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Background: The role of postoperative day 1 drain fluid amylase level in predicting clinically relevant
postoperative pancreatic fistula is under investigation. In a previous multicenter study conducted on 338
patients undergoing distal pancreatectomy, day 1 drain fluid amylase level has been correlated to the
development of a clinically relevant pancreatic fistula and an amylase value of 2,000 U/L was found to be
most predictive of the development of clinically relevant postoperative pancreatic fistula. Our objective
was to validate the previously established cutoff level for drain fluid amylase on postoperative day 1
after distal pancreatectomy as a predictor for clinically relevant postoperative pancreatic fistula using a
different patient population from the National Surgery Quality Improvement Program database.

Methods: We studied all patients undergoing distal pancreatectomy from the National Surgery Quality
Improvement Program pancreatectomy specific participant use file from 2014 to 2016. We applied the
day 1 drain fluid amylase level of 2,000 U/L cutoff to divide patients into 2 groups and compared clinical
outcomes in both groups. Among patients with a day 1 drain fluid amylase level < 2,000 U/L, we com-
pared the patient characteristics of those who developed a clinically relevant postoperative pancreatic
fistula to those who did not. Finally, to independently validate the previously defined day 1 drain fluid
amylase level, we proceeded to determine the optimal cutoff value of day 1 drain fluid amylase level,
which can be used as a predictor for the development of clinically relevant postoperative pancreatic fis-
tula after distal pancreatectomy using a receiving operating characteristic curve.

Results: A total of 1,007 patients underwent distal pancreatectomy. The mean day 1 drain fluid amylase
level was 4,290.04 + 8,492.35 U/L. Clinically relevant postoperative pancreatic fistula occurred in 203
patients (20.2%). Using bivariate analysis, patients with day 1 drain fluid amylase level > 2,000 U/L were
more likely to develop clinically relevant postoperative pancreatic fistula (32.5% vs 11.25%, P < .0001),
to have a higher mean number of days before drain removal (8.83 vs 5.59, P < .0001), to have a drain
30 days postoperatively (12.59% vs 3.63%, P < .0001), and to undergo percutaneous drainage (13.75% vs
9.69%, P=.04). Among patients with a day 1 drain fluid amylase level < 2,000 U/L, 11% of patients went
on to develop a clinically relevant postoperative pancreatic fistula. Analysis of this subgroup of patients
did not identify any discernable preoperative characteristics that were predictive of this complication.
Application of maximal Youden index calculated the day 1 drain fluid amylase level value at 2,000 U/L
with a sensitivity of 67.98% and a specificity of 63.81% for clinically relevant postoperative pancreatic
fistula, with a positive predictive value of 32.17%, a negative predictive value of 88.75%, and a Youden
index of 0.32.

Conclusion: Using a different population of patients and a different data set as well as an independent
analysis, we successfully validated a day 1 drain fluid amylase level of 2,000 U/L as striking the best bal-
ance in terms of sensitivity and specificity for the detection of clinically relevant postoperative pancreatic
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fistula. The identified cutoff might be employed in the design of a trial of early drain removal in patients
undergoing distal pancreatectomy.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Distal pancreatectomy (DP) is defined as the resection of that
portion of the pancreas extending to the midline and not including
the duodenum and the distal bile duct." Clinically relevant post-
operative pancreatic fistula (CR-POPF) remains the Achilles heel of
this operation because it occurs in 5% to 10% of patients, reaching
22% in some series,>> and contributes significantly to periopera-
tive morbidity. Pancreatic fistulas can lead to sepsis and hemor-
rhage if they are not adequately drained externally and have been
associated with prolonged hospitalization and mortality in 20% to
40% of cases.” Several risk factors have been associated with CR-
POPF after pancreatic resection, including high body mass index, a
soft pancreas, a narrow pancreatic duct, increased intraoperative
blood loss, prolonged operative time, and drain amylase >4,000
U/L on postoperative day 1.2:47 However, most of the available ev-
idence on the topic was derived from data on patients undergoing
pancreaticoduodenectomy. Because CR-POPF after DP has a differ-
ent cause and clinical manifestation, specific studies are needed to
guide surgeons regarding the true incidence of pancreatic fistula
and its optimal management.

After DP, the majority of surgeons place routinely closed suc-
tion drains to help manage a prospective pancreatic fistula in the
hope of converting the leak to a controlled fistula.® The Interna-
tional Study Group on Pancreatic Fistulas suggest that the drain
effluent amylase level should be routinely analyzed to determine if
a pancreatic leak is present.®!" As a result, CR-POPF has now been
redefined as a drain output of any measurable volume of fluid with
an amylase level >3 times the upper limit of institutional normal
serum amylase activity, associated with a clinically relevant devel-
opment or condition related directly to the postoperative pancre-
atic fistula."' Several studies have evaluated the measurement of
drain fluid amylase on postoperative day 1 (DFA1) and its ability
to predict pancreatic leak as well as guide drain management.5!2:13
These studies have suggested that a low DFAT1 is associated with a
low rate of pancreatic fistula and could be used as a guide for early
removal of the drain.3!2.13

A recent multi-institutional study conducted on 338 patients
who underwent DP investigated the relationship between DFA1
and CR-POPF after DP and identified a DFA1 of 2,000 U/L as the
optimal value for prediction of CR-POPE.'* Our aim in this study
was to validate these results in a different patient population and
a larger database by using the pancreatectomy participant use file
(PUF) in the American College of Surgeons National Surgery Qual-
ity Improvement Program (ACS-NSQIP) database.

Materials and methods
Data acquisition and patients

The ACS-NSQIP database is a prospective validated outcomes
registry designed to provide feedback to member hospitals
about 30-day risk-adjusted surgical morbidity and mortality and
includes anonymized data for patients’ demographic character-
istics, functional statuses, admission sources, preoperative risk
factors, laboratory data, perioperative variables, and 30-day post-
operative outcomes for patients undergoing major surgery in
more than 500 participating non-Veterans’ Affairs administration

hospitals.’>!® The ACS-NSQIP methodology has previously been
described in detail.'”

For this study, we used the ACS-NSQIP procedure targeted
PUF from 2014 to 2016 and extracted all distal pancreatectomy
(DP) procedures using current procedural terminology (CPT) 48140,
48145, and 48146. Only patients who had a DFA1 recorded were
included in the analysis. According to the NSQIP regulations, all pa-
tients who were less than 18 years of age, assigned with American
Society of Anesthesiologists score of 6 (brain-death organ donors),
underwent hyperthermic intraperitoneal chemotherapy, presented
for transplant procedure, or underwent DP because of an occur-
rence or complication before the procedure or trauma cases!'’!8
were excluded.

Definitions and outcomes

The primary outcome in this study was the development of a
pancreatic fistula after DP. A pancreatic fistula is defined in the
NSQIP as follows:

1. If the surgeon gave the clinical diagnosis along with one
of the following: Patient was on nothing by mouth/total
parenteral nutrition, drain continued for more than 7 days,
percutaneous drainage was performed, reoperation was per-
formed, or a spontaneous wound drainage occurred.

2. Persistent drainage along with one of the following: Patient
was on nothing by mouth/total parenteral nutrition, drain
continued for more than 7 days, percutaneous drainage per-
formed, or reoperation was performed.

The highest DFA1 was recorded and analyzed. All relevant de-
mographic and clinical data, such as age, sex, and race, along with
pancreatic duct size, gland texture, histologic subtype, and type of
surgery were included in the analysis.

Analysis

Clinical variables of patients undergoing DP with a recorded
DFA1 were analyzed. To evaluate the validity of the previously
identified DFA1 of 2,000 U/L, we used it to divide the NSQIP pop-
ulation into 2 groups and compared the clinical outcomes across
these 2 groups especially as they pertain to the development of a
pancreatic fistula and the duration of drain placement.

Among patients with a DFA1 of < 2,000 U/L, we identified 11%
of patients who went on to develop a CR-POPF. We performed an
analysis of all the preoperative patient characteristics for the pop-
ulation of patients with a DFA1 < 2,000 U/L, comparing those who
developed a CR-POPF versus those who did not to identify if there
were any unique characteristics or predictive risk factors for these
patients to develop a CR-POPF despite a DFA1 < 2,000 U/L.

Furthermore, to independently validate the previously defined
DFA1 level, we proceeded to determine the optimal cutoff value
of DFA1 level, which can be used as a predictor for the develop-
ment of CR-POPF after DP using a receiving operating character-
istic curve. The area under the curve was calculated to evaluate
the overall prognostic performance of the DFA1 level in the NSQIP
population.
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Table 1

Demographic and clinical characteristics of the study set

All (N = 1007)

Age
Sex, female
Race, white
Disseminated cancer
Steroid use for chronic condition
Bleeding disorders
ASA classification
LIl
1, IV
Chemotherapy within 90 days
Radiation therapy within 90 days
Operative approach
Laparoscopic
Laparoscopic w/ open assist
Open (planned)
Robotic
Other
Pancreatic Duct Size*
<3 mm
3-6 mm
>6 mm
Pancreatic gland texture*
Soft
Intermediate
Hard
Drain still present at POD 30
Pancreatic fistula
Delayed gastric emptying
Percutaneous drainage

60.44 + 14.42
550 (54.6)
832 (88.8)

63 (6.3)

44 (4.4)

31 (31)

323 (32.2)
679 (67.8)
146 (14.6)
68 (6.8)

294 (29.2)
92 (9.1)
437 (43.4)
102 (10.1)
82 (8.2)

150 (60.0)
56 (22.4)
44 (17.6)

266 (57.3)
39 (8.4)
159 (34.3)
75 (7.4)
203 (20.2)
35 (3.5)
115 (114)

If malignant disease, indicate histologic subtype

Pancreatic adenocarcinoma
Neuroendocrine nonfunctioning
Neuroendocrine functioning
IPMN, invasive
Cystadenocarcinoma

Other type

284 (51.1)
127 (22.8)
49 (8.8)
28 (5.0)

2 (0.4)

66 (11.9)

If benign disease, indicate histologic subtype

Chronic pancreatitis
IPMN, noninvasive
Mucinous cystic neoplasm
Serous cystadenoma
Neuroendocrine w/ no metastases
Solid pseudopapillary neoplasm
Other
Duration of total hospital stay
Highest drain amylase (IU) POD 1

No. of days for last pancreatic drain removal after surgery

109 (21.4)

105 (20.6)

94 (18.5)

52 (10.2)

48 (9.4)

16 (31)

85 (16.7)

6.77 + 5.83
4,290.04 + 8,492.35
6.92 + 6.06

* Indicates factors with missing data.

ASA, American Society of Anesthesiologists; IPMN, intraductal papillary-mucinous neo-
plasm of the pancreas; POD, postoperative day.

Ethical consideration

This study was designated exempt from review by the Institu-
tional Review Board at the American University of Beirut Medical
Center because the ACS-NSQIP PUF database is deidentified, pub-
licly available, and Health Insurance Portability and Accountability
Act compliant.

Results

Between 2014 and 2016, 1,012 patients who underwent DP and
had a valid DFA1 were enrolled in the pancreatectomy PUF file
and subject to this analysis (Table 1). Women and whites consti-
tuted most of the studied population with 54.6% and 88.8%, respec-
tively. The average age was 60.41 + 14.42. Minimally invasive distal
pancreatectomy procedures (lap assisted, laparoscopic, and robotic)
were slightly more common than their open counterpart, 48.4%
vs 43.6%. Pancreatic adenocarcinoma and neuroendocrine tumors

accounted for the majority of the malignant indications (73.9%),
whereas chronic pancreatitis was the most common benign pan-
creatic pathologic condition (21.4%). A total of 57.3% of patients
were described as having a soft pancreas and 60% had a pancreatic
duct size of <3 mm. CR-POPF occurred in 203 patients (20.2%). It
was managed by percutaneous drainage in 115 cases (11.4%). The
average of the highest DFA1 was 4,290.04 + 8,492.35 U/L. The av-
erage length of hospital stay was 6.77 + 5.83 days. The pancreatic
drain was kept for an average of 6.92 + 6.06 days with only 75
patients (7.4%) having a pancreatic drain present at postoperative
day 30.

The mean DFA1 level in patients who did not develop a CR-
POPF was 3,164.10 + 6,225.70 U/L, which is significantly different
from those who developed a CR-POPF, with a mean of 8,882.10 +
13,395.00 U/L (P < .0001). Similarly, the mean number of days the
drain was kept in place after the operation was significantly higher
in the patients who developed CR-POPF with 14.52 + 7.77 com-
pared with 5.58 + 4.54 days (P < .0001).
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Table 2
Development of CR-POPF at DFA1 cutoff level of 2,000 U/L
Amylase
<2,000 U/L >2,000 U/L P
(n = 578) (n = 429)
Age 61.67 + 14.24 58.69 + 14.5 .0012
Sex, female 312 (53.98) 238 (55.48) .65
Race, white 478 (89.01) 354 (88.5) .83
Disseminated cancer 40 (6.92) 23 (5.36) .36
Steroid use for chronic condition 25 (4.33) 19 (4.43) 1
Operative approach
Laparoscopic 142 (24.57) 152 (35.43)
Laparoscopic with open assist 42 (7.27) 50 (11.66)
Open (planned) 287 (49.65) 150 (34.97)
Robotic 64 (11.07) 38 (8.86)
Pancreatic gland texture
Soft 141 (54.65) 125 (60.68) A4
Intermediate 24 (9.3) 15 (7.28)
Hard 93 (36.05) 66 (32.05)
Drain still present at POD 30 21 (3.63) 54 (12.59) <.0001
Pancreatic fistula 65 (11.25) 138 (32.17) <.0001
Percutaneous drainage 56 (9.69) 59 (13.75) .04
Duration of total hospital stay 7.03 + 6.67 6.43 + 4.44 11
No. of days for last pancreatic drain removal after surgery  5.59 + 4.75 8.83 + 714 <.0001

Highest drain amylase (IU) POD 1

624.07 + 57412 9,229.3 + 1,1246  <.0001

POD, postoperative day.

Using DFA1 > 2000 U/L as a cutoff

To validate previous studies that suggested DFA1 of more than
2,000 U/L as a cutoff, we divided our population into 2 different
groups based on their DFA1 levels (Table 2). Using bivariate anal-
ysis, patients with DFA1 levels > 2,000 U/L were more likely to
develop CR-POPF (32.17% vs 11.25%, P < .0001), to have a higher
mean number of days before drain removal (8.83 vs 559, P <
.0001), to have a drain 30 days postoperatively (12.59% vs 3.63%, P
< .0001), and to undergo percutaneous drainage (13.75% vs 9.69%,
P=.04). There was no significant difference regarding sex, race,
disseminated cancer, steroid use for chronic condition, and history
of bleeding disorder between the 2 groups (Table 2).

Comparing patients with DFA1 < 2,000 U/L who developed a
CR-POPF versus those who did not

There were overall no statistically significant differences in
overall preoperative risk factors between the group of patients
with a DFA1 < 2,000 U/L who developed a CR-POPF and those
who did not (Table 3). Operative time was noted to be signifi-
cantly longer in the subgroup of patients who developed a pan-
creatic fistula. The main significant postoperative differences were
the presence of delayed gastric emptying, requirement for percuta-
neous drainage, and higher percentage of patients who kept their
drains for longer than 30 days among those who developed a leak.
Duration of stay was also significantly longer in patients who de-
veloped a pancreatic fistula.

Derivation of the cutoff of DFA1 for CR-POPF prediction

We defined sensitivity as the fraction of the occurrence and
specificity as the fraction of the absence of CR-POPF after DP that
could be correctly identified by the method. Sensitivity, specificity,
negative predictive value (NPV), and positive predictive value (PPV)
along with Youden’s index of various cutoffs for DFA1 were tested,
as summarized in Table 4.

This analysis found a statistically significant area under the
curve of 0.703 with a standard error of 0.021 and P < .0001 (95%
confidence interval 0.662-0.744) (Fig. 1). The subsequent applica-
tion of maximal Youden index calculated the DFA1 level value at

1.0M
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c
@
9 04
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1 - Specificity

Fig. 1. Receiver operating characteristic curve of postoperative day 1 drain fluid
amylase levels.

2,000 U/L with a sensitivity of 67.98% and a specificity of 63.81%
for CR-POPF, with PPV and NPV of 32.17% and 88.75%, respectively,
and a Youden index of 0.32. Notably, it split the study population
equally, because 57.1% of the patients had a DFA1 < 2,000 U/L.

Discussion

Pancreatic fistula is the most common complication after DP,
occurring in 3% to 26% of cases.!: 1921 Several studies have tar-
geted this problem and tried to identify risk factors for the devel-
opment of CR-POPF after DP. So far, the most significant indica-
tor seems to be DFA1 level, and previously described cutoff levels,
above which patients are more likely to develop CR-POPF, range
between 90 and 5,000.'422-24 Most previous studies have derived
their results based on a small number of cases, which may explain
also the wide range of the proposed DFA1 cutoff levels. The largest
multicenter study on this topic, by Maggino et al.,'* investigated
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Table 3
Comparison between patients with DFA1 < 2,000 U/L who developed CR-POPF versus those who
did not
Pancreatic fistula
NoN=513 YesN=65 P
Sex, female 278 (54.2) 34 (52.3) 77
Race, white 423 (88.9) 55 (90.2) .76
Diabetes mellitus with oral agents or insulin 129 (25.2) 7 (26.2) .86
Current smoker within 1y 101 (19.7) 15 (23.1) .52
Dyspnea 30 (5.9) 7 (10.8) 17
History of severe COPD 23 (4.5) 6 (9.2) 12
Hypertension requiring medication 260 (50.7) 34 (52.3) .80
Disseminated cancer 36 (7.0) 4 (6.2) 1.00
Steroid use for chronic condition 23 (4.5) 2(31) 1.00
>10% loss body weight in last 6 months 35 (6.8) 5(7.7) .79
Bleeding disorders 18 (3.5) 0 (0.0) 25
Transfusion >4 units PRBCs in 72 h before surgery 6(1.2) 0 (0.0) 1.00
Wound classification 34

Clean 40 (7.8) 2(31)

Clean/contaminated 414 (80.7) 55 (84.6)

Contaminated 47 (9.2) 5(7.7)

Dirty/infected 12 (2.3) 3 (4.6)

ASA classification .62

[ 3 (0.6) 0 (0.0)

11 134 (26.2) 13 (20.3)

11 338 (66.1) 48 (75.0)

v 36 (7.1) 3(4.7)
Chemotherapy within 90 days 92 (18.1) 14 (21.5) .50
Radiation therapy within 90 days 48 (9.5) 6(9.2) .95
Days from hospital admission to operation 35 (6.8) 2 (3.1) 42
Elective surgery 486 (94.7) 63 (96.9) .76
Preoperative obstructive Jaundice 4(0.8) 1(1.5) 45
Preoperative biliary stent 10 (2.1) 3(5.2) 17
Chemotherapy within 90 days 92 (18.1) 14 (21.5) .50
Radiotherapy within 90 days 48 (9.5) 6(9.2) .95
Operative approach 81

Laparoscopic 130 (25.3) 12 (18.5)

Laparoscopic with open assist 36 (7.0) 6(9.2)

Laparoscopic with unplanned conversion to open 34 (6.6) 4 (6.2)

Open (planned) 253 (49.3) 34 (52.3)

Robotic 55 (10.7) 9 (13.9)

Robotic with open assist 2 (0.4) 0 (0.0)

Robotic with unplanned conversion to open 3(0.6) 0 (0.0)

Pancreatic duct size .67

<3 mm 68 (54.8) 10 (55.6)

3-6 mm 37 (29.8) 4(22.2)

>6 mm 19 (15.3) 4(22.2)
Pancreatic gland texture .62

Soft 127 (54.3) 14 (58.3)

Intermediate 21 (9.0) 3 (12.5)

Hard 86 (36.7) 7 (29.2)
Pancreatic reconstruction 3(0.6) 1(1.6) 38
Gastrojejunostomy or duodenojejunostomy 3(1.2) 1(3.5) 36
Drain type 39

Biliary anastomosis 1(0.5) 0 (0.0)

Pancreatic & biliary anastomosis 3(1.3) 1(3.8)

Pancreatic anastomosis 33 (14.7) 2(7.7)

Pancreatic parenchyma 187 (83.5) 23 (88.5)
Vascular resection 46 (9.0) 12 (18.7) .01
Drain still present at POD 30 8 (1.6) 13 (20.0) <.0001
Delayed gastric emptying 7 (1.9) 9 (13.9) <.0001
Percutaneous drainage 32 (6.2) 24 (36.9) <.0001
If malignant disease, indicate histologic subtype .76

IPMN, invasive 14 (4.8) 2 (54)

Neuroendocrine functioning 16 (5.4) 3 (8.1)

Neuroendocrine nonfunctioning 50 (17.0) 4 (10.8)

Other type 34 (11.5) 3(8.1)

Pancreatic adenocarcinoma 181 (61.4) 25 (67.6)

T (tumor) stage .51

TO 4 (14) 0 (0.0)

T1 44 (15.8) 10 (28.6)

T2 64 (23.0) 7 (20.0)

T3 158 (56.8) 17 (48.6)

T4 5(1.8) 1(2.9)

Tis 1(0.4) 0 (0.0)

Tx 2(0.7) 0 (0.0)

(continued on next page)
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Table 3 (continued)

Pancreatic fistula

No N = 513 Yes N = 65 P

N (node) stage 74

NO 166 (60.1) 20 (58.8)

N1 101 (36.6) 12 (35.3)

Nx 9(3.3) 2 (5.9)
M (metastases) stage 49

MO/Mx 206 (90.7) 24 (85.7)

M1 21 (9.3) 4 (14.3)
If benign disease, indicate histologic subtype 94

Chronic pancreatitis 66 (26.8) 9 (26.5)

IPMN, noninvasive 49 (19.9) 7 (20.6)

Mucinous cystic neoplasm 36 (14.6) 5(14.7)

Neuroendocrine with no metastases 21 (8.5) 1(29)

Other 44 (17.9) 7 (20.6)

Serous cystadenoma 27 (11.0) 5(14.7)

Solid pseudopapillary neoplasm 3(1.2) 0 (0.0)
If benign, tumor size 15

<2 cm 38 (25.2) 9 (45.0)

2-5 cm 82 (54.3) 9 (45.0)

>5 cm 31 (20.5) 2 (10.0)
Age 61.72 + 14.26 61.26 + 14.21 .81
BMI 27.89 £+ 6.23 28.52 £ 6.36 45
Preoperative serum sodium 139.18 + 3.04 139.54 + 3.30 38
Preoperative BUN 15.42 + 6.91 14.53 + 4.97 21
Preoperative serum creatinine 0.94 + 0.82 0.82 + 0.20 .01
Preoperative serum albumin 4.02 + 053 4.01 + 048 .88
Preoperative total bilirubin 0.53 + 0.31 0.51 £ 0.26 .65
Preoperative AST 24.57 + 16.27 24.44 + 1097 .94
Preoperative alkaline phosphatase 87.36 + 48.06 85.61 + 26.58 .68
Preoperative hematocrit 38.75 £ 5.41 39.23 £ 413 41

Preoperative platelet count

Total operation time

Duration of total hospital stay
Highest drain amylase

POD 2-POD 30 (IU)

No. of days with highest amylase
Level after surgery

No. of days for last pancreatic drain removal after surgery

Highest drain amylase (IU) POD 1

229.21 + 100.27
245.24 + 106.98

240.84 + 95.07 .38
285.48 + 117.27 .004

6.71 + 6.31 9.52 + 8.66 .01

483.81 + 19019 18,999 + 30,523 <.0001
2,65 + 2.14 8.44 + 7.58 <.0001
5.02 + 3.72 11.73 + 8.66 <.0001

616.84 + 579.69  681.14 + 528.80 39

ASA, American Society of Anesthesiologists; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood
urea nitrogen; COPD, chronic obstructive pulmonary disease; IPMN, intraductal papillary-mucinous neoplasm of
the pancreas; MIS, minimally invasive surgery; POD, postoperative day; PRBC, packed red blood cells.

Table 4

Analyzing different cutoff values, using sensitivity, specificity, negative predictive value, positive predictive value, and Youden index

Amylase cutoff  Sensitivity Specificity Youden index  Positive predictive value  Negative predictive value
500 84.73 (78.87-89.24)  34.95 (31.67-38.37)  0.20 24.75 (21.62-28.16) 90.06 (86.06-93.05)
1000 75.86 (69.27-81.45)  47.39 (43.90-50.91)  0.23 26.69 (23.16-30.53) 88.60 (85.12-91.37)
1500 7143 (64.60-7742)  56.09 (52.58-59.55)  0.27 29.12 (25.20-33.36) 88.60 (85.44-91.17)
2000 67.98 (61.02-74.24) 63.81 (60.36-67.12) 0.32 32.17 (27.81-36.85) 88.75 (85.82-91.16)
2500 60.59 (53.48-67.29)  70.27 (66.96-73.39)  0.31 33.98 (29.16-39.14) 87.60 (84.74-89.99)
3000 57.14 (50.02-63.99) 73.88 (70.67-76.86)  0.31 35.58 (30.43-41.08) 87.22 (84.43-89.59)
3500 55.17 (48.05-62.09)  75.62 (72.47-78.52)  0.31 36.36 (31.03-42.04) 86.98 (84.21-89.34)
4000 52.22 (45.12-59.22)  78.98 (75.96-81.71)  0.30 38.54 (32.81-44.60) 86.75 (84.03-89.08)
4500 48.28 (41.26-55.36)  81.59 (78.70-84.18) 0.30 39.84 (33.73-46.27) 86.20 (83.50-88.53)
5000 46.30 (39.34-53.41)  83.08 (80.27-85.57)  0.29 40.87 (34.51-47.54) 85.97 (83.28-88.30)

338 patients with DP and proposed 2,000 U/L as an optimal cutoff
value in predicting CR-POPF and used a validation set of another
166 patients to validate their results.”* Our data using the NSQIP
targeted pancreatectomy PUF data set from 2014-2016 included
more than 1,000 patients who underwent DP; all of them had a
valid DFA1, which therefore would represent the largest study pop-
ulation of DP focusing on a specific DFA1 cutoff value. Compared
with the validation set used by Maggino et al.,'* our data are more
complete. Only 166 patients (50%) of the validation set used by
Maggino et al.'* had DFA1 recorded. Moreover, out of the 166 pa-
tients, 71.7% of the patients had DFA1 < 2,000 U/L, thus splitting
the validation set unevenly.

Using the DFA1 of 2,000 U/L as a cutoff, as suggested by Mag-
gino et al,'* we confirmed that patients presenting with a DFA1
level > 2,000 U/L have a significantly higher chance of developing
CR-POPFE. In our study population 65 patients (11.25%) with DFA1
level < 2,000 U/L developed CR-POPF compared with 138 of those
who had DFA1 > 2,000 U/L (32.17%). In our data set a DFA1 of
2,000 U/L had the highest sensitivity and specificity (67.98% and
63.81%, respectively) for the detection of CR-POPF. Moreover, it has
a high NPV of 88.7, making it easier to identify patients with low
risk of developing CR-POPF. A total of 57.1% of patients had DFA1 <
2,000 U/L, making them potentially suitable for early drain removal
and possible accelerated postoperative recovery pathways. Despite
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this statistically significant result, we understand the clinical man-
agement of patients with DP still represents a complex challenge
and clinical decisions of early drain removal mat not be solely
based on DFAT1 level values. If all patients with DFA1 < 2,000 U/L
were assumed to be safe from developing a CR-POPF and had their
drain removed, 65 patients would have been misleadingly classi-
fied because these patients would have had their drain removed
and still developed a CR-POPFE. Although by applying this cutoff
level of 2,000 U/L, we would be able to reduce the cases where
the drain is kept to 42.9% of all patients who had DP (n=434), we
would be achieving this reduction at the cost of 65 patients (6.4%)
who would have their drain removed and still develop CR-POPF.
Indeed, this illustrates the fact that DFA1 is a modest predictor of
CR-POPF with a maximum positive predictive value of 40%, irre-
spective of cutoff used. On the other hand, its NPV is not signifi-
cantly compromised by increasing cutoff levels.

To further validate the previously determined cutoff DFA1 level,
we conducted a sensitivity analysis of the DFA1 using Youden
index and receiving operating characteristic analysis. Although
DFA1=2,000 U/L meets the selection criteria of ideal balance be-
tween sensitivity and specificity, lowering the DFA1 cutoff value
may be more relevant clinically. As a matter of fact and as demon-
strated in Table 3, the lower the DFAT1 level, the higher the sensi-
tivity for the detection of CR-POPF. If we use a DFA1 of 500 UJL,
the sensitivity reaches almost 85% and the NPV is >90%, which
may be a more clinically relevant target to guide actual decision
making such as early drain removal, accelerated recovery path-
ways, and early discharge planning, because this will permit an
unnecessary prolonged drainage that might itself increase postop-
erative morbidity.>>%% This increased sensitivity comes at the ex-
pense of lower specificity, which has little impact on actual clinical
decision-making.

The routine use of drains after distal pancreatectomy and its
potential impact on postoperative outcomes as well as incidence
of pancreatic fistula remains in itself a subject of intense debate.
Despite significant evidence from randomized controlled trials in-
dicating the lack of benefit of routine intraperitoneal drainage af-
ter distal pancreatectomy,?’%® the practice of placing drains in the
postoperative period remains very common in surgical practice to-
day. Reasons for the continued routine use of drains after pancre-
atic surgery are many and include lack of awareness, lack of trust
in the strength of the data, and surgeon habit. When drains are
placed postoperatively, there is currently little guidance regarding
the optimal timing for their removal. The use of a DFA1 level of
2,000 U/L as an outline in this and other studies may help guide
early drain removal.

In addition to its retrospective nature, one of the limitations
of the study is that it employed a different definition of CR-
POPF than that in the multicenter trial. The definition of CR-
POPF in the NSQIP database is based on surgeon’s judgment
along with more than 1 week of persistent drainage, total par-
enteral nutrition use, or percutaneous drainage requirement. Mag-
gino et al."* used a more stringent definition in accordance with
the 2016 International Study Group of Pancreatic Fistula consen-
sus definition.’* Nevertheless, the prevalence of CR-POPF was the
same (20.6%) in both of our development cohorts. The 2,000 U/L
DFA1 cutoff still remained the best significant statistical compro-
mise in our study. Giglio et al.>® have suggested in their meta-
analysis adopting 2 cutoff values, the lower to improve sensi-
tivity (rule-out value) and the higher to improve the specificity
(rule-in value).

In conclusion, we have effectively validated the DFA1 amylase
level of 2,000 in patients undergoing DP using the NSQIP database
population. The study results are strengthened by the strict data
collection methodology of the ACS-NSQIP database and its large
number of patients with complete data available for analysis. This

study represents the largest population study to date on the sub-
ject. A DFA1 level of 2,000 U/L strikes the best balance in terms
of sensitivity and specificity for the detection of CR-POPF. In the
model we presented, the analysis was based on finding the best
combination of sensitivity, specificity, NPV, and PPV. The identified
cutoff may be used in the design of a trial of early drain removal
in patients undergoing DP.
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