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Abstract
Purpose: Prior retrospective studies demonstrate the need for drainage after pancreatoduodenectomy.
Early drain removal is a key component of most ERAS pathways; however, little consensus on timing and
cutoff for amylase analysis exists. This study aimed to identify the ideal combination of postoperative
day and drain amylase level for safe drain removal.

Methods: This retrospective cohort study used the NSQIP database to study outcomes of
pancreatoduodenectomy patients.

Results: 7,583 patients underwent pancreatoduodenectomy with drain placement. 1,458 (19%) had a
clinically relavent postoperative pancreatic �stula (CR-POPF). Of those, 7% had their highest drain
amylase on day 1, compared to 29% and 64% on day 3-5 and 5, respectively (p < 0.001). An amylase level
>300 U/L corresponded to a 46% chance of CR-POPF compared to 4.9% with amylase <300 U/L (p <
0.001). Drain amylase >5000 U/L, corresponded to 71.2% chance of CR-POPF compared to 11.2% with
amylase <5000 U/L (p < 0.001).  Compared to >5000 U/L, an amylase cutoff of >300 U/L had a lower
speci�city on day 1 (93%, CI: 0.92, 0.93) and further decreases on postoperative day 3-5 (81%, CI: 0.79-
0.98). The sensitivity of a cutoff >300 U/L was superior: 24% (CI: 0.19-0.29) on postoperative day 1 but
increased signi�cantly to 72% (CI: 0.67-0.76) on postoperative days 3-5. 

Conclusions: Current recommendations utilizing 5000 U/L will miss 6% of patients with CR-POPF. We
recommend checking drain amylase on postoperative day three and to use 300 U/L as a cutoff for early
drain removal protocols.

Introduction
The indication for pancreaticoduodenectomy (PD) includes both malignant and benign pancreatic
pathologies. Although improvements in perioperative care have reduced the morbidity and mortality
associated with this procedure, morbidity rates remain high and are estimated between 27–60 percent
[1–3]. One of the most common and potentially devastating postoperative complications is a pancreatic
�stula [4–6]. It occurs after 13–25% of cases and is associated with increased rates of sepsis,
hemorrhage, length of stay, health care cost, and death [4, 7–9]. Given the potential signi�cant impact of
a pancreatic �stula, many investigators have focused on optimizing safe ways to prevent and monitor for
this complication.

At many institutions, drain placement in the pancreatic operative bed is routine practice;[10] however,
there is debate regarding the use of drains and the optimal protocol for their removal[9–16]. The most
recent pancreaticoduodenectomy speci�c guidelines from the European ERAS Society, recommend
routine use of perianastomotic drains with early drain removal on postoperative day three if the amylase
level is < 5000 U/L on day one [17]. Postoperative day one drain �uid amylase has demonstrated
predictive value for clinically relavant postoperative pancreatic �stula (CR-POPF) in multiple retrospective
and prospective studies [10, 12–14, 18–21]. In contrast, other research suggests obtaining amylase levels
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on postoperative day three may be superior [22, 23]. The clinical signi�cance of elevated amylase levels
on postoperative day one versus day three is unclear. It appears, in these prior publications, day for
amylase screening was chosen arbitrarily.

It is equally unclear which cutoff for drain amylase ideally predicts the risk for clinically relevant
postoperative pancreatic �stula (CR-POPF). The International Study Group on Pancreatic Fistula de�ned
a CR-POPF as any drain output with an amylase level > 3 times the upper limit of normal serum amylase
[24]. Studies vary signi�cantly on the optimal amylase level to best predict CR-POPF, ranging from 100–
5000 U/L without consensus [5, 13, 18, 25–27]. One metanalysis reviewed 13 studies and identi�ed a
postoperative day one drain amylase of < 100 U/L to be associated with a 3% rate of CR-POPF [27]. The
authors noted only 34% of patients met this criterion and therefore suggest an amylase of < 350 U/L,
representing 50% of patients, as a more clinically relevant cutoff. Finally, a study by Maggino et al.
identi�ed 2000 U/L as the ideal postoperative day one drain amylase cutoff for identifying CR-POPF [18].

There is little consistency in data to support the recommended timing and cutoff for drain amylase
analysis. Therefore, using the NSQIP database, this study aimed to identify the ideal combination of
postoperative day and drain amylase level for safe drain removal.

Materials And Methods

Study Design and Data Collection:
This study is a retrospective cohort study utilizing the National Surgical Quality Improvement Program
(NSQIP) database from 2015–2018. The NSQIP database is a prospectively collected database with over
1,000,000 cases submitted from over 700 sites every year [28]. This study included all patients who
underwent pancreaticoduodenectomy (PD) (CPT 48153 and 48154) with drain placement. Subjects with
missing data were excluded. This study was approved by the IRB at our institution.

Those included were divied into two groups: those with a CR-POPF (Grade B and Grade C �stula) and
those without CR-POPF. We then utilized the International Study Group (ISGPS) de�nition for grading a
clinically relevant postoperative pancreatic �stula (CR-POPF) [24]. ISGPS de�nes a CR-POPF as any
�stula that results in a drain output of any measurable volume of �uid with amylase level greater than
three times the upper institutional normal serum amylase level, associated with a clinically relevant
development/condition related directly to the POPF. Examples include prolongation of hospital or ICU
stay, need for therapeutic inteventions to manage the �stula or postoperative organ failure. Only subjects
with a biochemical leak and grade B or grade C �stula were de�ned as having CR-POPF.

The assessment utilized two factors: postoperative day and amylase level. We created three groups
based on the post operative day of highest amylase: 1, 3–5, or > 5. Based on the literature, we de�ned
drain amylase cutoffs of 300 U/L and 5000 U/L.[17, 24]

Outcome:
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The primary outcomes were speci�city, sensitive and negative predictive value (NPV) for all combinations
of postoperative day and drain amylase cutoff.

Statistical Analysis:
Statistical analysis utilized R software. When assessing differences between patients with CR-POPF and
those without, univariate analysis was conducted using Pearsons Chi-squared test for categorical
variables and 2-sample T-test for continuous variables. Signi�cance was de�ned at p < .05 for all tests.
Further analysis for sensitivity, speci�city and negative predictive value (NPV) were performed for all
combinations of postoperative day (i.e 1, 3–5, 5) and drain amylase cutoff (i.e. 300 or 5000 U/L).

Results
A total of 7,544 patients who underwent pancreaticoduodenectomy (PD) met inclusion criteria. Table 1
reviews the demographics of the study groups. In these cohorts, 1,458 (19%) had CR-POPF and 6,086
(81%) had no CR-POPF. Patients were similar in ASA class (p = 0.14) only. Patient groups differed by age
(p = 0.012), sex (p < 0.001), BMI (p < 0.001), race (p < 0.001), pancreatic duct size (p < 0.001) and gland
texture (p < 0.001). Men had a higher rate of CR-POPF (21% vs. 16.5%, p < 0.001) as did those with smaller
duct size (< 3 mm, 25.5% vs. 3-6mm, 16.8% vs. >3mm, 11.1%) and softer pancreatic texture (soft, 30.3%
vs. intermediate, 13.5% vs. hard, 8.6%). Those with CR-POPF had a higher average BMI (28.5 vs. 27.0).
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Table 1
Demographics of all patients, by occurrence of CR-POPF

  Overall

(N = 7,544)

CR-POPF

(N = 1458)

No CR-POPF

(N = 6,086)

P-value

Age (mean) 65.0 64.3 65.2 0.012

Sex

Female

Male

3,396 (45%)

4,148 (55%)

560 (16.5%)

898 (21.6%)

2,836 (83.5%)

3,250 (78.4%)

< 0.001

Race

White

Black

Other

Unknown

5,692 (75%)

562 (7.4%)

343 (4.5%)

947 (13%)

1,050 (18.4%)

87 (615.5%)

78 (22.7%)

243 (25.7%)

4,642 (81.6%)

475 (84.5%)

265 (77.3%)

704 (74.3%)

< 0.001

BMI (mean) 27.3 28.5 27.0 < 0.001

ASA Classi�cation

Class 1–2

Class 3–4

Class 5

Not speci�ed

1,763 (23.4%)

5,769 (76%)

2 (< 0.1%)

8 (0.1%)

362 (20.5%)

1,092 (18.9%)

1 (50%)

1 (12.5%)

1,401 (79.5%)

4,677 (81.1%)

1 (50%)

7 (87.5%)

0.14

Pancreas Duct Size

< 3 mm

3–6 mm

> 3 mm

Unknown

2,025 (27%)

2,964 (39%)

910 (12%)

1,645 (22%)

522 (25.8%)

499 (16.8%)

101 (11.1%)

336 (20.4%)

1,503 (74.2%)

2,465 (83.2%)

809 (88.9%)

1,309 (79.6%)

< 0.001

Pancreas Gland Texture

Soft

Intermediate

Hard

Unknown

2,687 (36%)

599 (7.9%)

2,391 (32%)

1,867 (25%)

811 (30.2%)

81 (13.5%)

205 (8.6%)

361 (19.3%)

1,876 (69.8%)

518 (86.5%)

2,186 (91.4%)

1,505 (80.6%)

< 0.001
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Table 2 demonstrates data about subgroup analysis. There was a trend towards increased CR-POPF
when measuring drain amylase on a later postoperative day. Of those with CR-POPF, 7% had their highest
measured drain amylase on day 1, compared to 29% on day 3–5 and 64% on day 5 (p < 0.001). For
analysis of drain �uid amylase cutoffs, 2,614 patients had an amylase level > 300 U/L. Of those with an
amylase level > 300 U/L, 46% had CR-POPF compared to 4.9% for those with drain amylase < 300 U/L (p < 
0.001). In contrast, 1,014 patients had drain amylase > 5000 U/L. For those with drain amylase > 5000
U/L, 71.2% had a CR-POPF compared to 11.2% of those with drain amylase < 5000 U/L (p < 0.001).

Table 2
Postoperative day and amylase cutoffs, by CR-POPF

  Overall

(N = 7,544)

CR-POPF

(N = 1,458)

No CR-POPF

(N = 6,086)

P-
value

Post-operative day

1

3–5

5

Unknown

975 (13%)

3,416 (46%)

3,102 (41%)

51

99 (10.2%)

422 (12.4%)

935 (30.1%)

2 (3.9%)

876 (89.8%)

2,994 (87.6%)

2,167 (69.9%)

49 (96.1%)

< 0.001

Amylase Cutoff (U/L)

< 300

> 300

< 5000

> 5000

4,741 (64%)

2,614 (36%)

6,341 (86%)

1,014 (14%)

232 (4.9%)

1,203 (46%)

713 (11.2%)

722 (71.2%)

4,509 (95.1%)

1,411 (54%)

5,628 (88.8%)

292 (28.8%)

< 0.001

< 0.001

Table 3 reviews the test characteristics for each combination of postoperative day and drain �uid
amylase levels. The highest speci�city (98%) corresponds with the higher drain amylase level of > 5000
U/L for both postoperative day 1 and days 3–5. The sensitivity of an amylase > 5000 U/L is relatively low
on postoperative day 1 (6%) but increases to 23% on postoperative days 3–5.
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Table 3
Test characteristics for all combinations of postoperative day and amylase cutoff

  Sensitivity (CI) Speci�city (CI) Negative Predictive Value
(CI)

POD1, Amylase > 300 0.24 (CI 0.19–
0.29)

0.93 (CI 0.92–
0.93)

0.95 (CI 0.94–0.96)

POD 1, Amylase > 5000 0.06 (CI .04-.08) 0.98 (CI 0.98–
0.99)

0.88 (CI 0.87–0.89)

POD 3–5, Amylase > 300 0.72 (CI 0.67–
0.76)

0.81 (CI 0.79–
0.83)

0.94 (CI 0.93–0.95)

POD 3–5, Amylase > 
5000

0.23 (CI 0.20–
0.27)

0.98 (CI 0.97–
0.98)

0.86 (CI 0.85–0.88)

Compared to > 5000 U/L, an amylase cutoff of > 300 U/L had a lower speci�city on day one (93%, CI:
0.92, 0.93) and further decreases on postoperative day 3–5 (81%, CI: 0.79–0.98). The sensitivity of a
cutoff > 300 U/L was superior. This sensitivity was 24% (CI: 0.19–0.29) on postoperative day 1 but
increased signi�cantly to 72% (CI: 0.67–0.76) on postoperative days 3–5. The negative predictive value
was highest for drain amylase > 300 U/L (95% on postoperative day 1 and 94% on postoperative day 3–
5) when compared to an amylase > 5000 U/L (88% on day 1 and 86% on day 3–5).

Discussion
This study aimed to identify the ideal combination of drain amylase cutoff and postoperative day on
which to test drain amylase. Despite a large volume of published literature addressing this question, there
is no clear consensus. We found that testing on postoperative day 3–5 and using an amylase cutoff of
300 U/L, is the most internally valid combination. This screening provides the best overall combination of
sensitivity, speci�city, and NPV. Further, those with a drain amylase level above either cutoff, 300 U/L or
5000 U/L, were signi�cantly more likely to have a CR-POPF. Interestingly, using a cutoff of > 5000 U/L,
missed approximately 6% of the CR-POPF that would have been identi�ed using a cutoff of > 300 U/L.

Data supporting drain placement after pancreaticoduodenectomy is con�icting. Two randomized,
controlled trials argue against the use of routine drainage [11, 16]. Unfortunately, these studies did have
limitations. One included patients undergoing pancretectomy and thus was not limited to
pancreaticoduodenectomies while the second had a high number of protocol violations, i.e. drains placed
in the nondrain group. In contrast, a third randomized trial enrolling patients from multiple centers across
the United States was terminated early secondary to increased mortality in the no drain group [9]. In a
subsequent planned a priori subset analysis, the investigators noted the increased mortality was con�ned
to high-risk patients [29]. Based on this data, routine drain placement remains standard care for most
patients.



Page 8/12

Given the potential downsides of prolonged or unnecessary drainage, optimal drain management is
imperative after pancreaticoduodenectomy. Prolonged drainage may result in increased rates of infection
and anastomotic dehiscence; however, removing a drain too early, risks an undrained pancreatic leak [9,
30]. Current guidelines from the European and American ERAS Societies recommend removal on
postoperative day three if drain amylase level is < 5000 U/L on day one [17]. These recommendations are
derived from prospective and retrospective trials. Bassie et al. conducted a randomized controlled study
of 114 patients reporting decreased CR-POPF with early drain removal on day three versus day �ve [12].
Ven Fong found drain amylase levels on day one were predictive of CR- POPF [13].

Although several investigators report similar predictive values for postoperative day one amylase levels,
most guidelines recommend removal of drains on postoperative day three [21]. There is no clear data to
support why testing and removal are separated by two days. We found of those who developed CR-POPF,
more patients had their highest amylase measurement further from surgery. In those who did not develop
a CR-POPF, we see a progressive decrease in risk on later days. Nissen et al. found this same temporal
trend [26]. These data suggest that measuring drain amylase earlier may lead to overlooking some
patients with CR-POPF. In contrast, a meta-analysis with pooled results from 10 trials compared testing
on day one and three [31]. Testing on postoperative day one had higher sensitivity, speci�city and AUC
compared to day 3 (sensitivity 81%, speci�vity 87%, AUC 0.89 vs. sensitivity 56%, speci�city 79%, AUC
.67). This clearly opposes our results; however, of the 10 studies included all were single institutions (N = 
65–471) with the exception of one multicenter study (N = 1,239). In contrast, Lee et al. reported drain
amylase on postoperative day three as the superior predictor of CR-POPF (AUC 0.89, CI: 0.82–0.96), when
compared to day one (AUC 0.78, CI: 0.69–0.87) or 5 (AUC 0.76, CI: 0.66–0.85) [22]. These �ndings are
consistent with our sensitivity calculations which re�ect increased sensitivity for levels reported on
postoperative day three.

Numerous reports have examined potential drain amylase cutoff levels. Results range from 100–5000
U/L thus leaving a question of which cuttoff is ideal [5, 13, 18, 25–27, 32, 33]. These studies were
performed with smaller sample sizes relative to our study and most were performed at single institutions.
Ven Fong et al. included 126 patients and reported 600 U/L afforded the best accuracy (86%), sensitivity
(93%) and speci�city (79%) [13]. This level was further validated in a subsequent second cohort of 369
patients. Using similar study designs Sutcliffe et al., Maggino et al., and Kawai et al. recommended
cutoffs of 350 U/L, 2,000 U/L and 4,000 U/L, respectively [18, 32, 33]. Based on our analysis, we conclude
that a cutoff of > 300 U/L allowed for a lower rate of missed CR-POPF when compared to a cutoff of > 
5000 U/L; 4.9% of those with an amylase < 300 U/L experienced a CR-POPF compared to 11.2% with
amylase < 5000 U/L. Our data is advantaged by a large sample size across a variety of practice settings.

Based upon our data, we identi�ed postoperative day 3–5 with a drain amylase level of > 300 U/L to be
the combination with the most internal validity. This combination is associated with a high sensitivity
(72%), high speci�city (81%), and high NPV (94%). Although all other combinations had a higher
speci�city, ranging from 93–98%, we accepted a slightly lower speci�city and placed more importance on
sensitivity to ensure that no CR-POPF is missed. A retrospective study by Mannen et al., evaluated 57
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patients who underwent pancreaticoduodenectomy and reported similar �ndings [23]. The authors
reported amylase levels of > 500 U/L on day three were associated with sensitivity and speci�city of 83%
and 79%, respectively.

This study is not without its limitations. First, inherent in all retrospective studies is an inability to validate
the variables used to create this model. For example, we are unable to go back and con�rm that each
patient included did in fact have an amylase measured on every postoperative day. Second, we used a
range for postoperative 3–5 which in practice is not normally seen. With current recommendations, early
drain removal on postoperative 3 will occur in most cases. The use of this range makes our results less
generalizable in the current practice climate. Finally, when interpreting results of diagnostic accuracy that
are dependent on prevalence, such as negative predictive value, not generalizable to beyond the study
population. However, with the use of a large national database such as NSQIP, this is less of a concern.

Conclusions
In conclusion, pancreatic �stulas are a dreaded post-pancreaticoduodenectomy complication and are
associated with poor outcomes including death. Because of this, routine drain placement is currently
recommended yet, ideal timing of drain amylase testing and drain removal have yet to be clearly de�ned.
The current recommendation leaves a large gap of time between the amylase measurement on day one
and drain removal on day three. Our data shows that peak amylase levels increase each day and thus
measuring on day 1 could increase the risk of missing a potential �stula. Further, the current
recommended cutoff of 5000 U/L also risks missing 6% of patients with CR-POPF. We recommend
checking drain amylase on postoperative day three and to use 300 U/L as a cutoff for early drain removal
protocols. However, the patients overall clinical picture should be considered when making the �nal
decision to pursue early drain removal.

Declarations
Acknowledgements:

The project described was supported by the National Center for Advancing Translational Sciences,
National Institutes of Health, Award Number TL1TR002546. The content is solely the responsibility of the
authors and does not necessarily represent the o�cial views of the NIH.

Authors contibutions:

Laura Nicolais MD

Contributions: Analysis and interpretation of data, drafting manuscript, critical revision of manuscript

Abdimajid Mohamed BS:

Contributions: Acquisition of data, analysis and interpretation of data, critical revision of manuscript  



Page 10/12

Corresponding author:

Timothy L. Fitzgerald, MD

Contributions: Study concept and deisgn, analysis and interpretation of data, critical revision of
manuscript  

References
1. Greenblatt DY, Kelly KJ, Rajamanickam V, et al (2011) Preoperative factors predict perioperative

morbidity and mortality after pancreaticoduodenectomy. Ann Surg Oncol 18:2126–35

2. Grobmyer SR, Pieracci FM, Allen PJ, et al (2007) De�ning morbidity after pancreaticoduodenectomy:
use of a prospective complication grading system. J Am Coll Surg 204:356–64

3. Gouma DvG CI, van Guilk TM (2000) Rates of complications and death after
pancreaticoduodenectomy:risk factors and the impact of hospital volume. Ann Surg 232:786–95

4. Miller BC, Christein JD, Behrman SW, et al (2013) Assessing the impact of a �stula after a
pancreaticoduodenectomy using the Post-operative Morbidity Index. HPB (Oxford) 15:781–8

5. Callery MP, Pratt WB, Kent TS, et al (2013) A prospectively validated clinical risk score accurately
predicts pancreatic �stula after pancreatoduodenectomy. J Am Coll Surg 216:1–14

�. Eshmuminov D, Schneider MA, Tschuor C, et al (2018) Systematic review and meta-analysis of
postoperative pancreatic �stula rates using the updated 2016 International Study Group Pancreatic
Fistula de�nition in patients undergoing pancreatic resection with soft and hard pancreatic texture.
HPB (Oxford) 20:992–1003

7. Pratt WB, Maithel SK, Vanounou T, et al (2007) Clinical and economic validation of the International
Study Group of Pancreatic Fistula (ISGPF) classi�cation scheme. Ann Surg 245:443–51

�. Pratt WB, Callery MP, Vollmer CM (2008) Risk prediction for development of pancreatic �stula using
the ISGPF classi�cation scheme. World J Surg 32:419–28

9. Van Buren G, Bloomston M, Hughes SJ, et al (2014) A randomized prospective multicenter trial of
pancreaticoduodenectomy with and without routine intraperitoneal drainage. Ann Surg 259:605–12

10. McMillan MT, Malleo G, Bassi C, et al (2017) Multicenter, Prospective Trial of Selective Drain
Management for Pancreatoduodenectomy Using Risk Strati�cation. Ann Surg 265:1209–18

11. Witzigmann H, Diener MK, Kienkotter S, et al (2016) No Need for Routine Drainage After Pancreatic
Head Resection: The Dual-Center, Randomized, Controlled PANDRA Trial (ISRCTN04937707). Ann
Surg 264:528–37

12. Bassi C, Molinari E, Malleo G, et al (2010) Early versus late drain removal after standard pancreatic
resections: results of a prospective randomized trial. Ann Surg 252:207–14

13. Ven Fong Z, Correa-Gallego C, Ferrone CR, et al (2015) Early Drain Removal–The Middle Ground
Between the Drain Versus No Drain Debate in Patients Undergoing Pancreaticoduodenectomy: A
Prospective Validation Study. Ann Surg 262:378–83



Page 11/12

14. McMillan MT, Malleo G, Bassi C, et al (2015) Drain Management after Pancreatoduodenectomy:
Reappraisal of a Prospective Randomized Trial Using Risk Strati�cation. J Am Coll Surg 221:798–
809

15. van der Wilt AA, Coolsen MM, de Hingh IH, et al (2013) To drain or not to drain: a cumulative meta-
analysis of the use of routine abdominal drains after pancreatic resection. HPB (Oxford) 15:337–44

1�. Conlon KC, Labow D, Leung D, et al (2001) Prospective randomized clinical trial of the value of
intraperitoneal drainage after pancreatic resection. Ann Surg 234:487–93

17. Melloul E, Lassen K, Roulin D, et al (2020) Guidelines for Perioperative Care for
Pancreatoduodenectomy: Enhanced Recovery After Surgery (ERAS) Recommendations 2019. World
J Surg 44:2056–84

1�. Maggino L, Malleo G, Bassi C, et al (2019) Identi�cation of an Optimal Cut-off for Drain Fluid
Amylase on Postoperative Day 1 for Predicting Clinically Relevant Fistula After Distal
Pancreatectomy: A Multi-institutional Analysis and External Validation. Ann Surg 269:337–43

19. Beane JD, House MG, Ceppa EP, et al (2019) Variation in Drain Management After
Pancreatoduodenectomy: Early Versus Delayed Removal. Ann Surg 269:718–24

20. Bertens KA, Crown A, Clanton J, et al (2017) What is a better predictor of clinically relevant
postoperative pancreatic �stula (CR-POPF) following pancreaticoduodenectomy (PD): postoperative
day one drain amylase (POD1DA) or the �stula risk score (FRS)? HPB (Oxford) 19(1):75–81

21. Giglio MC, Spalding DR, Giakoustidis A, et al (2016) Meta-analysis of drain amylase content on
postoperative day 1 as a predictor of pancreatic �stula following pancreatic resection. Br J Surg
103:328–36

22. Lee SR, Kim HO, Shin JH (2019) Signi�cance of drain �uid amylase check on day 3 after
pancreatectomy. ANZ J Surg 89:497–502

23. Mannem MK, NSN (2021) Postoperative Day 3 Drain Amylase (PoD3DA) vs Fistula Risk Score (FRS):
predicting clinically relevant postoperative pancreatic �stula (CR-POPF) following pancreatico-
duodenectomy (PD). HPB 23:s292

24. Bassi C, Marchegiani G, Dervenis C, et al (2017) International Study Group on Pancreatic S. The 2016
update of the International Study Group (ISGPS) de�nition and grading of postoperative pancreatic
�stula: 11 Years After. Surgery 161:584–91

25. Israel JS, Rettammel RJ, Leverson GE, et al (2014) Does postoperative drain amylase predict
pancreatic �stula after pancreatectomy? J Am Coll Surg 218:978–87

2�. Nissen NM, Menon V, Puri V (2012) A simple algoristhm for drain management after
pancreaticoduodenectomy. American Surg 78:1143–6

27. Villafane-Ferriol N, Van Buren G, Mendez-Reyes JE, et al (2018) Sequential drain amylase to guide
drain removal following pancreatectomy. HPB (Oxford) 20:514–20

2�. You Y, Han IW, Choi DW, et al (2019) Nomogram for predicting postoperative pancreatic �stula. HPB
(Oxford) 21:1436–45



Page 12/12

29. McMillan MT, Fisher WE, Van Buren G, et al (2015) The value of drains as a �stula mitigation
strategy for pancreatoduodenectomy: something for everyone? Results of a randomized prospective
multi-institutional study. J Gastrointest Surg 19:21–30

30. Kawai M, Tani M, Terasawa H, et al (2006) Early removal of prophylactic drains reduces the risk of
intra-abdominal infections in patients with pancreatic head resection: prospective study for 104
consecutive patients. Ann Surg 244:1–7

31. Yang JH Q, Wang C (2015) Postoperative drain amylase predicts pancreatic �stula in pancreatic
surgery: A systemic review and meta-analysis. Int Surg 22:38–45

32. Sutcliffe RP, Battula N, Haque A, et al (2012) Utility of drain �uid amylase measurement on the �rst
postoperative day after pancreaticoduodenectomy. World J Surg 36:879–83

33. Kawai M, Kondo S, Yamaue H, et al (2011) Predictive risk factors for clinically relevant pancreatic
�stula analyzed in 1,239 patients with pancreaticoduodenectomy: multicenter data collection as a
project study of pancreatic surgery by the Japanese Society of Hepato-Biliary-Pancreatic Surgery. J
Hepatobiliary Pancreat Sci 18:601–8


