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Abstract
Background

Postoperative pancreatic fistula (POPF) remains one of the most significant complications following
pancreaticoduodenectomy (PD). The optimal postoperative day for drain amylase measurement to
predict clinically relevant POPF remains unclear. This study aimed to determine the most informative
time point for early detection of symptomatic POPF.

Methods

This retrospective cohort study included 144 patients who underwent PD for periampullary tumors
between 2018 and 2024. For patients with multiple drain amylase measurements within the first five
postoperative days, the highest recorded value was analyzed, and patients were categorized according
to the postoperative day (POD1-POD5) on which this peak occurred. Clinically relevant POPF (Grades B-
C) was defined according to International Study Group of Pancreatic Surgery (ISGPS) criteria. Diagnostic
performance was evaluated using receiver operating characteristic (ROC) analysis.

Results

Clinically relevant POPF occurred in 17 patients (11.8%). Elevated drain amylase measured on POD3
demonstrated high diagnostic accuracy, with an AUC of 0.886 (95% CI: 0.780-0.991), sensitivity of
90.5%, and specificity of 85% at a cut-off value of 118.5 U/L (p < 0.001). Although POD4 showed a
slightly higher AUC (0.904), POD3 represented an earlier clinically actionable time point with comparable
discriminatory performance.

Conclusion

Drain amylase measurement on postoperative day 3 provides high diagnostic accuracy for identifying
clinically relevant pancreatic fistula and may serve as a clinically useful early assessment point to guide
postoperative management after PD.

Introduction

Periampullary tumors (PBT) are malignancies arising within approximately 2 cm of the major papilla and
account for 0.5-2% of all gastrointestinal cancers. These tumors include neoplasms of the pancreatic
head, ampulla of Vater, distal bile duct, and duodenum, with pancreatic head and ampullary tumors being
the most frequently encountered subtypes [1].
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Pancreaticoduodenectomy (PD) remains the standard curative treatment for resectable periampullary
malignancies. Despite advances in surgical technique and perioperative care, PD continues to be
associated with considerable morbidity due to its anatomical complexity and the technical challenges of
reconstruction. Although postoperative mortality has decreased significantly in high-volume centers,
morbidity rates remain high, affecting approximately 30—-45% of patients [2—-3].

Among postoperative complications, postoperative pancreatic fistula (POPF) represents the most
clinically significant and feared. According to the International Study Group of Pancreatic Surgery
(ISGPS), POPF is defined as drain fluid with an amylase concentration greater than three times the upper
limit of normal serum amylase levels, accompanied by a clinically relevant condition [4]. Clinically
relevant POPF (Grades B—C) occurs in approximately 15-20% of patients after PD and is associated with
prolonged hospitalization, increased healthcare costs, and a mortality rate that can reach 20—-40% if not
promptly recognized and adequately drained [5-8].

Early identification of patients at risk for developing POPF is therefore crucial to improving postoperative
outcomes. Drain amylase measurement is widely used for this purpose; however, the optimal
postoperative day for measuring amylase levels remains unclear. Current practices vary between centers
and even among surgeons, and most existing studies evaluate drain amylase values on fixed days rather
than determining the most informative time point for clinical decision-making.

The aim of this study was to evaluate the diagnostic performance of drain amylase measurements
obtained on different postoperative days following pancreaticoduodenectomy and to determine a
clinically relevant and informative time point for the early detection of clinically significant POPF.

Materials and Methods

This retrospective study was conducted following approval from the Ethics Committee of the University
of Health Sciences, Istanbul Training and Research Hospital. A total of 168 consecutive patients who
underwent pancreaticoduodenectomy (PD) for periampullary tumors between January 1, 2018 and April
1, 2024 were screened. Patients with missing clinical or laboratory data, no documented drain amylase
measurements, or benign final pathology were excluded. After applying these criteria, 144 patients were
included in the final analysis.

At the end of each operation, two closed-suction drains were routinely placed: one adjacent to the
pancreatoenteric anastomosis and another near the bilioenteric anastomosis. Postoperative
management followed standard institutional practice.

Drain amylase levels were not measured on fixed postoperative days for all patients. Measurement
frequency varied according to surgeon preference and the patient’s clinical condition, resulting in
heterogeneity in both the timing and number of assessments. Given the retrospective nature of the study
and the absence of standardized daily measurements, a uniform day-by-day comparison was not
feasible. To allow for a consistent analytical framework, the highest recorded drain amylase value within
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the first five postoperative days was selected for patients with multiple measurements. Patients were
then categorized according to the postoperative day (POD1-PODS5) on which this peak value was
observed. This approach was chosen to reflect the earliest clinically relevant elevation in drain amylase
that could potentially trigger clinical attention or intervention, rather than to model daily amylase trends.
This methodology may introduce measurement-related bias and limits direct comparison of diagnostic
accuracy across individual postoperative days; therefore, it is acknowledged as an inherent limitation of
the retrospective design, and may favor detection of later peaks over earlier transient elevations, which
should be considered when interpreting time-based comparisons.

Clinically relevant postoperative pancreatic fistula (POPF) was defined according to the 2016
International Study Group of Pancreatic Surgery (ISGPS) criteria, with Grades B and C classified as
symptomatic POPF [4].

The primary outcome of this study was to evaluate the association between the postoperative day on
which elevated drain amylase was detected and the occurrence of clinically relevant POPF (Grades B-C).
The retrospective nature of the study warrants cautious interpretation; however, the findings offer
meaningful insight into the timing of drain amylase assessment for early identification of patients at
increased risk for clinically relevant POPF.

Statistical Analysis

Categorical variables were compared using the Chi-square test. Diagnostic performance for each
postoperative day was assessed using receiver operating characteristic (ROC) analysis, from which AUC,
sensitivity, specificity, PPV, and NPV were calculated. Because key operative and gland-related variables
(e.g., duct diameter, gland texture, blood loss, FRS) were not available for all patients, multivariable
analysis could not be performed and this was acknowledged as a limitation. A p-value < 0.05 was
considered statistically significant.

Results

A total of 144 patients were included in the analysis. Of these, 92 patients (63.9%) were male and 52
(36.1%) were female, with a mean age of 62.2 + 12.7 years. Tumor localization was as follows:
pancreatic head in 71 patients (49.3%), distal bile duct in 14 (9.7%), ampulla of Vater in 46 (32%), and
duodenum in 13 (9%). The distribution of POPF grades according to ISGPS 2016 criteria was: Grade A in
51 patients (35.4%), Grade B in 15 patients (10.4%), and Grade C in 2 patients (1.4%). Overall, 50 patients
(34.7%) experienced medical or surgical complications, and three patients died during hospitalization.
Fifty-two patients (36.1%) underwent classical Whipple resection, whereas 92 (63.9%) underwent
pylorus-preserving pancreaticoduodenectomy. Demographic and clinical characteristics are summarized
in Table 1.
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Demographic and Clinical Characteristics of Patients

Table 1

Age (mean t SD) (year)

Gender (n,%)

Tumor localization (n,%)

Pancreatic fistula grade (n,%)

Anycomplication

Mortality

Treatment (n,%)

Stage

Female (n, %)

Male (n, %)

Head of pancreas (n, %)

Common bile duct (n, %)

Ampulla (n, %)

Duodenum (n, %)

No (n, %)
Grade A (n, %)
Grade B (n, %)
Grade C (n, %)
Yes (n, %)
No (n, %)
Yes (n, %)
No (n, %)

Whipple (n,%)

Pylorus protective whipple (n,%)

Stage 1 (n,%)
Stage 2 (n,%)
Stage 3 (n,%)
Stage 4 (n,%)

62.2+12.7
52 (%36.1)
92 (%63.9)
71 (%49.3.)
14 (%9.7)
46 (%32)

13 (%9)
76(%52.8)
51 (%35.4)
15(%10.4)
2(%1.4)

50 (%34.7)
94 (%65.3))
3 (%2.1)
141 (%97.9a)
52 (%36.1)
92 (%63.9)
17 (%11.8)
102 (%70.8)
23 (%16)

2 (%1.4)

Hospitalization duration (days) 12.95+6.49

Drain amylase measurements were available on postoperative days 1 through 5. Because measurement
frequency varied among patients, the highest recorded amylase value within the first 5 postoperative
days was used for analysis, and patients were categorized according to the postoperative day on which
this value was obtained. An elevated amylase level was defined as > 3 times the upper limit of normal
(ISGPS threshold). The association between the day of elevated amylase measurement and the
presence of clinically relevant POPF (Grades B-C) was evaluated.
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Elevated drain amylase values detected on postoperative day 3 demonstrated high diagnostic
performance for identifying clinically relevant POPF, with a sensitivity of 90.5% and specificity of 85%.
The corresponding AUC was 0.886 (95% Cl: 0.780-0.991). While the highest AUC value was observed on
postoperative day 4 (AUC 0.904, 95% CI: 0.774-1.000), the difference in diagnostic performance
between POD3 and POD4 was modest. Notably, POD3 demonstrated higher sensitivity and specificity
compared to POD4, and represents an earlier clinically actionable time point. Detailed diagnostic
performance metrics for each postoperative day are presented in Table 2.

Table 2

Diagnostic performance of drain amylase levels according to postoperative day for predicting clinically
relevant pancreatic fistula

Day of drainage fluid Cut-off value Sensivity Specificity AUC( %95 C.I) p-

test (U/L) value

Postop 1.day (n =29) 208 %84.6 75% 0.788 (0.618- 0.020
0.959)

Postop 2.day (n = 24) 100 90% 73% 0.867 (0.725- 0.006
1.000)

Postop 3.day (n = 38) 118.5 %90.5 85% 0.886 (0.780- <
0.991) 0.001

Postop 4.day (n = 23) 126.0 %84.6 %80.0 0.904 (0.774- 0.005
1.000)

Postop 5.day (n = 30) 21.0 %82.4 %66.7 0.867 (0.745- 0.004
0.989)

Discussion

Pancreaticoduodenectomy remains the standard treatment for periampullary tumors but continues to
carry a substantial risk of postoperative morbidity, with postoperative pancreatic fistula (POPF) being the
most clinically significant complication [7]. Early recognition of clinically relevant POPF is essential for
initiating timely interventions and reducing associated morbidity. Measurement of drain amylase is
widely used for this purpose; however, there is no consensus on the optimal postoperative day on which
it provides the highest diagnostic value. In this study, we evaluated the association between the day of
postoperative drain amylase assessment and the development of clinically relevant POPF. Our findings
demonstrate that amylase measurements obtained on postoperative day 3 offered high diagnostic
accuracy, suggesting that this time point represents an early and clinically actionable assessment point
rather than a definitively superior time point based solely on diagnostic accuracy.

Despite notable advances in operative techniques, perioperative care, and centralization of pancreatic
surgery, pancreaticoduodenectomy continues to be associated with substantial postoperative morbidity.
Although mortality rates in high-volume centers have declined to below 2%, largely due to improvements
in anesthesia, critical care, and enhanced recovery protocols, morbidity rates remain persistently high,
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ranging from 30% to 65% in contemporary series [9-11]. This high morbidity burden reflects the
complexity of the procedure and the inherent vulnerability of the pancreatoenteric anastomosis.

In our cohort, the overall complication rate was 34.7%, which aligns with the lower range of values
reported in the literature, indicating that our outcomes are comparable to those of established
pancreatic surgery centers. Additionally, the in-hospital mortality rate of 2.1% mirrors the rates observed
in high-volume international studies, suggesting that perioperative management and postoperative care
at our institution meet current global standards. These findings further support the reliability of our
dataset and provide a robust foundation for evaluating diagnostic indicators such as drain amylase
levels.

Clinically, postoperative pancreatic fistula (POPF) is defined by the International Study Group of
Pancreatic Fistula (ISGPF) as drainage fluid with an amylase concentration exceeding three times the
upper limit of normal serum values, obtained from either surgically placed or subsequently inserted
percutaneous drains [4]. Differentiating between parenchymal leaks and anastomotic leaks in the early
postoperative period can be challenging. Parenchymal leaks are characterized by persistently elevated
drain amylase levels without radiologic contrast extravasation and typically resolve spontaneously,
whereas anastomotic leaks usually demonstrate contrast extravasation at the pancreaticojejunostomy
and often require prolonged intervention or reoperation [12-13].

The reported incidence of POPF varies widely in the literature—from 2% to 51%—reflecting differences in
surgical technique, fistula definitions, and institutional protocols [14-16]. In the study by Vladimir
Dugali¢ et al. [17], evaluating drain amylase dynamics after pancreaticoduodenectomy, the overall POPF
rate was 37.7% (Grade A: 22.8%, Grade B: 11.0%, Grade C: 3.9%). In our study, adopting the ISGPF
threshold of three times the upper limit of normal, we observed a POPF rate of 47.2%, comprising 35.4%
Grade A, 10.4% Grade B, and 1.4% Grade C fistulas. The rate of clinically relevant (Grade B-C) POPF was
11.8%, which is consistent with the mid-range of values reported in high-volume centers.

Two separate studies evaluating the relationship between elevated drain amylase levels on postoperative
day 1 reported a significant association between early high amylase values and the development of
Grade B and C POPF [18,19]. However, neither of these studies compared day-1 values with
measurements obtained on subsequent postoperative days, leaving uncertainty regarding the most
informative time point for clinical decision-making.

A review by Tsetsegdemberel Bat-Ulzii Davidson et al. [20] examined amylase levels in drainage fluid at
48 hours and later, concluding that measurements obtained on postoperative day 5 were more reliable
for diagnosing POPF. In contrast, a study of 117 patients by Sung Ryol Lee et al. [21], which analyzed
amylase measurements on postoperative days 1, 3, and 5, found that postoperative day 3 demonstrated
the highest diagnostic accuracy, with a sensitivity of 92% and specificity of 82% for clinically relevant
fistulas.
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Our findings are consistent with this observation. In our cohort, elevated drain amylase levels measured
on postoperative day 3 demonstrated a robust association with Grade B and C POPF, supporting the
growing evidence that postoperative day 3 may serve as a clinically actionable time point for detecting
symptomatic pancreatic fistulas. Unlike prior studies focusing on fixed daily measurements, our analysis
reflects real-world variability in postoperative monitoring, thereby providing complementary insight into
clinically actionable timing. Importantly, although POD4 demonstrated a slightly higher AUC, the marginal
gain in diagnostic performance does not outweigh the clinical advantage of earlier detection on POD3,
which may facilitate timely clinical decision-making and intervention.

In a study by Damiano Caputo et al. [22], which evaluated the utility of drain amylase testing and
abdominal CT on postoperative day 3 to guide drain management after pancreaticoduodenectomy, the
authors suggested that drains could be safely removed when the POD3 amylase level was <252 U/L.
Although our study does not directly address optimal timing for drain removal, our findings reinforce the
clinical relevance of postoperative day 3 as a key assessment point. Specifically, a POD3 amylase value
>118.5 U/L was significantly associated with clinically relevant POPF in our cohort, supporting the
concept that amylase assessment on this day may offer meaningful guidance for postoperative
monitoring and decision-making.

The role of prophylactic intra-abdominal drains following pancreaticoduodenectomy (PD) remains a
subject of ongoing debate, particularly regarding their impact on postoperative morbidity and the optimal
timing of drain removal [23]. In a large cohort study by Zaghal et al. [24], which included 6,858 patients
who underwent PD, routine placement of prophylactic drains was associated with higher postoperative
complication rates and longer hospital stays. Similarly, other studies have suggested that prolonged
retention of surgical drains may increase the risk of intra-abdominal infections and contribute to higher
rates of POPF [25]. These findings highlight a critical clinical dilemma: while elevated drain amylase
levels can be a valuable indicator of POPF, early differentiation between Grade A and clinically relevant
Grade B/C fistulas is essential to avoid unnecessary interventions. Taken together, the literature
underscores that inappropriate or prolonged drain use may contribute to increased morbidity, extended
hospitalization, and higher healthcare costs, emphasizing the need for evidence-based strategies to
guide both placement and timing of drain removal.

Limitations

This study has several limitations that should be acknowledged. First, the number of patients with
available drain amylase measurements differed across postoperative days, which may have affected
statistical power. Second, drain amylase levels were not obtained according to a strictly standardized
daily protocol in all patients, and the analysis therefore relied on the highest available value, introducing
potential measurement-related bias. In addition, the lack of continuous longitudinal monitoring and the
inclusion of procedures performed by different surgeons may have limited standardization in
perioperative management. Despite these limitations, the observed associations were internally
consistent. Postoperative day 3 should be considered an early and clinically relevant assessment point
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rather than a definitive or prescriptive threshold. Further prospective studies with standardized
measurement protocols are warranted to refine these findings.

Conclusion

Our study demonstrates that measuring drain amylase levels on postoperative day 3 offers high
diagnostic accuracy and may provide clinically useful guidance for early identification of patients at
increased risk of clinically relevant pancreatic fistula. This finding may support postoperative decision-
making by helping clinicians identify patients at increased risk and optimize the timing of drain
management. Monitoring drain amylase is a simple and minimally invasive tool that can assist in
evaluating postoperative status and guiding drain removal within the context of postoperative risk
stratification. Further prospective studies with standardized measurement protocols are needed to
clarify which postoperative days and threshold values provide the most reliable diagnostic performance.
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