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Abstract  

C-reactive protein (CRP) is widely used as an early predictor of anastomotic complications such 
as anastomotic leakage (AL) after abdominal surgery. This study analysed the CRP values and their 
relationship with AL after bowel resection and anastomosis surgery. Sample data were collected from 
the medical records of 40 patients who underwent bowel resection at A.W. Sjahranie General Hospital, 
Samarinda, between May and December 2019. Patients were between 18-75 years old and showed clinical 
signs of AL. CRP laboratory data were examined on the fifth day post operation. After tabulation, the data 
were analysed using Chi-square, t-test and recerver operating characteristic curve analysis. The mean 
sample age was 46.3 ± 1.31 years with a male: female ratio of 1:1. Analysis showed that the surgery method, 
anastomosis type, lesion location, increase in CRP values and white blood cell counts we’re not related to 
AL (p > 0.05). The mean CRP value of patients with AL (48.0 ± 0.00 mg/L) was not significantly different if 
compared to non-AL patients (25.89 ± 18.93  mg/L) with p = 0.139. The CRP cut-off value of 36 mg/L had 
100% sensitivity, 60.5% specificity, 71.7% positive predictive value and 100% negative predictive value with 
an area under the curve of 0.80 (p=0.153). This results showed that while the CRP cut-off value of 36 mg/L 
can’t be used as a predictor of AL, it can be used as a predictor of non-AL, therefore, it can be used as a 
criterion for patient discharge. 
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1.0 INTRODUCTION  

Bowel resection and anastomosis is an operation performed to remove intestinal segments that 
have been damaged or cannot be kept and is done by connecting two viable segments of the intestine 
(Liang, Andersson, Jaffe & Berger, 2015). The success and integrity of intestinal anastomosis depends on 
three factors: a. the operator, such as the operator's skill in connecting two viable intestinal segments, b. 
the patient condition, for instance, the adequacy of the patients’ blood supply and the patients’ mental 
condition before and during the surgery, and c. the underlying process of the disease (Goulder, 2012; Davis 
& Rivadeneira, 2013). Anastomosis can be considered successful when anastomotic leakage (AL), one of 
the possible post-surgery complications after a bowel resection, does not occur. Anastomotic success 
reduces morbidity and shortens hospital stays. Early discharge benefits patients and reduces the cost of 
medical care but carries the risk of AL occurring after the patient is discharged from the hospital.  

Therefore, a marker is needed to predict AL after bowel resection surgery (Zawadzki, et al, 2015). 
Complications after intestinal resection and anastomosis include bleeding, stricture, and AL (Davis & 
Rivadeneira, 2013). AL is the most dreaded complication, with an incidence rate of 3-26% (Schiff, Roy, 
Pignot, Ghosh, & Fegelman, 2017). Post-operative AL has serious sequelae, such as infection, abscess, 
peritonitis, or sepsis, and can be difficult to detect. Delay in detection and intervention of an anastomotic 
failure contributes to an increased risk of death in patients (Blumetti, 2015). Early diagnosis of AL is the 
key to reduce the morbidity and mortality associated with anastomotic failure. 

C-reactive protein (CRP) is an acute phase protein synthesised by the liver, and has been used as 
a predictor to detect complications arising after an abdominal surgery, such as bowel or colon surgery 
(Garcia-Granero, et al, 2013). Several new studies suggest that CRP has been identified as an early 
predictor of sepsis complications after resection of the oesophagus, pancreas, colon, and rectum 
(Almeida, et al, 2012). Multivariable analysis found that CRP on post-operative day 5 (POD5) was a patient 
factor statistically associated with an increased risk of AL (Singh, et al, 2014; Reynolds, et al, 2017).  

C-Reactive Protein Levels as A Predictor for Anastomotic Success in 
Post-Operative Intestinal Resection Surgery 
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Many intestinal anastomosis resection surgeries have been performed in Abdul Wahab Sjahranie 
Regional General Hospital (RSUD A.W. Sjahranie), Samarinda, but there were no data on the anastomotic 
failure rate after anastomosis resection surgery. It might be possible that the inflammation triggered by 
an anastomotic failure, in particular, AL, after resection surgery was not detected quickly, which led to an 
increase in the patient's hospitalisation time. To assess this possibility, a study was conducted to predict 
the  CRP values correlated with AL, post-intestinal anastomosis and resection conducted in RSUD A.W. 
Sjahranie, Samarinda. 
 
2.0 METHODS 
2.1    Study design and data collection 

This study used an observational cross-sectional study design to determine the correlation of 
increased CRP levels, including the sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) of CRP levels, with AL after intestinal resection and anastomosis surgery. Data on 
research subjects (age, sex, surgery characteristics, laboratory results) were obtained from the medical 
records of patients with the inclusion criteria. Ethical clearance was obtained from the Research Ethics 
Committee of RSUD A.W. Sjahranie, Samarinda (No. 122/KEPK-AWS/VII/2019). The study was conducted 
from May to December 2019. There were 40 patients with the following inclusion criteria: adult patients 
aged 18-75 years who were hospitalised after elective intestinal resection and anastomosis in RSUD A.W. 
Sjahranie, Samarinda, with clinical signs of anastomotic failure, such as localised peritonitis or ileus; CRP 
data values were available for the fifth day post-operation. The exclusion criteria were as follows: severe 
comorbidities besides the primary disease resulting in the intestinal resection and anastomosis, such as 
autoimmune diseases or HIV/AIDS; patients undergoing emergency bowel resection and anastomosis 
surgeries at A.W. Sjahranie Hospital, Samarinda; and patients who experienced post-operative 
inflammation, such as infection after surgical injury without signs of anastomosis failure.  
 
2.2   Data analysis 

Categorical variables were reported in numbers and percentages, while CRP level values were 
expressed in mean ± standard deviation. The collected data were tabulated and then statistically analysed 
using a Chi-square test (SPSS version 23) to determine the correlation of patients surgery characteristics 
and laboratory data with AL. T-test  was used to compare the mean CRP value between patients with AL 
and non-AL. Receiver operating characteristic (ROC) curve analysis was used to predict the CRP cut-off 
value for AL and non-AL.  
 
3.0 RESULTS 
3.1    Sample distribution based on demography  

From the medical records data of 40 patients who underwent elective resection and intestinal 
anastomosis, the following results were obtained: AL occurred in two (5%) patients. AL was assessed 
based on the presence or absence of localised peritonitis and ileus complaints. The average patient age 
(46.3 ±1.31 years) was normally distributed (p = 0.2), the largest age group was 41-60 years old, and the 
smallest group of patients being > 61 years old. Patient gender was balanced between men and women 
(Table 1). 
 
   Table 1. Characteristics of patients (n = 40) 

Variable n % 

Age < 40 years 13 32.5 

 41-60 years 22 55.0 

 >61 years 5 12.5 

Gender Male 21 52.5 

 Female 19 47.5 

AL Yes 2 5.0 
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 No 38 95.0 
   AL=anastomtic leakage 
 
 
    Table 2. The correlation of patients’ clinical characteristics and laboratory data with AL after elective  
           intestinal resection and anastomosis surgery in RSUD A.W. Sjahranie 

Variabel 
 Group AL 

n (%) 
Group non-AL 

n (%) 
p-value 

Operation Metode    1.000 

     Hand sewn 
 

1 (50.0) 15 (39.5)  

     Stapler 
 

1 (50.0) 23 (60.5)  

Anastomosis type 
 

  0.799 

     End to end  2 (100.0) 27 (71.1)  

     End to side  0 5 (13.1)  

     Side to side 
 

0 3 (7.9)  

     Side to end  0 3 (7.9)  

Lesion location    0.819 

     Caecum  0 2 (5.3)  

     Ascending Colon   1 (50.0) 11 (28.9)  

     Descending Colon  
 

0 5 (13.2)  

     Sigmoid Colon  1 (50.0) 17 (44.7)  

     Others   3 (7.9)  

CRP value     1.000 

     > 6 mg/L  2 (100.0) 26 (68.4)  

     ≤ 6 mg/L  0 12 (31.6)  

WBC counts    0.488 

    > 10000  2(100.0) 19 (50.0)  

    < 10000  0 19 (50.0)  
        Data analysis with Chi-square test, *p<0.05 indicated a significant correlation 
 
3.2   Correlation of patients’ clinical characteristics and laboratory data with AL 

Table 2 shows that the most commonly performed anastomosis surgery was the stapler method, 
with the end-to-end type showing the sigmoid colon as the most common lesion location. There were no 
correlation between operation method (p = 1.000), anastomosis types (p = 0.799), and lesion location (p = 
0.819) with AL. Laboratory data such as the increase in CRP values (p = 1.000) and white blood cell counts 
(p = 0.488) also did not correlate with AL.  
 
3.3   CRP values analysis for AL 

Figure 1 shows that the mean CRP value in patients with AL (48 ± 0.00 mg/L) was not significantly 
different compared to non-AL patients (25.89 ± 18.93 mg/L) with p = 0.139. ROC curve analysis for AL 
showed that the CRP cut-off value of 36 mg/L had a higher sensitivity (100%) than specificity (60.5%), and 
a higher NPV (100%) than PPV (71.7%) (Table 3), with area under the curve (AUC) of 0.80 (p = 0.153) (Figure 
2). These results showed that the mean CRP value of 48 mg/L and the CRP cut-off value of 36 mg/L could 
not be used as predictors of AL, because the p values > 0.05. A lower specificity than sensitivity indicates 
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that the CRP value is not specific as a predictor of AL, and a higher NPV than PPV illustrates that the CRP 
value is a useful negative test, but is not a good positive predictor of AL (4,9). Therefore, the CRP cut-off 
value of 36 mg/L can be used to predict non-AL.  
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Figure 1.  Mean CRP values of patients with AL and non-AL 

Data analysis with  t-test with p = 0.139; *p<0.05 indicated a significant difference 
 
Table 3. CRP diagnostic level on POD5 used to identify AL 

Cutoff > 
Sensitivity 

% 
95% CI 

Specificity 
% 

95% CI PV + % PV - % 

9 100 15,81% to 100,0% 31,58 17,50% to 48,65% 59,37 100 

18 100 15,81% to 100,0% 47,37 30,98% to 64,18% 65,51 100 

36 100 15,81% to 100,0% 60,53 43,39% to 75,96% 71,7 100 

POD = Post-operative day 
 
 

Mean = 48 ± 0.0 

Mean = 25.89 ± 18.93 
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Figure 2. ROC curves of CRP cut-off values in patients with AL 
 
4.0 DISCUSSION 

Anastomotic failure particularly AL is a serious complication of gastrointestinal surgery that can 
increase mortality, morbidity, and length of hospital stay. Therefore, AL must be diagnosed as early as 
possible to reduce the consequences of mortality and morbidity. Delayed diagnosis of AL after POD5 has 
been associated with 18% mortality rate, but morbidity can be minimized if diagnosis and therapy are 
carried out before POD5 (Chandra, Kumar & Girish, 2015). The incidence rate of AL ranges from 6-30% 
depending on patients’ risk factors (Schiff, et al, 2017). Factors that increase the risk of leakage include 
low anastomosis location, male gender, old age, malignant tumours, a high American Society of 
Anesthesiologists (ASA) score, duration of surgery, preoperative radiotherapy, and the amount of blood 
lost during surgery (Kingham & Pachter, 2009; Pommergaard, Gessler & Burcharth, 2014).  

In this study, there were no significant relationship between surgical method, type of anastomosis, 
and lesion location with AL. Only two cases of AL (5%) were found. This leakage was assessed within 
seven days after repeated resection. A 71-year-old woman was diagnosed with sigmoid colon cancer and 
a 41-year-old man was diagnosed with an ascending colon tumour. It was not known whether these 
patients had other comorbidities, such as preoperative radiotherapy or diseases that reduce the immune 
system such as diabetes mellitus. This was consistent with the literature, which stated that the incidence 
rate of AL ranges from 6-30% (Schiff, et al, 2017), and in accordance with the results of other studies that 
describe the incidence rate of AL can be 2-7% when the resections are performed by experienced 
operators (Benedetti, Ciano, Pergolini & Ciottiet, 2019). 

CRP is a marker that is widely used to detect acute inflammatory responses. CRP is produced 
exclusively by liver hepatocytes after being stimulated by interleukin (IL)-6, tumour necrosis factor-α, and 
IL-1β originating from the site of inflammation. After stimulation, serum CRP levels rise above normal 
within 6 h, and reach a peak at approximately 48 h. CRP has a mostly constant serum half-life of 
approximately 19 h. Therefore, serum CRP concentrations are determined by the rate of synthesis, which 
reflects the acute inflammatory response. Thus, CRP is ideal as a biomarker of disease activity, 
inflammatory responses, and post-operative recovery (Welsch, et al, 2007; Ortega-Deballon, et al, 2010). 

(p = 0.153) 
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The low level of tissue perfusion causes ischaemia in the suturing area that triggers an intense 
inflammatory response in patients with AL. As inflammation develops, there is an increase in CRP 
production. Although the CRP level reached its peak on day four after colorectal resection surgery, it still 
has high accuracy, even with POD5 and POD7 levels (Chandra, et al, 2015). Therefore, in this study the 
POD5 CRP levels were recorded. There was no significant relationship between the increase in CRP levels 
(POD5) with AL after intestinal resection surgery. This result was supported by the mean CRP value in 
patients with AL that was not significantly different from patients with non-AL (p> 0.05) (Figure 1). This 
result showed that the mean CRP value of 48 mg/L was not a marker for AL. To find out whether the CRP 
value can act as a predictor of AL or non-AL, a ROC curve analysis showed the results as in table 3 and 
figure 2. CRP cut-off value of 36 mg/L (AUC of 0.80 with p>0.05) was sensitive, but not specific as a 
biomarker for AL, its NPV was higher than PPV, which indicated that the CRP cut-off value of 36 mg / L 
was a good negative test for AL. Therefore, it can be used to predict non-AL, and  the CRP cut-off value 
of 36 mg / L (POD5) can be used as a biomarker for patient discharge.  

Some previous studies have attempted to find an association between increased CRP levels and 
post-operative infection complications, such as AL and intra-abdominal abscesses. These studies 
determined the minimum (cut-off) CRP value that can be used as a predictor (Mackay, Molloy & O’Dwyer, 
2011; Almeida, et al, 2012). However, these studies yielded different conclusions, including the PPV of CRP. 
A meta-analysis conducted in a previous study collected six studies that examined POD4 CRP levels in 
patients discharged after surgery. The cut-off value obtained on the 4th day was 135 mg/L with 68% 
sensitivity, 83% specificity, a NPV of 89% and an AUC of 0.810 (Warschkow, et al 2012). Another study 
yielded different values.  

This study used POD3 CRP levels with a cut-off value of 190 mg/L. The resulting sensitivity was 
77%, with 80% specificity, and an AUC of 0.84 (Platt, et al, 2012). Another study suggested that CRP alone 
cannot be used to diagnose major post-operation complications. This was because CRP levels can also 
increase in patients who experience heavy bleeding, lengthy surgery, and high intraoperative stress 
(Muñoz, et al, 2018). Based on these studies, CRP is better used to accelerate the discharge of patients 
with low CRP levels. This is because CRP has better specificity than sensitivity. In other words, patients 
with low CRP levels are less likely to have AL complications. However, a high CRP value does not 
necessarily indicate the presence of AL. There was limitation in the amount of data that could be collected 
for this study and future research will benefit from a larger sample size.  
 
5.0 CONCLUSION 

CRP cut-off value of 36 mg/L on the fifth day after intestinal resection and anastomosis surgery in 
RSUD A.W. Sjahranie Samarinda can be used as a predictor of anastomotic success (non-AL), and as a 
criterion for patient discharge.  
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