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Introduction

Anastomotic leak (AL) remains a serious complication fol-
lowing restorative colorectal surgery. There are published 
studies on the use of c reactive protein (CRP), procalcitonin, 
and white cell count (WCC) to predict AL.1 However, most 
are based on heterogeneous retrospectively collected data.

The aims were to assess the role of CRP in the early detec-
tion of AL after elective colorectal surgery in the setting of 
an enhanced recovery after surgery (ERAS) program, and to 
determine the most predictive postoperative day (POD) cutoff 
CRP value.

Methods

Data were derived from a single institution, prospectively 
collected database. Three hundred sixty-one patients 
underwent elective colorectal surgery with primary anasto-
mosis (with or without defunctioning stoma) from January 

2017 to December 2022. Emergency and palliative proce-
dures were excluded.

Serum CRP was measured daily between POD 1 and 5. 
AL was defined radiologically and/or intraoperatively as “a 
defect of the intestinal wall at the anastomotic site, leading 
to a communication between the intra and the extra-luminal 
compartments”.2

Data are presented as median, inter-quartile ranges, and 
percentages. Categorical data were analysed using the Chi 
Square test. Quantitative variables were analysed using the 
Mann–Whitney U test. Receiver operating characteristic 
(ROC) curve was used to determine cutoff values, sensitiv-
ity, specificity, positive predictive values (PPV), and nega-
tive predictive values (NPV). P values < 0.05 were consid-
ered significant.

Results

The incidence of AL was 4.4% (16/361), with an over-
all mortality of 1.4% (5/361), 6.3% (1/16) in the AL 
group, and 1.2% (4/345) in the no AL group. The median 
CRP for POD 1, 2, 3, 4, and 5 in the AL group was 
96, 211, 242, 229, and 166 mg/L, respectively (normal 
range ≤ 4 mg/L). Statistical significance was observed at 
POD 2–5 when compared to the no AL group (Table 1 
and Fig. 1). The box and whisker plot highlights that 
CRP values at POD3 were the best predictor for AL 
(Fig. 1). After plotting ROC curves, CRP at POD3 was 
the most accurate in predicting anastomotic leak, with 
cutoff levels < 182 mg/L on POD3 a good predictor of no 
AL (sensitivity 88%, specificity 87%, PPV 28.6%, NPV 
99.1%) (Fig. 2).
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Table 1   Patient and clinical characteristics

AL, anastomotic leak; BMI, body mass index; IQR, interquartile range; *endometriosis, other non-colorectal malignancies including gynaeco-
logical malignancies, etc.

Characteristic Total (n = 361) No AL AL P value

Gender, n (%) 0.837
Male 167 (46.3%) 160 (46.4%) 7 (43.8%)
Female 194 (53.7%) 185 (53.6%) 9 (56.2%)
BMI (median, IQR) 27.7 (23.95–31.85) 27.8 (24–31.95) 27 (23.45–29.4) 0.5430
HbA1c (median, IQR) 5.5 (5.2–6) 5.5 (5.2–6) 6.1 (5.35–7.25) 0.0784
Hospital stay (median, IQR) 6 (4–9) 6 (4–8) 20 (11.5–46.5)  < 0.00001
Procedure, n (%) 0.021
Right hemicolectomy 111 (31.0%) 111 (32.5%) 0 (0%)
Transverse colectomy 4 (1.1%) 4 (1.2%) 0 (0%)
Left hemicolectomy 16 (4.5%) 15 (4.4%) 1 (6.25%)
Anterior resection (height not specified) 10 (2.8%) 10 (2.9%) 0 (0%)
High anterior resection 95 (26.3%) 91 (26.7%) 4 (25%)
Low anterior resection 47 (13%) 42 (12.3%) 5 (31.25%)
Ultralow anterior resection 42 (11.6%) 37 (10.8%) 5 (31.25%)
Total proctocolectomy and pouch with defunctioning ileos-

tomy
16 (4.5%) 16 (4.7%) 0 (0%)

Other restorative procedures 17 (4.8%) 16 (4.7%) 1 (6.25%)
Diverting stoma 0.735
Diverting ileostomy 79 76 (22.35%) 3 (18.75%)
No diverting ileostomy 277 264 (77.65%) 13 (81.25%)
Approach 0.557
Open 35 (9.8%) 34 (10%) 1 (6.3%)
Laparoscopic 239 (67.1%) 229 (67.4%) 10 (62.5%)
Converted to open 32 (9%) 29 (8.5%) 3 (18.8%)
Hand assisted laparoscopic (hybrid) 50 (14%) 48 (14.1%) 2 (12.5%)
Indication: Colorectal cancer (CRC) vs non-CRC​ 1.000
CRC​ 285 (79%) 272 (78.8%) 13 (81.3%)
Non-CRC​
Crohn’s disease
Ulcerative colitis
Diverticulitis
Volvulus
Others*

76 (21%)
6 (1.7%)
3 (0.8%)
33 (9.1%)
1 (0.3%)
32 (8.9%)

73 (21.2%)
6 (1.7%)
3 (0.9%)
32 (9.3%)
1 (0.3%)
30 (8.7%)

3 (18.7%)
0 (0%)
0 (0%)
1 (6.2%)
0
2 (12.5%)

Superficial surgical site infection 21 (5.8%) 18 (5.2%) 3 (18.75%) 0.024
No superficial surgical site infection 340 (94.2%) 327 (94.8%) 13 (81.25%)
Deep surgical site infection 8 (2.2%) 5 (1.4%) 3 (18.8%)  < 0.0001
No deep surgical site infection 353 (97.8%) 340 (98.6%) 13 (81.2%)
Organ/space occupying infection 7 (1.9%) 3 (0.8%) 4 (25%)  < 0.0001
No organ/space occupying infection 354 (98.1%) 342 (99.2%) 12 (75%)
Urinary tract infection 20 (5.5%) 18 (5.2%) 2 (12.5%) 0.213
No urinary tract infection 341 (94.5%) 327 (94.8%) 14 (87.5%)
Pneumonia 9 (2.5%) 7 (2%) 2 (14.3%) 0.009
No pneumonia 352 (97.5%) 338 (98%) 14 (87.5%)
Deep vein thrombosis 5 (1.4%) 2 (0.6%) 3 (18.8%)  < 0.0001
No deep vein thrombosis 356 (98.6%) 343 (99.4%) 13 (81.2%)
Prolonged ileus > POD3 45 (12.5%) 40 (11.6%) 5 (31.3%) 0.02
No prolonged ileus 316 (87.5%) 305 (88.4%) 11 (68.7%)
CRP POD1 (median, IQR) 75 (46–107) 75 (46–107) 96 (52–113) 0.5836
CRP POD2 (median, IQR) 116 (65–170) 114 (65–165) 211 (151–249) 0.0015
CRP POD3 (median, IQR) 96 (57–153) 91 (56–145) 242 (210–308)  < 0.00001
CRP POD4 (median, IQR) 80 (43–141) 69 (41–131) 229 (179–302)  < 0.00001
CRP POD5 (median, IQR) 68 (35–127) 62 (31–110) 166 (129–273)  < 0.00001
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Discussion

The study showed that serum CRP levels started to down-
trend from POD 3 in patients who did not have AL. How-
ever, in the AL group, the median value of CRP on POD 3 
was 242 mg/L, and this remained high on POD 4–5. This 
trend was also seen in other studies reporting AL, with peak 
CRP ranging between 102 and 254.7 mg/L at POD 3.3,4

The study also highlights that CRP levels at POD 3 
was a good predictor of no AL. The advantage of POD 3 
CRP testing is the early detection of AL in patients who 
do not have clinical manifestations of AL. In patients 
with a high CRP on POD3, a higher index of suspicion 
for AL based on high CRP values may trigger imaging if 
patient develops any signs or symptoms. Su’a et al. ana-
lysed 11 studies on AL and identified a wide variation in 
CRP cutoff values, ranging from 94 to 190 mg/L for POD 
3–4.5 A recent prospective study involving 113 patients 

demonstrated that the cutoff CRP value of 166 mg/L at 
POD 3 had the greatest area under the ROC curve (AUC) 
of 0.853, with an 81.81% sensitivity, 82.42% specificity, 
and NPV of 93.8%.6

The limitations of this study include small cohort and 
unblinded study where investigators used CRP, other bio-
markers, and clinical assessment to guide postoperative 
management. This may have resulted to a bias towards the 
utility of CRP to detect AL.

Conclusion

Patients with a CRP cutoff value of < 182 mg/L at POD 
3 may be earmarked for early discharge if clinically 
appropriate.

Author Contribution  All authors made substantial contributions to 
the conception or design of the work; or the acquisition, analysis, or 
interpretation of data; or the creation of new software used in the work; 
all authors drafted the work or revised it critically for important intel-
lectual content; all authors approved the version to be published; all 
authors agreed to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

Funding   Open Access funding enabled and organized by CAUL and 
its Member Institutions

Declarations 

Ethical Approval  Institutional ethics approval was granted by Western 
Sydney Local Health District (WHLD) Human Research Ethics Com-
mittee (HREC), study reference number (5878) AU RED LNR/18/
WMEAD/424. A/Prof James Toh is the Chair of the Enhanced Recov-
ery After Surgery (ERAS) Working Group, Agency for Clinical Inno-
vation, Australia.

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 El Zaher HA, Ghareeb WM, Fouad AM, Madbouly K, Fathy 
H, Vedin T, et al. Role of the triad of procalcitonin, C-reactive 

Fig. 1   Box and whisker plot of POD 1 to 5 CRPs comparing no AL 
versus AL patients

Fig. 2   ROC curves for AL patients at POD 2 to 5

http://creativecommons.org/licenses/by/4.0/


2607Journal of Gastrointestinal Surgery (2023) 27:2604–2607	

1 3

protein, and white blood cell count in the prediction of anasto-
motic leak following colorectal resections. World J Surg Oncol. 
2022;20(1):33.

	 2.	 Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich 
A, et al. Definition and grading of anastomotic leakage following 
anterior resection of the rectum: a proposal by the International 
Study Group of Rectal Cancer. Surgery. 2010;147(3):339-51.

	 3.	 Muñoz JL, Alvarez MO, Cuquerella V, Miranda E, Picó C, Flores R, et al. 
Procalcitonin and C-reactive protein as early markers of anastomotic 
leak after laparoscopic colorectal surgery within an enhanced recovery 
after surgery (ERAS) program. Surg Endosc. 2018;32(9):4003-10.

	 4.	 Ramos Fernández M, Rivas Ruiz F, Fernández López A, Loinaz 
Segurola C, Fernández Cebrián JM, de la Portilla de Juan F. C 
reactive protein as a predictor of anastomotic leakage in colorectal 
surgery. Comparison between open and laparoscopic surgery. Cir 
Esp. 2017;95(9):529–35.

	 5.	 Su’a BU, Mikaere HL, Rahiri JL, Bissett IB, Hill AG. Systematic 
review of the role of biomarkers in diagnosing anastomotic leak-
age following colorectal surgery. Br J Surg. 2017;104(5):503-12.

	 6.	 Lazarus E, Jesudason MR, Varghese G, Raghunath R, Mittal R, 
Prakash JAJ. Association of a Single Post-Operative Day Three 
C-Reactive Protein Value with Anastomotic Complications after 
Colorectal Surgery: A Prospective Observational Study. Surg 
Infect (Larchmt). 2022;23(6):576-82.

This manuscript was presented at the Royal Australasian College 
of Surgeons (RACS) 91st Annual Scientific Congress, Adelaide 
Convention Centre, Adelaide, Australia between 1 and 5 May, 2023.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	C-Reactive Protein as a Predictive Marker for Anastomotic Leak Following Restorative Colorectal Surgery in an Enhanced Recovery After Surgery Program
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


