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ABSTRACT 

Introduction: Anastomotic leakage (AL) remains a devastating 

complication following gastrointestinal surgery, associated with 

increased morbidity, mortality, and prolonged hospital stay. C-

reactive protein (CRP), an acute-phase inflammatory marker, has 

emerged as a potential early predictor of AL. This systematic 

review aims to evaluate the relationship between postoperative 

CRP levels and the prediction of anastomotic leakage across 

various surgical procedures. 

Methods: A systematic review was conducted following PRISMA 

guidelines. Comprehensive literature search identified studies 

evaluating CRP as a predictor of AL in adult patients undergoing 

gastrointestinal surgery with anastomosis. Studies were included if  
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they reported quantitative data on CRP levels and AL rates. Data 

extraction encompassed surgical context, CRP measurement 

protocols, AL definition and incidence, and CRP predictive 

performance characteristics. 

Results: A total of 146 studies comprising 49,328 patients were 

included, covering colorectal (n=66), esophageal (n=33), gastric 

(n=18), and bariatric (n=8) surgeries, with others involving mixed 

or unspecified procedures. AL incidence ranged from 1.5% in 

bariatric surgery to 30.6% in esophagectomy. Median time to AL 

diagnosis was consistently 5-9 days postoperatively. CRP 

measurement protocols varied considerably, with postoperative 

days 3-5 demonstrating optimal predictive value. Pooled analysis 

revealed CRP cutoff values ranging from 120-200 mg/L on POD 

3-5, with negative predictive values exceeding 90% in most 

studies. Significant heterogeneity existed in AL definitions, CRP 

measurement timing, and reported diagnostic accuracy. 

Discussion: Postoperative CRP demonstrates consistent utility as 

a negative predictive marker for AL, particularly between POD 3-

5. Low CRP levels effectively rule out AL with high negative 

predictive value, potentially enabling safe early discharge. 

However, optimal cutoff values vary by surgical procedure and 

patient population. CRP performs best as a rule-out test rather than 

a rule-in test for AL. 

Conclusion: Serial CRP measurement represents a valuable, cost-

effective tool for early prediction of anastomotic leakage. 

Standardized protocols and procedure-specific thresholds are 

needed to optimize clinical utility. Future research should focus on 

integrating CRP with other biomarkers and clinical risk scores to 

enhance predictive accuracy. 
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INTRODUCTION 

Anastomotic leakage (AL) represents one of the most feared complications following 

gastrointestinal surgery, with reported incidence rates ranging from 1.5% to over 30% depending on 

the surgical procedure and patient population (1,33,81). This complication is associated with 

significantly increased morbidity, mortality, prolonged hospital stay, higher healthcare costs, and 

impaired long-term oncological outcomes (2,17,123). The clinical presentation of AL is often 

insidious, with signs and symptoms that may not become apparent until significant intra-abdominal 

sepsis has developed, typically between postoperative day (POD) 5 and 9 (3,14,21,23). Early 

detection of AL is therefore critical to enable timely intervention and mitigate adverse outcomes 

(4,5). 

C-reactive protein (CRP), an acute-phase reactant synthesized by hepatocytes in response to 

pro-inflammatory cytokines, particularly interleukin-6, has emerged as a promising early biomarker 

for postoperative infectious complications (6,7). Following surgical trauma, CRP levels typically 

rise, peaking around POD 2-3 before gradually declining in uncomplicated recovery (8,9). 

However, persistent elevation or secondary rise in CRP may indicate underlying infectious 

complications, including AL (10,11). The widespread availability, low cost, and standardized 

measurement of CRP make it an attractive tool for routine postoperative surveillance (12,13). 

Despite numerous studies investigating the relationship between CRP and AL, significant 

heterogeneity exists in study design, patient populations, surgical procedures, CRP measurement 

protocols, and reported diagnostic accuracy (14,15). Previous systematic reviews and meta-analyses 

have focused on specific surgical procedures, particularly colorectal surgery and esophagectomy 

(1,10,66,68). However, a comprehensive synthesis encompassing the full spectrum of 

gastrointestinal anastomotic surgery, including gastric and bariatric procedures, with detailed 

analysis of study characteristics, CRP measurement protocols, and predictive performance across 

different clinical contexts, remains lacking. 
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Research Gap: While individual studies consistently demonstrate an association between 

elevated postoperative CRP and AL, the optimal timing of measurement, ideal cutoff values, and 

consistency of predictive performance across different surgical procedures and patient populations 

remain poorly defined. Furthermore, the significant variability in AL definitions, CRP measurement 

protocols, and reported diagnostic accuracy metrics limits direct comparison between studies and 

impedes the development of standardized clinical guidelines. 

Objective: This systematic review aims to comprehensively evaluate the relationship 

between postoperative C-reactive protein levels and the prediction of anastomotic leakage across all 

types of gastrointestinal surgery requiring anastomosis. Specifically, we seek to: (1) characterize the 

heterogeneity in study designs, patient populations, and surgical procedures; (2) analyze CRP 

measurement protocols including timing, frequency, and units; (3) synthesize reported AL 

definitions, detection methods, and incidence rates; and (4) evaluate the predictive performance of 

CRP including optimal cutoff values, timing, and diagnostic accuracy metrics. 

Hypothesis: We hypothesize that postoperative CRP measurement, particularly between 

POD 3-5, demonstrates consistent negative predictive value for AL across different surgical 

procedures, with low CRP levels effectively ruling out AL, although optimal cutoff values may vary 

by surgical context and patient characteristics. 

Novelty: This systematic review provides the most comprehensive synthesis to date, 

encompassing 146 studies across colorectal, esophageal, gastric, and bariatric surgery. Unlike 

previous meta-analyses focused on single procedure types, our inclusive approach enables cross-

procedural comparison and identification of common patterns in CRP kinetics and predictive 

performance. The detailed characterization of study heterogeneity, AL definitions, and CRP 

measurement protocols provides a foundation for developing standardized approaches to future 

research and clinical implementation. 
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Benefits: Establishing the utility of CRP as a predictor of AL has significant clinical 

implications. Early identification of patients at low risk for AL could facilitate safe early discharge 

within enhanced recovery protocols, reducing hospital stay and healthcare costs (16,20). 

Conversely, early identification of high-risk patients could trigger timely diagnostic investigations 

and interventions, potentially reducing the severity of AL-related complications (4,5,107). 

Furthermore, understanding procedure-specific CRP thresholds may enable personalized 

postoperative monitoring strategies. 

METHODS 

Protocol 

The study strictly adhered to the Preferred Reporting Items for Systematic Review and 

Meta-Analysis (PRISMA) 2020 guidelines to ensure methodological rigor and accuracy. This 

approach was chosen to enhance the precision and reliability of the conclusions drawn from the 

investigation. 

Criteria for Eligibility 

This systematic review aims to evaluate the relationship between C-Reactive Protein levels 

and the prediction of anastomotic leakage. 

Screening 

We screened in sources based on their abstracts that met these criteria: 

• Adult Population: Does the study involve adult patients (≥18 years) who underwent 

surgical procedures requiring anastomosis? 

• CRP and Anastomotic Leakage Assessment: Does the study measure C-Reactive Protein 

levels perioperatively AND assess anastomotic leakage as an outcome with clear diagnostic 

criteria? 
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• Quantitative Data Availability: Does the study provide quantitative data on CRP levels 

and anastomotic leakage rates? 

• Appropriate Study Design: Is the study an observational study (cohort, case-control, cross-

sectional), randomized controlled trial, systematic review, or meta-analysis? 

• Adequate Sample Size: Is the study NOT a case report or case series with fewer than 10 

patients? 

• Human Clinical Study: Is the study NOT an animal study, in vitro study, conference 

abstract, editorial, or opinion piece? 

We considered all screening questions together and made a holistic judgement about 

whether to screen in each paper. 

Search Strategy 

The keywords used for this research based PICO :  

Element 
P (Population) 

I 

(Intervention/Exposure) 

C 

(Comparison/Context) 
O (Outcome) 

Keyword 

1 
Adult Patients C-Reactive Protein No Anastomotic Leak 

Anastomotic 

Leakage 

Keyword 

2 

Colorectal 

Surgery 
CRP levels 

Normal Postoperative 

Recovery 

Early 

Prediction 

Keyword 

3 
Esophagectomy Postoperative Day 3 CRP 

Other Inflammatory 

Markers 

Diagnostic 

Accuracy 

Keyword 

4 

Gastrointestinal 

Surgery 
 Inflammatory Marker 

Clinical Assessment 

Alone 

Postoperative 

Complication 

 

The Boolean MeSH keywords inputted on databases for this research are: ("Adult Patients" 

OR "Colorectal Surgery" OR "Esophagectomy" OR "Gastrointestinal Surgery") AND ("C-Reactive 

Protein" OR "CRP levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") AND ("No 
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Anastomotic Leak" OR "Normal Postoperative Recovery" OR "Other Inflammatory Markers" OR 

"Clinical Assessment Alone") AND ("Anastomotic Leakage" OR "Early Prediction" OR "Diagnostic 

Accuracy" OR "Postoperative Complication") 

Data extraction 

• Surgical Context: 

  Extract details about the surgical population and procedure relevant to CRP prediction of 

anastomotic leakage, including: 

o Type of surgery (colorectal, esophageal, gastric, etc.) 

o Surgical approach (open, laparoscopic, robotic) 

o Patient population characteristics (age, comorbidities, cancer vs benign) 

o Sample size and anastomotic leak incidence rate 

o Emergency vs elective procedures 

• CRP Measurement: 

  Extract all details about CRP measurement protocol for predicting anastomotic leakage, 

including: 

o Postoperative days when CRP was measured (POD 1, 2, 3, etc.) 

o CRP measurement methodology and units (mg/L, mg/dL) 

o Baseline/preoperative CRP levels if reported 

o Normal CRP reference ranges used 

o Frequency of measurements (daily, specific intervals) 

• Anastomotic Leak: 

  Extract details about anastomotic leakage definition and detection relevant to CRP 

prediction, including: 
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o Clinical definition of anastomotic leak used in the study 

o Detection methods (clinical, radiological, endoscopic, operative) 

o Mean or median time to leak diagnosis (days post-surgery) 

o Leak severity classification if provided 

o Total number of leaks and leak rate percentage 

• CRP Predictive Performance: 

  Extract all statistical measures of CRP's ability to predict anastomotic leakage, including: 

o CRP cutoff values with corresponding postoperative days 

o Sensitivity and specificity percentages 

o Positive and negative predictive values 

o Area under ROC curve (AUC) values 

o Mean CRP levels in leak vs no-leak groups by postoperative day 

o Statistical significance (p-values) for CRP differences 

o Optimal timing for CRP prediction (which POD performs best) 

• Study Design: 

  Extract study design characteristics that affect the reliability of CRP-anastomotic leak 

relationship findings, including: 

o Study design (prospective, retrospective, case-control) 

o Study period and duration 

o Inclusion and exclusion criteria 

o Whether patients were matched or randomized 

o Loss to follow-up rates 

o Single-center vs multi-center 

• Key Findings: 
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  Extract the main conclusions about the relationship between CRP levels and anastomotic 

leak prediction, including: 

o Authors' primary conclusion about CRP's predictive value 

o Recommended CRP thresholds for clinical decision-making 

o Comparison with other inflammatory markers if performed 

o Clinical recommendations for discharge or monitoring based on CRP 

o Limitations or factors that affect CRP predictive accuracy 

o Any subgroup analyses (by surgical approach, patient factors) 
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Table 1. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Adult Patients" OR "Colorectal Surgery" OR "Esophagectomy" OR 
"Gastrointestinal Surgery") AND ("C-Reactive Protein" OR "CRP 
levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") 
AND ("No Anastomotic Leak" OR "Normal Postoperative Recovery" 
OR "Other Inflammatory Markers" OR "Clinical Assessment Alone") 
AND ("Anastomotic Leakage" OR "Early Prediction" OR 
"Diagnostic Accuracy" OR "Postoperative Complication") 

129 

Semantic 

Scholar 

("Adult Patients" OR "Colorectal Surgery" OR "Esophagectomy" OR 
"Gastrointestinal Surgery") AND ("C-Reactive Protein" OR "CRP 
levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") 
AND ("No Anastomotic Leak" OR "Normal Postoperative Recovery" 
OR "Other Inflammatory Markers" OR "Clinical Assessment Alone") 
AND ("Anastomotic Leakage" OR "Early Prediction" OR 
"Diagnostic Accuracy" OR "Postoperative Complication") 

251 

Springer ("Adult Patients" OR "Colorectal Surgery" OR "Esophagectomy" OR 
"Gastrointestinal Surgery") AND ("C-Reactive Protein" OR "CRP 
levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") 
AND ("No Anastomotic Leak" OR "Normal Postoperative Recovery" 
OR "Other Inflammatory Markers" OR "Clinical Assessment Alone") 
AND ("Anastomotic Leakage" OR "Early Prediction" OR 
"Diagnostic Accuracy" OR "Postoperative Complication") 

149 

Google 

Scholar 

("Adult Patients" OR "Colorectal Surgery" OR "Esophagectomy" OR 
"Gastrointestinal Surgery") AND ("C-Reactive Protein" OR "CRP 
levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") 
AND ("No Anastomotic Leak" OR "Normal Postoperative Recovery" 
OR "Other Inflammatory Markers" OR "Clinical Assessment Alone") 
AND ("Anastomotic Leakage" OR "Early Prediction" OR 
"Diagnostic Accuracy" OR "Postoperative Complication") 

156 

Wiley 

Online 

Library 

("Adult Patients" OR "Colorectal Surgery" OR "Esophagectomy" OR 
"Gastrointestinal Surgery") AND ("C-Reactive Protein" OR "CRP 
levels" OR "Postoperative Day 3 CRP" OR "Inflammatory Marker") 
AND ("No Anastomotic Leak" OR "Normal Postoperative Recovery" 
OR "Other Inflammatory Markers" OR "Clinical Assessment Alone") 
AND ("Anastomotic Leakage" OR "Early Prediction" OR 
"Diagnostic Accuracy" OR "Postoperative Complication") 

164 



 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

74 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

` 

Figure 1. Article search flowchart 

Records identified from*: 
PubMed (n = 129) 
Springer (n = 149) 
Semantic Scholar (n = 251) 
Google Scholar (n = 156) 
Wiley Online Library (n = 164) 
 

Records removed before screening: 
Duplicate records removed  (n = 8) 
Records marked as ineligible by 
automation tools (n= 127) 
 

Records screened 
(n = 714) 

Records excluded** 
(n = 198) 

Reports sought for retrieval 
(n = 516) 

Reports not retrieved 
(n = 209) 

Reports assessed for eligibility 
(n = 307) 

Reports excluded: 
Wrong study design (n = 161) 

Studies included in systematic review 
(n = 146) 

Identification of studies via databases and registers 
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RESULTS 

Study Characteristics 

Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Denise E. 

Yeung et al., 

2021 [1] 

Multi-

center 

[1] 

2007-

2020 

[1] 

6647 

[1] 

Colorectal [1] Open, 

Laparoscopi

c, Robotic 

[1] 

Adults with 

benign/malignant 

pathology [1] 

7.3 [1] 

B. Borraez-

Segura et al., 

2022 [34] 

Multi-

center 

[34] 

2018-

2019 

[34] 

97 [34] Colorectal (56%), 

Gastric (36%) 

[34] 

Not 

mentioned 

Mean age 63, 

primarily cancer 

[34] 

5.0 [34] 

M. 

Scepanovic et 

al., 2013 [2] 

Not 

mentio

ned 

Not 

mentio

ned 

156 [2] Abdominal 

surgery [2] 

Not 

mentioned 

Not mentioned 9.6 [2] 

Eijiro 

Edagawa et 

al., 2015 [3] 

Not 

mentio

ned 

Not 

mentio

ned 

108 [3] Esophagectomy 

[3] 

Not 

mentioned 

Not mentioned 19.4 [3] 

Isa Basuki et 

al., 2020 [72] 

Single-

center 

[72] 

2019 

[72] 

40 [72] Bowel resection 

[72] 

Not 

mentioned 

Age 18-75 [72] Not 

mentio

ned 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

P. Waterland 

et al., 2016 

[30] 

Not 

mentio

ned 

2011-

2014 

[30] 

727 

[30] 

Colorectal [30] Open, 

Laparoscopi

c [30] 

Elective surgery 

[30] 

7.9 [30] 

D. Jin et al., 

2021 [8] 

Single-

center 

[8] 

2013-

2015 

[8] 

196 [8] Rectal surgery [8] Laparoscopi

c [8] 

Rectal cancer [8] 5.6 [8] 

J. Park et al., 

2017 [73] 

Single-

center 

[73] 

2009-

2016 

[73] 

201 

[73] 

Esophagectomy 

[73] 

Not 

mentioned 

Esophageal cancer 

[73] 

11.4 

[73] 

P. Ortega-

Deballon et 

al., 2010 [19] 

Not 

mentio

ned 

2007-

2008 

[19] 

133 

[19] 

Colorectal [19] Not 

mentioned 

Elective surgery 

[19] 

15.5 

[19] 

E. Asti et al., 

2018 [142] 

Not 

mentio

ned 

2012-

2017 

[142] 

243 

[142] 

Esophageal [142] Minimally 

invasive 

[142] 

Esophageal cancer 

[142] 

11.9 

[142] 

T. Welsch et 

al., 2007 [26] 

Not 

mentio

ned 

Not 

mentio

ned 

383 

total, 

48 

leaks 

[26] 

Rectal resections 

[26] 

Not 

mentioned 

Rectal cancer [26] 12.5 

[26] 



 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

77 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

M. Ramos 

Fernández et 

al., 2017 [9] 

Not 

mentio

ned 

Not 

mentio

ned 

168 [9] Colorectal [9] Open, 

Laparoscopi

c [9] 

Elective surgery [9] 8.3 [9] 

A. Aiolfi et 

al., 2018 [10] 

Not 

specifie

d 

2012-

2018 

[10] 

850 

[10] 

Esophagectomy 

[10] 

Open, 

Minimally 

invasive [10] 

Squamous-cell 

carcinoma (50%), 

Adenocarcinoma 

(47%) [10] 

11.0 

[10] 

D. Bona et al., 

2022 [66] 

Not 

mentio

ned 

Not 

mentio

ned 

11,144 

[66] 

Colorectal [66] Not 

mentioned 

Not mentioned 8.0 [66] 

Á. García-

Granero et 

al., 2013 [74] 

Single-

center 

[74] 

Not 

mentio

ned 

205 

[74] 

Colorectal [74] Not 

mentioned 

Elective surgery 

[74] 

8.3 [74] 

Tiffany 

Paradis et al., 

2020 [31] 

Not 

mentio

ned 

Not 

mentio

ned 

13 

studies 

[31] 

Colorectal [31] Laparoscopi

c, Open [31] 

Elective surgery 

[31] 

14.8 

(lap), 

21.0 

(open) 

[31] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

J. Platt et al., 

2012 [11] 

Single-

center 

[11] 

Not 

mentio

ned 

454 

[11] 

Colorectal cancer 

surgery [11] 

Not 

mentioned 

Colorectal cancer 

[11] 

5.7 [11] 

D. Bona et al., 

2019 [67] 

Not 

mentio

ned 

Not 

mentio

ned 

1401 

[67] 

Bariatric (LSG, 

LRYGB) [67] 

Laparoscopi

c [67] 

Not specified 9.8 [67] 

P. 

Paliogiannis 

et al., 2021 

[121] 

Multi-

center 

[121] 

Not 

mentio

ned 

1183 

[121] 

Colorectal [121] Not 

mentioned 

Colorectal cancer, 

elective [121] 

Not 

mentio

ned 

Haddon J 

Pantel et al., 

2019 [4] 

Single-

center 

[4] 

2013-

2017 

[4] 

752 [4] Colorectal 

resection [4] 

Not 

mentioned 

Elective surgery [4] 2.0 [4] 

Devarajan 

Jebin Aaron 

et al., 2021 

[27] 

Single-

center 

[27] 

Not 

mentio

ned 

84 [27] Gastrointestinal 

surgery [27] 

Not 

mentioned 

Elective surgery 

[27] 

26.2 

[27] 

M. Mik et al., 

2017 [75] 

Single-

center 

[75] 

2010-

2014 

[75] 

724 

[75] 

Colorectal cancer 

surgery [75] 

Open [75] Colorectal cancer 

[75] 

4.6 [75] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Dubravka 

Mužina et al., 

2024 [76] 

Single-

center 

[76] 

2023 

[76] 

100 

[76] 

Colorectal 

surgery [76] 

Not 

mentioned 

Colorectal 

carcinoma [76] 

10.0 

[76] 

J. Muñoz et 

al., 2018 [20] 

Not 

mentio

ned 

2015-

2017 

[20] 

134 

[20] 

Colorectal 

surgery [20] 

Laparoscopi

c [20] 

Not specified 4.5 [20] 

T. Pedersen 

et al., 2012 

[77] 

Single-

center 

[77] 

1 year 

[77] 

129 

[77] 

Colorectal 

surgery [77] 

Laparoscopi

c [77] 

Not specified Part of 

32% 

septic 

comp. 

[77] 

Praachi Raje 

et al., 2023 

[78] 

Single-

center 

[78] 

2019-

2020 

[78] 

332 

[78] 

Colectomy or 

proctectomy [78] 

Open [78] Elective surgery 

[78] 

6.9 [78] 

N. Lagoutte 

et al., 2012 

[35] 

Not 

mentio

ned 

2010-

2011 

[35] 

100 

[35] 

Colorectal 

surgery [35] 

Not 

mentioned 

Elective surgery 

[35] 

13.0 

[35] 

E. Van Daele 

et al., 2024 

[68] 

Not 

mentio

ned 

Not 

mentio

ned 

5348 

[68] 

Esophagectomy 

[68] 

Not 

mentioned 

Not mentioned 13.0 

[68] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

I. A. Bilgin et 

al., 2017 [28] 

Not 

mentio

ned 

Not 

mentio

ned 

50 [28] Low anterior 

resection [28] 

Not 

mentioned 

Rectal carcinoma 

[28] 

14.0 

[28] 

P. Rat et al., 

2022 [12] 

Multi-

center 

[12] 

2009-

2017 

[12] 

585 

[12] 

Esophagectomy 

(Ivor-Lewis) [12] 

Not 

mentioned 

Not mentioned 11.8 

[12] 

T. Masuda et 

al., 2021 [13] 

Single-

center 

[13] 

2012-

2019 

[13] 

247 

[13] 

Right-sided 

colectomy [13] 

Open and 

Laparoscopi

c [13] 

Elective surgery 

[13] 

3.6 [13] 

L. C. Pandini 

et al., 2010 [7] 

Single-

center 

[7] 

2002-

2005 

[7] 

352 [7] Colorectal 

resection [7] 

Not 

mentioned 

Not mentioned 7.6 [7] 

E. Hagens et 

al., 2019 [36] 

Single-

center 

[36] 

2016-

2018 

[36] 

200 

[36] 

Esophagectomy 

[36] 

Not 

mentioned 

Esophageal 

carcinoma [36] 

Not 

mentio

ned 

Jia Lu et al., 

2017 [37] 

Single-

center 

[37] 

2015-

2016 

[37] 

172 

[37] 

Colorectal 

surgery [37] 

Not 

mentioned 

Colorectal cancer 

[37] 

14.0 

[37] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

B. Messias et 

al., 2020 [14] 

Single-

center 

[14] 

2014-

2018 

[14] 

90 [14] Colorectal 

surgery [14] 

Not 

mentioned 

Median age 56 [14] 12.2 

[14] 

N. Rama et 

al., 2022 [38] 

Single-

center 

[38] 

2017-

2019 

[38] 

396 

[38] 

Colorectal 

resection [38] 

Not 

specified 

Not detailed 6.3 [38] 

E. Lazarus et 

al., 2022 [39] 

Single-

center 

[39] 

2016-

2017 

[39] 

113 

[39] 

Colorectal 

surgery [39] 

Open, 

Laparoscopi

c [39] 

Malignancy 

common [39] 

19.4 

[39] 

M. Zawadzki 

et al., 2015 

[18] 

Single-

center 

[18] 

2013-

2014 

[18] 

55 [18] Colorectal cancer 

resection [18] 

Open, 

Robotic [18] 

Average age 66, 

Colorectal cancer 

[18] 

9.1 [18] 

Chi Zhang et 

al., 2021 [79] 

Single-

center 

[79] 

2019-

2020 

[79] 

273 

[79] 

Esophagectomy 

[79] 

VATS, 

RATS [79] 

Average age 64, 

Esophageal cancer 

[79] 

12.5 

[79] 

G. Guevara-

Morales et 

al., 2019 [5] 

Single-

center 

[5] 

2014-

2017 

[5] 

138 [5] Colorectal 

surgery [5] 

Primarily 

open [5] 

Average age 57, 

Elective surgery [5] 

6.5 [5] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

E. Hagens et 

al., 2023 [21] 

Single-

center 

[21] 

2016-

2018 

[21] 

200 

[21] 

Minimally 

invasive 

esophagectomy 

[21] 

Minimally 

invasive [21] 

Esophageal cancer, 

Median age 66 [21] 

11.0 

[21] 

A. Barbaro et 

al., 2020 [69] 

Not 

mentio

ned 

Not 

mentio

ned 

Not 

mentio

ned 

Esophagectomy 

[69] 

Not 

mentioned 

Not mentioned Not 

mentio

ned 

Y. Kulu et al., 

2013 [128] 

Single-

center 

[128] 

2001-

2011 

[128] 

746 

[128] 

Sphincter-

preserving rectal 

resection [128] 

Not 

mentioned 

Rectal cancer [128] 7.5 

[128] 

Wahidullah 

Dost et al., 

2024 [15] 

Multi-

center 

[15] 

Not 

mentio

ned 

59 to 

2,655 

[15] 

Colorectal 

surgery [15] 

Not 

specified 

Not detailed Not 

specifie

d 

Erik D. 

Nilsson et al., 

2018 [122] 

Multi-

center 

[122] 

2006-

2017 

[122] 

462 

total, 

155 

with 

AL 

[122] 

Esophageal/gastr

oesophageal 

surgery [122] 

Not 

specified 

Oesophageal/junctio

nal cancer [122] 

33.5 

[122] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

R. 

Warschkow 

et al., 2012 

[80] 

Single-

center 

[80] 

2002-

2011 

[80] 

410 

[80] 

Laparoscopic 

gastric bypass 

(LRYGB) [80] 

Laparoscopi

c [80] 

Severely obese 

patients [80] 

4.1 [80] 

Tomáš Řezáč 

et al., 2021 

[129] 

Not 

mentio

ned 

1 year 

[129] 

162 

[129] 

Rectal resection 

[129] 

Open [129] Rectal cancer [129] 9.9 

[129] 

M. Zawadzki 

et al., 2018 

[40] 

Single-

center 

[40] 

2013-

2015 

[40] 

32 [40] Low anterior 

resection [40] 

Open, 

Robotic [40] 

Elective, Rectal 

adenocarcinoma 

[40] 

15.2 

[40] 

V. Javier et 

al., 2020 [130] 

Not 

mentio

ned 

16 

months 

[130] 

84 

[130] 

Colorectal 

surgery [130] 

Not 

mentioned 

Not mentioned 9.5 

[130] 

Amirhossein 

Vaziri-

Moghaddam 

et al., 2017 

[131] 

Not 

mentio

ned 

Not 

mentio

ned 

214 

[131] 

Colorectal 

surgery [131] 

Not 

mentioned 

Cancer or other 

diseases [131] 

7.9 

[131] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

S. Chiappetta 

et al., 2019 

[81] 

Single-

center 

[81] 

Not 

mentio

ned 

471 

[81] 

Bariatric surgery 

[81] 

Laparoscopi

c [81] 

Severe obesity [81] 1.5 [81] 

Mohamed 

Elkerkary et 

al., 2020 [41] 

Single-

center 

[41] 

2015-

2016 

[41] 

45 [41] Gastrointestinal 

surgery [41] 

Laparotomy 

(80%), 

Laparoscopi

c (20%) [41] 

Age 18-72, 62% 

female [41] 

22.2 

[41] 

M. Pera et al., 

2017 [16] 

Not 

mentio

ned 

Not 

mentio

ned 

221 

[16] 

Rectal resection 

[16] 

Not 

mentioned 

Rectal cancer [16] Not 

mentio

ned 

Mostafa 

Omar Abdel 

Aziz et al., 

2025 [70] 

Not 

mentio

ned 

Not 

mentio

ned 

Not 

mentio

ned 

Colorectal 

anastomosis [70] 

Not 

mentioned 

Adult, elective 

surgery [70] 

Not 

mentio

ned 

Bruce Su'a et 

al., 2022 [42] 

Multi-

center 

[42] 

3 years 

[42] 

Not 

specifie

d; 16 

leaks 

[42] 

Elective 

colectomy [42] 

Not 

specified 

Consecutive adults 

[42] 

5.7 [42] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

G. Song et al., 

2022 [43] 

Single-

center 

[43] 

2019-

2020 

[43] 

120 

[43] 

Dixon surgery for 

rectal cancer [43] 

Not 

specified 

Rectal cancer, age 

19-78 [43] 

11.7 

[43] 

Mads 

Riiskjær et 

al., 2016 [132] 

Not 

mentio

ned 

2009-

2015 

[132] 

217 

[132] 

Bowel resection 

for endometriosis 

[132] 

Laparoscopi

c [132] 

Deep infiltrating 

endometriosis [132] 

8.3 

[132] 

S. Dutta et 

al., 2011 [44] 

Not 

mentio

ned 

7 

days/pa

tient 

[44] 

136 

[44] 

Esophagogastric 

cancer resection 

[44] 

Not 

mentioned 

Cancer patients [44] 12.5 

[44] 

Yilong Hu et 

al., 2024 [82] 

Single-

center 

[82] 

2019-

2023 

[82] 

113 

[82] 

Colorectal 

surgery [82] 

Laparoscopi

c, Open [82] 

Average age 68, 

colorectal cancer 

[82] 

9.7 [82] 

M. Baeza-

Murcia et al., 

2021 [133] 

Not 

mentio

ned 

Not 

mentio

ned 

95 

[133] 

Colorectal 

surgery [133] 

Not 

mentioned 

Elective surgery 

[133] 

14.0 

[133] 

N. Komen et 

al., 2014 [83] 

Multi-

center 

[83] 

Not 

mentio

ned 

243 

[83] 

Colorectal 

surgery [83] 

Open, 

Laparoscopi

c [83] 

Mean age 64, 

mainly for 

malignancy [83] 

8.0 [83] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

S. 

Chernyshov 

et al., 2018 

[84] 

Single-

center 

[84] 

2013-

2016 

[84] 

100 

[84] 

Low anterior 

resection (LAR-

TME) [84] 

Not 

mentioned 

Various risk factors 

identified [84] 

11.0 

[84] 

Pola Anwar 

et al., 2019 

[45] 

Single-

center 

[45] 

2018 

[45] 

24 [45] Colorectal 

resection [45] 

Open [45] Colorectal cancer, 

elective [45] 

20.8 

[45] 

C. Neary et 

al., 2020 [85] 

Single-

center 

[85] 

2014-

2018 

[85] 

148 

total 

(71 

Oes, 77 

Gas) 

[85] 

Oesophagectomy, 

Gastrectomy [85] 

Not 

mentioned 

Not mentioned 7.0 [85] 

Z. Kostić et 

al., 2015 [134] 

Not 

mentio

ned 

Not 

mentio

ned 

150 

[134] 

Colorectal 

resection [134] 

Not 

mentioned 

Colorectal cancer 

[134] 

10.0 

[134] 

Mohammed 

M. Raslan et 

al., 2024 [135] 

Single-

center 

[135] 

2021-

2022 

[135] 

105 

[135] 

Colorectal and 

intestinal surgery 

[135] 

Open, 

Laparoscopi

c [135] 

Mean age 49, 61% 

male [135] 

19.0 

[135] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

K. 

Albanopoulos 

et al., 2013 

[46] 

Not 

mentio

ned 

2008-

2011 

[46] 

177 

[46] 

Laparoscopic 

sleeve 

gastrectomy 

(LSG) [46] 

Laparoscopi

c [46] 

Not mentioned Not 

mentio

ned 

A. 

Mohamedah

med et al., 

2024 [32] 

Single-

center 

[32] 

2021-

2022 

[32] 

231 

[32] 

Colorectal 

resection [32] 

Mixed 

approaches 

[32] 

Mean age 69, 

elective surgery [32] 

3.0 [32] 

K. Kano et 

al., 2015 [145] 

Not 

mentio

ned 

2008-

2014 

[145] 

77 

[145] 

Gastric cancer 

resection [145] 

Open [145] Gastric cancer [145] 9.1 

[145] 

H. Amoli et 

al., 2021 [86] 

Not 

mentio

ned 

2017-

2019 

[86] 

315 

[86] 

Colorectal 

surgery [86] 

Not 

mentioned 

Mean age 56, 

elective [86] 

8.3 [86] 

Haidi Abd El 

Zaher et al., 

2022 [47] 

Single-

center 

[47] 

2018-

2020 

[47] 

205 

[47] 

Colorectal 

surgery [47] 

Open (86%), 

Laparoscopi

c (14%) [47] 

Mean age 56, mixed 

comorbidities [47] 

10.7 

[47] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Hernán 

Daniel 

Pinares-

Carrillo et al., 

2023 [87] 

Single-

center 

[87] 

2019-

2021 

[87] 

270 

[87] 

Colorectal 

surgery [87] 

Open, 

Laparoscopi

c [87] 

Colon cancer, 

elective surgery [87] 

16.7 

[87] 

M. Slavin et 

al., 2022 [22] 

Single-

center 

[22] 

2012-

2017 

[22] 

92 [22] Colorectal 

surgery for 

Crohn's disease 

[22] 

Laparoscopi

c, Open [22] 

Crohn's disease 

patients [22] 

11.9 

[22] 

Ю. А. 

Шелыгин et 

al., 2017 [88] 

Single-

center 

[88] 

2013-

2016 

[88] 

100 

[88] 

Lower anterior 

resection [88] 

Not 

mentioned 

Epithelial rectal 

tumors [88] 

20.0 

[88] 

Pooya 

Rajabaleyan 

et al., 2024 

[89] 

Single-

center 

[89] 

2013-

2018 

[89] 

1855 

[89] 

Colon cancer 

surgery [89] 

Not 

mentioned 

Colon cancer 

patients [89] 

Not 

mentio

ned 

Anders 

Gerdin et al., 

2024 [123] 

Multi-

center 

[123] 

2014-

2018 

[123] 

1036 

[123] 

Anterior 

resection for 

rectal cancer 

[123] 

Not 

mentioned 

Rectal cancer, 

males, smokers 

[123] 

21.0 

[123] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

J. Ruiz-Tovar 

et al., 2017 

[48] 

Not 

mentio

ned 

2012-

2015 

[48] 

208 

[48] 

Laparoscopic 

sleeve 

gastrectomy [48] 

Laparoscopi

c [48] 

Morbidly obese 

patients [48] 

3.8 [48] 

R. 

Warschkow 

et al., 2011 

[17] 

Single-

center 

[17] 

1997-

2009 

[17] 

1187 

[17] 

Open resection of 

colorectal cancer 

[17] 

Open [17] Colorectal cancer 

patients [17] 

8.0 [17] 

Jinyao Shi et 

al., 2020 [90] 

Single-

center 

[90] 

2017-

2018 

[90] 

350 

[90] 

Gastrectomy [90] Open, 

Laparoscopi

c [90] 

Gastric cancer, 

elective surgery [90] 

6.5 [90] 

Lukas F. 

Liesenfeld et 

al., 2020 [91] 

Single-

center 

[91] 

2010-

2016 

[91] 

233 

[91] 

Esophageal 

resection [91] 

Open [91] Malignant disease 

(99%), elective [91] 

24.5 

[91] 

B. Romain et 

al., 2014 [49] 

Not 

mentio

ned 

2010-

2012 

[49] 

126 

[49] 

Laparoscopic 

gastric bypass 

[49] 

Laparoscopi

c [49] 

Morbid obesity [49] 3.2 [49] 

S. M et al., 

2018 [50] 

Not 

mentio

ned 

Not 

mentio

ned 

50 [50] Colorectal 

surgeries [50] 

Not 

mentioned 

Elective surgery 

[50] 

14.0 

[50] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

S. Stuart et 

al., 2021 [92] 

Single-

center 

[92] 

2018-

2020 

[92] 

109 

[92] 

Esophagectomy 

(Ivor-Lewis) [92] 

Minimally 

invasive [92] 

Esophageal cancer 

[92] 

12.0 

[92] 

J. 

Charbonneau 

et al., 2024 

[51] 

Single-

center 

[51] 

2018-

2020 

[51] 

99 [51] CRS and HIPEC 

[51] 

Not 

mentioned 

Peritoneal 

metastases [51] 

4.0 [51] 

Julius 

Pochhammer 

et al., 2020 

[93] 

Single-

center 

[93] 

2009-

2018 

[93] 

1073 

[93] 

Bariatric surgery 

[93] 

Laparoscopi

c [93] 

Severely obese 

patients [93] 

4.2 [93] 

F. Dib et al., 

2017 [52] 

Single-

center 

[52] 

2011-

2015 

[52] 

1326 

[52] 

Laparoscopic 

sleeve 

gastrectomy 

(LSG) [52] 

Laparoscopi

c [52] 

Not specified 1.9 [52] 

Feng Zhang 

et al., 2022 

[94] 

Single-

center 

[94] 

2020-

2021 

[94] 

204 

[94] 

Colorectal 

resection [94] 

Laparoscopi

c [94] 

Mean age 63, 

colorectal cancer 

[94] 

9.3 [94] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Olga V. Ilina 

et al., 2020 

[146] 

Not 

mentio

ned 

Not 

mentio

ned 

130 

[146] 

Gastrectomy for 

cancer [146] 

Not 

mentioned 

Gastric cancer, 

malnourished [146] 

10.0 

[146] 

M. 

Gordiichuk et 

al., 2024 [53] 

Single-

center 

[53] 

2020-

2023 

[53] 

213 

[53] 

Low anterior 

resection [53] 

Not 

mentioned 

Rectal cancer, age 

≥18, elective [53] 

11.7 

[53] 

M. Carvello 

et al., 2020 

[136] 

Single-

center 

[136] 

2013-

2017 

[136] 

251 

[136] 

Colorectal 

surgery [136] 

Not 

mentioned 

Crohn's disease, 

elective surgery 

[136] 

4.0 

[136] 

D. Çetin et 

al., 2018 [95] 

Single-

center 

[95] 

2013-

2016 

[95] 

80 [95] Total 

gastrectomy [95] 

Not 

mentioned 

Gastric cancer, 

mean age 61 [95] 

Not 

mentio

ned 

P. McAnena 

et al., 2019 [6] 

Single-

center 

[6] 

2010-

2017 

[6] 

102 [6] Oesophagectomy 

[6] 

Not 

mentioned 

Mean age 62.5, 82% 

male [6] 

4.9 [6] 

Tomoaki 

Bekki et al., 

2023 [124] 

Multi-

center 

[124] 

2016-

2020 

[124] 

803 

[124] 

Rectal resection 

[124] 

Stapled 

anastomosis 

[124] 

Rectal cancer, 

diabetes, male sex 

[124] 

8.0 

[124] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

D. Çetin et 

al., 2019 [96] 

Single-

center 

[96] 

2013-

2016 

[96] 

80 [96] Total 

gastrectomy [96] 

Not 

mentioned 

Gastric cancer, 

mean age 61 [96] 

Not 

mentio

ned 

G. Guevara-

Morales et 

al., 2018 [137] 

Not 

mentio

ned 

Not 

mentio

ned 

138 

[137] 

Colorectal 

surgery [137] 

Not 

mentioned 

Elective surgery 

[137] 

6.5 

[137] 

F. Richter et 

al., 2022 [33] 

Single-

center 

[33] 

2008-

2021 

[33] 

305 

[33] 

Esophagectomy 

[33] 

Robotic 

(RAMIE), 

Open (OE) 

[33] 

Cancer, benign 

cond., elective [33] 

30.6 

(RAMI

E), 28.3 

(OE) 

[33] 

G. Broadley 

et al., 2015 

[125] 

Multi-

center 

[125] 

2010-

2014 

[125] 

379 

[125] 

Colorectal cancer 

resection [125] 

Open, 

Laparoscopi

c [125] 

Rectal cancer [125] 12.9 

[125] 

N. Isohata et 

al., 2023 [23] 

Single-

center 

[23] 

2012-

2021 

[23] 

331 

[23] 

Colorectal 

surgery [23] 

Laparotomy, 

Laparoscopy 

[23] 

Median age 69, 

elective surgery [23] 

8.5 [23] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Anders 

Gerdin et al., 

2024a [126] 

Multi-

center 

[126] 

2014-

2018 

[126] 

1036 

[126] 

Anterior 

resection for 

rectal cancer 

[126] 

Not 

mentioned 

Rectal cancer 

patients [126] 

21.0 

[126] 

J. van den 

Bos et al., 

2019 [54] 

Single-

center 

[54] 

Not 

mentio

ned 

30 [54] Colorectal cancer 

surgery [54] 

Laparoscopi

c, Robotic 

[54] 

Mean age 67, 

elective surgery [54] 

16.7 

[54] 

W. Al-Kubati 

et al., 2024 

[71] 

Not 

mentio

ned 

Not 

mentio

ned 

49,328 

[71] 

Colorectal 

surgery [71] 

Not 

mentioned 

Not mentioned Not 

mentio

ned 

Jiaxin Zhang 

et al., 2022 

[24] 

Not 

mentio

ned 

Not 

mentio

ned 

1278 

[24] 

Laparoscopic 

TME [24] 

Laparoscopi

c [24] 

Middle/low rectal 

cancer, elective [24] 

5.9 [24] 

M. Issa et al., 

2024 [97] 

Single-

center 

[97] 

5 years 

[97] 

131 

[97] 

IBD resection 

[97] 

Laparoscopi

c (77%) [97] 

Median age 37, 

Crohn's disease 

(75%) [97] 

23.8 

[97] 

Bernardo 

Borráez-

Segura et al., 

2023 [55] 

Single-

center 

[55] 

2018-

2022 

[55] 

157 

[55] 

Gastrectomy, 

Rectal resection, 

Hemicolectomy 

[55] 

Not 

specified 

Mean age 64, 

various cancer 

diagnoses [55] 

8.3 [55] 



 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

94 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

L. Dahbi-

Skali et al., 

2020 [138] 

Not 

mentio

ned 

2018-

2019 

[138] 

112 

[138] 

Colorectal 

surgery [138] 

Not 

mentioned 

Not mentioned 11.6 

[138] 

Mumtazuddi

n Wani et al., 

2020 [56] 

Single-

center 

[56] 

2017-

2019 

[56] 

60 [56] Colorectal 

surgeries [56] 

Not 

specified 

Mean age 55, 73% 

male [56] 

26.7 

[56] 

P. Leourier et 

al., 2023 [98] 

Single-

center 

[98] 

2017-

2022 

[98] 

661 

[98] 

Colorectal 

surgery (CRS) 

[98] 

Not 

mentioned 

Elective surgery 

[98] 

7.4 [98] 

M. Bahbah et 

al., 2021 [99] 

Single-

center 

[99] 

7 years 

[99] 

113 

[99] 

Colorectal 

resection [99] 

Not 

mentioned 

N0M0 colorectal 

cancer, elective [99] 

8.9 [99] 

I. Ozata et al., 

2023 [100] 

Single-

center 

[100] 

2014-

2018 

[100] 

184 

[100] 

Colorectal cancer 

surgery [100] 

Not 

mentioned 

Curative surgery for 

cancer [100] 

6.0 

[100] 

E. Bertocchi 

et al., 2021 

[57] 

Single-

center 

[57] 

2017-

2018 

[57] 

262 

[57] 

Laparoscopic 

colorectal 

resection [57] 

Laparoscopi

c [57] 

Deep infiltrating 

endometriosis [57] 

3.2 [57] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

G. Feeney et 

al., 2020 [101] 

Single-

center 

[101] 

2009-

2017 

[101] 

288 

[101] 

Colorectal 

resection [101] 

Not 

mentioned 

Rectal cancer, mean 

age 66 [101] 

3.8 

[101] 

Sanne K. 

Stuart et al., 

2022 [102] 

Not 

mentio

ned 

2017-

2021 

[102] 

193 

[102] 

Esophagectomy 

(Ivor-Lewis) 

[102] 

Minimally 

invasive 

[102] 

Esophageal cancer 

[102] 

16.0 

[102] 

V. Hubaud et 

al., 2020 [58] 

Single-

center 

[58] 

2019-

2020 

[58] 

52 [58] Esophagectomy 

[58] 

Not 

mentioned 

Not mentioned 23.0 

[58] 

Thitiporn 

Chobarporn 

et al., 2023 

[103] 

Single-

center 

[103] 

2016-

2022 

[103] 

36 

[103] 

Salvage 

esophagectomy 

[103] 

Open [103] Mean age 59, 

esophageal SCC 

[103] 

8.3 

[103] 

Fatme 

Valentina 

Diaz Gasaly 

et al., 2024 

[59] 

Single-

center 

[59] 

2019-

2022 

[59] 

107 

[59] 

Partial colectomy 

for cancer [59] 

Not 

mentioned 

Elective surgery for 

cancer [59] 

7.4 [59] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

M. Chairi et 

al., 2025 [139] 

Not 

mentio

ned 

2018-

2023 

[139] 

639 

[139] 

Colon resection 

[139] 

Minimally 

invasive 

[139] 

Age and male sex 

are factors [139] 

9.7 

[139] 

E. van Daele 

et al., 2024 

[104] 

Single-

center 

[104] 

2010-

2020 

[104] 

668 

[104] 

Esophagectomy 

[104] 

Open, 

Hybrid, 

Minimally 

invasive 

[104] 

Mean age 64, 

mainly 

adenocarcinoma 

[104] 

11.1 

[104] 

E. Andreatta 

et al., 2022 

[105] 

Single-

center 

[105] 

2016-

2020 

[105] 

121 

[105] 

Ivor Lewis 

esophagectomy 

[105] 

Hybrid [105] Elective, median age 

63-65 [105] 

9.9 

[105] 

F. Din et al., 

2021 [106] 

Single-

center 

[106] 

2 years 

[106] 

60 

[106] 

Colorectal 

surgery [106] 

Not 

mentioned 

Mean age 55, 73% 

male [106] 

26.7 

[106] 

Mohamed S. 

Essa et al., 

2021 [60] 

Single-

center 

[60] 

2018-

2021 

[60] 

130 

[60] 

Colorectal 

surgery [60] 

Laparoscopi

c, Open [60] 

Resectable 

colorectal cancer 

[60] 

7.7 [60] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Zhiqiang 

Cheng et al., 

2025 [107] 

Single-

center 

[107] 

2021-

2025 

[107] 

516 

[107] 

Laparoscopic 

rectal cancer 

surgery [107] 

Laparoscopi

c [107] 

Laparoscopic 

anterior resection 

[107] 

3.5% 

(TDT) 

vs 

8.5% 

(control

) [107] 

S. Cuff et al., 

2022 [61] 

Single-

center 

[61] 

2019-

2021 

[61] 

42 [61] Anterior 

resection for 

rectal cancer [61] 

Laparoscopi

c, Open [61] 

Rectal cancer, 

median age 65 [61] 

9.5 [61] 

Ayman A. 

Albatanony et 

al., 2019 [62] 

Single-

center 

[62] 

Not 

mentio

ned 

80 [62] Colorectal 

anastomoses [62] 

Hand-sewn 

[62] 

Not specified 15.0 

[62] 

Ferdinando 

Cananzi et 

al., 2022 [63] 

Multi-

center 

[63] 

2016-

2021 

[63] 

Not 

mentio

ned 

Gastrectomy [63] Not 

mentioned 

Not mentioned 4.6 [63] 

J. Nam et al., 

2023 [140] 

Single-

center 

[140] 

2018-

2022 

[140] 

178 

[140] 

Colorectal cancer 

surgery [140] 

Not 

mentioned 

Elective, curative 

intent [140] 

2.2 

[140] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Won Jun 

Kim et al., 

2019 [108] 

Not 

mentio

ned 

Not 

mentio

ned 

94 

[108] 

Gastrectomy 

[108] 

Not 

mentioned 

Not mentioned 4.6% 

(control

), 2.0% 

(interv.

) [108] 

F. Merboth et 

al., 2024 [109] 

Single-

center 

[109] 

2005-

2017 

[109] 

146 AL 

vs 292 

non-AL 

[109] 

Gastric/esophage

al resection [109] 

Open, 

Minimally 

invasive 

[109] 

Elective, median age 

~64 [109] 

Not 

specifie

d 

H. Ishida et 

al., 2024 [143] 

Not 

mentio

ned 

Not 

mentio

ned 

439 

[143] 

Esophagectomy 

[143] 

Minimally 

invasive 

[143] 

Not specified 11.6 

[143] 

G. Laamiri et 

al., 2021 [64] 

Multi-

center 

[64] 

Not 

mentio

ned 

175 

[64] 

Colorectal 

surgery [64] 

Not 

mentioned 

Not mentioned 16.6 

[64] 

M. Slavin et 

al., 2021 [110] 

Single-

center 

[110] 

2012-

2017 

[110] 

92 

[110] 

Bowel 

anastomoses 

[110] 

Laparoscopi

c, Open 

[110] 

Crohn's disease 

patients [110] 

11.9 

[110] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

E. Vauclair et 

al., 2020 [111] 

Single-

center 

[111] 

2011-

2014 

[111] 

497 

[111] 

Colorectal 

resection [111] 

Not 

mentioned 

Elective surgery 

[111] 

16.9 

(rectal), 

9.9 

(colic) 

[111] 

P. Rat et al., 

2020 [25] 

Single-

center 

[25] 

2009-

2017 

[25] 

620 

[25] 

Esophagectomy 

[25] 

Open 

thoracic [25] 

Cancer patients [25] 12.7 

[25] 

D. Ortíz-

López et al., 

2025 [112] 

Single-

center 

[112] 

2015-

2022 

[112] 

935 

[112] 

Colorectal cancer 

surgery [112] 

Mostly 

minimally 

invasive 

[112] 

Elective, median age 

70 [112] 

5.5 

[112] 

L. Giulini et 

al., 2018 [144] 

Single-

center 

[144] 

2015-

2017 

[144] 

126 

[144] 

Ivor-Lewis 

esophagectomy 

[144] 

Not 

mentioned 

Cancer patients 

[144] 

7.1 

[144] 

Limian Ling 

et al., 2025 

[65] 

Single-

center 

[65] 

2023-

2024 

[65] 

306 

[65] 

Anterior 

resection for 

cancer [65] 

Laparoscopi

c (93%) [65] 

Elective, mean age 

59 [65] 

8.2 [65] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

Radwa 

Hablase et al., 

2025 [113] 

Single-

center 

[113] 

2010-

2022 

[113] 

641 

total 

[113] 

Colorectal 

resection [113] 

Not 

mentioned 

Ovarian & 

colorectal cancer 

[113] 

4.7 

(Ovaria

n), 1.9 

(CRC) 

[113] 

Bin Luo et al., 

2020 [114] 

Single-

center 

[114] 

2015-

2020 

[114] 

114 

[114] 

Laparoscopic 

gastrectomy 

[114] 

Laparoscopi

c [114] 

AEG cancer, 

elective [114] 

11.4 

[114] 

M. Cats et al., 

2025 [127] 

Multi-

center 

[127] 

Not 

mentio

ned 

127 

[127] 

CRS-HIPEC and 

CCS [127] 

Not 

mentioned 

Adult, elective 

surgery [127] 

Not 

applica

ble 

M. Cunha et 

al., 2021 [115] 

Single-

center 

[115] 

2019-

2020 

[115] 

93 

[115] 

Colorectal 

surgery [115] 

Open, 

Laparoscopi

c [115] 

Elective, median age 

66 [115] 

7.5 

[115] 

Ashish 

Kumar 

Sharma et al., 

2025 [141] 

Not 

mentio

ned 

Not 

mentio

ned 

109 

[141] 

Colorectal 

surgery [141] 

Not 

mentioned 

ASA grade ≥ III 

[141] 

11.9 

[141] 
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Study Setting Study 

Period 

Sample 

Size 

Type of Surgery Surgical 

Approach 

Patient Population Leak 

Incide

nce 

(%) 

J. Kynaston 

et al., 2015 

[29] 

Single-

center 

[29] 

2008-

2014 

[29] 

1311 

[29] 

Colorectal cancer 

resection [29] 

Not 

specified 

Elective and 

emergency [29] 

3.4 [29] 

M. Carvello 

et al., 2018 

[116] 

Single-

center 

[116] 

2013-

2017 

[116] 

251 

[116] 

Colorectal 

resection [116] 

Not 

mentioned 

Crohn's disease, 

elective [116] 

4.0 

[116] 

G. Popescu et 

al., 2017 [117] 

Single-

center 

[117] 

2010-

2015 

[117] 

431 

[117] 

Colorectal cancer 

surgery [117] 

Not 

mentioned 

Average age ~65, 

male predominant 

[117] 

4.9 

[117] 

Guogang Wu 

et al., 2018 

[118] 

Single-

center 

[118] 

2013-

2017 

[118] 

408 

[118] 

Colorectal cancer 

operation [118] 

Not 

mentioned 

Not mentioned 4.7 

[118] 

L. Emmanuel 

et al., 2018 

[119] 

Not 

mentio

ned 

Not 

mentio

ned 

113 

[119] 

Colorectal 

surgery [119] 

Open, 

Laparoscopi

c [119] 

Elective surgery 

[119] 

12.1 

[119] 

Hailong Guo 

et al., 2017 

[120] 

Single-

center 

[120] 

2012-

2015 

[120] 

217 

[120] 

Esophageal 

cancer surgery 

[120] 

Not 

mentioned 

Not detailed 29.9 

[120] 
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Anastomotic Leak Definition, Detection, and Incidence 

Anastomotic leakage was variably defined across the reviewed literature, although most 

studies converged on a definition involving a defect at the anastomotic site confirmed through 

clinical, radiological, or operative evidence [1, 5, 34, 56, 79, 82, 94, 110]. Common clinical criteria 

included signs of peritonitis, or fecal, purulent, or intestinal content emerging from surgical wounds 

or drains [14, 23, 41, 56, 87, 94]. Radiological confirmation methods frequently cited were contrast-

enhanced computed tomography (CT) showing extravasation, abscess, or fluid/air collections near 

the anastomosis [5, 14, 23, 32, 39, 82, 91, 100, 125], as well as contrast enema studies [23, 73]. 

Endoscopy was another key diagnostic tool used to directly visualize anastomotic defects [21, 79, 

91, 94, 105]. Operative confirmation during re-exploration served as a definitive diagnostic method 

in several studies [1, 5, 30, 40, 60, 79, 80, 110]. 

The incidence of anastomotic leakage varied significantly depending on the surgical context, 

ranging from 1.5% in bariatric surgery to over 30% in some series of esophagectomy and colorectal 

surgery [33, 55, 81]. The median time to diagnosis was consistently reported to be between 

postoperative day 5 and 9 [3, 14, 21, 23, 29, 38, 42, 56, 62, 63, 65, 66, 78, 80, 91, 102, 127]. Some 

studies classified leak severity using systems like the Clavien-Dindo classification or the 

International Study Group of Rectal Cancer (ISREC) grading (Grade A, B, C) [23, 34, 104, 109, 

123, 128, 129]. This heterogeneity in definitions, detection methods, and populations contributes to 

the variability in reported leak rates and can impact the comparability of CRP predictive 

performance across studies. 

Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Denise E. 

Yeung et 

al., 2021 [1] 

Radiologica

l or 

operative 

evidence of 

defect [1] 

Radiologica

l, operative 

[1] 

482/6647 

[1] 

7.3 [1] 7.7 (mean) 

[1] 

Not 

mentioned 

B. Borraez-

Segura et 

al., 2022 

[34] 

Clinical 

signs of 

peritonitis 

or fluid 

from drain 

[34] 

Clinical, 

imaging, 

endoscopic 

[34] 

5/97 [34] 5.0 [34] 7 [34] Clavien-

Dindo [34] 

M. 

Scepanovic 

et al., 2013 

[2] 

Not 

mentioned 

Not 

mentioned 

15/156 [2] 9.6 [2] Not 

mentioned 

Not 

mentioned 

Eijiro 

Edagawa 

et al., 2015 

[3] 

Not 

mentioned 

Not 

mentioned 

21/108 [3] 19.4 [3] 8 [3] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Isa Basuki 

et al., 2020 

[72] 

Not 

mentioned 

Clinical 

signs [72] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

P. 

Waterland 

et al., 2016 

[30] 

Strict 

operative 

and 

radiological 

criteria [30] 

Operative, 

radiological 

[30] 

58/727 [30] 7.9 [30] Not 

mentioned 

Not 

mentioned 

D. Jin et 

al., 2021 [8] 

Not 

mentioned 

Not 

mentioned 

11/196 [8] 5.6 [8] Not 

mentioned 

Not 

mentioned 

J. Park et 

al., 2017 

[73] 

Disruption 

of 

anastomosis 

with 

content 

outflow 

[73] 

Barium 

esophagogr

am, chest 

CT [73] 

23/201 [73] 11.4 [73] Not 

mentioned 

Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

P. Ortega-

Deballon et 

al., 2010 

[19] 

All detected 

leaks 

considered 

fistulas [19] 

Clinical, 

laboratory 

data [19] 

Not 

specified 

15.5 [19] Not 

mentioned 

Not 

mentioned 

E. Asti et 

al., 2018 

[142] 

Not 

mentioned 

Clinical, 

radiological 

signs [142] 

29/243 

[142] 

11.9 [142] Not 

mentioned 

Not 

mentioned 

M. Ramos 

Fernández 

et al., 2017 

[9] 

Not 

mentioned 

Clinical 

detection 

[9] 

14/168 [9] 8.3 [9] ~4 [9] Not 

mentioned 

A. Aiolfi et 

al., 2018 

[10] 

Symptoms 

confirmed 

by 

radiology, 

endoscopy, 

or surgery 

[10] 

Clinical, 

radiological

, 

endoscopic, 

operative 

[10] 

Not 

specified 

11.0 [10] Not 

mentioned 

Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

D. Bona et 

al., 2022 

[66] 

Not 

mentioned 

Not 

mentioned 

Not 

specified 

8.0 [66] 6.9 [66] Not 

mentioned 

Á. García-

Granero et 

al., 2013 

[74] 

Not 

mentioned 

Clinical 

approach 

with 

serological 

markers 

[74] 

17/205 [74] 8.3 [74] Not 

mentioned 

Major vs. 

minor [74] 

J. Platt et 

al., 2012 

[11] 

Not 

mentioned 

Not 

mentioned 

26/454 [11] 5.7 [11] Not 

mentioned 

Not 

mentioned 

Haddon J 

Pantel et 

al., 2019 [4] 

Not 

mentioned 

Not 

mentioned 

17/752 [4] 2.0 [4] Not 

mentioned 

Not 

mentioned 

Devarajan 

Jebin 

Aaron et 

al., 2021 

[27] 

Not 

mentioned 

Biochemica

l detection 

(CRP) [27] 

22/84 [27] 26.2 [27] Not 

mentioned 

Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

M. Mik et 

al., 2017 

[75] 

Not 

mentioned 

Not 

mentioned 

33/724 [75] 4.6 [75] Not 

mentioned 

Not 

mentioned 

Dubravka 

Mužina et 

al., 2024 

[76] 

Not 

mentioned 

Biochemica

l detection 

[76] 

10/100 [76] 10.0 [76] Not 

mentioned 

Not 

mentioned 

J. Muñoz 

et al., 2018 

[20] 

Not 

mentioned 

CRP and 

PCT levels 

[20] 

6/134 [20] 4.5 [20] Not 

mentioned 

Not 

mentioned 

Praachi 

Raje et al., 

2023 [78] 

Not 

mentioned 

Clinical, 

some on 

readmission 

[78] 

23/332 [78] 6.9 [78] 7 [78] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

N. 

Lagoutte et 

al., 2012 

[35] 

All 

intraabdomi

nal 

infections 

considered 

as leaks 

[35] 

Biochemica

l (CRP, 

PCT) [35] 

13/100 [35] 13.0 [35] Not 

mentioned 

Not 

mentioned 

I. A. Bilgin 

et al., 2017 

[28] 

Not 

mentioned 

Abdominal 

imaging 

with rectal 

contrast 

[28] 

7/50 [28] 14.0 [28] Not 

mentioned 

Not 

mentioned 

P. Rat et 

al., 2022 

[12] 

Not 

mentioned 

Not 

mentioned 

69/585 [12] 11.8 [12] Not 

mentioned 

Not 

mentioned 

T. Masuda 

et al., 2021 

[13] 

Not 

mentioned 

Clinical, 

radiological 

[13] 

9/247 [13] 3.6 [13] 7 [13] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

L. C. 

Pandini et 

al., 2010 [7] 

Not 

mentioned 

Not 

mentioned 

26/342 [7] 7.6 [7] 8.7 (mean) 

[7] 

Not 

mentioned 

E. Hagens 

et al., 2019 

[36] 

Defect or 

contrast 

leakage on 

CT/endosco

py or saliva 

from wound 

[36] 

CT, 

endoscopy, 

clinical [36] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

Jia Lu et 

al., 2017 

[37] 

Not 

mentioned 

Biochemica

l detection 

(CRP in 

drain fluid) 

[37] 

24/172 [37] 14.0 [37] ~10 [37] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

B. Messias 

et al., 2020 

[14] 

Air/abscess 

on CT, 

purulent 

discharge, 

clinical 

peritonitis, 

etc. [14] 

Clinical, CT 

scans [14] 

11/90 [14] 12.2 [14] 7.7 [14] Not 

mentioned 

N. Rama et 

al., 2022 

[38] 

Not 

mentioned 

Clinical, 

laboratory 

tests (CRP, 

CLP) [38] 

25/396 [38] 6.3 [38] 9.0 (mean) 

[38] 

Not 

mentioned 

E. Lazarus 

et al., 2022 

[39] 

Established 

prior to 

study [39] 

Clinical, 

CT, re-

laparotomy 

[39] 

22/113 [39] 19.4 [39] 8 (mean) 

[39] 

Not 

mentioned 

M. 

Zawadzki 

et al., 2015 

[18] 

Not 

mentioned 

Clinical, 

radiological

, operative 

[18] 

5/55 [18] 9.1 [18] 3-12 [18] Not 

mentioned 



 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

111 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Chi Zhang 

et al., 2021 

[79] 

Leakage of 

intestinal 

content 

from 

anastomosis 

[79] 

Clinical, 

imaging, 

endoscopy, 

operative 

[79] 

34/273 [79] 12.5 [79] Not 

mentioned 

Not 

mentioned 

G. 

Guevara-

Morales et 

al., 2019 [5] 

Escape of 

luminal 

content 

through 

surgical 

junction [5] 

CT, 

laparotomy, 

contrast 

studies [5] 

Not 

specified 

6.5 [5] 3-5 [5] Clavien-

Dindo [5] 

E. Hagens 

et al., 2023 

[21] 

Defect/leak

age on CT, 

endoscopy, 

or saliva 

from wound 

[21] 

CT, 

endoscopy, 

clinical [21] 

20/200 [21] 11.0 [21] 8 [21] ECCG 

classificatio

n [21] 

Y. Kulu et 

al., 2013 

[128] 

ISREC 

criteria 

[128] 

Not 

mentioned 

56/746 

[128] 

7.5 [128] Not 

mentioned 

Grade A, B, 

C (ISREC) 

[128] 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Bruce Su'a 

et al., 2022 

[42] 

Not 

mentioned 

Clinical, 

radiological 

[42] 

16/Not 

specified 

[42] 

5.7 [42] 7 [42] Not 

mentioned 

G. Song et 

al., 2022 

[43] 

Persistent 

fever, 

abdominal 

pain, 

peritonitis, 

etc. [43] 

Clinical, 

radiological 

[43] 

14/120 [43] 11.7 [43] 5-7 [43] Not 

mentioned 

Mads 

Riiskjær et 

al., 2016 

[132] 

Leakage 

requiring 

reoperation 

[132] 

Clinical 

(CRP) 

[132] 

Not 

specified 

8.3 [132] 6 [132] Not 

mentioned 

S. Dutta et 

al., 2011 

[44] 

Not 

mentioned 

Not 

mentioned 

17/136 [44] 12.5 [44] ~3 [44] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Yilong Hu 

et al., 2024 

[82] 

Fecaloid 

discharge, 

contrast 

extravasatio

n, 

postoperativ

e 

peritonitis, 

etc. [82] 

Clinical, 

radiological 

(CT) [82] 

11/113 [82] 9.7 [82] Not 

mentioned 

Not 

mentioned 

M. Baeza-

Murcia et 

al., 2021 

[133] 

Not 

mentioned 

Clinical 

(CRP) 

[133] 

11/95 [133] 14.0 [133] Not 

mentioned 

Not 

mentioned 

N. Komen 

et al., 2014 

[83] 

Clinically 

manifest 

insufficienc

y requiring 

intervention 

[83] 

Clinical, 

radiological

, operative 

[83] 

19/243 [83] 8.0 [83] 6 [83] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

S. 

Chernysho

v et al., 

2018 [84] 

Not 

mentioned 

Biochemica

l (CRP, 

PCT) [84] 

11/100 [84] 11.0 [84] Not 

mentioned 

Not 

mentioned 

Pola 

Anwar et 

al., 2019 

[45] 

Not 

mentioned 

Biochemica

l (CRP, 

PCT) [45] 

5/24 [45] 20.8 [45] Not 

mentioned 

Not 

mentioned 

C. Neary et 

al., 2020 

[85] 

Not 

mentioned 

Not 

mentioned 

11/148 [85] 7.0 [85] Not 

mentioned 

Not 

mentioned 

Z. Kostić et 

al., 2015 

[134] 

Clinically 

evident AL 

[134] 

Clinical 

observation 

[134] 

15/150 

[134] 

10.0 [134] ~5-7 [134] Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

Mohamme

d M. 

Raslan et 

al., 2024 

[135] 

Defect 

requiring 

intervention 

or 

collection 

requiring 

radiological 

intervention 

[135] 

Clinical, 

radiological

, laboratory 

[135] 

20/105 

[135] 

19.0 [135] Not 

mentioned 

Not 

mentioned 

A. 

Mohameda

hmed et al., 

2024 [32] 

Not 

mentioned 

Clinical, CT 

scan [32] 

7/231 [32] 3.0 [32] Not 

mentioned 

Not 

mentioned 

K. Kano et 

al., 2015 

[145] 

Defined by 

Clavien-

Dindo 

classificatio

n [145] 

Not 

mentioned 

Not 

specified 

9.1 [145] Not 

mentioned 

Clavien-

Dindo [145] 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

H. Amoli et 

al., 2021 

[86] 

Symptoms 

include 

high CRP, 

leukocytosi

s, fever, 

ileus [86] 

Clinical 

symptoms 

[86] 

26/315 [86] 8.3 [86] Not 

mentioned 

Not 

mentioned 

Haidi Abd 

El Zaher et 

al., 2022 

[47] 

Disruption 

requiring 

surgical or 

radiological 

intervention 

[47] 

Clinical, CT 

scan [47] 

22/205 [47] 10.7 [47] 6-14 [47] Not 

mentioned 

Hernán 

Daniel 

Pinares-

Carrillo et 

al., 2023 

[87] 

Leakage of 

purulent/int

estinal 

content 

from wound 

or drain 

[87] 

Clinical, 

radiological 

[87] 

45/270 [87] 16.7 [87] 7.6 (mean) 

[87] 

Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

M. Slavin 

et al., 2022 

[22] 

Defect at 

reoperation, 

feculent 

fluid in 

drain, or CT 

evidence 

[22] 

Clinical, 

radiological

, operative 

[22] 

11/92 [22] 11.9 [22] 5.3 (mean) 

[22] 

Not 

mentioned 

Ю. А. 

Шелыгин 

et al., 2017 

[88] 

Not 

mentioned 

Clinical, 

radiopaque 

study [88] 

20/100 [88] 20.0 [88] 7 [88] Not 

mentioned 

Anders 

Gerdin et 

al., 2024 

[123] 

Compromis

ed suture 

line, 

fistulization

, or pelvic 

abscesses 

[123] 

Clinical, 

radiological

, 

endoscopic 

[123] 

218/1036 

[123] 

21.0 [123] Not 

mentioned 

Grade A, B, 

C [123] 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

R. 

Warschko

w et al., 

2011 [17] 

Not 

mentioned 

Not 

mentioned 

Not 

specified 

8.0 [17] Not 

mentioned 

Not 

mentioned 

Jinyao Shi 

et al., 2020 

[90] 

Radiologica

l changes, 

changes in 

drainage, 

abscess, or 

infection 

[90] 

Radiologica

l, drainage 

fluid 

analysis 

[90] 

17/263 [90] 6.5 [90] Not 

mentioned 

Not 

mentioned 

S. M et al., 

2018 [50] 

Not 

mentioned 

CRP in 

drain fluid 

[50] 

7/50 [50] 14.0 [50] Not 

mentioned 

Not 

mentioned 

J. 

Charbonne

au et al., 

2024 [51] 

Not 

mentioned 

Not 

mentioned 

4/99 [51] 4.0 [51] Not 

mentioned 

Not 

mentioned 
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Study Leak 

Definition 

Detection 

Method(s) 

Leaks/Tota

l Patients 

Leak Rate 

(%) 

Median 

Time to 

Diagnosis 

(POD) 

Severity 

Classificati

on 

N. Isohata 

et al., 2023 

[23] 

Clinical 

signs of 

peritonitis 

and/or 

evidence of 

fecal or 

pus-like 

fluid from 

drain [23] 

Clinical, 

radiological 

(CT, 

enema) [23] 

28/331 [23] 8.5 [23] 5 [23] Clavien-

Dindo [23] 

CRP Measurement Protocols and Timing 

The protocols for measuring postoperative C-Reactive Protein (CRP) demonstrated 

considerable variation across the included studies. The units of measurement differed, with some 

studies reporting in mg/L [1, 2, 4, 6, 8, 9, 11, 12, 14, 15, 17–21, 24–26, 29, 32–34, 36, 38–41, 44, 

45, 47, 49, 51–53, 56, 58, 60–62, 64, 68, 71, 72, 75–77, 79–82, 84, 86–94, 98, 102–104, 109, 111–

113, 118, 119, 123, 125, 126, 129, 130, 134, 138, 139, 141, 146] and others in mg/dL [3, 5, 10, 13, 

16, 22, 23, 26, 27, 48, 66, 73, 85, 95, 96, 105, 108, 110, 115, 133, 137, 140, 142–145] (10 mg/L is 

equivalent to 1 mg/dL), necessitating conversion for direct comparison. Assay methodologies were 

infrequently detailed but included immunoturbidimetric tests and immunonephelometry when 

specified [14, 18, 40, 41, 47, 53, 87]. 

The timing and frequency of CRP measurements were also inconsistent. Many studies 

implemented daily measurements for the first several postoperative days (PODs), typically ranging 
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from POD 1 to POD 7 [1, 2, 6–9, 11, 14, 21, 22, 27, 32, 35, 37, 38, 41, 44, 47, 51, 59, 61, 62, 73, 

74, 77, 82, 89, 91, 102–104, 107, 110, 111, 113, 115, 122, 125, 130, 132, 135, 136, 140, 143]. 

Others measured CRP at specific intervals, such as on POD 1, 3, and 5, or only on a single day 

deemed optimal for prediction, like POD 3 or POD 4 [4, 12, 13, 18–20, 24, 25, 29, 34, 36, 45, 48, 

53, 54, 57, 60, 63–65, 72, 75, 78, 84, 88, 100, 101, 118–120, 129, 133, 141, 142, 145]. Baseline or 

preoperative CRP levels were reported in only a few studies [6, 22, 54, 94, 110], limiting the ability 

to analyze the magnitude of the postoperative inflammatory response relative to the patient's 

preoperative state. This variability in protocols highlights a key source of heterogeneity that may 

influence cross-study comparisons of CRP's diagnostic accuracy. 

Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Denise E. 

Yeung et al., 

2021 [1] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [1] Daily [1] 

B. Borraez-

Segura et al., 

2022 [34] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 5 [34] Specific 

intervals [34] 

M. 

Scepanovic et 

al., 2013 [2] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [2] Daily [2] 

Eijiro 

Edagawa et 

al., 2015 [3] 

mg/dL Not 

mentioned 

Not 

mentioned 

Until POD 6 

[3] 

Daily [3] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Isa Basuki et 

al., 2020 [72] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 5 [72] Single 

measurement 

[72] 

P. Waterland 

et al., 2016 

[30] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 2, 3, 4 

[30] 

Specific 

intervals [30] 

D. Jin et al., 

2021 [8] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [8] Daily [8] 

J. Park et al., 

2017 [73] 

mg/dL Not 

mentioned 

Not 

mentioned 

Daily until 

POD 8 [73] 

Daily [73] 

P. Ortega-

Deballon et 

al., 2010 [19] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 2, 4 [19] Specific 

intervals [19] 

E. Asti et al., 

2018 [142] 

mg/dL Not 

mentioned 

Measured 

[142] 

POD 3, 5, 7 

[142] 

Specific 

intervals [142] 

T. Welsch et 

al., 2007 [26] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 2-4 [26] Not specified 

[26] 

M. Ramos 

Fernández et 

al., 2017 [9] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-5 [9] Daily [9] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

A. Aiolfi et 

al., 2018 [10] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 2-7 [10] Daily [10] 

D. Bona et 

al., 2022 [66] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 3, 4, 5 

[66] 

Specific 

intervals [66] 

Á. García-

Granero et 

al., 2013 [74] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 1-5 [74] Daily [74] 

Tiffany 

Paradis et al., 

2020 [31] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3-5 [31] Not 

mentioned 

[31] 

J. Platt et al., 

2012 [11] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [11] Daily [11] 

D. Bona et 

al., 2019 [67] 

mg/dl Not 

mentioned 

Not 

mentioned 

POD 1 [67] Specific 

intervals [67] 

P. 

Paliogiannis 

et al., 2021 

[121] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 4 [121] Specific 

intervals [121] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Haddon J 

Pantel et al., 

2019 [4] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3 [4] Single 

measurement 

[4] 

Devarajan 

Jebin Aaron 

et al., 2021 

[27] 

mg/dl Serial 

estimation 

[27] 

Not 

mentioned 

POD 1-5 [27] Daily [27] 

M. Mik et al., 

2017 [75] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 4 [75] Single 

measurement 

[75] 

Dubravka 

Mužina et al., 

2024 [76] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 4 [76] Not specified 

[76] 

J. Muñoz et 

al., 2018 [20] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 2, 3 

[20] 

Daily [20] 

T. Pedersen 

et al., 2012 

[77] 

mg/L Not 

mentioned 

Not 

mentioned 

Daily until 

discharge [77] 

Daily [77] 

Praachi Raje 

et al., 2023 

[78] 

Not specified Not 

mentioned 

Not 

mentioned 

POD 1 and 

subsequent as 

needed [78] 

As needed 

[78] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

N. Lagoutte 

et al., 2012 

[35] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 1-4 [35] Daily [35] 

E. Van Daele 

et al., 2024 

[68] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 2-5 [68] Not specified 

[68] 

I. A. Bilgin et 

al., 2017 [28] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3 [28] Single 

measurement 

[28] 

P. Rat et al., 

2022 [12] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3-5 [12] Specific 

intervals [12] 

T. Masuda et 

al., 2021 [13] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 3, 5 [13] Specific 

intervals [13] 

L. C. Pandini 

et al., 2010 

[7] 

Not specified Not 

mentioned 

Compared [7] Daily until 

POD 7 [7] 

Daily [7] 

E. Hagens et 

al., 2019 [36] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 5, 7 

[36] 

Specific 

intervals [36] 

Jia Lu et al., 

2017 [37] 

g/L Not 

mentioned 

Not 

mentioned 

POD 1-5 [37] Daily [37] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

B. Messias et 

al., 2020 [14] 

mg/L Immunoassays 

[14] 

Not 

mentioned 

POD 1-7 [14] Daily [14] 

N. Rama et 

al., 2022 [38] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-5 [38] Daily [38] 

E. Lazarus et 

al., 2022 [39] 

mg/L Nephelometry 

[39] 

Measured [39] POD 3 [39] Single 

measurement 

[39] 

M. Zawadzki 

et al., 2015 

[18] 

mg/L Immunoturbid

imetric [18] 

Measured [18] Pre-op, 8h, 

POD 1, 3 [18] 

Specific 

intervals [18] 

Chi Zhang et 

al., 2021 [79] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3 [79] Specific 

intervals [79] 

G. Guevara-

Morales et 

al., 2019 [5] 

mg/dL Not 

mentioned 

Not reported 

[5] 

POD 1, 3, 5, 7 

[5] 

Specific 

intervals [5] 

E. Hagens et 

al., 2023 [21] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 5, 7 

[21] 

Specific 

intervals [21] 

Wahidullah 

Dost et al., 

2024 [15] 

mg/L, mg/dL Not 

mentioned 

Not 

mentioned 

POD 3-4 [15] Specific 

intervals [15] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Erik D. 

Nilsson et al., 

2018 [122] 

Not specified Not 

mentioned 

Not reported 

[122] 

POD 1-7 

[122] 

Daily [122] 

R. 

Warschkow 

et al., 2012 

[80] 

mg/L Automated 

system [80] 

7 mg/L 

(median) [80] 

POD 2-7 [80] Evaluated 

from POD 2-7 

[80] 

Tomáš Řezáč 

et al., 2021 

[129] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 4 [129] Single 

measurement 

[129] 

M. Zawadzki 

et al., 2018 

[40] 

mg/L Immunoturbid

imetric [40] 

Not 

mentioned 

POD 3 [40] Single 

measurement 

[40] 

V. Javier et 

al., 2020 

[130] 

mg/L Not 

mentioned 

Not 

mentioned 

Daily until 

POD 5 [130] 

Daily [130] 

Amirhossein 

Vaziri-

Moghaddam 

et al., 2017 

[131] 

Not specified Not 

mentioned 

Not 

mentioned 

POD 3 [131] Single 

measurement 

[131] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

S. Chiappetta 

et al., 2019 

[81] 

mg/L Not 

mentioned 

Not 

mentioned 

Pre-op, POD 

1, 4 [81] 

Specific 

intervals [81] 

Mohamed 

Elkerkary et 

al., 2020 [41] 

mg/L Immunonephe

lometry [41] 

Measured [41] Day 0-4 [41] Daily [41] 

M. Pera et 

al., 2017 [16] 

mg/dl Not 

mentioned 

Not 

mentioned 

POD 5, 6, 7 

[16] 

Specific 

intervals [16] 

Mostafa 

Omar Abdel 

Aziz et al., 

2025 [70] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3-5 [70] Specific 

intervals [70] 

Bruce Su'a et 

al., 2022 [42] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3 [42] Specific 

intervals [42] 

G. Song et 

al., 2022 [43] 

Not specified Not 

mentioned 

Measured [43] POD 1, 3, 5 

[43] 

Specific 

intervals [43] 

Mads 

Riiskjær et 

al., 2016 

[132] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 1, 2, 3 

[132] 

Daily [132] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

S. Dutta et 

al., 2011 [44] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [44] Daily [44] 

Yilong Hu et 

al., 2024 [82] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 2, 3 

[82] 

Daily [82] 

M. Baeza-

Murcia et al., 

2021 [133] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 3, 5 

[133] 

Specific 

intervals [133] 

N. Komen et 

al., 2014 [83] 

Not specified Tina-quant 

assay [83] 

Not 

mentioned 

POD 1-5 [83] Daily [83] 

S. 

Chernyshov 

et al., 2018 

[84] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 6 [84] Specific 

intervals [84] 

Pola Anwar 

et al., 2019 

[45] 

mg/mL Not 

mentioned 

Not 

mentioned 

Pre-op, 8h, 

POD 3, 5 [45] 

Specific 

intervals [45] 

C. Neary et 

al., 2020 [85] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 2-5 [85] Daily [85] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Z. Kostić et 

al., 2015 

[134] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 3, 5, 7 

[134] 

Specific 

intervals [134] 

Mohammed 

M. Raslan et 

al., 2024 

[135] 

mg/dL Not 

mentioned 

83.0 mg/dL 

[135] 

POD 0, 3, 5 

[135] 

Specific 

intervals [135] 

K. 

Albanopoulos 

et al., 2013 

[46] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 0, 1, 3, 

5, 7, 9, 11, 13, 

30 [46] 

Specific 

intervals [46] 

A. 

Mohamedah

med et al., 

2024 [32] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [32] Daily [32] 

K. Kano et 

al., 2015 

[145] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 3 [145] Single 

measurement 

[145] 

H. Amoli et 

al., 2021 [86] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 2-5 [86] Daily [86] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

Haidi Abd El 

Zaher et al., 

2022 [47] 

mg/L Immunonephe

lometry [47] 

Measured [47] POD 1-5 [47] Daily [47] 

Hernán 

Daniel 

Pinares-

Carrillo et 

al., 2023 [87] 

mg/L Immunoturbid

imetry [87] 

Not 

mentioned 

POD 1, 3, 5 

[87] 

Specific 

intervals [87] 

M. Slavin et 

al., 2022 [22] 

mg/dL Not 

mentioned 

4.68 ± 7.04 

mg/dL [22] 

POD 1-5 [22] Daily [22] 

Ю. А. 

Шелыгин et 

al., 2017 [88] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 6 [88] Specific 

intervals [88] 

Pooya 

Rajabaleyan 

et al., 2024 

[89] 

mg/L Not 

mentioned 

Not 

mentioned 

Daily until 

discharge [89] 

Daily [89] 

Anders 

Gerdin et al., 

2024 [123] 

mg/L Not 

mentioned 

Not 

mentioned 

Within 14 

days [123] 

Highest level 

recorded [123] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

J. Ruiz-

Tovar et al., 

2017 [48] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 1 [48] Single 

measurement 

[48] 

R. 

Warschkow 

et al., 2011 

[17] 

mg/L Not 

mentioned 

Not 

mentioned 

Until POD 5 

[17] 

Daily [17] 

Jinyao Shi et 

al., 2020 [90] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 3, 5 

[90] 

Specific 

intervals [90] 

Lukas F. 

Liesenfeld et 

al., 2020 [91] 

mg/l Not 

mentioned 

Not 

mentioned 

POD 1-7 [91] Daily [91] 

B. Romain et 

al., 2014 [49] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 5 [49] Single 

measurement 

[49] 

S. M et al., 

2018 [50] 

Not specified Not 

mentioned 

Not 

mentioned 

POD 3, 5 [50] Specific 

intervals [50] 

S. Stuart et 

al., 2021 [92] 

mg/L Not 

mentioned 

Not 

mentioned 

Daily until 

POD 5 [92] 

Daily [92] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

J. 

Charbonneau 

et al., 2024 

[51] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-10 

[51] 

Daily [51] 

Julius 

Pochhammer 

et al., 2020 

[93] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 2 [93] Single 

measurement 

[93] 

F. Dib et al., 

2017 [52] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 3, 5 

[52] 

Specific 

intervals [52] 

Feng Zhang 

et al., 2022 

[94] 

mg/L Not 

mentioned 

4.7 ± 0.7 

(leak) / 5.1 ± 

0.8 (heal) [94] 

POD 1, 3, 5 

[94] 

Specific 

intervals [94] 

Olga V. Ilina 

et al., 2020 

[146] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 4, 5 

[146] 

Specific 

intervals [146] 

M. 

Gordiichuk 

et al., 2024 

[53] 

mg/L Immunoenzy

me [53] 

Not 

mentioned 

Pre-op, POD 

3, 5, 7 [53] 

Specific 

intervals [53] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

M. Carvello 

et al., 2020 

[136] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 1, 3 

[136] 

Daily until 

discharge 

[136] 

D. Çetin et 

al., 2018 [95] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3, 5 [95] Specific 

intervals [95] 

P. McAnena 

et al., 2019 

[6] 

Not specified Not 

mentioned 

50 (AL) vs. 14 

(No-AL) [6] 

Pre-op, POD 

1-10 [6] 

Daily [6] 

D. Çetin et 

al., 2019 [96] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3, 5 Specific 

intervals 

G. Guevara-

Morales et 

al., 2018 

[137] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 1, 3, 5, 7 

[137] 

Specific 

intervals [137] 

F. Richter et 

al., 2022 [33] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-5 [33] Daily [33] 

G. Broadley 

et al., 2015 

[125] 

mg/L Not 

mentioned 

Not 

mentioned 

Day 1-7 [125] Daily [125] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

N. Isohata et 

al., 2023 [23] 

mg/dL Not 

mentioned 

Not 

mentioned 

POD 1, 3, 7 

[23] 

Specific 

intervals [23] 

Anders 

Gerdin et al., 

2024a [126] 

mg/L Not 

mentioned 

Not 

mentioned 

Within 14 

days [126] 

Highest level 

recorded [126] 

J. van den 

Bos et al., 

2019 [54] 

mg/ml Immunoturbid

imetric [54] 

2.9 ± 2.3 

mg/ml [54] 

POD 1, 3, 5 

[54] 

Specific 

intervals [54] 

W. Al-Kubati 

et al., 2024 

[71] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3 [71] Single 

measurement 

[71] 

Jiaxin Zhang 

et al., 2022 

[24] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1, 2, 4 

[24] 

Specific 

intervals [24] 

M. Issa et al., 

2024 [97] 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

POD 3 [97] Specific 

intervals [97] 

Bernardo 

Borráez-

Segura et al., 

2023 [55] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3, 5 [55] Specific 

intervals [55] 
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Study CRP Units Measurement 

Method 

Preoperative 

CRP 

Postoperative 

Days 

Measured 

Frequency of 

Measurement 

L. Dahbi-

Skali et al., 

2020 [138] 

Not specified Not 

mentioned 

Not 

mentioned 

POD 2, 4 

[138] 

Specific 

intervals [138] 

Mumtazuddi

n Wani et al., 

2020 [56] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 1-7 [56] Daily [56] 

P. Leourier et 

al., 2023 [98] 

mg/ml Not 

mentioned 

Not 

mentioned 

POD 2-3 [98] Specific 

intervals [98] 

M. Bahbah et 

al., 2021 [99] 

Not 

mentioned 

Not 

mentioned 

Measured at 

induction [99] 

T1-T5 (Day 0, 

1, 3, 5) [99] 

Specific 

intervals [99] 

M. Cunha et 

al., 2021 

[115] 

mg/dL Not 

mentioned 

Not specified POD 1-4 

[115] 

Daily [115] 

Ashish 

Kumar 

Sharma et 

al., 2025 

[141] 

mg/L Not 

mentioned 

Not 

mentioned 

POD 3 [141] Single 

measurement 

[141] 

J. Kynaston 

et al., 2015 

[29] 

Not specified Not 

mentioned 

Not 

mentioned 

POD 1, 3 [29] Specific 

intervals [29] 
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DISCUSSION 

This systematic review, encompassing 146 studies and 49,328 patients, represents the most 

comprehensive synthesis to date of the relationship between postoperative C-reactive protein levels 

and anastomotic leakage prediction across gastrointestinal surgery. The findings demonstrate that 

CRP measurement, particularly between postoperative days 3-5, consistently provides valuable 

negative predictive information for AL, although significant heterogeneity exists across studies in 

terms of patient populations, surgical procedures, CRP measurement protocols, and reported 

diagnostic accuracy. 

Heterogeneity in Study Characteristics and AL Definitions 

The marked variability in anastomotic leakage definitions across the included literature 

represents a fundamental challenge to cross-study comparison and meta-analysis. While most 

studies converged on definitions involving clinical, radiological, or operative evidence of 

anastomotic disruption (1,5,34,56), the specific criteria varied considerably. Some studies included 

only clinically significant leaks requiring intervention (83,134), while others incorporated 

radiologically detected leaks regardless of clinical impact (23,73). This variability in AL definition 

directly impacts reported incidence rates and may influence the apparent predictive performance of 

CRP. The adoption of standardized definitions, such as the International Study Group of Rectal 

Cancer (ISREC) grading system (128), would substantially improve comparability across future 

studies. 

The incidence of anastomotic leakage demonstrated expected variation by surgical 

procedure, with the lowest rates observed in bariatric surgery (1.5-4.2%) (52,81,93) and highest 

rates in esophagectomy and complex colorectal resections (up to 30.6%) (33,55). This variation 

reflects differences in anastomotic vascularity, tension, intraluminal pressure, and patient-related 

factors including nutritional status and comorbidities (90,91). Importantly, the consistently reported 

median time to AL diagnosis of 5-9 days postoperatively (3,14,21,23) aligns with the time window 
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when CRP measurement demonstrates optimal predictive value, supporting the clinical utility of 

serial CRP monitoring during this critical period. 

CRP Measurement Protocols and Optimal Timing 

The considerable variation in CRP measurement protocols represents a significant source of 

heterogeneity that limits direct comparison of predictive performance across studies. While many 

studies implemented daily measurements (1,2,6,8), others measured CRP at specific intervals such 

as POD 1, 3, and 5 (19,34,36), or only on a single postoperative day (4,75). The unit of 

measurement also varied, with some studies reporting in mg/L (1,2,4) and others in mg/dL (3,5,10), 

necessitating careful conversion for comparative analysis. Despite this heterogeneity, consistent 

patterns emerged regarding optimal timing for CRP prediction. 

The preponderance of evidence supports POD 3-5 as the optimal window for CRP 

measurement to predict AL. Studies evaluating multiple time points consistently demonstrated 

superior predictive performance during this period compared to earlier or later measurements 

(8,9,14,17,19,21,24,26,34,36,38,39,74,79). This finding has biological plausibility, as the normal 

postoperative inflammatory response typically peaks around POD 2-3 and begins to decline by 

POD 4-5 in uncomplicated recovery (8,9). Persistent elevation or secondary rise during this window 

may indicate ongoing inflammation due to anastomotic disruption or subsequent intra-abdominal 

infection (10,11). 

The importance of serial measurement rather than single time point assessment warrants 

emphasis. Studies evaluating CRP kinetics, including the trend between POD 2 and POD 5, 

reported enhanced predictive accuracy compared to single measurements (7,21,34,55,90,114). This 

approach accounts for individual variation in baseline CRP and the magnitude of the initial surgical 

inflammatory response, providing a more personalized assessment of recovery trajectory. 

CRP Predictive Performance: Rule-Out vs. Rule-In 
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A consistent finding across the reviewed literature is that CRP performs substantially better 

as a negative predictive test (ruling out AL) than as a positive predictive test (ruling in AL). Studies 

reporting negative predictive values (NPV) consistently demonstrated NPV exceeding 90% when 

applying appropriate cutoff values on POD 3-5 (12,21,32,36,39,82,86). For example, Hagens et al. 

(21) reported that CRP < 200 mg/L on POD 5 had 100% NPV for AL after minimally invasive 

esophagectomy. Similarly, Mohamedahmed et al. (32) found that CRP < 120 mg/L on POD 4 had 

97% NPV for AL following colorectal resection. 

In contrast, positive predictive values (PPV) were consistently modest, typically ranging 

from 20-50% (14,17,19,38). This finding reflects the non-specific nature of CRP elevation, which 

can result from various infectious and non-infectious complications including pneumonia, urinary 

tract infection, wound infection, and intra-abdominal collections not related to anastomotic 

disruption (20,112). The clinical implication is that low CRP levels provide reassurance and may 

support safe early discharge decisions, while elevated CRP levels should prompt clinical vigilance 

and further diagnostic evaluation but do not definitively indicate AL (4,5,12,21). 

The reported CRP cutoff values varied considerably across studies, ranging from 120-200 

mg/L on POD 3-5 (8,12,14,17,19,21,24,32,34,38,39,74). This variation reflects differences in 

surgical procedures, patient populations, and the balance between sensitivity and specificity 

selected by investigators. Procedure-specific thresholds appear necessary, with esophagectomy 

generally requiring higher cutoff values (e.g., 200 mg/L on POD 5) (12,21) compared to colorectal 

surgery (e.g., 120-150 mg/L on POD 3-4) (14,17,19,32). Patient factors including age, 

comorbidities, nutritional status, and preoperative inflammation may also influence optimal 

thresholds (6,22,90,91,94). 

Comparison Across Surgical Procedures 

The predictive utility of CRP demonstrated consistency across different surgical procedures, 

although some procedure-specific patterns emerged. In colorectal surgery, the largest body of 
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evidence consistently supports CRP measurement on POD 3-4 with NPV exceeding 90% for AL 

(1,14,17,19,32,66). The systematic review and meta-analysis by Yeung et al. (1) including 6,647 

patients confirmed CRP as a reliable predictor of AL following colorectal resection, with optimal 

cutoff values of approximately 150 mg/L on POD 3-4. 

In esophagectomy, CRP also demonstrates robust negative predictive value, although 

optimal cutoff values tend to be higher, reflecting the greater surgical insult and associated 

inflammatory response. Studies by Rat et al. (12), Hagens et al. (21), and Aiolfi et al. (10) 

consistently reported optimal CRP thresholds of 170-200 mg/L on POD 4-5, with NPV of 95-100% 

for intrathoracic anastomotic leakage. The higher incidence of AL following esophagectomy (10-

30%) (10,33,68) and the potentially devastating consequences of delayed diagnosis underscore the 

particular value of reliable negative prediction in this population. 

Evidence for gastric surgery, while more limited, suggests similar patterns with optimal 

CRP measurement on POD 3-5 (63,90,95,96,114,145). Studies by Shi et al. (90) and Cananzi et al. 

(63) reported that CRP < 140 mg/L on POD 4 effectively ruled out AL following gastrectomy, with 

NPV exceeding 90%. In bariatric surgery, where AL rates are lowest (1.5-4.2%) (52,81,93), CRP 

maintains high NPV but the lower event rate increases the challenge of establishing optimal 

thresholds (48,49,67,80,81). 

Comparison with Other Inflammatory Markers and Multimodal Approaches 

Several studies compared CRP with other inflammatory markers including procalcitonin 

(PCT), white blood cell count (WBC), and calprotectin (18,20,35,37,38,45,47,74,84). While PCT 

generally demonstrated comparable or slightly superior specificity for bacterial infection (20,35,74), 

CRP remained the most extensively validated and widely available marker. The combination of 

CRP with other markers or clinical parameters appears to enhance predictive accuracy compared to 

CRP alone (18,38,43,47,74,101). 
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The integration of CRP into multimodal predictive scores, such as the CRP-to-albumin ratio 

(CAR) (79,121), CRP-lymphocyte ratio (85,101), and composite scores incorporating clinical risk 

factors (100,107,141), represents an important direction for improving predictive performance. 

Cheng et al. (107) demonstrated that CRP-guided removal of transanal drainage tubes reduced AL 

rates after laparoscopic rectal surgery, illustrating the potential for CRP-based clinical algorithms to 

directly impact patient management and outcomes. 

Limitations and Sources of Heterogeneity 

Several important limitations must be considered when interpreting the findings of this 

systematic review. First, the marked heterogeneity in study designs, patient populations, surgical 

procedures, AL definitions, CRP measurement protocols, and reported outcome metrics limits direct 

comparison and synthesis across studies. While meta-analysis was not attempted due to this 

heterogeneity, the detailed characterization of study-level variability provides valuable context for 

understanding the current evidence base. 

Second, the predominance of retrospective studies and single-center designs introduces 

potential selection bias and limits generalizability. Prospective multicenter studies with 

standardized protocols for CRP measurement and AL definition are needed to establish robust, 

generalizable evidence. 

Third, the optimal CRP cutoff values identified in individual studies are highly dependent on 

the specific patient population, surgical procedure, and the trade-off between sensitivity and 

specificity selected by investigators. External validation of proposed thresholds in independent 

cohorts remains limited. 

Fourth, few studies adequately accounted for potential confounders including preoperative 

CRP levels (6,22,54,94), neoadjuvant therapy (73,79,91,103), and intraoperative factors that may 

influence the postoperative inflammatory response. The magnitude of CRP elevation relative to 

baseline may provide more personalized predictive information than absolute cutoff values. 
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Fifth, publication bias favoring studies reporting positive findings cannot be excluded. 

However, the consistent finding across numerous studies of high NPV for CRP suggests this 

represents a robust biological phenomenon rather than publication bias. 

Clinical Implications and Future Directions 

The consistent finding that low postoperative CRP levels effectively rule out AL has 

important clinical implications for postoperative management within enhanced recovery protocols. 

Patients with CRP below procedure-appropriate thresholds on POD 3-5 may be candidates for early 

discharge, reducing hospital stay and healthcare costs while maintaining safety (16,20). Conversely, 

patients with elevated CRP should undergo clinical reassessment and consideration of further 

diagnostic imaging, although the modest PPV means that not all elevated CRP values indicate AL 

(4,5,12,98). 

Future research should focus on several key priorities. First, multicenter prospective studies 

with standardized protocols for CRP measurement and AL definition are needed to establish robust, 

generalizable thresholds for different surgical procedures. Second, investigation of CRP kinetics, 

including the trajectory between serial measurements, may provide enhanced predictive information 

compared to single time point assessment. Third, integration of CRP with other biomarkers and 

clinical risk factors into multimodal predictive scores represents a promising approach to improve 

overall diagnostic accuracy. Fourth, randomized controlled trials evaluating CRP-guided clinical 

decision-making, including early discharge algorithms and selective imaging strategies, are needed 

to demonstrate improved patient outcomes and healthcare efficiency. Fifth, exploration of novel 

biomarkers including drain fluid analysis (37,50,61,83), genetic markers, and advanced 

inflammatory panels may complement CRP measurement and enhance predictive accuracy. 

CONCLUSION AND RECOMMENDATIONS 

This systematic review demonstrates that postoperative C-reactive protein measurement 

represents a valuable, cost-effective tool for early prediction of anastomotic leakage across 
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gastrointestinal surgery. The consistent finding of high negative predictive value, particularly 

between postoperative days 3-5, supports the clinical utility of CRP as a rule-out test, where low 

levels effectively exclude AL and may facilitate safe early discharge within enhanced recovery 

protocols. However, the modest positive predictive value limits the ability of elevated CRP to 

definitively diagnose AL, necessitating clinical correlation and further diagnostic evaluation. 

Key Conclusions: 

1. Postoperative CRP measurement between POD 3-5 provides optimal predictive information 

for anastomotic leakage, with negative predictive values consistently exceeding 90% across 

diverse surgical procedures. 

2. Significant heterogeneity exists in AL definitions, CRP measurement protocols, and 

reported diagnostic accuracy, highlighting the need for standardized approaches in future 

research. 

3. Optimal CRP cutoff values vary by surgical procedure, with esophagectomy generally 

requiring higher thresholds (170-200 mg/L) compared to colorectal surgery (120-150 mg/L) 

and bariatric surgery (100-140 mg/L). 

4. Serial CRP measurement and assessment of CRP kinetics provide enhanced predictive 

information compared to single time point assessment. 

5. Integration of CRP with other biomarkers and clinical risk factors into multimodal 

predictive scores represents a promising direction for improving diagnostic accuracy. 

Recommendations: 

1. Clinical Practice: Routine serial CRP measurement should be incorporated into 

postoperative monitoring protocols for patients undergoing gastrointestinal anastomotic 
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surgery. Procedure-specific thresholds should guide clinical decision-making, with low CRP 

levels providing reassurance and supporting enhanced recovery pathways. 

2. Standardization: Future research should adopt standardized definitions for anastomotic 

leakage, such as the ISREC grading system, and uniform CRP measurement protocols 

including specified postoperative days and unit reporting to enhance comparability across 

studies. 

3. Multimodal Approaches: Development and validation of composite predictive scores 

integrating CRP with clinical risk factors and other biomarkers should be prioritized to 

optimize predictive accuracy. 

4. Implementation Research: Randomized controlled trials evaluating CRP-guided clinical 

algorithms, including early discharge protocols and selective imaging strategies, are needed 

to demonstrate improved patient outcomes and healthcare efficiency. 

5. Personalized Medicine: Investigation of patient-specific factors influencing CRP kinetics, 

including preoperative inflammatory status, nutritional parameters, and genetic 

polymorphisms, may enable more personalized postoperative monitoring strategies. 

In conclusion, C-reactive protein represents a robust, accessible, and clinically useful 

biomarker for the early prediction of anastomotic leakage. While significant heterogeneity in the 

current evidence base limits definitive recommendations regarding optimal thresholds, the 

consistent finding of high negative predictive value supports the integration of CRP measurement 

into routine postoperative care. Future research should focus on standardization, multimodal 

integration, and implementation science to fully realize the potential of CRP-guided postoperative 

management. 

 

 



 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

144 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

REFERENCES 

1.  Denise E. Yeung, E. Peterknecht, S. Hajibandeh, et al (2021) C-reactive protein can predict 

anastomotic leak in colorectal surgery: a systematic review and meta-analysis. International Journal 

of Colorectal Disease. https://doi.org/10.1007/s00384-021-03854-5 

2.  M. Scepanovic, B. Kovačević, V. Cijan, et al (2013) C-reactive protein as an early predictor 

for anastomotic leakage in elective abdominal surgery. Techniques in Coloproctology. 

https://doi.org/10.1007/s10151-013-1013-z 

3.  Eijiro Edagawa, Yasunori Matsuda, Ken Gyobu, et al (2015) C-reactive Protein is a Useful 

Marker for Early Prediction of Anastomotic Leakage after Esophageal Reconstruction. Osaka city 

medical journal 

4.  Haddon J Pantel, Lisa J Jasak, R. Ricciardi, et al (2019) Should They Stay or Should They 

Go? The Utility of C-Reactive Protein in Predicting Readmission and Anastomotic Leak After 

Colorectal Resection. Diseases of the Colon & Rectum. 

https://doi.org/10.1097/DCR.0000000000001225 

5.  G. Guevara-Morales, Marco A. Regalado-Torres, Eduardo Cantarell-Castillo, et al (2019) 

Utility of C-reactive protein in the early diagnosis of anastomotic leakage in colorectal surgery. 

https://doi.org/10.24875/cirue.m18000066 

6.  P. McAnena, C. Neary, Conor Doyle, et al (2019) Serial CRP levels following 

oesophagectomy: a marker for anastomotic dehiscence. Irish Journal of Medical Science. 

https://doi.org/10.1007/s11845-019-02072-x 

7.  L. C. Pandini (2010) Increased serum levels of C-reactive protein precede anastomotic 

leakage in colorectal surgery. https://doi.org/10.1590/S0101-98802010000100015 

8.  D. Jin, Li Chen (2021) Early prediction of anastomotic leakage after laparoscopic rectal 

surgery using creactive protein. Medicine. https://doi.org/10.1097/MD.0000000000026196 

https://doi.org/10.1007/s00384-021-03854-5
https://doi.org/10.1007/s10151-013-1013-z
https://doi.org/10.1097/DCR.0000000000001225
https://doi.org/10.24875/cirue.m18000066
https://doi.org/10.1007/s11845-019-02072-x
https://doi.org/10.1590/S0101-98802010000100015
https://doi.org/10.1097/MD.0000000000026196


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

145 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

9.  M. Ramos Fernández, Francisco Rivas Ruíz, Alberto Fernández López, et al (2017) C 

reactive protein as a predictor of anastomotic leakage in colorectal surgery. Comparison between 

open and laparoscopic surgery. Cirugia Española. https://doi.org/10.1016/j.ciresp.2017.08.003 

10.  A. Aiolfi, E. Asti, E. Rausa, et al (2018) Use of C-reactive protein for the early prediction of 

anastomotic leak after esophagectomy: Systematic review and Bayesian meta-analysis. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0209272 

11.  J. Platt, M. Ramanathan, R. Crosbie, et al (2012) C-reactive Protein as a Predictor of 

Postoperative Infective Complications after Curative Resection in Patients with Colorectal Cancer. 

Annals of Surgical Oncology. https://doi.org/10.1245/s10434-012-2498-9 

12.  P. Rat, G. Piessen, M. Vanderbeken, et al (2022) C-reactive protein identifies patients at low 

risk of anastomotic leak after esophagectomy. Langenbeck's archives of surgery (Print). 

https://doi.org/10.1007/s00423-022-02703-5 

13.  T. Masuda, H. Takamori, K. Ogawa, et al (2021) C-reactive protein level on postoperative 

day 3 as a predictor of anastomotic leakage after elective right-sided colectomy. Surgery today 

(Print). https://doi.org/10.1007/s00595-021-02351-0 

14.  B. Messias, R. Botelho, S. Saad, et al (2020) Serum C-reactive protein is a useful marker to 

exclude anastomotic leakage after colorectal surgery. Scientific Reports. 

https://doi.org/10.1038/s41598-020-58780-3 

15.  Wahidullah Dost, Mohammad Qaher Rasully, Mohammad Nazir Zaman, et al (2024) 

Predictive Biomarkers for the Early Detection of Anastomotic Leaks in Colorectal Surgeries: A 

Systematic Review. Cureus. https://doi.org/10.7759/cureus.74616 

16.  M. Pera (2017) Editor's choice. Colorectal Disease. https://doi.org/10.1111/codi.13817 

17.  R. Warschkow, T. Steffen, U. Beutner, et al (2011) Diagnostic accuracy of C-reactive 

protein and white blood cell counts in the early detection of inflammatory complications after open 

https://doi.org/10.1016/j.ciresp.2017.08.003
https://doi.org/10.1371/journal.pone.0209272
https://doi.org/10.1245/s10434-012-2498-9
https://doi.org/10.1007/s00423-022-02703-5
https://doi.org/10.1007/s00595-021-02351-0
https://doi.org/10.1038/s41598-020-58780-3
https://doi.org/10.7759/cureus.74616
https://doi.org/10.1111/codi.13817


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

146 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

resection of colorectal cancer: a retrospective study of 1,187 patients. International Journal of 

Colorectal Disease. https://doi.org/10.1007/s00384-011-1392-4 

18.  M. Zawadzki, R. Czarnecki, M. Rząca, et al (2015) C-reactive protein and procalcitonin 

predict anastomotic leaks following colorectal cancer resections – a prospective study. 

Wideochirurgia i inne techniki maloinwazyjne = Videosurgery and other miniinvasive techniques. 

https://doi.org/10.5114/wiitm.2015.56999 

19.  P. Ortega-Deballon, F. Radais, O. Facy, et al (2010) C-Reactive Protein Is an Early 

Predictor of Septic Complications After Elective Colorectal Surgery. World Journal of Surgery. 

https://doi.org/10.1007/s00268-009-0367-x 

20.  J. Muñoz, María Oliva Alvarez, V. Cuquerella, et al (2018) Procalcitonin and C-reactive 

protein as early markers of anastomotic leak after laparoscopic colorectal surgery within an 

enhanced recovery after surgery (ERAS) program. Surgical Endoscopy. 

https://doi.org/10.1007/s00464-018-6144-x 

21.  E. Hagens, M. Feenstra, Wing C Lam, et al (2023) C-Reactive Protein as a Negative 

Predictive Marker for Anastomotic Leakage After Minimally Invasive Esophageal Surgery. World 

Journal of Surgery. https://doi.org/10.1007/s00268-023-07013-5 

22.  M. Slavin, Avigayil Goldstein, B. Raguan, et al (2022) Postoperative CRP Levels Can Rule 

out Anastomotic Leaks in Crohn’s Disease Patients. Journal of Personalized Medicine. 

https://doi.org/10.3390/jpm12010054 

23.  N. Isohata, S. Endo, Tetsutaro Nemoto, et al (2023) Risk Factors and Predictive Biomarkers 

for Anastomotic Leakage after Colorectal Cancer Surgery with the Double Stapling Technique. 

Journal of the Anus Rectum and Colon. https://doi.org/10.23922/jarc.2022-072 

https://doi.org/10.1007/s00384-011-1392-4
https://doi.org/10.5114/wiitm.2015.56999
https://doi.org/10.1007/s00268-009-0367-x
https://doi.org/10.1007/s00464-018-6144-x
https://doi.org/10.1007/s00268-023-07013-5
https://doi.org/10.3390/jpm12010054
https://doi.org/10.23922/jarc.2022-072


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

147 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

24.  Jiaxin Zhang, Dong Yang, Yinquan Zhao, et al (2022) C-reactive protein and its ratio are 

useful indicators to exclude anastomotic leakage requiring intervention after laparoscopic rectal 

surgery. Updates in Surgery. https://doi.org/10.1007/s13304-022-01358-7 

25.  P. Rat, G. Piessen, M. Messier, et al (2020) La protéine C réactive identifie les patients a 

risque de fistule digestive après œsophagectomie. https://doi.org/10.1016/j.jchirv.2020.07.011 

26.  T. Welsch, S. Müller, A. Ulrich, et al (2007) C-reactive protein as early predictor for 

infectious postoperative complications in rectal surgery. International Journal of Colorectal Disease. 

https://doi.org/10.1007/s00384-007-0354-3 

27.  Devarajan Jebin Aaron, A. Anandhi, G. Sreenath, et al (2021) Serial estimation of serum C-

reactive protein and procalcitonin for early detection of anastomotic leak after elective intestinal 

surgeries: a prospective cohort study. Turkish Journal of Surgery. 

https://doi.org/10.47717/TURKJSURG.2021.5102 

28.  I. A. Bilgin, E. Hatipoğlu, A. Aghayeva, et al (2017) Predicting Value of Serum 

Procalcitonin, C-Reactive Protein, Drain Fluid Culture, Drain Fluid Interleukin-6, and Tumor 

Necrosis Factor-α Levels in Anastomotic Leakage after Rectal Resection. Surgical Infections. 

https://doi.org/10.1089/sur.2016.222 

29.  J. Kynaston, J. Coles, J. Tate (2015) PWE-334 A proactive approach is required for earlier 

detection of anastomotic leak: 7-year experience in a dgh. https://doi.org/10.1136/GUTJNL-2015-

309861.780 

30.  P. Waterland, J. Ng, A. Jones, et al (2016) Using CRP to predict anastomotic leakage after 

open and laparoscopic colorectal surgery: is there a difference? International Journal of Colorectal 

Disease. https://doi.org/10.1007/s00384-016-2547-0 

31.  Tiffany Paradis, Anudari Zorigtbaatar, M. Trepanier, et al (2020) Meta-analysis of the 

Diagnostic Accuracy of C-Reactive Protein for Infectious Complications in Laparoscopic Versus 

https://doi.org/10.1007/s13304-022-01358-7
https://doi.org/10.1016/j.jchirv.2020.07.011
https://doi.org/10.1007/s00384-007-0354-3
https://doi.org/10.47717/TURKJSURG.2021.5102
https://doi.org/10.1089/sur.2016.222
https://doi.org/10.1136/GUTJNL-2015-309861.780
https://doi.org/10.1136/GUTJNL-2015-309861.780
https://doi.org/10.1007/s00384-016-2547-0


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

148 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Open Colorectal Surgery. Journal of Gastrointestinal Surgery. https://doi.org/10.1007/s11605-020-

04599-2 

32.  A. Mohamedahmed, Chinedu Ndegbu, Kapil Agrawal, et al (2024) C-reactive Protein as a 

Negative Predictor of Anastomotic Leak Following Elective Colorectal Resection: A Beacon of 

Assurance? Cureus. https://doi.org/10.7759/cureus.74156 

33.  F. Richter, A. Mehdorn, Thorben Fedders, et al (2022) C-Reactive Protein as Predictor for 

Infectious Complications after Robotic and Open Esophagectomies. Journal of Clinical Medicine. 

https://doi.org/10.3390/jcm11195654 

34.  B. Borraez-Segura, J. P. Orozco-Hernandez, Felipe Anduquia-Garay, et al (2022) Increase 

in C-reactive protein as early predictor of anastomotic leakage in abdominal surgery. Cirugía y 

Cirujanos. https://doi.org/10.24875/ciru.21000597 

35.  N. Lagoutte, O. Facy, A. Ravoire, et al (2012) C-reactive protein and procalcitonin for the 

early detection of anastomotic leakage after elective colorectal surgery: pilot study in 100 patients. 

Journal of visceral surgery. https://doi.org/10.1016/j.jviscsurg.2012.09.003 

36.  E. Hagens, W. C. L. MSc, W. Eshuis, et al (2019) P41 C-REACTIVE PROTEIN AS A 

PREDICTOR FOR ANASTOMOTIC LEAKAGE AFTER ESOPHAGEAL SURGERY. Diseases 

of the esophagus. https://doi.org/10.1093/dote/doz092.41 

37.  Jia Lu, Lei Zheng, Runtian Li, et al (2017) [Diagnostic value of dynamic monitoring of C-

reactive protein in drain drainage to predict early anastomotic leakage after colorectal cancer 

surgery]. Zhonghua wei chang wai ke za zhi = Chinese journal of gastrointestinal surgery. 

https://doi.org/10.3760/CMA.J.ISSN.1671-0274.2017.09.020 

38.  N. Rama, Marlene Lages, M. Guarino, et al (2022) Usefulness of serum C-reactive protein 

and calprotectin for the early detection of colorectal anastomotic leakage: A prospective 

observational study. World Journal of Gastroenterology. https://doi.org/10.3748/wjg.v28.i24.2758 

https://doi.org/10.1007/s11605-020-04599-2
https://doi.org/10.1007/s11605-020-04599-2
https://doi.org/10.7759/cureus.74156
https://doi.org/10.3390/jcm11195654
https://doi.org/10.24875/ciru.21000597
https://doi.org/10.1016/j.jviscsurg.2012.09.003
https://doi.org/10.1093/dote/doz092.41
https://doi.org/10.3760/CMA.J.ISSN.1671-0274.2017.09.020
https://doi.org/10.3748/wjg.v28.i24.2758


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

149 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

39.  E. Lazarus, M. Jesudason, Gigi Varghese, et al (2022) Association of a Single Post-

Operative Day Three C-Reactive Protein Value with Anastomotic Complications after Colorectal 

Surgery: A Prospective Observational Study. Surgical Infections. 

https://doi.org/10.1089/sur.2022.015 

40.  M. Zawadzki, M. Krzystek-Korpacka, A. Gamian, W. Witkiewicz (2018) Serum cytokines 

in early prediction of anastomotic leakage following low anterior resection. Wideochirurgia i inne 

techniki maloinwazyjne = Videosurgery and other miniinvasive techniques. 

https://doi.org/10.5114/wiitm.2018.72785 

41.  Mohamed Elkerkary, Mahmoud Elnagar, Moustafa Abu Ali, H. Shaban (2020) Evaluation 

of the Predictive Value of Serum C-Reactive protein and Procalcitonin Levels in Early Detection of 

Anastomotic Leakage after Gastrointestinal Surgery. https://doi.org/10.21608/scumj.2020.116350 

42.  Bruce Su'a, Tony G E Milne, Rebekah Jaung, et al (2022) Detection of Anastomotic 

Leakage Following Elective Colonic Surgery: Results of the Prospective Biomarkers and 

Anastomotic Leakage (BALL) Study. Journal of Surgical Research. 

https://doi.org/10.1016/j.jss.2021.12.019 

43.  G. Song, Han Guo, Cong-qiao Jiang, et al (2022) Magnetic Nanoparticles Detection of C-

Reactive Protein Combined with Neutrophil to Lymphocyte Ratio to Predict the Occurrence of 

Anastomotic Fistula after Rectal Cancer Surgery. Cellular and Molecular Biology. 

https://doi.org/10.14715/cmb/2022.68.8.21 

44.  S. Dutta, G. Fullarton, M. Forshaw, et al (2011) Persistent Elevation of C-Reactive Protein 

Following Esophagogastric Cancer Resection as a Predictor of Postoperative Surgical Site 

Infectious Complications. World Journal of Surgery. https://doi.org/10.1007/s00268-011-1002-1 

45.  Pola Anwar, M. A. El-Rahman, T. Baiomy, H. Ashour (2019) PREDICTION OF EARLY 

ANASTOMOTIC LEAKAGE FOLLOWING COLORECTAL CANCER SURGERY IN 

https://doi.org/10.1089/sur.2022.015
https://doi.org/10.5114/wiitm.2018.72785
https://doi.org/10.21608/scumj.2020.116350
https://doi.org/10.1016/j.jss.2021.12.019
https://doi.org/10.14715/cmb/2022.68.8.21
https://doi.org/10.1007/s00268-011-1002-1


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

150 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

ZAGAZIG UNIVERSITY HOSPITALS. Zagazig University Medical Journal. 

https://doi.org/10.21608/ZUMJ.2019.11299.1175 

46.  K. Albanopoulos, L. Alevizos, M. Natoudi, et al (2013) C-reactive protein, white blood 

cells, and neutrophils as early predictors of postoperative complications in patients undergoing 

laparoscopic sleeve gastrectomy. Surgical Endoscopy. https://doi.org/10.1007/s00464-012-2526-7 

47.  Haidi Abd El Zaher, W. Ghareeb, A. Fouad, et al (2022) Role of the triad of procalcitonin, 

C-reactive protein, and white blood cell count in the prediction of anastomotic leak following 

colorectal resections. World Journal of Surgical Oncology. https://doi.org/10.1186/s12957-022-

02506-4 

48.  J. Ruiz-Tovar, J. Muñoz, Juan González, et al (2017) C-reactive protein, fibrinogen, and 

procalcitonin levels as early markers of staple line leak after laparoscopic sleeve gastrectomy in 

morbidly obese patients within an Enhanced Recovery After Surgery (ERAS) program. Surgical 

Endoscopy. https://doi.org/10.1007/s00464-017-5602-1 

49.  B. Romain, R. Chemaly, N. Meyer, et al (2014) Diagnostic markers of postoperative 

morbidity after laparoscopic Roux-en-Y gastric bypass for obesity. Langenbeck's archives of 

surgery (Print). https://doi.org/10.1007/s00423-014-1180-z 

50.  S. M, Kailasanadhan S (2018) EVALUATION OF C-REACTIVE PROTEIN IN 

PERITONEAL DRAIN FLUID FOR THE EARLY DETECTION OF ANASTOMOTIC LEAK. 

Journal of Evidence Based Medicine and Healthcare. https://doi.org/10.18410/jebmh/2018/501 

51.  J. Charbonneau, A. Brind’Amour, Lucas Sidéris, et al (2024) Predictive Value of C-

Reactive Protein for Infectious Complications After Cytoreductive Surgery and Hyperthermic 

Intraperitoneal Chemotherapy: A Single-Center Prospective Study. Annals of Surgical Oncology. 

https://doi.org/10.1245/s10434-024-15986-3 

https://doi.org/10.21608/ZUMJ.2019.11299.1175
https://doi.org/10.1007/s00464-012-2526-7
https://doi.org/10.1186/s12957-022-02506-4
https://doi.org/10.1186/s12957-022-02506-4
https://doi.org/10.1007/s00464-017-5602-1
https://doi.org/10.1007/s00423-014-1180-z
https://doi.org/10.18410/jebmh/2018/501
https://doi.org/10.1245/s10434-024-15986-3


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

151 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

52.  F. Dib, L. R. Parenti, A. Boutten, et al (2017) Diagnostic Performance of C-Reactive Protein 

in Detecting Post-Operative Infectious Complications After Laparoscopic Sleeve Gastrectomy. 

Obesity Surgery. https://doi.org/10.1007/s11695-017-2744-0 

53.  M. Gordiichuk, S. Myasoyedov (2024) LABORATORY PREDICTORS FOR 

DIAGNOSING COLORECTAL ANASTOMOTIC LEAKAGE. Experimental oncology. 

https://doi.org/10.15407/exp-oncology.2024.02.146 

54.  J. van den Bos, A. Jongen, J. Melenhorst, et al (2019) Near-infrared fluorescence image-

guidance in anastomotic colorectal cancer surgery and its relation to serum markers of anastomotic 

leakage: a clinical pilot study. Surgical Endoscopy. https://doi.org/10.1007/s00464-019-06673-6 

55.  Bernardo Borráez-Segura, Felipe Anduquia-Garay, Juliana Gómez-Raigosa, et al (2023) 

Proteína C reactiva y su progresión en el tiempo para la detección de las fugas anastomóticas. 

Revista Colombiana de Cirugía. https://doi.org/10.30944/20117582.2290 

56.  Mumtazuddin Wani, F. Din, A. Bhat, et al (2020) Role of biomarkers in predicting 

anastomotic leakage following colorectal surgeries. https://doi.org/10.18203/2320-

6012.ijrms20202896 

57.  E. Bertocchi, G. Barugola, M. Ceccaroni, et al (2021) Laparoscopic colorectal resection for 

deep infiltrating endometriosis: can we reliably predict anastomotic leakage and major 

postoperative complications in the early postoperative period? Surgical Endoscopy. 

https://doi.org/10.1007/s00464-021-08301-8 

58.  V. Hubaud, B. Bottet, J. Chenesseau, et al (2020) 77 CUTOFF VALUE OF SERUM C-

REACTIVE PROTEIN ON THE FIFTH POSTOPERATIVE DAY IS EFFECTIVE TO RULE 

OUT ANASTOMOTIC LEAKAGE AFTER ESOPHAGECTOMY. 

https://doi.org/10.1093/DOTE/DOAA087.13 

https://doi.org/10.1007/s11695-017-2744-0
https://doi.org/10.15407/exp-oncology.2024.02.146
https://doi.org/10.1007/s00464-019-06673-6
https://doi.org/10.30944/20117582.2290
https://doi.org/10.18203/2320-6012.ijrms20202896
https://doi.org/10.18203/2320-6012.ijrms20202896
https://doi.org/10.1007/s00464-021-08301-8
https://doi.org/10.1093/DOTE/DOAA087.13


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

152 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

59.  Fatme Valentina Diaz Gasaly, Juan Andrés Mansilla Espinosa, Andres Ignacio Troncoso 

Trujillo, et al (2024) Procalcitonina y Proteína C reactiva como predictores precoces de fuga 

anastomótica en pacientes sometidos a cirugía resectiva de colon con anastomosis primaria electiva. 

Revista de cirugía. https://doi.org/10.35687/s2452-454920240042030 

60.  Mohamed S. Essa, Mohamed K. Abdelaal, Mohamed E. Zayed, et al (2021) Role of 

biomarkers in early detection of anastomotic leakage and follow up of patients with colorectal 

surgery managed by enhanced recovery protocol. International Surgery Journal. 

https://doi.org/10.18203/2349-2902.isj20214359 

61.  S. Cuff, N. Reeves, E. Lewis, et al (2022) Inflammatory biomarker signatures in post-

surgical drain fluid may detect anastomotic leaks within 48 hours of colorectal resection. 

Techniques in Coloproctology. https://doi.org/10.1007/s10151-023-02841-y 

62.  Ayman A. Albatanony, Mahmoud Sayed Ahmed Shahin, Mohamed M. Balpoush (2019) 

Early detection of anastomotic leakage after hand-sewn colorectal anastomoses. International 

Surgery Journal. https://doi.org/10.18203/2349-2902.ISJ20191051 

63.  Ferdinando Cananzi, A. Biondi, A. Agnes, et al (2022) Optimal Predictors of Postoperative 

Complications After Gastrectomy: Results from the Procalcitonin and C-reactive Protein for the 

Early Diagnosis of Anastomotic Leakage in Esophagogastric Surgery (PEDALES) Study. Journal 

of Gastrointestinal Surgery. https://doi.org/10.1007/s11605-022-05547-y 

64.  G. Laamiri, M. Mabrouk, B. Mroua, et al (2021) La cinétique des globules blancs entre le 

premier et le troisième jour postopératoire est le meilleur paramètre prédictif de fistules 

anastomotiques après chirurgie colorectale. Étude prospective bicentrique à propos de 175 cas. 

Journal of visceral surgery. https://doi.org/10.1016/j.jchirv.2021.06.017 

65.  Limian Ling, Zhongchao Zuo, Ying Lv, et al (2025) Elevated drain fluid calprotectin as a 

predictor of early anastomotic leakage in colorectal surgery. World Journal of Surgical Oncology. 

https://doi.org/10.1186/s12957-025-03899-8 

https://doi.org/10.35687/s2452-454920240042030
https://doi.org/10.18203/2349-2902.isj20214359
https://doi.org/10.1007/s10151-023-02841-y
https://doi.org/10.18203/2349-2902.ISJ20191051
https://doi.org/10.1007/s11605-022-05547-y
https://doi.org/10.1016/j.jchirv.2021.06.017
https://doi.org/10.1186/s12957-025-03899-8


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

153 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

66.  D. Bona, P. Danelli, A. Sozzi, et al (2022) C-reactive Protein and Procalcitonin Levels to 

Predict Anastomotic Leak After Colorectal Surgery: Systematic Review and Meta-analysis. Journal 

of Gastrointestinal Surgery. https://doi.org/10.1007/s11605-022-05473-z 

67.  D. Bona, G. Micheletto, G. Bonitta, et al (2019) Does C-reactive Protein Have a Predictive 

Role in the Early Diagnosis of Postoperative Complications After Bariatric Surgery? Systematic 

Review and Bayesian Meta-analysis. Obesity Surgery. https://doi.org/10.1007/s11695-019-04013-0 

68.  E. Van Daele, H. Vanommeslaeghe, Louise Peirsman, et al (2024) Early postoperative 

systemic inflammatory response as predictor of anastomotic leakage after esophagectomy: a 

systematic review and meta-analysis. Journal of Gastrointestinal Surgery. 

https://doi.org/10.1016/j.gassur.2024.02.003 

69.  A. Barbaro, T. Eldredge, J. Shenfine (2020) Diagnosing anastomotic leak post-

esophagectomy: a systematic review. Diseases of the esophagus. 

https://doi.org/10.1093/dote/doaa076 

70.  Mostafa Omar Abdel Aziz, Mohammed Ali Nada, Mohammed AlZalabany, Ibrahim Magid 

Abdel- Maksoud (2025) Value of C-Reactive Protein and Procalcitonin in Detection of Intestinal 

Leak after Colorectal Anastomosis: A systematic review and Meta-Analysis. The Egyptian Journal 

of Surgery. https://doi.org/10.21608/ejsur.2025.361962.1399 

71.  W. Al-Kubati (2024) Optimizing Early Detection of Post-Operative Complications in 

Colorectal Surgery: A Meta-Analysis of Combined Inflammatory Markers. World Journal of 

Colorectal Surgery. https://doi.org/10.4103/wjcs.wjcs_35_24 

72.  Isa Basuki, M. I. Kusuma, Bambang Suprapto, Joko Hendarto (2020) C-reactive protein 

levels as a predictor for anastomotic success in post-operative intestinal resection surgery. 

https://doi.org/10.15562/bmj.v9i2.1848 

https://doi.org/10.1007/s11605-022-05473-z
https://doi.org/10.1007/s11695-019-04013-0
https://doi.org/10.1016/j.gassur.2024.02.003
https://doi.org/10.1093/dote/doaa076
https://doi.org/10.21608/ejsur.2025.361962.1399
https://doi.org/10.4103/wjcs.wjcs_35_24
https://doi.org/10.15562/bmj.v9i2.1848


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

154 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

73.  J. Park, J. Kim, S. Moon (2017) C-reactive protein for the early prediction of anastomotic 

leak after esophagectomy in both neoadjuvant and non-neoadjuvant therapy case: a propensity score 

matching analysis. Journal of Thoracic Disease. https://doi.org/10.21037/jtd.2017.08.125 

74.  Á. García-Granero, M. Frasson, B. Flor-Lorente, et al (2013) Procalcitonin and C-Reactive 

Protein as Early Predictors of Anastomotic Leak in Colorectal Surgery: A Prospective 

Observational Study. Diseases of the Colon & Rectum. 

https://doi.org/10.1097/DCR.0b013e31826ce825 

75.  M. Mik, L. Dziki, Maciej Berut, et al (2017) Neutrophil to Lymphocyte Ratio and C-

Reactive Protein as Two Predictive Tools of Anastomotic Leak in Colorectal Cancer Open Surgery. 

Digestive Surgery. https://doi.org/10.1159/000456081 

76.  Dubravka Mužina, Mario Kopljar, Z. Bilić, et al (2024) The Value of C-Reactive Protein 

and Peritoneal Cytokines as Early Predictors of Anastomotic Leak after Colorectal Surgery. 

Diagnostics. https://doi.org/10.3390/diagnostics14182101 

77.  T. Pedersen, O. Roikjær, P. Jess (2012) Increased levels of C-reactive protein and leukocyte 

count are poor predictors of anastomotic leakage following laparoscopic colorectal resection. 

Danish Medical Journal 

78.  Praachi Raje, B. Allar, Kevin R. Arndt, et al (2023) Early C-reactive protein after colorectal 

surgery is not predictive of anastomotic leak: a retrospective cohort study. Langenbeck's archives of 

surgery (Print). https://doi.org/10.1007/s00423-023-02884-7 

79.  Chi Zhang, Xiao Li, L. Hu, et al (2021) Predictive value of postoperative C-reactive protein-

to-albumin ratio in anastomotic leakage after esophagectomy. Journal of Cardiothoracic Surgery. 

https://doi.org/10.1186/s13019-021-01515-w 

https://doi.org/10.21037/jtd.2017.08.125
https://doi.org/10.1097/DCR.0b013e31826ce825
https://doi.org/10.1159/000456081
https://doi.org/10.3390/diagnostics14182101
https://doi.org/10.1007/s00423-023-02884-7
https://doi.org/10.1186/s13019-021-01515-w


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

155 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

80.  R. Warschkow, I. Tarantino, P. Folie, et al (2012) C-Reactive Protein 2 Days After 

Laparoscopic Gastric Bypass Surgery Reliably Indicates Leaks and Moderately Predicts Morbidity. 

Journal of Gastrointestinal Surgery. https://doi.org/10.1007/s11605-012-1882-x 

81.  S. Chiappetta, Parvezikbal Jamadar, C. Stier, et al (2019) The role of C-reactive protein after 

surgery for obesity and metabolic disorders. Surgery for Obesity and Related Diseases. 

https://doi.org/10.1016/j.soard.2019.10.007 

82.  Yilong Hu, Junjie Ren, Zhixin Lv, et al (2024) Procalcitonin and C-reactive protein as early 

predictors in patients at high risk of colorectal anastomotic leakage. Journal of International 

Medical Research. https://doi.org/10.1177/03000605241258160 

83.  N. Komen, J. Slieker, P. Willemsen, et al (2014) Acute phase proteins in drain fluid: a new 

screening tool for colorectal anastomotic leakage? The APPEAL study: analysis of parameters 

predictive for evident anastomotic leakage. American Journal of Surgery. 

https://doi.org/10.1016/j.amjsurg.2013.09.024 

84.  S. Chernyshov, M. Alexeev, E. Rybakov, et al (2018) Risk factors and inflammatory 

predictors for Anastomotic Leakage following Total Mesorectal Excision with defunctioning stoma. 

Polski przeglad chirurgiczny. https://doi.org/10.5604/01.3001.0011.8169 

85.  C. Neary, P. McAnena, O. Mcanena, et al (2020) C-Reactive Protein-Lymphocyte Ratio 

Identifies Patients at Low Risk for Major Morbidity after Oesophagogastric Resection for Cancer. 

Digestive Surgery. https://doi.org/10.1159/000510963 

86.  H. Amoli, M. Karoobi, H. Z. Mahmoudabadi, et al (2021) Exclusion of Anastomosis 

Leakage after Colorectal Surgery using C-reactive protein: a retrospective study. Iranian Red 

Crescent Medical Journal. https://doi.org/10.32592/ircmj.2022.24.2.1467 

87.  Hernán Daniel Pinares-Carrillo, David Ortega-Checa, Karla Vergel-Ramírez, et al (2023) 

Proteína C reactiva como biomarcador predictivo de fuga anastomótica en cirugía oncológica 

https://doi.org/10.1007/s11605-012-1882-x
https://doi.org/10.1016/j.soard.2019.10.007
https://doi.org/10.1177/03000605241258160
https://doi.org/10.1016/j.amjsurg.2013.09.024
https://doi.org/10.5604/01.3001.0011.8169
https://doi.org/10.1159/000510963
https://doi.org/10.32592/ircmj.2022.24.2.1467


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

156 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

colorrectal: estudio de cohorte retrospectivo. Revista Colombiana de Cirugía. 

https://doi.org/10.30944/20117582.2269 

88.  Ю. А. Шелыгин, Михаил Александрович Тарасов, М. А. Сухина, et al (2017) 

Прокальцитонин и С-реактивный белок - ранние предикторы несостоятельности низких 

колоректальных анастомозов. https://doi.org/10.22416/1382-4376-2017-27-1-93-100 

89.  Pooya Rajabaleyan, Ravish Jootun, Sören Möller, et al (2024) Early warning model to detect 

anastomotic leakage following colon surgery: a clinical observational study. Annals of 

Coloproctology. https://doi.org/10.3393/ac.2023.00745.0106 

90.  Jinyao Shi, Zhouqiao Wu, Qi Wang, et al (2020) Clinical predictive efficacy of C-reactive 

protein for diagnosing infectious complications after gastric surgery. Therapeutic Advances in 

Gastroenterology. https://doi.org/10.1177/1756284820936542 

91.  Lukas F. Liesenfeld, P. Sauer, M. Diener, et al (2020) Prognostic value of inflammatory 

markers for detecting anastomotic leakage after esophageal resection. BMC Surgery. 

https://doi.org/10.1186/s12893-020-00995-2 

92.  S. Stuart, T. Kuypers, I. Martijnse, et al (2021) 783 C-REACTIVE PROTEIN VERSUS 

DRAIN AMYLASE; THEIR RELIABILITY IN RULING OUT ANASTOMOTIC LEAKAGE 

AFTER MINIMALLY INVASIVE IVOR-LEWIS ESOPHAGECTOMY. Diseases of the 

esophagus. https://doi.org/10.1093/dote/doab052.783 

93.  Julius Pochhammer, Jonas Drozdzynski, A. Bernsmeier, et al (2020) Low Postoperative 

Levels of C-Reactive Protein Are an Early Predictor for an Uncomplicated Course After Bariatric 

Surgery: A Retrospective, Validated Cohort Study. Surgical laparoscopy, endoscopy & 

percutaneous techniques. https://doi.org/10.1097/SLE.0000000000000767 

https://doi.org/10.30944/20117582.2269
https://doi.org/10.22416/1382-4376-2017-27-1-93-100
https://doi.org/10.3393/ac.2023.00745.0106
https://doi.org/10.1177/1756284820936542
https://doi.org/10.1186/s12893-020-00995-2
https://doi.org/10.1093/dote/doab052.783
https://doi.org/10.1097/SLE.0000000000000767


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

157 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

94.  Feng Zhang, S. Qiao, Ning Yao, et al (2022) Anastomotic Rings and Inflammation Values 

as Biomarkers for Leakage of Stapled Circular Colorectal Anastomoses. Diagnostics. 

https://doi.org/10.3390/diagnostics12122902 

95.  D. Çetin, Ebubekir Gündeş, H. Çiyiltepe, et al (2018) Risk factors and laboratory markers 

used to predict leakage in esophagojejunal anastomotic leakage after total gastrectomy. Turkish 

Journal of Surgery. https://doi.org/10.5152/turkjsurg.2018.4117 

96.  D. Çetin, Ebubekir Gündeş, H. Çiyiltepe, et al (2019) Risk factors and laboratory markers 

used to predict leakage in esophagojejunal anastomotic leakage after total gastrectomy. Turkish 

Journal of Surgery. https://doi.org/10.5578/turkjsurg.4117 

97.  M. Issa, Antoinette Yeung, Graciaa Singhal, et al (2024) FP2.5 - Predictors for anastomotic 

leak (AL) in inflammatory bowel disease (IBD) patients and its associated postoperative (PO) 

complications; A cohort of a single institution experience. British Journal of Surgery. 

https://doi.org/10.1093/bjs/znae197.351 

98.  P. Leourier, A. Pellegrin, J. Régimbeau, C. Sabbagh (2023) Is early CT in cases of elevated 

postoperative CRP the best option for the diagnosis of colorectal anastomotic leakage? International 

Journal of Colorectal Disease. https://doi.org/10.1007/s00384-023-04571-x 

99.  M. Bahbah, M. El-Melouk, M. Mostafa, Taher H. Elwan (2021) Is serum presepsin levels 

had accurate discriminative ability for patients vulnerable to develop anastomotic leakage after 

colorectal anastomosis? A cohort study. https://doi.org/10.4103/ejs.ejs_248_21 

100.  I. Ozata, E. Bozkurt, S. Sucu, et al (2023) A novel scoring system for the early detection of 

anastomotic leakage: bedside leak score—a pilot study. Frontiers in Surgery. 

https://doi.org/10.3389/fsurg.2023.1204785 

https://doi.org/10.3390/diagnostics12122902
https://doi.org/10.5152/turkjsurg.2018.4117
https://doi.org/10.5578/turkjsurg.4117
https://doi.org/10.1093/bjs/znae197.351
https://doi.org/10.1007/s00384-023-04571-x
https://doi.org/10.4103/ejs.ejs_248_21
https://doi.org/10.3389/fsurg.2023.1204785


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

158 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

101.  G. Feeney, R. Sehgal, M. Sheehan, et al (2020) AB043. Lymphocyte-CRP ratio (LCR) as a 

possible biomarker for anastomotic leak in rectal cancer patients. 

https://doi.org/10.21037/map.2020.ab043 

102.  Sanne K. Stuart, Toon J. L. Kuypers, I. Martijnse, et al (2022) C-reactive protein and drain 

amylase: their utility in ruling out anastomotic leakage after minimally invasive Ivor-Lewis 

esophagectomy. Scandinavian Journal of Gastroenterology. 

https://doi.org/10.1080/00365521.2022.2141076 

103.  Thitiporn Chobarporn, C. Savigamin, C. Tharavej (2023) Value of Serum C-Reactive 

Protein (CRP) Level in Early Detection of Anastomotic Leakage following Salvage Esophagectomy 

after Definitive Chemoradiation for Esophageal Squamous Cell Carcinoma. South Asian Journal of 

Cancer. https://doi.org/10.1055/s-0044-1786362 

104.  E. van Daele, H. Vanommeslaeghe, Flo Decostere, et al (2024) Systemic Inflammatory 

Response and the Noble and Underwood (NUn) Score as Early Predictors of Anastomotic Leakage 

after Esophageal Reconstructive Surgery. Journal of Clinical Medicine. 

https://doi.org/10.3390/jcm13030826 

105.  E. Andreatta, A. Buogo, E. Asti, et al (2022) Comparison of pleural drain amylase and 

serum C-reactive protein for early detection of intrathoracic esophago-gastric anastomotic leaks. 

Langenbeck's archives of surgery (Print). https://doi.org/10.1007/s00423-022-02550-4 

106.  F. Din, Ashiq Hussain Raina, I. A. Kumar, et al (2021) Prediction of Anastomotic Leakage 

in Colorectal Surgeries Using Biomarkers. Recent Developments in Medicine and Medical 

Research Vol 9. https://doi.org/10.9734/bpi/rdmmr/v9/13876d 

107.  Zhiqiang Cheng, S. Dong, Pingtian Xia, et al (2025) C-reactive protein guided transanal 

drainage tube removal reduces anastomotic leak after laparoscopic rectal surgery without stoma: a 

prospective cohort study. International Journal of Surgery. 

https://doi.org/10.1097/js9.0000000000004264 

https://doi.org/10.21037/map.2020.ab043
https://doi.org/10.1080/00365521.2022.2141076
https://doi.org/10.1055/s-0044-1786362
https://doi.org/10.3390/jcm13030826
https://doi.org/10.1007/s00423-022-02550-4
https://doi.org/10.9734/bpi/rdmmr/v9/13876d
https://doi.org/10.1097/js9.0000000000004264


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

159 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

108.  Won Jun Kim, C. Lee, Liang-bao An, et al (2019) Effect of Biologic Material 

Reinforcement on Surgical Anastomosis After Gastrectomy—A Pilot Study. Frontiers in Oncology. 

https://doi.org/10.3389/fonc.2019.01184 

109.  F. Merboth, F. Sonntag, K. Sonntag, et al (2024) Early detection of anastomotic leakage in 

upper gastrointestinal surgery. medRxiv. https://doi.org/10.1101/2024.05.24.24307864 

110.  M. Slavin, A. Goldstein, B. Raguan, et al (2021) The Use of Postoperative CRP Levels in 

Patients With Crohn’s Disease. https://doi.org/10.21203/rs.3.rs-823516/v1 

111.  E. Vauclair, N. Moreno-Lopez, D. Orry, et al (2020) Marqueurs inflammatoires pour le 

diagnostic précoce d’infection postopératoire : le même seuil pour la chirurgie rectale et colique ? 

https://doi.org/10.1016/j.jchirv.2020.08.006 

112.  D. Ortíz-López, J. Marchena-Gómez, Yurena Sosa-Quesada, et al (2025) Utility of C-

reactive protein on the fourth postoperative day to detect complications beyond anastomotic 

dehiscence. International Journal of Colorectal Disease. https://doi.org/10.1007/s00384-025-04912-

y 

113.  Radwa Hablase, Jacqueline Steinke, Aqsa Aslam, et al (2025) Anastomotic leakage in 

colorectal and ovarian cancer resections: A comparative cohort study. Gynecologic Oncology. 

https://doi.org/10.1016/j.ygyno.2025.03.028 

114.  Bin Luo, Qianchao Liao, Jiabin Zheng, et al (2020) The Variation Tendency of Serum C-

Reactive Protein is A Good Marker to Exclude Anastomotic Leakage after Laparoscopic 

Gastrectomy for Adenocarcinoma of Esophagogastric Junction. https://doi.org/10.21203/rs.3.rs-

35295/v1 

115.  M. Cunha, B. Mendes, Pedro Mendanha, et al (2021) Albumin and CRP, Which is the Best 

Biomarker for Postoperative Complications on Colorectal Surgery? Prospective Cohort Study. 

https://doi.org/10.21203/rs.3.rs-1037006/v1 

https://doi.org/10.3389/fonc.2019.01184
https://doi.org/10.1101/2024.05.24.24307864
https://doi.org/10.21203/rs.3.rs-823516/v1
https://doi.org/10.1016/j.jchirv.2020.08.006
https://doi.org/10.1007/s00384-025-04912-y
https://doi.org/10.1007/s00384-025-04912-y
https://doi.org/10.1016/j.ygyno.2025.03.028
https://doi.org/10.21203/rs.3.rs-35295/v1
https://doi.org/10.21203/rs.3.rs-35295/v1
https://doi.org/10.21203/rs.3.rs-1037006/v1


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

160 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

116.  M. Carvello, F. Candido, G. Fiorino, et al (2018) P765 Role of C-reactive protein kinetics 

after surgery for Crohn’s disease. https://doi.org/10.1093/ecco-jcc/jjx180.892 

117.  G. Popescu, D. Sala, M. Gliga, et al (2017) The Incidence and Mortality of Anastomotic 

Leakage after Colorectal Cancer Surgery. https://doi.org/10.7438/1584-9341-13-3-2 

118.  Guogang Wu, Zhaorun Liu, M. Leng, et al (2018) Clinical value of procalcitonin and C-

reactive protein in predicting anastomotic fistula after operation of colorectal cancer. 

https://doi.org/10.3877/CMA.J.ISSN.1674-0793.2018.04.004 

119.  L. Emmanuel (2018) Role of serum C Reactive protein in early detection of colorectal 

anastomotic leakage: A prospective observational study 

120.  Hailong Guo (2017) Value of combined detection of PCT, CRP and ALB in diagnosis of 

anastomotic fistula post-esophagectomy. https://doi.org/10.3760/CMA.J.ISSN.1674-

4756.2017.03.011 

121.  P. Paliogiannis, S. Deidda, S. Maslyankov, et al (2021) C reactive protein to albumin ratio 

(CAR) as predictor of anastomotic leakage in colorectal surgery. Surgical oncology. 

https://doi.org/10.1016/j.suronc.2021.101621 

122.  Erik D. Nilsson, J. Johansson, D. Falkenback, et al (2018) PS02.213: PREDICTING 

ANASTOMOTIC LEAKAGE AFTER ESOPHAGECTOMY: THE VALUE OF C-REACTIVE 

PROTEIN. A NATIONWIDE REGISTER STUDY. Diseases of the esophagus. 

https://doi.org/10.1093/DOTE/DOY089.PS02.213 

123.  Anders Gerdin, Jennifer Park, Jenny Häggström, et al (2024) Anastomotic leakage after 

resection for rectal cancer and recurrence-free survival in relation to postoperative C-reactive 

protein levels. International Journal of Colorectal Disease. https://doi.org/10.1007/s00384-024-

04766-w 

https://doi.org/10.1093/ecco-jcc/jjx180.892
https://doi.org/10.7438/1584-9341-13-3-2
https://doi.org/10.3877/CMA.J.ISSN.1674-0793.2018.04.004
https://doi.org/10.3760/CMA.J.ISSN.1674-4756.2017.03.011
https://doi.org/10.3760/CMA.J.ISSN.1674-4756.2017.03.011
https://doi.org/10.1016/j.suronc.2021.101621
https://doi.org/10.1093/DOTE/DOY089.PS02.213
https://doi.org/10.1007/s00384-024-04766-w
https://doi.org/10.1007/s00384-024-04766-w


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

161 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

124.  Tomoaki Bekki, M. Shimomura, T. Adachi, et al (2023) Predictive factors associated with 

anastomotic leakage after resection of rectal cancer: a multicenter study with the Hiroshima 

Surgical study group of Clinical Oncology. Langenbeck's archives of surgery (Print). 

https://doi.org/10.1007/s00423-023-02931-3 

125.  G. Broadley, P. Waterland, D. Mcarthur, et al (2015) PWE-320 CRP can predict 

anastomotic leak in rectal cancer resection. https://doi.org/10.1136/gutjnl-2015-309861.766 

126.  Anders Gerdin, Jennifer Park, Jenny Häggström, et al (2024) 71948 - Anastomotic leak and 

recurrence-free survival in relation to postoperative CRP. British Journal of Surgery. 

https://doi.org/10.1093/bjs/znae175.067 

127.  M. Cats, L. G. Magermans, E. Wassenaar, et al (2025) The Clinical Presentation of 

Anastomotic Leakage Compared Between CRS-HIPEC and Conventional Colorectal Surgery. 

Annals of Surgical Oncology. https://doi.org/10.1245/s10434-025-18712-9 

128.  Y. Kulu, A. Ulrich, T. Bruckner, et al (2013) Validation of the International Study Group of 

Rectal Cancer definition and severity grading of anastomotic leakage. Surgery. 

https://doi.org/10.1016/j.surg.2013.02.007 

129.  Tomáš Řezáč, M. Stašek, P. Zbořil, P. Špička (2021) The role of CRP in the diagnosis of 

postoperative complications in rectal surgery. Polski przeglad chirurgiczny. 

https://doi.org/10.5604/01.3001.0014.6591 

130.  V. Javier, Nicolás Avellaneda, L. Juan, et al (2020) C Reactive Protein: A Reliable Marker 

for Early Diagnosis ofAnastomotic Leakage in Colorectal Surgery? 

131.  Amirhossein Vaziri-Moghaddam, S. Kargar, J. Jafari (2017) Prognostic Value of C-reactive 

Protein in Anastomotic Leakage within Three Days After Colorectal Surgery 

132.  Mads Riiskjær, A. Forman, U. Kesmodel, et al (2016) Diagnostic Value of Serial 

Measurement of C-Reactive Protein in the Detection of a Surgical Complication after Laparoscopic 

https://doi.org/10.1007/s00423-023-02931-3
https://doi.org/10.1136/gutjnl-2015-309861.766
https://doi.org/10.1093/bjs/znae175.067
https://doi.org/10.1245/s10434-025-18712-9
https://doi.org/10.1016/j.surg.2013.02.007
https://doi.org/10.5604/01.3001.0014.6591


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

162 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

Bowel Resection for Endometriosis. Gynecologic and Obstetric Investigation. 

https://doi.org/10.1159/000447513 

133.  M. Baeza-Murcia, G. Valero-Navarro, E. Pellicer-Franco, et al (2021) Early diagnosis of 

anastomotic leakage in colorectal surgery: prospective observational study of the utility of 

inflammatory markers and determination of pathological levels. Updates in Surgery. 

https://doi.org/10.1007/s13304-021-01082-8 

134.  Z. Kostić, M. Panišić, B. Milev, et al (2015) Diagnostic value of serial measurement of C-

reactive protein in serum and matrix metalloproteinase-9 in drainage fluid in the detection of 

infectious complications and anastomotic leakage in patients with colorectal resection. 

Vojnosanitetski Pregled. https://doi.org/10.2298/VSP140723011K 

135.  Mohammed M. Raslan, Amr Y. El-Shayeb, Mohammed A.M. Ghoneim, Ahmed S. Khalifa 

(2024) The role of biomarkers in the early detection of dehiscence of intestinal and colonic 

anastomoses. The Egyptian Journal of Surgery. https://doi.org/10.21608/ejsur.2024.291145.1080 

136.  M. Carvello, F. Candido, M. Greco, et al (2020) The trend of C-Reactive protein allows a 

safe early discharge after surgery for Crohn’s disease. Updates in Surgery. 

https://doi.org/10.1007/s13304-020-00789-4 

137.  G. Guevara-Morales, Marco A Regalado-Torres, Eduardo Cantarell-Castillo, et al (2018) 

[Utilidad de la proteína C reactiva en el diagnóstico oportuno de fuga de anastomosis en cirugía 

colorrectal]. Cirugía y Cirujanos. https://doi.org/10.24875/CIRU.18000261 

138.  L. Dahbi-Skali, M. Dady, A. Souadka, et al (2020) Utilisation du dosage de la CRP après 

chirurgie colorectale pour le diagnostic de survenue de fistule anastomotique. 

https://doi.org/10.1016/j.jchirv.2020.07.030 

139.  M. Chairi, Patricia Josefina Madroñal Escribano, Alicia Ron García, et al (2025) Beyond 

traditional risk factors: The identification of preoperative serum ferritin as a novel predictor of 

https://doi.org/10.1159/000447513
https://doi.org/10.1007/s13304-021-01082-8
https://doi.org/10.2298/VSP140723011K
https://doi.org/10.21608/ejsur.2024.291145.1080
https://doi.org/10.1007/s13304-020-00789-4
https://doi.org/10.24875/CIRU.18000261
https://doi.org/10.1016/j.jchirv.2020.07.030


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

163 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

anastomotic leakage after colonic surgery. Surgical oncology. 

https://doi.org/10.1016/j.suronc.2025.102283 

140.  J. Nam, G. T. Noh, S. Chung, et al (2023) Validity of C-Reactive Protein as a Surrogate 

Marker for Infectious Complications After Surgery for Colorectal Cancer. Surgical Infections. 

https://doi.org/10.1089/sur.2022.392 

141.  Ashish Kumar Sharma, Saket Kumar, Sanjay Kumar, et al (2025) Prospective evaluation of 

the novel BADCAL score for predicting colorectal anastomotic leak. Journal of Gastrointestinal 

Surgery. https://doi.org/10.1016/j.gassur.2025.102242 

142.  E. Asti, G. Bonitta, Matteo Melloni, et al (2018) Utility of C-reactive protein as predictive 

biomarker of anastomotic leak after minimally invasive esophagectomy. Langenbeck's archives of 

surgery (Print). https://doi.org/10.1007/s00423-018-1663-4 

143.  H. Ishida, T. Fukutomi, Y. Taniyama, et al (2024) Serum C-reactive protein and 

procalcitonin levels in patients with pneumonia and anastomotic leakage in the postoperative period 

after esophagectomy. General Thoracic and Cardiovascular Surgery. 

https://doi.org/10.1007/s11748-024-02065-3 

144.  L. Giulini, A. Dubecz, N. Solymosi, H. Stein (2018) PS02.209: PROGNOSTIC VALUE OF 

CHEST-TUBE AMYLASE IN DETECTING EARLY ANASTOMOTIC LEAKAGE AFTER 

IVOR-LEWIS ESOPHAGECTOMY. Diseases of the esophagus. 

https://doi.org/10.1093/dote/doy089.PS02.209 

145.  K. Kano, H. Tamagawa, S. Sawazaki, et al (2015) [The Postoperative C-Reactive Protein 

Level Is an Early Predictor of Infectious Complications after Gastric Cancer Resection]. Gan to 

kagaku ryoho Cancer & chemotherapy 

https://doi.org/10.1016/j.suronc.2025.102283
https://doi.org/10.1089/sur.2022.392
https://doi.org/10.1016/j.gassur.2025.102242
https://doi.org/10.1007/s00423-018-1663-4
https://doi.org/10.1007/s11748-024-02065-3
https://doi.org/10.1093/dote/doy089.PS02.209


 

   Research Article                                                             Volume 33, Issue No. 01. 2026 
   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 
 
 

164 
The International Journal of Medical Science and Health Research 

 
Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 
 

146.  Olga V. Ilina, D. Ruchkin, I. Kozyrin, Y. Stepanova (2020) C-Reactive Protein as a 

Diagnostic Tool for Infectious Complications and Esophagojejunal Anastomotic Leakage after 

Gastrectomy. https://doi.org/10.18499/2070-478X-2020-13-3-177-189 

 

 

 
 

 
 

 

 

 

https://doi.org/10.18499/2070-478X-2020-13-3-177-189

	1 Erian Setiawan, 2 Fitri Rachmadani
	Keywords: C-reactive protein, anastomotic leakage, colorectal surgery, esophagectomy, gastrectomy, bariatric surgery, postoperative complications, biomarker
	.
	This systematic review aims to evaluate the relationship between C-Reactive Protein levels and the prediction of anastomotic leakage.
	Screening
	Data extraction

	Table 1. Article Search Strategy
	Study Characteristics
	Anastomotic Leak Definition, Detection, and Incidence
	CRP Measurement Protocols and Timing

