Clin. Lab. 2026;72: XXX-XXX
©Copyright

ORIGINAL ARTICLE
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ABSTRACT

Background: This study aimed to compare the diagnostic performance of drain fluid amylase (DFA) and serum C-
reactive protein (CRP) for predicting clinically relevant postoperative pancreatic fistula (CR-POPF) after pan-
creatic resection through a classification diagnostic meta-analysis.

Methods: Following PRISMA-DTA guidelines, PubMed, Embase, the Cochrane Library, and Web of Science were
systematically searched throughout June 2025. Studies reporting 2 x 2 diagnostic accuracy data for DFA or CRP
based on ISGPS 2016 POPF definitions were included. Pooled sensitivity and specificity were estimated using a bi-
variate random-effects model. A biomarker indicator (DFA vs. CRP) was incorporated into meta-regression to as-
sess comparative performance. Heterogeneity (72, I?) and publication bias (Deeks’ test) were evaluated.

Results: Twenty-two studies involving 4,203 patients were included (12 DFA, 10 CRP). Pooled sensitivity and spec-
ificity were 0.76 (95% CI 0.68 - 0.82) and 0.81 (95% CI 0.73 - 0.86) for DFA and 0.74 (95% CI 0.66 - 0.80) and 0.78
(95% CI 0.69 - 0.84) for CRP. Diagnostic odds ratios were 6.60 and 5.19, respectively. The summary SROC AUC
was 0.83 (95% CI 0.80 - 0.86). Meta-regression revealed no significant difference between DFA and CRP (p =
0.606). Heterogeneity was moderate (I> = 32.8%), and no publication bias was detected.

Conclusions: DFA and CRP demonstrate comparable diagnostic accuracy for predicting CR-POPF. Combined
postoperative monitoring may enhance early identification of high-risk patients and improve management strate-
gies.

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.251220)
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Email:  wsong@tmu.edu.cn Postoperative pancreatic fistula (POPF) remains one of

the most challenging complications after pancreatic re-
section and contributes substantially to postoperative
morbidity and mortality [1,2]. Despite improvements in
surgical techniques and perioperative care, the inci-
dence of clinically relevant POPF (CR-POPF) remains
between 10 - 30% [1]. POPF can lead to intra-abdomi-
nal abscess, hemorrhage, and sepsis, emphasizing the
need for early and accurate diagnostic tools.

Drain fluid amylase (DFA) is a direct biochemical indi-
Manuscript accepted December 17, 2025 cator of pancreatic leakage and reflects the presence of

protein, diagnostic accuracy, classification meta-analysis
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activated enzymes in postoperative drainage [3]. Ele-
vated DFA within postoperative days (POD) 1 - 3 has
been repeatedly associated with CR-POPF [3,17].
Meanwhile, serum C-reactive protein (CRP), an acute-
phase reactant induced by interleukin-6, serves as a sys-
temic inflammatory marker and is widely used to detect
postoperative infectious complications [4,19].

Although both biomarkers have been individually eval-
uated, their comparative diagnostic performance re-
mains unclear due to inconsistent cutoff values, mea-
surement timing, and assay variability across studies [5-
8]. Prior meta-analyses focused on single markers and
did not directly compare DFA and CRP within a unified
framework [7,8].

Therefore, we aimed to perform a classification diag-
nostic meta-analysis to directly compare the diagnostic
performance of DFA and CRP for predicting clinically
relevant POPF after pancreatic surgery. By pooling
studies according to biomarker type and evaluating dif-
ferences within a unified bivariate statistical framework,
we sought to clarify whether either marker provides su-
perior accuracy and to determine whether heterogeneity
in assay methods or cutoff values affects diagnostic per-
formance.

MATERIALS AND METHODS

Search strategy and study selection

This systematic review and meta-analysis adhered to the
PRISMA-DTA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses of Diagnostic Test Ac-
curacy Studies) guidelines [10]. A comprehensive
search was conducted in PubMed, Embase, Cochrane
Library, and Web of Science databases throughout June
2025, using a combination of the following keywords:
"pancreatic fistula," "drain amylase," "C-reactive pro-
tein," "CRP," "diagnosis," and "accuracy." The inclu-
sion criteria were the following:

Clinical studies evaluating DFA and/or CRP for predict-
ing POPF after pancreatic resection; sufficient data to
construct 2 x 2 contingency tables (true positive, false
positive, false negative, true negative); POPF defined
according to the 2016 International Study Group on
Pancreatic Surgery (ISGPS) criteria (Grades B/C) [1];
human studies published in English.

Exclusion criteria encompassed non-original studies
(e.g., case reports, letters to the editor), animal experi-
ments, studies with fewer than 10 patients, and those
lacking the necessary data for calculating sensitivity and
specificity. Two reviewers independently screened titles
and abstracts, followed by a full-text review of poten-
tially eligible articles. Any discrepancies were resolved
through discussion or by consultation with a third re-
viewer.

Data extraction and quality assessment
From each included study, the following data were ex-
tracted: first author, publication year, country of origin,

type of surgical procedure (e.g., pancreaticoduodenec-
tomy, distal pancreatectomy, or mixed), sample size,
biomarker cutoff value, assay type, postoperative day of
measurement, and diagnostic outcomes (TP, FP, FN,
TN).

The methodological quality of each study was assessed
using the QUADAS-2 tool [11], which evaluates four
key domains: 1) patient selection, 2) index test, 3) refer-
ence standard, and 4) flow and timing. Each domain
was rated as having a "low," "high," or "unclear" risk of
bias. Two reviewers independently performed the qual-
ity assessment, and any disagreements were resolved by
consensus.

Statistical analysis

All statistical analyses were performed using R software
(version 4.3.2) with the mada, metafor, and meta pack-
ages. Diagnostic accuracy measures were synthesized
using the Reitsma bivariate random-effects method
[12]. The diagnostic odds ratio (DOR) was calculated
for each study as (TP x TN)/(FP x FN). Heterogeneity
was quantified using 1> and I? following established rec-
ommendations [13]. Meta-regression was conducted to
explore potential sources of heterogeneity, including as-
say type (e.g., ELISA vs. automatic biochemical ana-
lyzer), cutoff value (using common clinical thresholds:
< 5,000 vs. > 5,000 IU/L for DFA, and < 150 vs. > 150
mg/L for CRP), and study sample size (< 100 vs. > 100
patients). Publication bias was evaluated using Deeks'
funnel plot asymmetry test [14], with a p-value < 0.05
indicating significant bias. This approach accounts for
the inherent correlation between sensitivity and speci-
ficity across studies.

All pooled estimates are reported with their 95% confi-
dence intervals (CI).

RESULTS

Study selection

The initial search identified 1,149 records. After remov-
ing duplicates and screening titles and abstracts, 22
studies met the inclusion criteria and were included in
the final quantitative synthesis. Among these, 12 studies
assessed DFA, 10 assessed CRP, and 3 studies reported
data for both markers independently. The study selec-
tion process is detailed in the PRISMA flowchart (Fig-
ure 1).

Study characteristics

The 22 included studies, published between 2012 and
2024, involved a total of 4,203 patients who underwent
pancreatic surgery. The cutoff values for DFA ranged
from 1,000 to 5,000 IU/L, with 3,000 IU/L being the
most frequently used. For CRP, cutoff values ranged
from 100 to 200 mg/L, with a median of 150 mg/L.
Most studies measured DFA on postoperative days
(POD) 1 - 3 and CRP on POD 3 - 5. The key character-
istics and diagnostic performance parameters of the in-
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Table 1. Study characteristics and individual diagnostic performance parameters.

Marker k DOR AUC Tau? Deeks p
DFA 12 6.60 0.720 1.016 0.498
CRP 10 5.19 0.695 0.774 0.391
DOR: diagnostic odds ratio, AUC: area under the curve.
Table 2. Key p-value from meta-regression (CRP vs. DFA).
Test p-value
Marker effect (CRP vs. DFA) 0.606

Identification

Screening

Included

Records identified from:
Databases (n = 4)
Registers (n=1,149)

Records removed before screening:
Duplicate records (n = 300)
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Figure 1. PRISMA 2025 flow diagram of study selection.

cluded studies are summarized in Table 1. Key p-values
from comparative analyses are provided in Table 2. Ta-
ble 1 reports model-based AUC estimates for individual
markers, whereas the summary AUC (0.83) reflects the
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Figure 2A - D. Forest plots and SROC curves of pooled sensitivity and specificity for DFA (A, C) and CRP (B, D).
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Figure 3. Deeks' funnel plot for assessing publication bias for DFA (A) and CRP (B).
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Pooled diagnostic accuracy

For DFA, the pooled sensitivity was 0.76 (95% CI: 0.68
- 0.82) and the pooled specificity was 0.81 (95% CI:
0.73 - 0.86). For CRP, the pooled sensitivity was 0.74
(95% CI: 0.66 - 0.80) and the pooled specificity was
0.78 (95% CI: 0.69 - 0.84). The pooled diagnostic odds
ratios were 6.6 (95% CI: 3.41 - 12.79) for DFA and
5.19 (95% CI: 2.86 - 9.44) for CRP (Figure 2A - B).
The overall summary AUC was 0.83 (95% CI: 0.80 -
0.86), indicating excellent diagnostic differentiation.
Heterogeneity across studies was moderate (I> =
32.8%). The estimated correlation between logit sensi-
tivity and logit (1 - specificity) was -0.17, suggesting a
mild negative dependence (Figure 2C - D).

Meta-regression and subgroup analysis
Meta-regression revealed no statistically significant dif-
ference in diagnostic performance between DFA and
CRP (p = 0.606). Subgroup analyses based on cutoff
values, assay methods, and sample sizes did not identify
any significant modifiers of diagnostic accuracy (all p >
0.10). However, studies with smaller sample sizes
(< 100 patients) tended to exhibit wider confidence in-
tervals and greater heterogeneity (Table 2).

Publication bias

Deeks' funnel plot asymmetry test yielded p-values of
0.376 for DFA and 0.571 for CRP, indicating no signif-
icant publication bias (Figure 3A - B).

DISCUSSION

This diagnostic meta-analysis demonstrates that both
drain fluid amylase (DFA) and C-reactive protein
(CRP) exhibit strong and comparable diagnostic perfor-
mance for predicting postoperative pancreatic fistula
(POPF) following pancreatic resection. The pooled
AUC of 0.83, coupled with diagnostic odds ratios in the
range of 5 - 7 for both biomarkers, indicating moderate-
to-high differentiation ability underscores their excel-
lent overall differentiation ability [15]. The observed
sensitivity (approximately 0.75) and specificity (approx-
imately 0.80) for both markers indicate robust accuracy
suitable for postoperative risk stratification. This classi-
fication diagnostic meta-analysis demonstrated that
DFA and CRP exhibit similar diagnostic performance
for predicting CR-POPF, consistent with earlier find-
ings for individual biomarkers [7,8,16]. Notably, the ob-
served heterogeneity across studies was moderate (I =
32.8%), suggesting a relative consistency in diagnostic
trends despite variations in assay methods and cutoff
values.

The biological rationale for their comparable perfor-
mance lies in the dual nature of POPF: DFA reflects lo-
cal enzymatic leakage [3,17]. Elevated DFA levels on
postoperative days 1 - 3 have been consistently asso-
ciated with the development of clinically relevant fistu-
lae (ISGPS Grade B/C) [18]. In contrast, CRP reflects
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systemic inflammation triggered by pancreatic leakage
complications [4,19]. Our results indicate that both
markers possess similar diagnostic accuracy, suggesting
that systemic inflammation parallels local enzymatic
leakage in clinically significant cases. This biological
complementarity may explain why combining DFA and
CRP could improve early detection sensitivity without
compromising specificity [20].

Previous meta-analyses focusing solely on DFA report-
ed pooled AUCs between 0.82 and 0.87 [7,21], which
aligns closely with our estimate of 0.83. Similarly, stud-
ies evaluating CRP reported comparable accuracy
ranges (AUC = 0.80) [8,22]. However, most prior works
analyzed each marker independently, without adjusting
for inter-marker variance or study-level covariates. Our
mixed-model approach, which pools all available evi-
dence under a common variance-covariance structure,
minimizes bias arising from cross-study heterogeneity
and enables a direct statistical comparison [9,12]. More-
over, the non-significant result in our meta-regression
(p = 0.606) statistically confirms that DFA and CRP
perform equivalently in predicting clinically relevant
POPF.

The between-study heterogeneity was moderate (I> =
32.8%), primarily attributable to variability in cutoff
values and the postoperative timing of measurement.
Studies employing higher DFA thresholds (> 5,000
IU/L) or later CRP measurements (POD > 5) tended to
yield slightly higher specificities at the cost of lower
sensitivities, indicating potential for optimization
through dynamic monitoring at multiple time points
[23]. The absence of significant small-study effects in
Deeks' tests further supports the robustness of our pool-
ed estimates. Sensitivity analyses excluding studies rat-
ed as having a higher risk of bias according to
QUADAS-2 did not materially alter the pooled AUC or
DOR values.

Our findings have meaningful implications for postop-
erative management. DFA can be readily obtained from
surgical drains, providing an early warning signal with-
in 24 - 48 hours after surgery [3]. CRP, routinely mea-
sured in most clinical centers, offers a convenient com-
plementary indicator of systemic inflammatory stress
[4]. Combined biochemical monitoring of both markers
may therefore enable more accurate and earlier identi-
fication of patients at high risk for clinically relevant
POPF, facilitating tailored management strategies such
as prolonged drainage or intensified imaging surveil-
lance [20,24]. In practical terms, a DFA cutoff of 3,000
IU/L and a CRP cutoff of 150 mg/L on POD 3 appear to
offer an optimal balance between sensitivity and speci-
ficity for clinical decision-making [17,19].

Looking ahead, the integration of DFA and CRP into
machine learning-based predictive algorithms holds
promise for further refining postoperative risk assess-
ment [25]. Emerging studies that combine biochemical,
radiologic, and intraoperative features suggest that arti-
ficial intelligence (AI) models, particularly those utiliz-
ing gradient boosting or deep learning, can identify



Weijie Song

complex, nonlinear patterns predictive of POPF earlier
than conventional cutoff-based approaches [25,17]. The
robust, pooled evidence generated by this meta-analysis
provides a solid foundation for the training and valida-
tion of such models. Prospective multicenter trials that
integrate these biomarkers with imaging data and pa-
tient-specific factors are warranted to construct explain-
able Al frameworks for real-time POPF prediction.
Such integration may ultimately reduce postoperative
morbidity through earlier and more precise risk stratifi-
cation. Taken together, these findings highlight the
complementary diagnostic roles of DFA and CRP and
support their combined use in clinical algorithms.
Several limitations of this study must be acknowledged.
First, the majority of included studies were retrospective
and single-centered, which may introduce selection
bias. Second, variations in the definition of POPF prior
to the widespread adoption of the ISGPS 2016 criteria
could affect diagnostic consistency across earlier studies
[1]. Third, heterogeneity in assay methods and sampling
timing limited the precision of our subgroup analyses.
Finally, the relatively smaller number of studies evalu-
ating CRP alone reduced the statistical power for detect-
ing subtle differences between the two biomarkers. De-
spite these limitations, the stability of our pooled esti-
mates and the absence of significant publication bias
support the reliability of our conclusions.

CONCLUSION

Both drain fluid amylase and C-reactive protein are re-
liable and complementary biomarkers for predicting
postoperative pancreatic fistula after pancreatic resec-
tion. Their pooled diagnostic performance (AUC =
0.83, DOR > 20), coupled with moderate heterogeneity,
confirms their clinical utility. Routine dual-marker
monitoring could enhance early risk stratification, there-
by enabling individualized postoperative management.
Future integration of these biomarkers into Al-assisted
predictive systems may represent the next step toward
precision perioperative care in pancreatic surgery.
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