
Annals of Clinical and Analytical Medicine  | 1042

Annals of Clinical and Analytical Medicine
Original Research

CRP and procalcitonin in anastomotic leakage

The role of C-reactive protein (CRP) and procalcitonin in predicting 
anastomotic leakage after lower gastrointestinal system operations
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Abstract

Aim: Anastomotic leakage is a significant problem in lower gastrointestinal surgery that can lead to serious complications. This study aimed 
to investigate the effects of CRP and procalcitonin on anastomotic leakage in patients undergoing lower gastrointestinal surgery.

Methods: The study included 303 patients who underwent lower gastrointestinal surgery at the Department of General Surgery at Istanbul 
Medipol University Mega Hospital Complex between March 2013 and May 2016. Patients were divided into two categories: leakage (n = 29) 
and non-leakage (n = 274). Patient demographics and clinical data, along with CRP, leukocyte count, and procalcitonin levels on postoperative 
days 3 and 5, were analyzed.

Results: The ileocolic anastomosis region was significantly more common in the leaking group (P < .05). Complication rates differed 
significantly, with a higher rate of wound infection in the leaking group (P < .05). Sensitivity of CRP on the 3rd day was 79.3%, and on the 5th 
day, 72.4%. For procalcitonin, sensitivity on the 3rd day was 79.3% and on the 5th day after the operation was 75.9%. ROC analysis results 
showed that the area under the curve was the highest for CRP on the 5th day, followed by procalcitonin on the 3rd day, CRP on the 3rd day, 
and procalcitonin on the 5th day. All predictive values for both indicators on both measuring days were over 70%.

Conclusion: CRP and procalcitonin levels on postoperative days 3 and 5 may be diagnostic of anastomotic leaks in lower gastrointestinal 
surgery. Further studies on this topic are recommended for greater predictive value.
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Introduction

In lower gastrointestinal surgery, many types of anastomoses can 
be performed between two bowel segments.1 The anastomosis 
can be end-to-end, end-to-side, side-to-end, or side-to-side. 
The anastomotic technique can be hand-sewn or stapled.2 The 
submucosal layer of the bowel, which is the strongest part of the 
bowel wall, must be included in the anastomosis to ensure healing.3 
The choice of anastomosis depends on the surgical anatomy and 
the surgeon’s preference.4 Although many surgeons favor one 
technique, no technique has been proven superior.

Anastomotic leaks often present between the 5th and 7th 
postoperative days. Morbidity and mortality are higher with earlier 
leaks.5 Because there is no intra-abdominal adhesion, the infection 
cannot be localized, and the patient develops signs of sepsis 
after leakage.6 If symptoms are evident, emergency laparotomy 
is performed. For anastomotic leaks that develop more than 48 
hours after surgery, a treatment plan can be developed based 
on the location of the leak.7,8 Anastomotic leaks are the most 
important and serious cause of increased morbidity and mortality. 
The incidence of anastomotic leaks has been reported in the 
literature to range from 1% to 40%, depending on the definition 
used.9-11 Early detection of anastomotic leakage and initiation of 
appropriate treatment may reduce the need for reoperation and 
stoma formation, thereby maintaining the patient’s quality of life.

Diagnosis of anastomotic leak should be made as early as 
possible to reduce associated morbidity and mortality. CRP, an 
acute-phase protein synthesized by the liver, is used as a marker 
of complications after abdominal surgery.12-14 Due to its short 
half-life, CRP is a reliable indicator of the systemic inflammatory 
response and a marker of surgical-related complications, and it 
tends to normalize as the patient recovers.15 Procalcitonin levels 
are usually elevated after major abdominal, vascular, and thoracic 
surgeries but remain low in patients undergoing minor surgeries 
and aseptic procedures.16 Procalcitonin levels are thought to be 
induced by intestinal anastomotic preparation, transient bacterial 
contamination during surgery, or bacterial translocation.17,18 In 
addition, elevated procalcitonin levels are frequently observed 
in patients with abnormal postoperative outcomes compared to 
patients with normal postoperative outcomes.

Anastomotic leakage is a serious problem in lower gastrointestinal 
surgery and can lead to serious complications. The aim of this 
study was to investigate the effect of CRP and procalcitonin on 
anastomotic leakage in patients undergoing lower gastrointestinal 
surgery and anastomosis.

Materials and Methods

Research Model
The study was designed as a retrospective study. The medical 
records of patients who underwent lower gastrointestinal surgery 
were retrospectively analyzed and described using a descriptive 
screening model. Then, a correlation screening model was used to 
examine the relationship between patients’ CRP and procalcitonin 
levels and anastomotic status.

Patients
The study included patients who underwent lower gastrointestinal 
surgery in the Department of General Surgery, Medipol University 
Complex, Istanbul, between March 2013 and May 2016.

Inclusion Criteria
•	 Patients over 18 years old,

•	 Patients who underwent lower gastrointestinal surgery,

•	 Patients with complete medical records,

Exclusion Criteria
Emergency surgery,

•	 Patients under 18 years old,

•	 Patients who underwent hyperthermic intraperitoneal 
chemotherapy,

•	 Patients without anastomosis.

Data Collection
Demographic data, comorbidities, variables related to the 
underlying disease and preoperative treatment (if any), 
surgery-related data (type of surgery, type of resection, type 
of anastomosis, anastomosis technique), and data related to 
complications up to the 30th postoperative day were collected. 
Procedure: During the study period, all patients in our clinic received 
antibiotics (ceftriaxone/cefazolin plus metronidazole) throughout 
the postoperative hospital stay. Oral fluid intake was started on 
the second postoperative day, and solid food intake on the third 
postoperative day. In addition, CRP and procalcitonin levels were 
determined regularly on the third and fifth postoperative days. 
Contrast agent was administered orally, intravenously, or rectally 
to patients with purulent or intestinal contents drained through the 
abdominal cavity, elevated procalcitonin levels (> 2 ng/mL) against 
the background of fever (> 38 °C), or signs of peritoneal irritation. 
Abdominal computed tomography (CT) was performed.

Patients with elevated CRP or procalcitonin levels on postoperative 
day 3, but no clinical findings, were visually assessed on 
postoperative day 5. If patients developed infectious complications 
despite antibacterial therapy, antibacterial therapy was initiated 
after consultation with an infectious disease specialist.

Patients were discharged after they were able to tolerate their 
usual diet and their bowel function had recovered. However, 
if symptoms or signs of complications developed, additional 
examinations and treatments were performed, which prolonged 
the hospital stay. Percutaneous intervention was performed 
if anastomotic leakage was suspected or if abscesses or fluid 
collections were not amenable to medical treatment. Patients who 
developed generalized peritonitis underwent a repeat operation 
with abdominal lavage, anastomotic diversion, and end colostomy.

Ethical Approval
This study was approved by the Medipol University Non- invasive 
Clinical Research Ethics Committee (Date: 26.04.2017, Decision 
No: 160).

Statistical Analysis
Nominal and ordinal parameters were described with frequencies. 
Scale parameter normality was assessed using the Kolmogorov-
Smirnov test. Normally distributed parameters were characterized 
by means and standard deviations, and their differences were 
tested with an Independent-Samples t-test. Non-normally 
distributed parameters were described with medians and ranges, 
and their differences were tested with the Mann-Whitney U test. 
Receiver Operating Characteristic (ROC) analysis was used to 
assess the predictive value of CRP and procalcitonin levels. SPSS 
25.0 for Windows was used for analysis at a 95% Confidence 
Interval and a 0.05 significance level.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

The mean age of the non-leaking group was higher than that of 
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the leaking group. In the non-leaking group, 40.5% of patients 
were female, whereas 37.9% of patients in the leaking group were 
female. Hypertension and diabetes mellitus were more common in 
the non-leaking group. Chronic artery disease, chronic obstructive 
pulmonary disease, and chronic heart failure were more common in 
the leaking group. Age, gender, comorbidities, ASA score, diagnosis, 
malignancy, ileus, and perforation frequency differences between 
patient groups were insignificant (P > .05) (Supplementary Table 
S1).

95.8% of the non-leaking group and 75.0% of the leaking group had 
neoadjuvant therapy. Low anterior resection, anterior resection, 
and IB anastomosis were more common in the non-leaking group. 
Right hemicolectomy, colocolic anastomosis, extended right 
hemicolectomy, and IPAA were more frequent in the leaking group. 
Neoadjuvant treatment, type of operation, minimally invasive 
approach, stromal deflection, anastomosis type, and differences 
in technique between patient groups were not significant (P > .05). 
The ileocolic anastomosis region was significantly more common 
in the leaking group (P < .05) (Supplementary Table S2).

Antibiotic type differences were insignificant for both groups (P 
> .05). However, complication differences were significant with 
high wound infection in the leaking group (P < .05) (Supplementary 
Table S2).

Leukocyte, CRP, and procalcitonin differences on the 3rd and 5th 
days after operation were significantly higher in the leaking group 
(P < .05) (Supplementary Table S2).

Sensitivity of CRP on the 3rd day was 79.3%, and on the 5th day, 
72.4%. For procalcitonin, sensitivity on the 3rd day was 79.3%, and 
on the 5th day after the operation, 75.9%. ROC analysis results 
showed that the area under the curve was the highest for CRP on 
the 5th day, followed by procalcitonin on the 3rd day, CRP on the 
3rd day, and procalcitonin on the 5th day. All predictive values for 
both indicators on both measuring days were over 70% (Table 1).

Discussion

This study investigated the effects of CRP and procalcitonin on 
anastomotic leakage in patients undergoing lower gastrointestinal 
surgery. The medical records of 303 patients were analyzed, 29 of 
whom had anastomotic leakage. The findings suggest that CRP 
and procalcitonin levels on days 3 and 5 may serve as a statistically 
significant indicator of anastomotic leakage.

Ileoileal, ileocolic, ileorectal, coloanal, colonic, colorectal, and 
ileoanal anastomoses were performed after lower gastrointestinal 
surgeries. In patients with septic complications after these 
surgeries, CRP levels peak on the third postoperative day and tend 
to stabilize thereafter.19 The combination of a minimally invasive 
approach and the ERAS protocol can safely reduce the average 
hospital stay to 4 days after surgery.20 In 2012, Warshkow and 
colleagues published a meta- analysis evaluating the predictive 
value of CRP for infectious complications after colorectal surgery.21 
They found that CRP testing on postoperative day 4 achieved 
satisfactory accuracy in predicting anastomotic leak, with a 

negative predictive value of 89%, suggesting a cutoff of 135 mg/L. 
Singh and colleagues published another meta-analysis predicting 
anastomotic leak using CRP on postoperative days 3, 4, and 5.22 
They observed comparable diagnostic accuracy for CRP values on 
days 3, 4, and 5, as reported in this meta-analysis. They found a high 
negative predictive value (97%) but a low positive predictive value 
(21–23%). These results confirmed that CRP is a valid negative 
test but not a good positive test for predicting anastomotic leak. 
Similarly, in our study, we found high negative predictive values 
for CRP at 158 mg/L on postoperative day 3 and at 75 mg/L on 
postoperative day 5 (96.7% and 96.2%, respectively).

In our study, the ileocolic anastomosis region was significantly 
more common in the leaking group, and complication rates 
were significantly higher, with a higher rate of wound infection. 
Sensitivity of CRP on the 3rd day was 79.3%, and on the 5th day, 
72.4%. For procalcitonin, sensitivity on the 3rd day was 79.3% and 
on the 5th day after the operation was 75.9%. ROC analysis results 
showed that the area under the curve was the highest for CRP on 
the 5th day, followed by procalcitonin on the 3rd day, CRP on the 
3rd day, and procalcitonin on the 5th day. All predictive values for 
both indicators on both measuring days were over 70%.

Low CRP and procalcitonin levels have satisfactory negative 
predictive values for preventing septic complications and ensuring 
safe hospital discharge.23-25 However, the decision to re-intervene 
is based on low positive predictive values of both CRP and 
procalcitonin. Therefore, when signs of septic complications were 
observed along with high CRP and procalcitonin levels, the patients’ 
hospital stay was prolonged with additional investigations and 
treatment.

Limitations

In cases of abscesses/collections that could not be treated 
medically due to a suspected anastomotic leak, percutaneous 
intervention was performed. Patients who developed generalized 
peritonitis underwent reoperation to lavage the peritoneum, take 
down the anastomosis, and create an end colostomy. The decision 
to operate is often difficult and is based on additional imaging 
studies and clinical judgment.

Conclusion

Measurements of CRP and procalcitonin at 3 and 5 days after 
lower gastrointestinal surgery may serve as useful, supportive 
serum markers to identify patients at low risk of anastomotic 
leak and enable their safe discharge within early postoperative 
recovery protocols. However, with the addition of further tests, 
their reliability in the early detection of anastomotic leak improves; 
however, further studies to identify more specific markers are 
recommended.

 

Table 1. ROC Analysis Results for Predictive Value of CRP and Procalcitonin at 3rd and 5th Day After Operation 

Parameters Sensitivity Specificity Negative predictive Cut off level Area under curve P

CRP at 3rd day 79.3 65.9 96.7 158.5 mg/L 0.741 .000

Procalcitonin at 3rd day  79.3 64.2 96.7 0.65 ng/ml 0.756 .000

CRP at 5th day 72.4 73.4 96.2 75 mg/L 0.782 .000

Procalcitonin at 5th day 75.9 59.5 95.9 0.25 ng/ml 0.730 .000
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