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Abstract
Introduction: Intestinal resection and anastomosis is still by far the most common alimentary tract
surgery done by the present day general surgeons. Resection done for various pathological causes,
require an anastomosis method for the restoration of continuity of the intestine. This is associated with
varied degree of morbidity and mortality. The breakdown of the suture line may result in peritonitis,
fecal fistula formation and other fatal septic complications.
Safety in the gastrointestinal surgery may thus depend to a great extent on the factors that influence the
healing of anastomosis, technical expertise of the operating surgeon in performing anastomosis and the
type of anastomosis. However, with adequate supervision, there is little difference between the
outcomes of anastomosis performed by trainees and those performed by established surgeons.
Aim and Objectives: To assess the changes occurring in the level of CRP with respect to the septic
complications among patients undergoing elective colorectal surgery.
1. To assess the accuracy of C-reactive protein as an early predictor of septic complications after
elective colorectal surgery.
Methods: Patients admitted in JSS medical college and hospital, Mysore during the study period i.e.
October 2013 to October 2015, satisfying inclusion and exclusion criteria were studied. Who have
undergone elective colorectal surgery.

A standard Performa will be used during the initial evaluation of the patient to
Obtain the relevant information.

One Blood sample for CRP before surgery and other samples on postoperative days 2, 4, 6 and 9
will be taken.
All the measurements are done using SPSS version 21.0. The graphs were made using Microsoft Excel.
Results: In our study, APR accounted for majority of the procedure, in which 4 out of 10 cases had
septic complications, 8 patients underwent LAR and 2 of them had septic complication. In total 30
colonic procedures 6 developed complication i.e. 20% (p-0.4), which is statistically less significant,
probably as they are all elective surgeries.
In our study after elective colorectal surgery, surgical site infections were 16.7%, anastomotic leak
6.7% and mortality occurred in one patient i.e., 3.33%.
The diagnostic accuracy of CRP on POD 2 and POD 4 as a predictor of septic complications after
elective colorectal surgery.
Our study showed CRP level, reached maximum on POD 4. So POD 4 CRP level has maximum
sensitivity of (83.33%), specificity of (91.67%) and positive predictive value of 71.43% in the
prediction of postoperative septic complications.
The mean cut of value of CRP in our study was 125 mg/l.
Conclusion: Our study suggested that serial CRP measurements after elective colorectal surgery could
be used as a diagnostic biomarker in the early prediction of postoperative septic complications.

The present study shows that measurement of CRP on 4th POD can be used as an indicator
for safe discharge from hospital after colorectal surgery.
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Introduction
Intestinal resection and anastomosis is still by far the most common alimentary tract surgery
done by the present day general surgeons. Resection done for various pathological causes,
require an anastomosis method for the restoration of continuity of the intestine.
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This is associated with varied degree of morbidity and
mortality. The breakdown of the suture line may result in
peritonitis, fecal fistula formation and other fatal septic
complications.
Safety in the gastrointestinal surgery may thus depend to a
great extent on the factors that influence the healing of
anastomosis, technical expertise of the operating surgeon in
performing of the anastomosis and the type of anastamosis.
However, with adequate supervision, there is little difference
between the outcomes of anastomosis performed by trainees
and those performed by established surgeons [1].
Colorectal cancer (CRC) is a formidable health problem
worldwide. It is the third most common cancer in men
(663000 cases, 10.0% of all cancer cases) and the second
most common in women (571000 cases, 9.4% of all cancer
cases) [2].
Almost 60% of cases are encountered in developed countries.
The number of CRC-related deaths is estimated to be
approximately 608000 worldwide, accounting for 8% of all
cancer deaths and making CRC the fourth most common
cause of death due to cancer. In India, the annual incidence
rates (AARs) for colon cancer and rectal cancer in men are
4.4 and 4.1 per 100000, respectively. The AAR for colon
cancer in women is 3.9 per 100000. Colon cancer ranks 8th
and rectal cancer ranks 9th among men. For women, rectal
cancer does not figure in the top 10 cancers, whereas colon
cancer ranks 9th3.
In the 2013 report, the highest AAR in men for CRCs was
recorded in Thiruvananthapuram (4.1) followed by
Bangalore (3.9) and Mumbai (3.7). The highest AAR in
women for CRCs was recorded in Nagaland (5.2) followed
by Aizwal (4.5) [3].

Mode of selection of cases and methods of analysis
Patients admitted in surgery ward of JSS hospital full filing
inclusion criteria and exclusion criteria.
Study design
Prospective, observational study
Sampling
 Simple random sampling
Sample Size
30 samples
Inclusion Criteria
All patients requiring colorectal surgery in the form of
resection and anastomosis.
Exclusion Criteria
1. Age<18years.
2. Pregnancy.
3. Emergency surgery.
4. Infection prior to surgery and
5. Hyperthermic
intraperitoneal
chemotherapy
for
carcinomatosis.
Results
1.

Age Distribution

Objectives of the Study
1. To assess the changes occurring in the level of CRP with
respect to the septic complications among patients
undergoing elective colorectal surgery.
2. To assess the accuracy of C-reactive protein as an early
predictor of septic complications after elective colorectal
surgery.
Methodology
Materials and Methods
Source of Data
The source of data is from pre tested Performa. Which takes
into account clinical history, general physical examination
relevant investigations and imaging modalities and postoperative follow up samples of CRP protein were taken on
days 2,4,6 and 9.
Patients admitted in JSS medical college and hospital in
Mysore during October 2013 to October 2015. Who requires
elective colorectal surgery in the form of resections and
anastomosis.
Methods of Collection of Data
 Patients admitted in JSS Hospital who has undergone
elective colorectal surgery.
 A standard Performa will be used during the initial
evaluation of the patient to obtain the relevant
information.
One Blood sample for CRP before surgery and other samples
on postoperative days 2, 4, 6, and 9 will be taken.
All the measurements are done using SPSS version 21.0. The
graphs were made using Microsoft Excel.

Graph 1: Age distribution
Table 1:

age

Mean

Standard
Deviation

Median

Minimum

Maximum

58.4

14.4

58.0

20.0

87.0

In our study mean age distribution 58 years. 56% belong to
the age group 41 to 60 years. People aged 50-60 years are
more prone to colorectal diseases.
2. Sex distribution

Graph 2: Sex distribution

In our study male patients were more as compared to female.
This is accordance with other studies.
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In our study patients with normal BMI were 16, i.e. 54% and
obese patients were 4, i.e.13% and overweight were 10
patients i.e. 33%.

3. Body mass index

3. Distribution of colorectal Diseases
In our study carcinoma rectum was more common with 40%
and least common was disease of descending colon.
Incidence of carcinoma rectum is more common in other
studies as well.

Graph 3: Body Mass Index

Graph 4: Distribution of colorectal Diseases

Level of Resection
As a site of resection anastomosis is a major predictor for post-operative septic complications. In our study majority were end
colostomy, colo-colic anastomosis i.e. APR / LAR 60%

Graph 5: Level of Resection
Table 2: Variables affecting post-operative complications
BMI
Preop albumin
Preop TC
Preop CRP
Duration of surgery

Mean
22.16
4.01
7475.30
.57
3.06

SD
2.76
.60
1959.99
.58
.42

Median
22.45
4.00
7827.00
.35
3.10

Minimum
17.90
2.90
1152.00
.10
2.30

Table 3: ASA Grade
ASA
2.00
3.00
Total

n
25
5
30
~ 30 ~

%
83.3
16.7
100

Maximum
27.60
5.00
10600.00
3.00
4.00
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Table 4: Level of resection anastomosis and septic complications
Level of resection
APR
Extended Lef.Hemicolectomy
Extended Right Hemicolectomy
Low anterior resection
Left. Hemicolectomy
Proctocolectomy
Restorative proctocolectomy
Right Hemicolectomy
Total
Chi-square test, p=0.4

Graph 6: ASA Grade

Septic complications
No
Yes
n
%
n
%
6
60.0 4 40.0
1 100.0 0
.0
1 100.0 0
.0
6
75.0 2 25.0
2 100.0 0
.0
2 100.0 0
.0
1 100.0 0
.0
5 100.0 0
.0
24 80.0 6 20.0

Graph 7: Level of resection anastomosis and septic complications.

As incidence of carcinoma rectum is increasing, septic
complication related to surgery arealso becoming more. In
our study majority of complications are encountered in APR
i.e. 40%, LAR 25% both are rectal disease procedure related
complications, but are statistically less significant.

According to the literature procedure related complications
are more in distal part of intestine, which coincides with our
study involving disease of rectum, which is 66.7%.

Graph 8: Septic Complications
Table 5: Specific post-operative complications
Post op complications
Anastomatic_Leaks
Woundinfection- Ssi
Fistula /Sinus
Pneumonia
Post_Op_Adhesionstricture
~ 31 ~

n
2
5
0
0
0

%
6.7
16.7
.0
.0
.0

International Journal of Applied Research

Graph 9: Specific post-operative complication

In our study after elective colorectal surgery surgical site
infections was 16.7%, anastmotic leak was 6.7% and

mortality occurred in one patient i.e., 3.33%.This is similar
to the outcomes described in other studies.

Graph 10: Variables affecting septic complications
Table 6: Variables affecting septic complications

Age yrs

BMI
ASA

<40
41-60
>61
Normal
Overweight
Obese
Grade 2
Grade 3

Septic complications
No
Yes
n
%
n
%
2
100.0
0
.0
13
76.5
4
23.5
9
81.8
2
18.2
14
87.5
2
12.5
8
80.0
2
20.0
2
50.0
2
50.0
22
88.0
3
12.0
2
40.0
3
60.0

Chi-square test

Graph 11: ASA Grade affecting septic complications
~ 32 ~

P
0.7

0.3

0.02
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ASA grade is considered one major risk factor for postoperative complication.
In our study patients with ASA grade 3 as associated with
multiple complications (P < 0.05)

This is significant in our study. Apart from ASA grade other
risk factor is pre- operative albumin level (P<0.05) which is
significantly affect the outcome in our study.

Table 7: Variables affecting septic complications
Septic complications
Preop Albumin
Preop TC
PreopCRP
DOS in min

Mean
4.16
7778.42
.59
194.0

No
SD
.55
1620.79
.62
24.1

Median
4.15
8002.00
.35
195.0

Mean
3.43
6262.83
.50
190.0

Yes
SD
.41
2827.00
.40
36.2

Median
3.55
7070.50
.45
175.0

P
0.002
0.8
0.9
0.7

Independent t test
Apart from ASA grade among other risk factor pre-operative albumin level (P <0.05) which is significantly affects out come in
our study.

Graph 12: Total leukocyte count affecting post-operative complications
Table 8: CRP
Septic complications
CRP_DAY_2
CRP_DAY_4
CRP_DAY_6
CRP_DAY_9

Mean
78.01
103.09
70.72
31.04

No
SD
38.06
26.10
35.16
18.09

Median
69.20
102.75
69.50
23.70

Mann Whitney test
In our study, CRP level at day 4 has maximum effect the
outcome which was very significant compared at other day

Mean
133.30
192.53
190.97
80.20

Yes
SD
35.13
73.47
71.84
35.84

P
Median
128.50
192.00
188.30
82.00

0.003
0.003
0.003
0.003

CRP level. Overall CRP level all the days have significant
outcome in our study.

Graph 13: CRP
~ 33 ~
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Table 9: Total leukocytescount affecting post-operative complications
Septic complications
Mean
TC_DAY_2 8765.13
TC_DAY_4 8376.92
TC_DAY_6 8353.00
TC_DAY_9
.00
Mann Whitney test

No (24)
SD
1000.75
1243.25
1970.48
.

Median
8789.00
8140.00
8136.00
.00

Mean
7291.42
10915.33
6758.00
8040.00

Yes (6)
SD
5274.31
452.73
4634.81
.

P
Median
9530.00
11000.00
8030.00
8040.00

0.5
<0.0001
1
NA

Graph 14: Total leukocytes count affecting post-operative complications

Increased total leukocytes count predicts the ongoing septic
complications. This is correlated with CRP level at day 4 in
our study. Total WBC count and CRP level together has
more sensitivity in predicting ongoing sepsis.
AUC, CRP

CRP (>125)

Septic complication
No
Yes
22
1
2
5
24
6

No
Yes

Total
Parameter
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Diagnostic Accuracy

Estimate
83.33%
91.67%
71.43%
95.65%
90%

Total
23
7
30

Lower - Upper 95% CIs
43.65, 96.99
74.15, 97.68
35.89, 91.78
79.01, 99.23
74.38, 96.54

TC Area Under the Curve
Test Result
Variable (s)
TC_DAY_2
TC_DAY_4
TC_DAY_6
TC_DAY_9

Area

Std.
Errora

p

1.000
1.000
1.000
1.000

.000
.000
.000
.000

.317
.317
.317
.317

Confidence Interval
-95%
Lower
Upper
Bound
Bound
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Graph 15: ROC curve
Area Under the Curve
Test Result
Variable(s)
CRP_DAY_2
CRP_DAY_4
CRP_DAY_6
CRP_DAY_9

Area

Std.
Errora

p

.875
.983
.967
.908

.072
.021
.031
.068

.009
.001
.001
.005

Confidence
Interval- 95%
Lower
Upper
Bound
Bound
.735
1.000
.942
1.000
.906
1.000
.775
1.000

In our study CRP level reached maximum at POD 4.Base on
ROC curve, cut of value was 125 mg/l, so POD4 CRP level
has maximum sensitivity and specificity in predicting septic
complications.
Graph 16: Diagnosis
~ 34 ~
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Discussion
Despite many advances in surgery, the quest for uneventful
healing of the intestinal anastomosis remains a challenge
after colon and rectal resections. Anastomotic leak is the
most serious complication of surgical treatment and a
significant obstacle to the successful treatment of patients
with colorectal resection. It is more common after rectal
surgery, between 8% and 14%, [4-6] compared to the colon,
ranging from 3% to 7%. [7, 8] It has been shown that about
40% of clinically significant leaks are diagnosed after
discharge from hospital and require readmission for
abdominal symptoms. [24, 25] This rate is certainly increasing
in the era of fast track colorectal surgery with earlier
discharges from the hospital (usually as early as the fourth
postoperative day). In our study majority of patients between
41-60 years of age and mean age presentation is 58.4years,
male: female ratio 4:3.
The anastamotic leakage is a serious complication which
should be diagnosed as early as possible to reduce the
associated morbidity and mortality. Thus the need for an
early diagnosis of anastomotic leakage becomes clear.
However, this diagnosis is not always easy in the early
postoperative period because of the few clinical
manifestations present at that time, which contributes to
increased morbidity and mortality.
According to Alves et al. [9], the delayed diagnosis (after
POD 5) of anastomotic leakage is associated with a mortality
rate of 18%, but minimal morbidity if diagnosed and treated
before POD 5. Early detection of this complication is
essential for timely institution of treatment, making early
distinctive markers useful.
CRP is the most popular and widely available marker of the
acute inflammatory response, [23] the production of CRP
occurs almost exclusively in the liver by hepatocytes as part
of the acute-phase response upon stimulation by interleukin
(IL)-6, tumour necrosis factor-α, and IL-1-β originating at
the site of inflammation. It is a pentameric protein with
various molecular functions including complement activation
and opsonisation [10]. Within 6 h after stimulation, CRP
serum levels exceed normal values and peak after about 48 h.
CRP has a nearly constant serum half-life of about 19 hours.
Therefore, the CRP serum concentration is determined by its
synthesis rate and reflects the intensity of the stimulus for
acute inflammatory responses [11]. In numerous studies, the
significance of the serial measurement of CRP in serum in
detecting infectious complications of surgical treatment
and/or AL was shown [12-15].
In our study majority were rectal carcinoma which was
around 33.2%. There were 12 patients with carcinoma
rectum. All of them underwent elective surgery out of which
4 of them had septic complications i.e. 66.7%. Other major
cases involved were carcinoma ascending colon which was
20% but none of them developed any complication. There
were 2 cases of carcinoma sigmoid colon both developed
septic complication. This suggests that more distal the
pathology in intestines more chances of septic complication.
This observation is similar to the other studies as well.
In our study, APR accounted for majority of the procedure,
in which 4 out of 10 cases had septic complications, 8
patients underwent LAR and 2 of them had septic
complication. In total 30 colonic procedures 6 developed
complication i.e. 20% (p-0.4), which is statistically less
significant, probably as they are all elective surgeries.

In our study after elective colorectal surgery, surgical site
infections was 16.7%, anastomotic leak 6.7% and mortality
occurred in one patient i.e., 3.33%.Similar results observed
in other studies with elective surgeries in their study group.
Among various risk factors involved in post-operative
complication, in our study we studies BMI, pre-albumin
level, pre-op TC and pre-op CRP level. Pre-operative
hypoalbumienia has significant impact on post-operative
outcome which has similar observation in other studies.
In this series, we observed that from the second
postoperative day onwards, mean serum CRP was
significantly higher in the group who developed leakage, and
this marker remained elevated until the diagnosis of the
complication. These results are consistent with others
recently published study series.
The diagnostic accuracy of CRP on POD 2 and 4 as a
predictor of septic complications after elective colorectal
surgery (areas under the curve of 0.875 and 0.983,
respectively) were only slightly similar to those obtained by
Welsch et al. [17] (0.80 and 0.88, respectively) and François
Radais et al ( 0.706 and 0.804, respectively).
In patients undergoing anterior rectal resection, Welsh et al.
concluded that serum CRP levels above 140 mg/L on POD 3
had a sensitivity of 80%, specificity of 81% and positive
predictive value of 85.7% in the prediction of postoperative
complications.
Our study showed CRP level, reached maximum on POD4.
So POD4 CRP level has maximum sensitivity of (83.33%),
specificity of (91.67%) and the positive predictive value of
71.43% in the prediction of postoperative septic
complications.
The mean cut of value of CRP in our study was 125 mg/L.
Korner et al. have published a work similar to the present
one, the study material including all types of colorectal
surgery. Their methods and results are similar to the present
study. They showed that CRP at POD 3 had 82% accuracy
(we obtained 90% at POD 4). They had a higher cut-off than
the present studies (190 vs. 125 mg/l), obtaining a similar
sensitivity (82%) for the detection of postoperative septic
complications. It is well known that CRP peaks between
POD 2 and 3 and then declines. This may explain the higher
cut-off value obtained at POD 3 by Korner et al. Which we
obtained at POD 4. They also obtained a similar accuracy in
POD 5 and 7, as we did in POD 6 (91%). This tallying
between both works is a strong argument in favour of the
usefulness of the CRP in this setting [18].
This seems to suggest that the early and sustained elevation
of postoperative serum CRP may be used as a predictor of
anastomotic leakage in patients in whom other infectious
complications (respiratory, urinary tract and surgical wound
infections) have be excluded.
The changes observed in postoperative CRP levels in
patients who developed leakage demonstrate the presence of
an inflammatory process and the activation of hepatic
synthesis of CRP immediately after the surgical procedure
(and before the occurrence of clinical manifestations). As the
synthesis of this inflammatory marker is dependent only on
the liver function and not compromised by any other organ
failure, the rate of CRP production actually reflects the
intensity of the inflammatory process [16]. Tissue ischemia at
the suture line of a leaking anastomosis seems to be
responsible for the appearance of an intense and early
inflammatory response, with subsequent increased synthesis
of CRP [16]. The theory stating that poor tissue perfusion
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increases the risk of anastomotic complications could be
demonstrated in several studies [19-22].
Establishing a cut-off value for clinical decision making in
general is often a trade-off. For safe early discharge (for
example in the setting of fast track surgery), it is more
important to detect most complications than to avoid
unnecessary further investigation. The present work was
done in order to define the conditions for a safe discharge
prior to start a program of fast-track surgery. We would
prefer to decrease morbidity and readmission rates, even at
the cost of increasing the duration of hospital stay for a
minority of patients due to false positive results. Thus, we
preferred to obtain high sensitivity (83.33%) and a high
negative predictive value (95.65%). This choice prompted
the selection of the cut-off at 125 mg/l on POD 4, Welsch et
al. chose a higher cut-off value (140 mg/l), thus obtaining
lower sensitivity (54.3%) and a higher specificity,
Warschkow et al. Demonstrated that CRP values exceeding
123 mg/l on POD 4 where associated a higher risk of septic
complications. These authors found that CRP level above
143 mg/L had a good diagnostic accuracy to detect infectious
complications with an AUC ROC 0.76.
The total leukocyte count on POD 4 was significantly higher
in patients with septic complications but its accuracy was
much lower than for CRP, so the total leukocyte count is not
asuseful as the serum CRP which rises much earlier. Our
findings are similar to those reported in several other studies.
Combination of CRP and total leukocyte count is more
accurate in detecting risk for anastomotic leak.
Our results show that the anastomotic leak was clinically
significant on POD 4. CRP is a non-specific, systemic,
manifestation of an active inflammatory process; but our
results show that, in the elective colorectal surgery, its
elevation on POD 4 should be considered as an alarm to
avoid discharging those patients.
Our study has some limitations. It is a single centre study and
the number of clinical events is small which limits the
statistical power of our analysis. Despite these limitations our
study provides support to the use of serial measurements of
CRP after elective colorectal surgery for early identification
of patients at risk of developing septic complications.
Conclusion
Septic complications are inevitable companion of colorectal
surgery in certain number of patients, and hence, its detection
is of paramount importance because it allows early
implementation of therapeutic measures to reduce the
morbidity and mortality.
Our study suggested that serial CRP measurements after
elective colorectal surgery could be used as a diagnostic
biomarker in the early prediction of postoperative septic
complications.
The present study shows that measurement of CRP on 4th
POD can be used as an indicator for safe discharge from
hospital after colorectal surgery.
Patients with CRP values higher than 125 mg/l should
undergo further imaging (namely CT scan) to search for
septic complications.
Daily postoperative CRP measurements may therefore be
useful in identifying those patients requiring careful clinical
reassessment and possibly imaging to confirm or exclude
anastomotic leakage, especially if other sources of infection
(such as the wound, chest or urinary tract) can be excluded.
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