done at later stage once 

the physiological status of the patient optimizes. This 

can immensely help in decreasing the morbidity & 

mortality following bowel anastomosis. 
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