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ABSTRACT
Introduction. C-reactive protein (CRP) is used as a marker of intestinal anastomosis leakage, its
short half-life can be used as a predictor of intestinal anastomosis leakage. This study aimed to
determine the pattern of increased preoperative and postoperative CRP in all patients undergoing
bowel grafting.
Methods. This was an observational analytic study with a prospective cohort design of 20 patients
undergoing intestinal anastomosis. Comparative analysis using the unpaired t-test, man whitney
test and fisher test.
Results. The mean preoperative CRP serum up to the sixth postoperative day in the leakage group
was higher than non-leakage, but there were no significant differences between the two groups
(Ppreop = 0.852; pron1 = 0.791; pron2 = 0.634; prons = 0.507; prona = 0.534; 0.507; prons = 0.506;
prons = 0.595). CRP cut-off values >170 mg/ L on the second postoperative day had the maximum
sensitivity (67%) and specificity (65%) in knowing the risk of anastomotic leakage.
Conclusion. Anincrease in CRP levels up to the third postoperative day is a marker of anastomotic
leakage. CRP cut-off values> 170 mg / L on the second postoperative day have maximum
sensitivity and specificity.
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Introduction

Leakage anastomosis is a serious complication that occurs after a colorectal surgery. This
problem is closely related to the increase in morbidity and mortality rates, the burden of treatment
that increases with the length of time needed to treat complications due to leakage of the intestinal
connection.! The frequency of failure of the anastomosis varies depending on the location of the
gastrointestinal tract. Anastomotic leak is an important initial complication. The incidence is
reported to be 53%, with leakage after colorectal anastomosis of 4-26% and mortality rates in the
literature vary from 6-39% .2 The incidence rate of anatomic leakage varies greatly in various
countries.® Incidence rate intestinal leaking or leakage anastomosis also has a different value based
on the location where the action was taken. For anterior resection measures have a value of 12% -
15.3% while for the overall resection of 4.3% - 13%. *

There are many risk factors associated with anastomosis leakage and most of them have
also been published in various studies. The most important factors include gender, age, low
anastomosis, history of malignancy, high American society of Anesthesiologist (ASA) value,
length of time of operation, emergency surgery, history of radiotherapy and loss of blood during
the operation.® Diagnosis anastomotic leakage must be as early as possible for effective
management. Delay in diagnosis of anastomotic leakage results in poor treatment. It would be very
difficult for a surgeon to remain objective in considering the possibility of an anastomotic leak that
they made themselves. Consulting a fellow surgeon for a second opinion in this matter is important
and highly recommended. Diagnostic CT scan for suspected anastomotic leakage in the distal
colon may be useful with additional contrast via rectal and intravenous, however imaging studies
should not be performed in patients with hemodynamically unstable conditions.®

C-Reactive protein (CRP) is a protein that is produced in the acute phase by liver
hepatocytes and increases during the inflammation process and has been widely used as an
indicator of postoperative complications in abdominal surgery. Because of its short half-life (19
hours), CRP is a serum biomarker that can be relied upon to assess the occurrence of systemic
inflammation response syndrome (SIRS) in surgical procedures or even as a marker of
postoperative complications. Recently this protein has been used as an initial predictor of
complications of abdominal sepsis after resection.” In a 2011 study in Portugal, CRP had a
sensitivity rate of 78% and a specificity of 86% for leakage of intestinal anastomosis in
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postoperative patients on day 3.1 While in 2016 in the United Kingdom CRP has an 80% sensitivity
and 80% specificity for leakage of intestinal anastomosis on day 3 by laparotomy, in laparoscopy
intestinal anastomosis, the sensitivity is 75% and 70% specificity with leakage of anastomosis on
day 2. 819 Research conducted in Belgium in 2014 CRP increased within a few days after major
surgery but was higher in infected cases. CRP values decreased in non-infectious cases on the 5%
postoperative day. No decrease in CRP value after postoperative day 4 was suspected of
postoperative complications of infection.1*-1°

This study was aimed to evaluate the pattern of changes in C-Reactive Protein (CRP) in
cases of intestinal anastomosis. It was expected that CRP can be a predictor and marker of

intestinal anastomosis.

Methods

This study was an observational analytic study with a prospective cohort design to
determine patterns of CRP changes in patients undergoing intestinal anastomosis resection.
Research subjects (20 patients) were patients who had intestinal resection followed by intestinal
grafting treated in Department of Digestive Surgery in Dr. Moh Hoesin general hospital who met
the inclusion and exclusion criteria. Inclusion criteria are all patients who will be treated for
intestinal resection and anastomosis, the age group of 18 years and over, willing to participate in
research and sign an informed concern sheet. Exclusion criteria were patients with malnutrition
and concomitant diseases.

Sociodemographic and clinical data from research subjects were collected, including sex,
age, planned time of operation, type of disease causing anastomosis, location of anastomosis, and
anastomosis technique. C-reactive protein examination was conducted at the Clinical Pathology
Laboratory Dr. Moh Hoesin general hospital, Palembang. CRP examination is carried out starting
from 1-7 days postoperatively. Participants are grouped between patients who are leakage and non-
leakage.

Data analysis was performed with IBM SPSS Version 23. Univariate tests were performed
which presented the frequency distribution of demographic and clinical data. Next, a bivariate test
was performed to compare CRP levels between the time of examination and between groups of
leakage and non-leakage.
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Results

In this study, the mean age in the leakage group was 29.7 + 9.61 years, while in the non-
leakage group it was 45.47 + 17.52 years, but there were no significant differences in the two
groups based on the unpaired t test with p = 0.151. There were no significant differences in sex in
the leakage and non-leakage groups based on Fisher's exact test with p = 1,000. There were no
significant differences in the types of operations, namely elective and emergencies in the leakage
and non-leakage groups based on Fisher's exact test with p = 0.404. There were no significant
differences in stitching techniques, namely stapler and hand sew in the leakage and non-leakage
groups based on Fisher's test with p = 1,000. There was no significant difference in diagnosis,
namely tumors and non-tumors in the leakage and non-leakage groups based on Fisher's test with
p = 0.566. There was no significant difference in anastomosis, namely small intestine and colon in

the leakage and non-leakage groups based on Fisher's test with p = 0.307.

Table 1. Subject Baseline Characteristics

Characteristics Leakage Non-leakage P value
Age (years) 29.7+9.61 45.47+17.52 0.151**
Sex 1.000*

Male 2 (66.7%) 12 (70.6%)

Female 1 (33.3%) 5 (29.4%)

Operation type 0.404*

Elective 2 (66.7%) 15 (88.2%)

Emergency 1 (33.3%) 2 (11.8%)

Stitching technique 1.000*

Stapler 0 (0%) 3 (17.6%)

Hand Sew 3 (100%) 14 (82.4%)

Diagnosis 0.566*

Tumor 1 (33.3%) 10 (58.8%)

Non-tumor 2 (66.7%) 7 (41.2%)
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Anastomosis 0.307*
Small intestine 3 (100%) 4 (23.5%)
Colon 0(0%) 13 (76.5%)

In this study, the mean CRP of preoperative serum in the leakage group was 53.33 mg /
L while in the non-leakage group it was 20.88 mg / L. Based on the Mann-Whitney test there was
no significant difference in the mean preoperative serum CRP between the two groups with p =
0.852. In the leakage group CRP serum increased from the first day postoperatively and reached a
peak on the third postoperative day (242 mg/ L) then followed by a rapid decrease until the seventh
postoperative day, whereas in the non-leakage group the CRP serum increased from the first
postoperative day and reached peak on the second postoperative day (157.82 mg/ L) then followed
by a slow decline until the seventh postoperative day. The mean percentage increase in CRP in the
leakage group between days 1 to 2, 2 to 3 and 3 to 4 was higher than the non-leakage group, which
was 143.4% vs 80.3%, 22, 3% vs -5.9% (CRP decreased), and 9.2% vs - 24.7% (CRP down). In
this study, the mean CRP of preoperative serum up to postoperative day 7 in the leakage group
was higher than non-leakage (figure 1), but these results did not show significant differences

between the two groups.

Table 2. Pattern Change of CRP

Mean CRP (mg/L)
Group

Preop POH-1 POH-2 POH-3 POH-4 POH-5 POH-6 POH-7

Leakage 53.33 126.00 178.33 242.00 106.00 64.00 4450 19.00
Non-leakage 20.88 106.12 157.82 137.12 101.53 64.94 4353 27.00
p* 0852 0.791 0.634 0.791 0507 0506 0595 0.919

Notes : POD: post operation day-; Preop: preoperation; *P Value leakage VS non leakage

On the second postoperative day the mean CRP serum leakage group was 178.33 mg / L
while the non-leakage group was 157.82 mg / L. On the third postoperative day the mean CRP
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serum leakage group was 242 mg / L while the non-leakage group was 137.12 mg / L. However,
based on the results of the Receiver Operating Characteristic (ROC) curve analysis, it is obtained
that the CRP cut-off value of serum 170 mg / L on the second postoperative day has a maximum
sensitivity (67%) and specificity (65%) in predicting the risk of postoperative anastomosis leakage.
In this study, 2 subjects (22.2%) had CRP levels> 170 mg / L who experienced leakage and 7
subjects (77.8%) had CRP levels> 170 mg / L but did not experience leakage. Fisher's test results
showed no significant difference between increasing levels of CRP with the occurrence of leakage

with a value of p = 0.566. More data is presented in table 3 below.

Table 3. The relationship of changes in CRP levels with the occurrence of leakage

CRP level
Group p
>170 mg/L <170 mg/L
Leakage 2 (22.2% 1(9.1%
J ( ) ( ) 0.566
Non-leakage 7 (77.8%) 10 (90.9%)
*Fisher test (p<0.05)
Discussion

In this study, the mean age in the leakage group was 29.7 + 9.61 years while in the non-
leakage group it was 45.47 + 17.52 years. Due to the small number of leakage samples it is not in
accordance with a study showing that an increase in age above 60 years can increase the risk of
leakage of the intestinal connection.16 In this study it was found that there were 2 male sexes
(66.7%) in the leakage group and 12 subjects (70.6% ) in the non-leakage group. Male is more at
risk of leakage of the intestine due to a difficult technique to do intestinal junction in men due to
the narrow male pelvic cavity.'’

In this study, there were one type of emergency operation (33.3%) in the leakage group
and 2 subjects (11.8%) in the non-leakage group. From 3 emergency cases that were carried out
by anastomosis, there was 1 case of leakage compared to elective cases of 2 leaks from 17
anastomosis. Emergency surgery is predicted to be associated with an increased incidence of bowel

leakage when compared with elective surgery.*® In this study we found 1 subject (33.3%) in the
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leakage group and 10 subjects (58.8%) in the non-leakage group diagnosed with tumors. Tumor
size factors that are> 3 cm or even> 4 cm, advanced tumors and widespread metastases increase
the risk of leakage of the intestine connection.’® In this study, 13 subjects (76.5%) colon
connections in the non-leakage group while in the leakage group O subjects (0%). A more distal
bowel connection has a higher risk of leakage of the bowel joint.?°

In this study, the mean CRP of preoperative serum in the leakage group was 53.55 mg / L
while in the non-leakage group it was 20.88 mg / L. An increase in preoperative CRP can predict
a poor prognosis in patients with hepatocellular, pancreatic and colon cancer. 2! In the CRP leakage
group serum increased from the first day postoperatively and reached a peak on the third
postoperative day (242 mg / L) then followed by a rapid decrease until the seventh postoperative
day, whereas in the non-leakage group the CRP serum increased from the first postoperative day
and reached the peak on the second postoperative day (157.82 mg / L) then followed by a slow
decline until the seventh postoperative day. These findings are supported by research by Almeida
et al which showed the results that the non-leakage group experienced an increase in serum CRP
from the first postoperative day and reached a peak on the second postoperative day (132 mg /L)
22 In this study, the mean CRP of preoperative serum up to the seventh postoperative day in the
leakage group was higher than non-leakage, but these results did not show a significant difference
between the two groups. These findings are in line with studies that show that mean CRP
postoperative serum for the second day onwards is significantly higher in the leakage group and
this marker continues to increase until complications arise. These findings are also consistent with
other published studies and show that an increase in initial and ongoing postoperative serum CRP
can be used as a predictor of intestinal junction leakage.?® The reduction in the average CRP in the
leakage group after day 3 post due to at least a small sample and in this case the leakage that was
found was grade 1 (not found in clinical sepsis). On the second postoperative day the mean CRP
serum leakage group was 178.33 mg / L while the non-leakage group was 157.82 mg / L. On the
third postoperative day the mean CRP serum leakage group was 242 mg / L while the non-leakage
group was 137.12 mg / L. However, a cut-off CRP serum value of 170 mg / L on the second
postoperative day had maximum sensitivity (67%) and specificity (65%) in predicting the risk of

postoperative bowel leak leakage. These findings are different from the findings of Almeida et al.
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who received a cut-off value of 140 mg / L with sensitivity (78%) and specificity (86%) on the
third postoperative day.?

CRP is a protein that is specifically synthesized by liver cells as an acute phase response
stimulated by IL-6, TNF-a, and IL-1p. This protein works in endothelial cells and also plays a role
in the inflammatory cascade. The short half-life (+19 hours) makes CRP a potential marker for
detecting disease activity, inflammatory response and postoperative recovery or a marker for
postoperative complications. Changes in postoperative CRP levels in patients who have leakage
indicate an inflammatory process and activation of hepatic CRP synthesis immediately after the
surgical procedure and have not shown clinical manifestations. However, the synthesis of CRP
depends on liver function and there must be no other organ failure and the CRP production ratio
actually shows the intensity of an inflammatory process.?* Ischemic tissue that occurs in the
intestinal joint sutures that leak due to the presence of an initial and intense inflammatory response,
which is characterized by increased CRP synthesis. The theory that low tissue perfusion increases
the risk of anastomotic complications is shown by several studies. In an experimental model of
animals and humans showed a decrease in tissue oxygen pressure that affects the tissue healing
process. In addition, a decrease in intramucosal pH levels in the first 24 hours postoperatively is
significantly associated with an increased risk of dehydration. In detecting leakage of intestinal
connections. Thus, appropriate treatment steps can be determined so that the morbidity and

mortality rates due to complications of the anastomosis can be eliminated.

Conclusion
Preoperative serum CRP levels up to postoperative 7\" day in the leakage group were higher

than non-leakage, but there were no significant differences between the two groups.
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