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Abstract

Purpose
Postoperative C-reactive protein (CRP) is widely used after colorectal surgery, but reported thresholds vary because of heterogeneous cohorts,
outcome definitions, and perioperative pathways. This study evaluated CRP for detecting anastomotic leakage after elective laparoscopic
colorectal resection and assessed whether diverting stoma status, empirical antibiotics, and CRP trajectory modify diagnostic performance.

Methods
We conducted a prospective observational cohort of consecutive adults undergoing elective laparoscopic colorectal resection with intestinal
anastomosis between January 2017 and December 2025. Leakage was classified using a pragmatic modified ISREC-based grading system. The
primary outcome was any anastomotic leakage. The predictive cohort excluded conversions, multivisceral resections, metastatic disease, and
protective diverting stomas. CRP on postoperative days (POD) 2, 3, and 4 was evaluated using ROC analysis and Youden-derived thresholds.

Results
Among 367 patients, 347 formed the descriptive cohort and 260 the predictive cohort. In the predictive cohort, any leakage occurred in 28
patients (10.8%). POD4 CRP showed excellent discrimination, with an AUC of 0.930 and a threshold of 137.3 mg/L, yielding 92.9% sensitivity,
87.3% specificity, and 98.9% negative predictive value. POD4 CRP also performed well for invasive or surgical leakage. Absolute POD4 CRP
outperformed trajectory-based metrics. Diagnostic performance was attenuated in diverted patients.

Conclusion
POD4 CRP provides a high-sensitivity, high-negative-predictive-value signal for excluding anastomotic leakage after elective laparoscopic
colorectal resection. Its performance was superior to trajectory-based metrics but reduced in patients with protective diverting stomas,
supporting context-specific interpretation and further evaluation of stoma-specific surveillance strategies. A reassuring POD4 CRP does not
exclude delayed leakage; patients with post-discharge clinical deterioration warrant evaluation regardless of early CRP values. Because the
threshold was derived and internally validated within a single cohort, external validation is required before clinical implementation.

INTRODUCTION
Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide, accounting for approximately 1.9 million new cases annually and
representing a leading cause of cancer-related mortality [1]. Its incidence continues to rise in countries undergoing epidemiological transition,
including South America. In Chile, CRC is currently the second most frequently diagnosed cancer and the third leading cause of cancer-related
death in both sexes, with an estimated incidence of 20.3 per 100,000 inhabitants [2].

Curative treatment of CRC relies primarily on resective surgery performed according to oncological principles, with minimally invasive
approaches widely adopted in contemporary colorectal practice because of favourable short-term recovery and comparable oncological
outcomes in selected patients [3–5]. Despite advances in surgical technique and perioperative management, postoperative complications remain
common. Among these, anastomotic leakage (AL) is one of the most severe and clinically relevant complications following colorectal resection.
The absence of a universally accepted definition and the heterogeneity in diagnostic criteria contribute to wide variability in reported incidence,
ranging from 2% to 30% across published series [6, 7].

The occurrence of AL is associated with substantial short- and long-term consequences, including increased postoperative morbidity and
mortality [6], impaired quality of life [8], higher healthcare costs [9], and adverse oncological outcomes, such as increased local recurrence and
reduced overall, cancer-specific, and disease-free survival [10, 11].

Clinical diagnosis of AL is often delayed, typically occurring after the early postoperative period, when patients may already present with
advanced sepsis or organ dysfunction [12–14]. In addition, AL risk is influenced by multiple patient- and surgery-related factors, including
technical and anatomical variables [15]. Consequently, there is considerable interest in identifying reliable biomarkers that allow for earlier
detection or safe exclusion of AL. C-reactive protein (CRP), an inexpensive and widely available inflammatory marker, has been extensively
investigated as a postoperative biomarker for early detection of anastomotic leakage. Its principal value lies in its consistently high negative
predictive value, reported in most series to exceed 95%, enabling clinicians to confidently rule out clinically relevant leakage and support early
discharge or de-escalation of postoperative surveillance [12, 13]. Although CRP has limited specificity for confirming AL, its integration into
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postoperative monitoring protocols may facilitate earlier intervention, potentially improving short-term outcomes and reducing length of hospital
stay [16].

Despite extensive evidence supporting CRP-guided postoperative surveillance, reported cut-offs vary substantially across studies, reflecting
differences in case mix, surgical approach, outcome definition, and institutional protocols. Most published series derive thresholds from open or
mixed surgical cohorts and evaluate CRP against heterogeneous outcomes, limiting direct applicability to contemporary minimally invasive
practice. Furthermore, empirical antibiotic treatment is frequently initiated in response to elevated early postoperative inflammatory markers, but
its association with subsequent CRP values has not been well characterized. Similarly, whether a protective diverting stoma modifies CRP
discriminatory ability remains incompletely defined. We therefore sought to address these gaps in a prospective laparoscopic cohort by
evaluating CRP performance across multiple postoperative timepoints, analysing the effect of diverting stoma status, and describing CRP
behaviour in patients exposed to empirical antibiotic treatment.

The primary objective of this study was to assess the diagnostic performance of C-reactive protein (CRP) measured on postoperative days (POD)
2, 3, and 4 for the detection of any anastomotic leakage after elective laparoscopic colorectal resection. Secondary objectives were to: (i)
evaluate CRP performance for invasive or surgical leakage (ii) assess the influence of a protective diverting stoma on CRP discriminatory ability;
(iii) compare absolute CRP values with trajectory-based metrics as predictors of anastomotic leakage; and (iv) characterize CRP patterns among
patients who received empirical antibiotic treatment after elevated early postoperative CRP without confirmed leakage.

METHODS

Ethical aspects
This study was approved by the Scientific Ethics Committee of Hospital San Juan de Dios, Santiago, Chile. Owing to the observational nature of
the study and the use of anonymized clinical data, the requirement for individual informed consent was waived. The study was conducted in
accordance with the principles of the Declaration of Helsinki.

Study design and population
We conducted a prospective observational cohort study including consecutive adult patients aged ≥ 18 years who underwent elective
laparoscopic colorectal resection with construction of an intestinal anastomosis at our institution between January 2017 and December 2025.

Two analytic cohorts were defined. The descriptive cohort included all eligible patients with an intestinal anastomosis and was used to describe
baseline characteristics, leakage incidence, leakage severity, and postoperative outcomes. Patients undergoing ileoanal or coloanal anastomosis
were excluded from this cohort.

The predictive cohort was designed to evaluate the diagnostic performance of postoperative CRP under more homogeneous clinical conditions.
For this analysis, patients were excluded if they underwent conversion to open surgery, multivisceral resection, resection in the setting of
metastatic disease, or creation of a protective diverting stoma. Patients with diverting stomas were excluded from the primary diagnostic cohort
because faecal diversion may modify the clinical presentation, severity grading, therapeutic management, and inflammatory expression of
anastomotic leakage. These patients were retained in the descriptive cohort and evaluated separately in a stoma-stratified sensitivity analysis.
The final cohort selection process is shown in Fig. 1.

Outcomes and follow-up
The primary outcome was anastomotic leakage of any grade occurring after elective laparoscopic colorectal resection with primary
anastomosis. Anastomotic leakage was defined as a defect in the integrity of the intestinal wall at the anastomotic site, resulting in
communication between the intraluminal and extraluminal compartments, according to the International Study Group of Rectal Cancer (ISREC)
definition [17].

Leakage severity was classified using a pragmatic modified ISREC-based grading system. In contemporary postoperative practice, particularly
within enhanced recovery pathways, clinical suspicion or radiological confirmation of a contained leak commonly triggers conservative medical
measures. Because the original ISREC grade A definition requires no change in management, its rigid application may underrepresent medically
managed contained leaks in non-diverted cohorts. Therefore, for the purposes of this study, modified grade A was defined as leakage requiring
no intervention or strictly non-invasive conservative medical management, including transient fasting, observation, or empirical antibiotics.
Modified grade B was defined as leakage requiring invasive non-surgical therapeutic intervention, such as percutaneous radiological drainage,
endoscopic treatment, or transanal drainage. Modified grade C was defined as leakage requiring surgical reintervention.
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Secondary outcomes included: (i) invasive or surgical anastomotic leakage, defined as modified grades B + C; (ii) diagnostic performance of CRP
stratified by protective diverting stoma status; (iii) diagnostic performance of absolute CRP values compared with trajectory-based metrics,
including absolute delta and ratio between postoperative timepoints; (iv) POD4 CRP patterns among patients who received empirical antibiotics
without confirmed anastomotic leakage; and (v) postoperative outcomes, including major postoperative complications, length of hospital stay,
30-day reintervention, and 30-day mortality.

Postoperative serum CRP levels were routinely measured on POD2 and POD4. POD3 CRP measurement was incorporated into institutional
postoperative surveillance in later years of the study period and was therefore available only in a subset of patients. Analyses involving POD3
were considered exploratory.

Diagnosis of anastomotic leakage
The diagnosis of anastomotic leakage was confirmed by one or more of the following criteria [18]: (i) direct visualization of leakage during
surgical reintervention; (ii) drainage of purulent, enteric, or faecal material through a perianastomotic drain; (iii) identification of a perianastomotic
fluid or air collection on postoperative computed tomography (CT); and/or (iv) extravasation of contrast medium outside the intestinal lumen on
CT imaging.

CT imaging was requested based on clinical suspicion, including fever, abdominal pain, ileus, tachycardia, leukocytosis, abnormal drain output, or
unfavourable postoperative course. CRP values were not used as a sole trigger for imaging; however, because they formed part of the overall
clinical assessment, potential verification bias was acknowledged.

Data collection
Demographic characteristics, comorbidities, intraoperative variables, postoperative outcomes, empirical antibiotic treatment, and serum CRP
values were collected prospectively from institutional clinical databases. Outcomes were assessed during the index hospitalization and through
the 30-day postoperative period for reintervention and mortality.

Statistical analysis
Statistical analyses were performed using R statistical software (version 4.6.0; R Foundation for Statistical Computing, Vienna, Austria).
Continuous variables were reported as mean ± standard deviation or median with interquartile range, according to their distribution. Categorical
variables were reported as absolute frequencies and percentages. Comparisons between groups were conducted using Student’s t-test or the
Mann–Whitney U test for continuous variables, and the chi-square test or Fisher’s exact test for categorical variables, as appropriate.

No formal sample size calculation was performed, as this was a prospective observational cohort including all consecutive eligible patients
treated during the study period.

The diagnostic performance of CRP was assessed using receiver operating characteristic (ROC) curve analysis, with calculation of the area under
the curve (AUC) and 95% confidence intervals. Youden’s index was used to identify optimal cohort-derived thresholds. Sensitivity, specificity,
positive predictive value, negative predictive value, and likelihood ratios were calculated for each threshold. To assess optimism arising from
deriving and evaluating the POD4 CRP threshold in the same cohort, internal validation was performed using Harrell’s enhanced bootstrap (2000
resamples, fixed random seed). In each replicate the Youden-optimal threshold was re-derived and its operating characteristics were evaluated in
both the bootstrap sample and the original cohort; the mean difference (optimism) was subtracted from the apparent estimates. Discrimination
(AUC) was internally validated using the same procedure.

Trajectory-based metrics were calculated as absolute differences and ratios between postoperative CRP measurements. The primary trajectory
metrics were POD4–POD2 delta and POD4/POD2 ratio. POD3-dependent trajectory metrics were analysed only in the subset with available POD3
measurements and were considered exploratory.

To evaluate whether empirical antibiotic treatment influenced subsequent CRP interpretation, patients who received empirical antibiotics after
POD2 CRP assessment but had no confirmed anastomotic leakage were described as a separate group. In this subgroup, empirical antibiotics
had been initiated by the treating team in response to elevated POD2 CRP rather than for microbiologically or radiologically confirmed infection. A
sensitivity analysis excluding this group was performed to assess the robustness of the POD4 CRP threshold.

Missing data were not imputed. All analyses were performed using complete cases for each specific analysis. A two-sided p-value < 0.05 was
considered statistically significant.

RESULTS
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Cohort characteristics
Between January 2017 and December 2025, 367 patients underwent elective laparoscopic colorectal resection with construction of an intestinal
anastomosis. After exclusion of 20 patients with ileoanal or coloanal anastomosis, the descriptive cohort included 347 patients. No colo-colonic
anastomoses were performed, as this is not part of our institutional practice; lesions that might otherwise require one (e.g., splenic flexure
tumours) were managed by extended resection with an ileocolic or colorectal anastomosis. For diagnostic performance analyses, the predictive
cohort included 260 patients after exclusion of patients with conversion to open surgery, multivisceral resection, metastatic disease, or protective
diverting stoma (Fig. 1).

In the descriptive cohort, the median age was 66 years (IQR 57–73), and 173 patients were male (49.9%). Colorectal cancer was the indication for
surgery in 298 patients (85.9%). Colorectal anastomoses accounted for 186 procedures (53.6%) and were predominantly mechanical, whereas
ileocolic anastomoses were more frequently hand-sewn (Table 1).
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Table 1
Baseline characteristics of the descriptive cohort stratified by AL status

Variable No AL (n = 297) Any AL (n = 50) p-value

Demographic and preoperative data      

Age, years 66.0 (56.0–74.0) 65.0 (60.0–71.0) 0.705

Male sex 137 (46.1%) 36 (72.0%) < 0.001

BMI, kg/m² 26.6 (24.3–29.8) 26.3 (24.5–29.9) 0.691

Obesity (BMI ≥ 30 kg/m²) 74 (24.9%) 13 (26.0%) 0.861

Charlson Comorbidity Index 2.0 (2.0–3.0) 2.0 (2.0–3.0) 0.100

Arterial hypertension 153 (51.5%) 23 (46.0%) 0.542

Type 2 diabetes mellitus 71 (23.9%) 11 (22.0%) 0.858

History of heart disease 31 (10.4%) 5 (10.0%) 1.000

History of lung disease 22 (7.4%) 2 (4.0%) 0.551

History of inflammatory bowel disease 3 (1.0%) 0 (0.0%) 1.000

Active smoking 33 (11.1%) 7 (14.0%) 0.631

Neoadjuvant radiotherapy 26 (8.8%) 10 (20.0%) 0.023

Chronic systemic corticosteroid use 5 (1.7%) 2 (4.0%) 0.266

Intraoperative data      

Oncologic surgery 253 (85.2%) 45 (90.0%) 0.510

Conversion to open surgery 24 (8.1%) 8 (16.0%) 0.107

Type of anastomosis     0.360

Ileocolic 141 (47.5%) 20 (40.0%)  

Colorectal 156 (52.5%) 30 (60.0%)  

Anastomosis technique     0.587

Handsewn 125 (42.1%) 19 (38.0%)  

Mechanical 172 (57.9%) 31 (62.0%)  

Duration of surgery, minutes 210.0 (165.0–263.0) 197.5 (135.2–244.5) 0.491

Blood loss, mL 100.0 (50.0–200.0) 200.0 (50.0–300.0) 0.021

Drain usage 199 (67.0%) 40 (80.0%) 0.071

Diverting stoma 38 (12.8%) 14 (28.0%) 0.009

Multivisceral resection 6 (2.0%) 3 (6.0%) 0.126

Values are presented as median (interquartile range) or n (%). Anastomotic leakage includes modified ISREC-based grades A, B, and C. BMI = 
body mass index; ISREC = International Study Group of Rectal Cancer.

Incidence of anastomotic leakage and postoperative outcomes
In the descriptive cohort, anastomotic leakage of any grade occurred in 50 patients (14.4%). According to the modified ISREC-based grading
system, 19 leaks were classified as modified grade A (5.5%), six as modified grade B (1.7%), and 25 as modified grade C (7.2%). Invasive or
surgical anastomotic leakage, defined as modified grades B + C, occurred in 31 patients (8.9%) (Table 2).
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Table 2
Postoperative outcomes according to anastomotic leakage status

A. Incidence and characteristics of anastomotic leakage in the descriptive cohort (n = 347)

  Total AL (n = 50)

Any anastomotic leakage, modified grades A + B+C 50/347 (14.4%)

Modified grade A 19/347 (5.5%)

Modified grade B 6/347 (1.7%)

Modified grade C 25/347 (7.2%)

Invasive or surgical leakage (modified grades B + C) 31/347 (8.9%)

Anastomotic leakage by anastomosis type  

Ileocolic (Any AL) 20/161 (12.4%)

Ileocolic (modified grades B + C) 11/161 (6.8%)

Colorectal (Any AL) 30/186 (16.1%)

Colorectal (modified grades B + C) 20/186 (10.8%)

Day of leakage diagnosis 4 (3–5)

AL Diagnosis supported by CT 41/50 (82.0%)

Anastomotic takedown due to leakage 13/50 (26.0%)

Anastomotic preservation at day 30 37/50 (74.0%)

Ostomy creation due to leakage 9/50 (18.0%)

B. Postoperative outcomes according to anastomotic leakage status in the predictive cohort (n = 260)

  No AL (n = 232) Any AL (n = 28) p-value

Hospital Stay (days) 5.0 (4.0–7.0) 16.5 (7.8–24.2) < 0.001

Mortality at 30 days 1 (0.4%) 3 (10.7%) 0.004

Values are presented as n/N (%), n (%), or median (interquartile range). Anastomotic leakage severity was classified according to a modified
ISREC-based grading system: modified grade A = no intervention or non-invasive conservative medical management; modified grade B = 
invasive non-surgical intervention; modified grade C = surgical reintervention. CT = computed tomography; ISREC = International Study Group
of Rectal Cancer.

Among patients with anastomotic leakage, the median day of diagnosis was postoperative day 4 (IQR 3–5). Diagnosis was supported by
computed tomography in 41 patients (82.0%). Anastomotic takedown was required in 13 patients (26.0%), and ostomy creation due to leakage
occurred in nine patients (18.0%) (Table 2).

In the predictive cohort (n = 260), anastomotic leakage of any grade occurred in 28 patients (10.8%), including 10 modified grade A leaks, one
modified grade B leak, and 17 modified grade C leaks. Invasive or surgical leakage occurred in 18 patients (6.9%). Patients with anastomotic
leakage had a significantly longer postoperative hospital stay than those without leakage (median 16.5 vs. 5.0 days; p < 0.001) and higher 30-day
mortality (10.7% vs. 0.4%; p = 0.004) (Table 2).

Postoperative CRP levels and diagnostic performance
Postoperative CRP concentrations increased according to modified leakage grade (Table 3, Fig. 2). In the predictive cohort, median POD2 CRP
was 72.6 mg/L (IQR 48.2–110.3) in patients without leakage, 101.1 mg/L (IQR 86.2–151.0) in modified grade A leakage, and 158.9 mg/L (IQR
72.0–216.7) in modified grades B + C (p = 0.002). On POD3, median CRP values were 70.1 mg/L (IQR 39.9–126.0), 372.1 mg/L (IQR 259.5–433.1),
and 267.9 mg/L (IQR 196.2–327.8), respectively (p < 0.001). On POD4, median CRP values were 48.0 mg/L (IQR 28.3–84.3), 312.1 mg/L (IQR
219.4–398.1), and 317.1 mg/L (IQR 236.9–375.6), respectively (p < 0.001).
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Table 3
Postoperative C-reactive protein levels

A. Postoperative CRP levels according to modified ISREC-based leakage grade in the predictive cohort

Postoperative day No anastomotic leakage Modified grade A Modified grades B + C p-value

POD2 CRP, mg/L 72.6 (48.2–110.3) 101.1 (86.2–151.0) 158.9 (72.0–216.7) 0.002

POD3 CRP, mg/L 70.1 (39.9–126.0) 372.1 (259.5–433.1) 267.9 (196.2–327.8) < 0.001

POD4 CRP, mg/L 48.0 (28.3–84.3) 312.1 (219.4–398.1) 317.1 (236.9–375.6) < 0.001

B. POD4 CRP according to empirical antibiotic treatment status in the predictive cohort

Group POD4 CRP, mg/L p-value

No empirical antibiotics, no leakage 43.4 (26.1–71.4) Ref.

Empirical antibiotics, no confirmed leakage 100.8 (80.6–201.2) < 0.001

Confirmed anastomotic leakage 317.1 (225.4–392.4) < 0.001

Values are presented as median (interquartile range). Leakage severity was classified according to a modified ISREC-based grading system.
p-values in panel A were calculated using the Kruskal–Wallis test across groups. p-values in panel B compare each group with the reference
group using the Mann–Whitney U test. CRP = C-reactive protein; ISREC = International Study Group of Rectal Cancer; POD = postoperative day.

ROC analysis showed fair discrimination on POD2, good discrimination on POD3, and excellent discrimination on POD4 (Table 4, Fig. 4). For any
anastomotic leakage, POD4 CRP had an AUC of 0.930 (95% CI 0.861–0.981). The Youden-derived POD4 threshold was 137.3 mg/L, yielding
92.9% sensitivity, 87.3% specificity, 49.1% positive predictive value, and 98.9% negative predictive value. Internal bootstrap validation (2000
resamples) confirmed negligible optimism for POD4 discrimination (apparent AUC 0.930; optimism < 0.001; optimism-corrected AUC 0.930;
bootstrap 95% CI 0.861–0.981), and at the Youden-derived threshold the optimism-corrected operating characteristics were 89.6% sensitivity,
87.1% specificity, 47.5% positive predictive value, and 98.5% negative predictive value; the bootstrap-derived threshold remained close to the
apparent value (median 141.7 mg/L, IQR 137.3–189.1). POD3 CRP showed good exploratory discrimination, with an AUC of 0.874 (95% CI 0.725–
0.977) and a Youden-derived threshold of 184.0 mg/L. However, this analysis was restricted to 79 patients and should be interpreted cautiously
because POD3 sampling was not available throughout the entire study period.
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Table 4
Diagnostic performance of postoperative C-reactive protein for anastomotic leakage detection

A. Any anastomotic leakage (A + B+C)

Day Cutoff

(mg/L)

n AUC
(95% CI)

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

LR+ LR−

POD2 150.2 239 0.726

(0.608–
0.841)

47.6

(28.3–67.6)

91.3

(86.8–94.3)

34.5

(19.9–
52.7)

94.8

(90.9–
97.1)

5.46 0.57

POD3† 184.0 79 0.874

(0.725–
0.977)

81.8

(52.3–94.9)

86.8

(76.7–92.9)

50.0

(29.0–
71.0)

96.7

(88.8–
99.1)

6.18 0.21

POD4 137.3 240 0.930

(0.861–
0.981)

92.9

(77.4–98.0)

87.3

(82.1–91.1)

49.1

(36.1–
62.1)

98.9

(96.2–
99.7)

7.29 0.08

B. Invasive or surgical anastomotic leakage, modified grades B + C

Day Cutoff,
mg/L

n AUC
(95% CI)

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

LR+ LR−

POD2 150.2 239 0.752

(0.592–
0.901)

58.3

(32.0–80.7)

90.3

(85.8–93.5)

24.1

(12.2–
42.1)

97.6

(94.5–
99.0)

6.02 0.46

POD3† 120.5 79 0.868

(0.753–
0.956)

100

(61.0–100.0)

69.9

(58.6–79.2)

21.4

(10.2–
39.5)

100

(93.0–100)

3.32 —

POD4 137.3 240 0.928

(0.873–
0.972)

94.4

(74.2–99.0)

83.8

(78.4–88.1)

32.1

(21.1–
45.5)

99.5

(97.0–
99.9)

5.82 0.07

C. Trajectory-based metrics vs absolute POD4 — Any anastomotic leakage, modified grades A + B+C

Metric Cutoff /
threshold

n AUC (95% CI) Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV,
%
(95%
CI)

LR+ LR−  

POD4 absolute 137.3
mg/L

240 0.930

(0.861–0.981)

92.9

(77.4–98.0)

87.3

(82.1–91.1)

49.1

(36.1–
62.1)

98.9

(96.2–
99.7)

7.29 0.08  

Delta POD4 − 
POD2

+ 14.7
mg/L

219 0.869

(0.756–0.961)

85.7

(65.4–95.0)

81.8

(75.9–86.6)

33.3

(22.2–
46.6)

98.2

(94.8–
99.4)

4.71 0.17  

Ratio
POD4/POD2

1.06 219 0.865

(0.757–0.944)

85.7

(65.4–95.0)

78.3

(72.0–83.5)

29.5

(19.6–
41.9)

98.1

(94.6–
99.4)

3.95 0.18  

Delta POD3 − 
POD2†

+ 91.5
mg/L

73 0.800

(0.548–0.990)

75.0

(40.9–92.9)

90.8

(81.3–95.7)

50.0

(25.4–
74.6)

96.7

(88.8–
99.1)

8.13 0.28  

Delta POD4 − 
POD3†

+ 13.1
mg/L

61 0.536

(0.264–0.803)

45.5

(21.3–72.0)

92.0

(81.2–96.8)

55.6

(26.7–
81.1)

88.5

(77.0–
94.6)

5.68 0.59  

Values correspond to complete-case analyses. All thresholds were calculated using the Youden index. Leakage severity was classified
according to a modified ISREC-based grading system.

† POD3-dependent analyses were restricted to the available subset and should be considered exploratory.
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A. Any anastomotic leakage (A + B+C)

Day Cutoff

(mg/L)

n AUC
(95% CI)

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

LR+ LR−

AUC = area under the curve; CI = confidence interval; CRP = C-reactive protein; ISREC = International Study Group of Rectal Cancer; LR = 
likelihood ratio; NPV = negative predictive value; POD = postoperative day; PPV = positive predictive value.

For invasive or surgical anastomotic leakage, defined as modified grades B + C, POD4 CRP also showed excellent discrimination, with an AUC of
0.928 (95% CI 0.873–0.972). The Youden-derived POD4 threshold was 137.3 mg/L, yielding 94.4% sensitivity, 83.8% specificity, 32.1% positive
predictive value, and 99.5% negative predictive value (Table 4, Fig. 4).

Among patients with anastomotic leakage and available POD4 CRP, two false-negative cases were observed using the 137.3 mg/L threshold.
Both corresponded to delayed leaks diagnosed on POD13 and had low early CRP values. Thus, false-negative POD4 results occurred in delayed
rather than early inflammatory leaks.

Trajectory analysis
Trajectory-based metrics did not outperform absolute POD4 CRP values (Table 4). For prediction of any anastomotic leakage, the AUC was 0.869
for the absolute delta between POD4 and POD2 and 0.865 for the POD4/POD2 ratio, compared with 0.930 for absolute POD4 CRP. POD3-
dependent trajectory metrics were less stable: the AUC was 0.800 for the POD3–POD2 delta and 0.536 for the POD4–POD3 delta (Table 4).

Empirical antibiotic treatment
Data on empirical antibiotic treatment initiated after POD2 CRP assessment were available in 237 patients in the predictive cohort. Of these, 39
patients (16.5%) received empirical antibiotic treatment. Ten of these patients had confirmed anastomotic leakage, whereas 29 received
empirical antibiotics without confirmed leakage.

Among patients without confirmed leakage who received empirical antibiotics, POD4 CRP values were intermediate between uncomplicated
patients and those with confirmed leakage (Table 3, Fig. 3). Median POD4 CRP was 100.8 mg/L (IQR 80.6–201.2) in patients receiving empirical
antibiotics without confirmed leakage, compared with 43.4 mg/L (IQR 26.1–71.4) in patients without antibiotics and without leakage, and 317.1
mg/L (IQR 225.4–392.4) in patients with confirmed leakage. Among patients receiving empirical antibiotics without confirmed leakage and
available POD4 CRP, 17 of 28 patients (60.7%) had POD4 CRP values below 150 mg/L (Fig. 3).

A sensitivity analysis excluding patients who received empirical antibiotics without confirmed leakage showed a marginally higher POD4 AUC for
any anastomotic leakage (0.945 vs. 0.930), while the Youden-derived threshold remained unchanged at 137.3 mg/L.

Diverting stoma-stratified analysis
In the sensitivity cohort used to evaluate the effect of protective diverting stoma, patients with conversion to open surgery, multivisceral
resection, or metastatic disease were excluded, while patients with diverting stomas were retained. This cohort included 301 patients, of whom
41 had a protective diverting stoma.

Compared with patients without a diverting stoma, CRP discrimination was attenuated among diverted patients (Fig. 5, Supplementary Table 1).
In the diverting stoma subgroup, AUC values for any anastomotic leakage were 0.621 on POD2, 0.575 on POD3, and 0.810 on POD4. In contrast,
among patients without a diverting stoma, AUC values were 0.726 on POD2, 0.874 on POD3, and 0.930 on POD4. The 95% confidence intervals
for POD2 (0.348–0.860) and POD3 (0.248–0.904) included 0.5, indicating discrimination not significantly better than chance, and the diverting-
stoma POD4 threshold (186.7 mg/L) differed substantially from that of the overall cohort (137.3 mg/L). Given the small subgroup size and the
limited number of events, these findings are hypothesis-generating only and insufficient to support reliable threshold derivation or clinical
recommendations in diverted patients.

DISCUSSION
This study demonstrates that postoperative C-reactive protein (CRP) has high diagnostic accuracy for detecting anastomotic leakage (AL) in a
prospective cohort of patients undergoing elective laparoscopic colorectal resection. By restricting the primary diagnostic analysis to a more
homogeneous minimally invasive population—excluding open conversions, multivisceral resections, metastatic disease, and protective diverting
stomas—we aimed to reduce clinical heterogeneity and address a major limitation of prior evidence derived from mixed surgical cohorts. POD4
CRP showed excellent discriminatory performance for any AL, with an AUC of 0.930 and a Youden-derived threshold of 137.3 mg/L. These
findings support absolute POD4 CRP as a pragmatic and clinically useful biomarker for postoperative risk stratification in contemporary
minimally invasive colorectal practice.
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Our derived POD4 threshold of 137.3 mg/L lies within the range reported in meta-analyses evaluating CRP for postoperative infectious
complications and anastomotic leakage after colorectal surgery [12, 13, 19]. However, direct comparability remains limited, because previous
cohorts frequently combined open and minimally invasive approaches, right- and left-sided resections, different anastomotic techniques, and
heterogeneous outcome definitions [12, 13, 19]. Regional evidence remains limited, and available Chilean data have focused mainly on elective
colon surgery with specific biomarker protocols, further limiting direct transferability across settings [20]. In the present study, the same POD4
threshold was also selected by the Youden index for invasive or surgical leakage, defined as modified ISREC-based grades B + C, although with a
different diagnostic profile: higher negative predictive value but lower positive predictive value. This reinforces that CRP is more useful as a rule-
out and risk-stratification biomarker than as a definitive diagnostic test. The relatively low positive predictive value at this threshold (49.1% for
any leakage) implies that approximately half of the patients exceeding it will not have an anastomotic leak. False-positive results carry tangible
costs, including unnecessary cross-sectional imaging, prolonged hospitalization, empirical antibiotic exposure, and patient anxiety. An elevated
POD4 CRP should therefore be interpreted as a trigger for structured clinical reassessment and further diagnostic evaluation rather than as an
indication for direct therapeutic intervention. The observed inflammatory gradient across modified leakage grades was mainly supported by our
own data and is consistent with previous reports showing higher CRP values among patients with anastomotic leakage [21]. Early landmark
studies [22] proposed lower cut-offs because they aimed to rule out a broad spectrum of postoperative infectious complications. More recent
laparoscopic or enhanced-recovery cohorts have advocated for thresholds in the range of approximately 150–163 mg/L [23, 24]. In contrast,
studies designed to capture any postoperative complication or broader morbidity endpoints continue to propose lower cut-offs [25, 26].
Collectively, these discrepancies underscore that CRP thresholds are context-dependent and should be interpreted according to surgical
approach, anastomotic configuration, perioperative management, and the clinical definition of the target outcome.

An additional source of heterogeneity that deserves attention is anastomotic technique. In our cohort, both hand-sewn and mechanical
anastomoses were included, whereas some comparative series include predominantly or exclusively stapled anastomoses. This may influence
postoperative inflammatory behaviour and leakage presentation, although our sample size was insufficient to build stable technique-specific
diagnostic models. Future studies should evaluate whether CRP thresholds require stratification by anastomotic site and construction technique.
Descriptive leakage rates and median POD4 CRP values according to anastomosis type and construction technique are summarized in
Supplementary Table 2.

Despite growing interest in dynamic CRP models [27], their clinical superiority remains unproven. The multicentre PREDICT trial failed to confirm
the superiority of trajectory-based approaches over absolute values [28], and while some recent models advocate for trend analysis, they still lack
robust external validation [29]. In our cohort, neither the POD4–POD2 delta nor the POD4/POD2 ratio outperformed absolute POD4 CRP. The
Youden-derived delta threshold reflected failure of CRP to decline between POD2 and POD4 rather than a clinically intuitive absolute increase.
POD3-dependent analyses were less stable because POD3 measurements were available only in a subset of patients. Although same-day
diagnosis does not necessarily invalidate CRP as a clinically useful diagnostic signal, the available dataset did not consistently allow
determination of whether POD3 blood sampling preceded diagnostic imaging or clinical confirmation. Therefore, POD3-derived thresholds should
not be interpreted as validated discharge cutoffs. Consequently, absolute POD4 CRP remains the most pragmatic monitoring tool in this dataset.

The imperative for early AL detection is well established, with large international registries reporting reoperation rates exceeding 80% and
frequent ostomy creation [30]. In our cohort, the proportion of patients requiring anastomotic takedown or stoma formation was lower. While the
observational design precludes causal inference, systematic CRP monitoring may have contributed to earlier clinical suspicion, closer
surveillance, and timely diagnostic escalation [16]. Although procalcitonin and composite clinical scores have shown diagnostic value in selected
settings [31], their cost, availability, and implementation requirements limit their widespread use as first-line tools compared with CRP.

A relevant finding of this study is the attenuation of CRP discriminatory ability in patients with a protective diverting stoma. Diagnostic
performance in this subgroup was lower than in non-diverted patients, particularly on POD2 and POD3, and only partially recovered by POD4. This
is consistent with findings from the MIRECA multicentre cohort [32], which reported significantly lower diagnostic accuracy of CRP in patients
with a primary diverting stoma after minimally invasive rectal resection. Biologically, faecal diversion may reduce pelvic contamination and
attenuate the systemic inflammatory response during a leak [33]. This provides a plausible explanation for the divergent CRP trajectories
observed between diverted and non-diverted patients. Consequently, standard CRP-based surveillance appears less reliable in diverted patients
and should probably be complemented by lower clinical thresholds for imaging or alternative diagnostic strategies.

We also evaluated the subgroup of patients who received empirical antibiotics after elevated early postoperative CRP without confirmed AL.
These patients showed intermediate POD4 CRP values: higher than uncomplicated patients without antibiotics, but substantially lower than
patients with confirmed AL. This pattern suggests that empirical antibiotic treatment may modify subsequent CRP trajectories or identify patients
with postoperative inflammatory states that do not meet criteria for confirmed leakage [34]. However, because antibiotic initiation was not
standardized or randomized, causality cannot be inferred. Importantly, the sensitivity analysis excluding patients who received empirical
antibiotics without confirmed AL yielded a marginally higher POD4 AUC while the Youden-derived threshold remained unchanged at 137.3 mg/L,
supporting the robustness of the primary finding.
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This study has limitations. First, although data were collected prospectively, the observational design introduces potential verification bias,
because CRP values formed part of the overall clinical assessment and may have influenced the decision to obtain CT imaging. CT was not
performed systematically in all patients; therefore, minimally symptomatic or radiological leaks may have been underdetected. Because imaging
was performed only on clinical suspicion rather than as a screening test, a formal comparison between imaged and non-imaged patients is
constrained, because the two groups are defined by the clinical-suspicion criterion under study; the principal consequence is potential
overestimation of the negative predictive value (98.9%) and, to a lesser extent, specificity, as clinically silent leaks in patients with low CRP and no
symptoms may have gone undetected and been classified as true negatives. Such occult leaks, by definition not prompting symptoms, CRP
elevation, or intervention, are of limited clinical relevance for a biomarker intended to trigger further assessment rather than to detect
radiologically silent disease. Moreover, false-negative cases observed with the POD4 threshold corresponded to delayed leaks diagnosed after
the first postoperative week, highlighting that low early CRP values cannot fully exclude delayed post-discharge anastomotic failure. Second, we
used a pragmatic modified ISREC-based grading system to distinguish non-invasive conservative management from invasive non-surgical
procedures and surgical reintervention. Although this reflects contemporary practice in non-diverted enhanced recovery pathways, it may limit
direct comparability with studies applying the original ISREC grading system rigidly. Third, POD3 CRP was incorporated later in the study period,
resulting in missing POD3 data and limiting the strength of POD3 and trajectory-based analyses. Finally, empirical antibiotic treatment was not
protocolized. The single-centre design also requires external validation before routine implementation of these thresholds; until externally
validated, this cohort-derived cutoff should be regarded as hypothesis-generating.

These limitations are balanced by several strengths. The study was based on a prospectively maintained cohort of consecutive patients
undergoing elective laparoscopic colorectal resection. By showing that absolute POD4 CRP outperformed trajectory-based metrics and by
characterizing the limitations of CRP in diverted and delayed-leak scenarios, this study provides a clinically pragmatic framework for interpreting
postoperative CRP in laparoscopic colorectal surgery.

CONCLUSION
In this prospective cohort of patients undergoing elective laparoscopic colorectal resection, postoperative CRP demonstrated excellent
diagnostic performance for the detection of anastomotic leakage, particularly on POD4. The cohort-derived POD4 threshold of 137.3 mg/L
showed high sensitivity and negative predictive value for both any anastomotic leakage and invasive or surgical leakage, supporting its role as an
adjunct for early postoperative leakage risk stratification rather than as a standalone diagnostic tool. A reassuring early CRP, however, does not
exclude delayed anastomotic leakage: two leaks presented on postoperative day 13, underscoring that patients with clinical deterioration after
discharge require evaluation irrespective of their POD4 CRP.

Absolute POD4 CRP outperformed trajectory-based metrics, while POD3 analyses remained exploratory because of limited data availability.

Overall, these findings support the use of POD4 CRP as a pragmatic biomarker within contemporary laparoscopic colorectal surgery pathways.
External validation is required before routine implementation of these cohort-derived thresholds.
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Figure 1

Flow diagram of the study cohort selection process.
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Figure 2

Postoperative C-reactive protein (CRP) levels on POD2, POD3, and POD4 according to modified ISREC-based leakage grade.

Boxes show the interquartile range, central lines the median, whiskers the range excluding outliers, and circles outliers. p-values compare no
leakage versus modified grades B+C. CRP = C-reactive protein; ISREC = International Study Group of Rectal Cancer; POD = postoperative day.
*POD3 results are exploratory (POD3 CRP available in 79 patients).

Figure 3
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POD4 C-reactive protein (CRP) levels according to empirical antibiotic treatment and anastomotic leakage status.

Boxes show the interquartile range, central lines the median, whiskers the range excluding outliers, and circles outliers. p-values compare each
group with patients without empirical antibiotics and without leakage. AL = anastomotic leakage; CRP = C-reactive protein; POD = postoperative
day.

Figure 4

Receiver operating characteristic (ROC) curves for postoperative C-reactive protein on postoperative days 2, 3, and 4.

Panel A shows any anastomotic leakage, defined as modified grades A+B+C. Panel B shows invasive or surgical leakage, defined as modified
grades B+C. Shaded areas represent bootstrapped 95% confidence intervals. AUC = area under the curve; CRP = C-reactive protein; POD =
postoperative day. *POD3 results are exploratory (POD3 CRP available in 79 patients).

Figure 5

Postoperative CRP trajectory by anastomotic leakage status and protective diverting stoma.
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Panel A shows patients without a diverting stoma; Panel B shows patients with a diverting stoma. Points show medians and error bars show
interquartile ranges. AL = anastomotic leakage; CRP = C-reactive protein; POD = postoperative day.
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