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INTRODUCTION : C-reactive protein (CRP), an acute-phase 
protein, is an acknowledged marker of infections and has been linked 
to the development of systemic inflammatory response syndrome. The 
measurement of serum CRP levels is an available test and has been 
widely used in clinical practice to detect infections and monitor their 

1-3treatment.  CRP as an indicator of postoperative septic and surgical 
4,5complications has been assessed in abdominal surgery  and CRP has 

also been assessed as an early predictor of anastomotic leakage in 
3,6,7 rectal surgery. Elective colorectal surgery is associated with 

8,9postoperative infectious complications in upto 40% of the cases.   
Despite recent advances in both surgical technique and perioperative 
care, infectious complications remain a major clinical problem in 
colorectal surgery, contributing to significant postoperative morbidity, 

10-13increased mortality, prolonged hospital stay and additional costs.  
As a result, early diagnosis of the infectious complications is a crucial 

14step in order to initiate treatment as soon as possible.  Nonetheless, the 
diagnosis of infectious complications after elective colorectal surgery 
is frequently misleading, delaying its resolution. Consequently the 
availability of an early sensitive and specific marker of postoperative 

15infectious complications would be of great interest.  Several 
biomarkers of infection, namely C reactive protein and Procalcitonin, 
have been shown to be useful in the diagnosis of infection in different 
clinical settings as well as in the assessment of its response to antibiotic 

 16-18 therapy. C reactive protein has been studied by several authors as an 
early predictor of abdominal septic complications after esophageal, 
pancreatic and rectal resection with sensitivities and specificities 

19-22between 65% and 80%.  C reactive protein is one of these 
biomarkers and probably the most widely used. In different infections 
and clinical settings, the course of relative CRP variations and the CRP 
ratio, can discriminate early in the clinical course, survivors from non 

23-25survivors.  This study is being done to diagnose post colorectal 
surgical sepsis at the earliest with a cheaper and reliable lab test , to 
avoid unwanted expensive  antibiotics, to cut short length of hospital 
stay and more importantly to think of other complications which 
mimics sepsis in this modern era of evidence based medicine.

AIMS AND OBJECTS

1. To test the diagnostic accuracy of C-reactive protein in the early 
detection of infection after elective colorectal surgery.

2. To determine the sensitivity, specificity, positive predictive value,  
negative predictive value and cut-off of CRP as a diagnostic 
precursor to  infection after elective colorectal surgery

MATERIALS AND METHODS : We conducted a  prospective cross 
sectional study on 77 patients who underwent elective colorectal 
surgery in the Department of Surgery at Regional Cancer Centre, 
RIMS, Manipur, India from October 2014 to August 2016.  5 ml of 
whole blood was collected from the patients using sterile 5ml 
disposable syringes after cleaning the cubital surface with cotton and 
spirit. The blood samples collected in  sterile plain vials and allowed to 
clot so that the blood serum can be separated and CRP estimation was 
done by immunoturbidimetric CRP analyer. Descriptive statistical 
analysis will be carried out using mean and percentages and chi square 
test will be employed for test of significance. Informed written consent 
will be taken from all patients. Privacy and confidentiality will be 
maintained in all cases by coding the patients. Data collected were 
checked for consistency and completeness. T test was used to compare 
the means of variables like age, body weight, CRP values, etc., 
between the groups with infection and those without infection. Chi-
square test of independence was used to test the association between 
categorical dependent variables like sex, indication for surgery, 
disease location etc between the two groups. P-value of less than 0.05 
was considered to be statistically significant.

INCUSION CRITERIA :
Patients undergoing elective colorectal surgery

EXCLUSION CRITERIA: 
Ÿ Patients on systemic antibiotics at the time of surgery.
Ÿ Patients not willing to participate in the study. 
Ÿ Emergency surgery.
Ÿ Infection prior to surgery.

ETHICAL ISSUES: Ethical approval was obtained from the 

Elective colorectal surgery is associated with postoperative infectious complications in upto 40% of the cases. In different 
infections and clinical settings, the course of relative CRP variations and the CRP ratio, can discriminate early in the 

clinical course, survivors from non survivors. We conducted a prospective cross sectional study in Department of Surgery, RIMS, Manipur, India 
from October 2014 to August 2016. Out of the 77 patients who underwent colorectal surgery 12 sustained postoperative complications in which 
surgical site infection was the most common 58.3% followed by pleural effusion 33.3%, with one death from abdominoperineal resection. ROC 
curve analysis showed that early post-operative CRP concentrations on POD 3 had significant predictive values for the development of post-
operative infectious complications. The study showed an increase in CRP in the early post-operative days with a significant difference between 
patients with and without complications. 
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RESULTS:  The mean age of the respondents was 58.3 years. 
Majority of the patients in this study were in the age group of 41-60 
years (55.8%) while the least were in the below 40 years age group 
(14.4%) (n=77). Baseline characteristics of the patients who 
underwent Colorectal surgery are described in Table 1. Out of 77 
patients, 12 patients sustained postoperative infection, surgical site 
infection (n=7) 58.3% was the most common, followed by pleural 
effusion (n=4) 33.3%, with one death from abdominoperineal 
resection 1 (8.4%). The mean C-reactive protein levels between 
infection and non-infection groups following colorectal surgery taken 
at different points in time beginning from preoperative value. There is 
a steady increase in CRP levels in the infection group till the 3rd 
postoperative day, followed by a decline thereafter. In contrast, the 
CRP levels in the no infection group rises till the 2nd postoperative day 
and then sharply falls to a very low level (Figure 1). The CRP levels are 
elevated to a statistically significant level in patients with infection, in 
concordance with the advent of infection in these patients. There was a 
statistically significant difference in CRP values between the two 

thgroups till the 5  postoperative day (Table 2). 
                    
In the preoperative period, there was no significant difference in the 
CRP levels between the groups, and the area under the ROC curve 
(AUC=649) was not statistically significant (p=0.103) (Table 3). In the 

st1  postoperative day too, there was no significant difference in the CRP 
levels between the groups, and the area under the ROC curve 
(AUC=0.629) was not statistically significant. (p=0.158). There is a 
statistically significant elevation of the CRP levels in the patients with 
infectious complications compared to those without infection 

nd(AUC=0.923; p=<0.001) in the 2  postoperative period (Table 4) ( 
Figure2) . From the above ROC curves, it can be inferred that C-
reactive protein levels are most useful in the detection of infection 
following elective colorectal surgery as early as the 3nd postoperative 
day (Table 5) (Figure3) . The cut off level of CRP to identify patients at 
risk of developing infection is found to be 175.5 mg/dl, and the 
corresponding sensitivity and specificity are 91.67% and 83.33%  
respectively.

Table 1: Baseline characteristics of the patients who underwent 
Colorectal surgery (n=77)

Table 2: Mean CRP levels between the study arms of colorectal 
surgery (n=77)

Table 3: Diagnostic accuracy of CRP levels in predicting the onset 
of infection in the preoperative period (n=77)

Table 4: Diagnostic accuracy of CRP levels in predicting the onset 
ndof infection in the 2 postoperative period (n=77)

Table 5 : Diagnostic accuracy of CRP levels in predicting the onset 
of infection in the 3rd postoperative period (n=77)

Figure 1: Mean CRP values of elective colorectal surgery patients 
(n=77)

Figure 2: Receiver operator characteristics curve of mean 2nd 
postoperative day C-reactive protein values of patients 
undergoing elective colorectal surgery (n=77)
Area under the curve=0.929. P value=<0.001. 
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Characteristics Infection 
(n=12)

No Infection 
(n=65)

p value

Age (years) 58.5 ± 10.9 58.2 ± 11.6 0.968

Sex (M:F) 8:4 41:24 0.812

Weight (kg) 67.1 ± 7.3 64.7 ± 8.0 0.305

Average hospital stay 18.1 8.8 <0.001

Postoperative mortality (%) 8.3 0 0.019

Indication for surgery

Interval Appendectomy 4 25

Cancer 7 19 0.250

Hemorrhoids 0 13

Colostomy closure 1 6

Rectal polyp 0 2

Location of the disease

Ascending colon 5 31 0.316

Descending colon 3 7

Sigmoid &rectum 4 27

Surgical intervention

Appendicectomy 4 25

Right hemicolectomy 3 4 0.342

Left hemicolectomy 2 10

Colostomy closure 1 6

Hemorrhoidectomy 0 13

Sigmoidectomy 1 5

Polypectomy 0 2

Abdominoperineal resection 1 0

CRP values(mg/dl) Infection (n=12) No infection (n=65) p value
Pre-op 24 19 0.55
POD1 119 101 0.13
POD2 181 135 <0.001
POD3 202 106 <0.001
POD4 187 76 <0.001
POD5 166 44 <0.001

CRP values Sensitivity 1-specificity
13 100% 100%

14.5 91.7% 95.4%
15.5 83.3% 69.2%
16.5 75% 60%
17 75% 47.7%

18.5 50% 38.5%
19.5 41.7% 30.8%
24.5 41.7% 13.8%
26.5 33.3% 6.2%
32 25% 0.0%

CRP values Sensitivity 1-specificity
130 100% 100%

131.5 100% 83.1%
133 100% 73.8%

134.5 100% 58.5%
135.5 100% 40%
137 100% 29.2%

176.5 91.7% 16.7%
181.5 83.3% 6.2%
184.5 66.7% 0%

CRP values Sensitivity 1-specificity

136 100% 100%

137 100% 83.1%

175.5 100% 73.8%

180.5 83.3% 52.3%

185 73.8% 0%
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rdFigure 3: Receiver operator characteristics curve of mean 3  
postoperative day C-reactive protein values of patients 
undergoing elective colorectal surgery (n=77). Area under the 
curve=0.914 (P value=<0.001)

DISCUSSION : Despite many advances in surgery, the quest for 
uneventfull healing of the intestinal anastomosis remains a challenge 
after colorectal surgeries. Anastamotic leak is the most dreaded 
complication of surgical treatment and a significant obstacle to the 
successful treatment of patients with colorectal surgeries. It is more 

26-28common after rectal surgery, between 8 percent and 14 percent,  
29,30compared to the colon ranging from 3 to 7 percent.  It has been 

shown that at about 40 percent of clinically significant leaks are 
diagnosed after discharge from the hospital and require readmission 

31,32  for abdominal symptoms. This rate is certainly increasing in the era 
of fast track colorectal surgery with earlier discharges from the 
hospital [usually as early as the POD 4]. In our study majority of 
patients were in the age group of 41-60 years and mean age at 
presentation was 58.3 years. 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 serious complications 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 

31al , the delayed diagnosis [after POD 5] of serious complications is 
associated with a mortality rate of 18 percent, 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 

33available marker of the acute inflammatory response,  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, tumor 
necrosis factor-a and IL-1-B originating at the site of inflammation. It 
is a pentameric protein with various molecular functions including 

34complement activation and opsonisation.  Within 6 hours after 
stimulation CRP serum levels exceed normal values and peak after 
about 48 hours. 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 

35 inflammatory responses. In numerous studies, the significance of the 
serial measurement of CRP in serum in detecting infectious 

36-38complications of surgical treatment was shown.
 
For academic and research purpose cases of appendectomy and 
haemmorhoidectomy/pexy were included in the study apart from 
classic colorectal surgeries. The mean age of respondents was 58.3%. 
In our study majority were cases of resolved appendicitis for elective 
appendectomy [n=29], followed by cancer[n=26]. Other cases 
included haemorrhoids (n=13), colostomy closure (n=7) and rectal 
polyp (n=2). Cancers included Carcinoma of cecum and ascending 
colon (n=7), Carcinoma descending colon (n=12), Carcinoma sigmoid 
(n=6) and Carcinoma rectum (n=1). All of them underwent elective 
surgeries(open appendectomy, hemicolectomies, colostomy closure, 
haemorrhoidectomy, stapled haemorrhoidopexy, sigmoidectomy, 
polypectomy, abdominoperineal resection respectively) out of which 
twelve of them had septic complications. Out of the twelve patients 
who developed post operative complications (p=0.3) SSI (surgical site 
infection ), (n=7), was the most common, followed by pleural 
effusion(n=4), with one death from abdominoperineal resection. Out 
of the twenty nine appendectomy cases four developed surgical site 
infections, three out of seven right hemicolectomies developed pleural 
effusion, two out of twelve cases of left hemicolectomies developed 
surgical site infections. One case of sigmoidectomy, out of the six cases 
developed surgical site infection.  Thus surgical site infections  were 
the most common form of septic complication [n=7], 58.3 percent, 
pleural effusion developed in 3 cases of right hemicolectomies and 1 

abdominoperineal resection, accounting for 33.3 percent. None of the 
haemorrhoidectomy or polypectomy patients developed infection. 
This suggests that more distal the pathology in intestines more are the 
chances of infective complications. In total seventy seven colonic 
procedures 12 developed complications,  which is not statistically 
significant, probably as they are all elective surgeries. 

In our study after elective colorectal surgery, surgical site infection 
(n=7) was 58.3 percent, pleural effusion (n=4) was 33.3 percent and 
mortality occurred in one patient i.e. 8.4 percent. Similar results were 

39 observed in other studies with elective surgeries in their study group.
Among various risk factors involved in postoperative complications, 
in our study we studied the location of the disease, the pre-op TLC, pre-
op CRP level, pre-op hypoalbuminemia, etc which had significant 
impact on post operative outcome which has similar observations in 

40other studies.  This study showed an increase in CRP in the early 
postoperative period after colorectal surgery with a significant 
difference between patients with and without complications. ROC 
curve analysis showed that early postoperative CRP concentrations on 
POD 2 and POD 3 had significant predictive values for the 
development of post operative infectious complications. The 
diagnostic accuracy of CRP on POD 2 and POD 3 as a predictor of 
septic complications after elective colorectal surgery[areas under the 
curve of 0.929 and 0.914 respectively] were only  similar to those 

21,7obtained by Welsch et al [0.80 and 0.88, respectively] and Francois 
Radais et al[0.706 and 0.804, respectively]. CRP kinetics has been 
recently described by several authors like Welsch et al and Woeste G et 

7,41al,  as a predictor  of infectious postoperative  complications. Two 
recent studies reported that persistently increased CRP levels after 
POD 2-4 were associated to a later diagnosis of abdominal 

21,22leak[AL].  These authors found that prolonged elevation and/or a 
absence of decline in CRP levels were associated with more infectious 

42complications and poorer outcome. More recently Warschkowet al  
demonstrated that CRP values exceeding 123 mg/l on POD 4 were 
associated with a higher risk of infectious 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. 

44Ortega Deballon et al  demonstrated that serum levels of CRP on the  
POD 4 are a good predictor of AL in colorectal surgery for a cut – off 
point of 125 mg/l, sensitivity 81.8 %and specificity of sixty four  

43percent. Gracia-Graneroetal  obtained similar results for the values on 
third, fourth and fifth PODs.

Our study showed CRP level, reached maximum on POD 3 and has 
maximum sensitivity of 91.67% and a specificity of 83.33%. The mean 

3cut of value of CRP in our study was 175.5 mg/l. Korneret 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. They had a higher cut off than the present study [190 vs 
175.5mg/l]. They also obtained a slightly lower sensitivity [82% vs 
9.67%]. In our study the CRP value peaked on the POD 3, [as is well 
known that CRP values peak at forty eight hours and then decline] but 
did not decline on other post operative days. CRP decreased 
persistently in patients with an uneventful post operative course and 
reached the basal level. This tallying with above works is a strong 
argument in favour of the usefulness of the CRP in this setting. This 
seems to suggest that the early and sustained elevation of post 
operative serum CRP may be used as a predictor of post operative 
complications [Anastamotic leak if other complications are 
excluded].The present work was done in order to define the accuracy of 
CRP in early detection of infection with a cheaper and reliable test, and 
to reduce hospital stay and use of  unwarranted and prolonged 
antibiotics. The mean cut-off value of CRP level reached maximum on 
POD-3, with a maximum sensitivity of 91.67% and specificity of 
83.33% and a positive predictive value of 71.43% in the prediction of 

42postoperative septic complications. Warschkow et al  demonstrated 
that CRP values exceeding 123 mg/l on day four post operatively was 
associated with a higher risk of complications. These authors found 
that CRP level above 143mg/l had a good diagnostic accuracy to detect 
complications. The total leucocyte count was significantly higher in 
patients with septic complications but its accuracy was much lower 
than for CRP, so the total leucocyte count is not as usefull as the serum 
CRP, which rises earlier. Combination of CRP and total leucocyte 

42 count may be accurate in detecting the post operative complications.
This study shows that the post operative complications was significant 
on POD 3. CRP is a non-specific, systemic, manifestation of an active 
inflammatory process and that CRP detects as early as the POD 3. The 
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limitations of the study are, since the number of cases are small, it 
limits the statistical power of the analysis; also it's a single center 
study; also recently other biomarkers like LBP  (Lipopolysaccharide 
binding protein), procalcitonin, matrix metalloproteinase have been 
used as a screening tool for abdominal leak and complications and 
increased concentrations of LBP in drain fluid were associated with a 
higher chance of early detection. Although our study lacks statistical 
power a major and persistent CRP cut-off  value on the POD 3 and 
thereof with significance level p= <0.001, adds to the validity of the 
data.

CONCLUSION : The study showed an increase in CRP in the early 
post-operative days with a significant difference between patients with 
and without complications. ROC curve analysis showed that early 
post-operative CRP concentrations on POD 3 had significant 
predictive values for the development of post-operative infectious 
complications. Developing postoperative complications can be 
detected early by monitoring CRP concentration levels serially on 
PODs 1 to 5, which is very important in early detection of 
postoperative complications.
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