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Intra-operative amylase in peri-pancreatic fluid
independently predicts for pancreatic fistula post
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Abstract

Background: Post-operative pancreatic fistula (POPF) is a common and potentially life-threatening

complication following pancreaticoduodectomy. The aim of this study was to assess the predictive

value of intra-operative amylase concentration (IOAC) in peri-pancreatic fluid after resection for the

diagnosis of POPF.

Methods: Consecutive patients who underwent a pancreaticoduodectomy between September 2014

and October 2015 were included in the analysis. IOAC was measured intraoperatively followed by drain

fluid analysis for amylase on post-operative days (POD) 1, 3 and 5. Receiver operator characteristic

(ROC) analysis was performed to evaluate the discriminative capacity of IOAC as a predictor of POPF.

Results: IOAC was measured after pancreaticoduodectomy in 62 patients. The IOAC correlated

significantly with i) POD 1 and 3 drain amylase (p < 0.01), ii) the development of POPF (p < 0.01), iii) the

development of clinically relevant fistula (Type B, C) (p < 0.01), iv) delayed gastric emptying (p < 0.01),

and v) grade of complication as per the Clavien-Dindo definition (p = 0.02). ROC curve analysis confirmed

the predictive relationship of IOAC and POPF as a good test with an area under the curve of 0.93, 95% CI

0.87–0.99, p < 0.01. In patients with IOAC of 200 U/L or higher the POPF rate was 80% (OR = 50.1,

p < 0.0001).

Discussion: Measurement of IOAC allows early and accurate categorization of patients at risk for

POPF.
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Introduction

Despite a multitude of technical studies by pancreatic surgeons,
post-operative pancreatic fistula (POPF) continues to be a
common and potentially life-threatening complication following
pancreatic surgery.1–3 The rate of POPF is variably reported
between 20 and 50%, and clinically relevant POPF can be
associated with severe short and long term morbidity and
mortality.4,5
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Recent studies have focused primarily on defining and
predicting POPF. Controversy still remains regarding prophy-
lactic drainage and its indications.5,6 The International Study
Group for Pancreatic Fistula (ISPGF) has recently standardized
the definition of POPF.7 This definition is based on the con-
centration of amylase in drain fluid (or aspirated intra-
abdominal fluid) on the third post-operative day. Theoretically,
this would suggest that the POPF becomes established over the
first three post-operative days. A more recent study by Fong et al.
has shown that the amylase concentration in the drain on the
first operative day can be used to predict the formation of a
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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POPF.8 This finding suggests an earlier onset of the POPF. Other
factors known to contribute to the development of a POPF are a
soft pancreas, small (<3 mm) duct, pathology other than
pancreatic adenocarcinoma and increased blood loss.9–11 Callery
et al. established the Fistula Risk Score (FRS) based on the
presence or absence of these very factors for the development of
POPF.12

We hypothesized that a leak of pancreatic enzymes following a
pancreaticoduodectomy (PD) is immediate, and therefore intra-
operative amylase concentration (IOAC) in the peri-pancreatic
fluid will be predictive of the formation of a POPF. The pri-
mary aim of this study was to assess the predictive value of IOAC
after PD for the development of POPF. The secondary aims of
this study were to analyse the correlation of IOAC with post-
operative morbidity, to identify independent prognostic factors
for POPF and to determine an IOAC threshold value for POPF
prediction.
Table 1 Patient characteristics

Total N [ 62 %

Gender

Male 31 50.0%

Age, in years, Mean, ±SD 64 (14.1)

ASA classification

1,2 44 71.0%

3 18 29.0%

Diabetic, yes 8 12.9%

Current smoker, yes 4 6.5%

Diagnosis

Pancreatic adenocarcinoma 41 66.1%

Neoadjuvant therapy 22/41

IPMN 6 9.7%

Ampullary 4 6.5%

Other 12 17.7%
Methods

Data collection
Clinicopathologic data was prospectively collected from
consecutive patients undergoing PD at the Royal North Shore
Campus (Royal North Shore Hospital; North Shore Private
Hospital; University of Sydney) between September 2014 and
October 2015. All operations were performed by one of two
surgeons involved in the study (JS and AM). This study was
approved by the Northern Sydney Local Health District, Human
Research Ethics Committee.

Surgical technique
PD was performed as previously described.13,14 The pancreatic
anastomosis was performed using either a ‘duct to mucosa’ or
‘dunking’ technique based on surgeon preference. Both of these
anastomotic techniques have been previously described in the
literature.15 Prior to closure of the abdomen two surgical drains
were placed. One drain anterior to the pancreaticojejunostomy
and one drain posterior to the hepaticojejunostomy. Immedi-
ately after the operation, the attending surgeon completed a
short questionnaire documenting the type of type of anasto-
mosis, consistency of the remnant pancreas (soft, normal or
firm), and the size of the pancreatic duct. To identity patients
with increased risk of POPF the FRS was also recorded for each
patient.

Fluid collection
Intraoperative peri-pancreatic fluid was collected in a standard-
ized manner. The standardized procedure was as follows: after
the pancreaticojejunostomy and hepaticojejunostomy were
completed, the peri-pancreatic space was irrigated with 200 ml of
saline, and then this fluid was suctioned and disposed of. Three
millilitres of newly developed intraoperative peri-pancreatic fluid
was collected from superior, inferior and posterior aspects of the
HPB 2016, 18, 608–614 © 2016 International Hepato-P
pancreatic anastomosis after construction of the gastro-
enterostomy. This fluid was then sent for biochemical analysis.
Drain fluid amylase was measured on post operative days 1, 3 and
5 (POD 1,3,5). Each surgical drain was removed post-operative
as soon as amylase level in the drain fluid was less than 500 U/
L and drain production was less than 200 ml per day.

Definition and grading of complications
POPF was recorded and classified according to the ISGPF defini-
tion.7 Grade B and C POPF were classified as clinically relevant
POPF. Delayed gastric emptying and post-operative haemorrhage
were also recorded and classified according to the ISGPS defini-
tion.16,17 Postoperative complications within 30 days were graded
according to the Clavien-Dindo classification.18 Length of ICUstay
and overall hospital stay were also recorded. Individual FRS scores
were derived through the summation of each of the 4 weighted risk
factors. Calculated scores are then discredited and assigned to 1 of 4
risk zones: negligible risk, 0 points; low risk, 1 to 2 points;moderate
risk, 3 to 6 points; or high risk, 7 to 10 points.12

Statistical analysis
Data from patient characteristics, operative characteristics,
characteristics of the pancreas are represented in numbers and
percentages. Means with standard deviation or median values
with minimum and maximum values were presented, as
appropriate. c2 test or logistic regression were used to analyse
categorical variables. Continuous variables were compared using
the Student’s t-test for data with normal distribution, and
Mann–Whitney U test for data that were not. Correlation be-
tween IOAC and postoperative outcome was determined with a
Pearson correlation coefficient analysis.
The predicative capacity of IOAC for POPF development was

determined using receiver operating characteristic (ROC)
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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analysis as represented by the area under the curve (AUC).
AUC ranged from 0.5 to 1, with 0.5 representing no predictive
ability for the state variable, POPF positive. AUC greater than
0.7 represents good predictability, appearing as a curvilinear
plot on the graph. Based on the ROC curve coordinates the
most optimal cut-off point for IOAC predicting POPF was
determined. Predictive factors for POPF were further analysed
using univariate statistics. Multivariable binary logistic regres-
sion analysis was performed for variables selected by the uni-
variate analysis.
P values less than 0.05 were considered statistically signifi-

cant. All statistical analyses were performed using SPSS Version
21.0 (Statistical Package for the Social Sciences, Chicago,
Illinois).
Table 3 Morbidity and mortality

Total N [ 62 %

Any complication 26 51.0%

Delayed gastric emptying

Grade A 5 8.1%
Results

Patient characteristics and operative outcome
Sixty-two patients underwent a pancreatic resection between
September 2014 and October 2015. There were 31 men (50%)
and the median age of the cohort was 64 years (±SD 14)
(Table 1). The majority of patients (n = 41, 66.1%) underwent
surgery for pancreatic adenocarcinoma. Other diagnoses were
intraductal papillary mucinous neoplasms (n = 6, 9.6%),
ampullary tumour (n = 4, 6.5%), mucinous cystic neoplasm
(n = 2), tubulovillous adenoma (n = 2), cholangiocarcinoma
(n = 2), pancreatic neuroendocrine tumour (n = 2), mass
forming autoimmune pancreatitis (n = 2) and trauma (n = 1).
Operative characteristics are summarized in Table 2. The

consistency of the gland was recorded as soft in 24 patients
(38.7%), normal in 18 patients (29%) or firm in 20 patients
(32.3%). The median diameter of the pancreatic duct was 2 mm
with a range from 1 to 6 mm.
Based on the parameters of blood loss, gland texture, pa-

thology and the diameter of the pancreatic duct the overall FRS
in the present series was moderate with a median score of 4
(range 0–8).
Table 2 Operative characteristics

Total N[62 %

Blood loss [ml; mean ± SD] 478 ± 416

Consistency gland

Soft 24 38.7%

Normal 18 29.0%

Firm 20 32.3%

Pancreatic duct size [ mm; median, range] 2 (1–6)

Type of anastomosis

Duct to mucosa 45 72.6%

Dunking 17 27.4%

Fistula risk score [ median, range]* 4 (0–8)

*Fistula risk score, based on Callery MP et al.12
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Short term morbidity and mortality
Overall complications occurred in 33 patients (53.2%) (Table 3).
The majority of complications (n = 18, 29.0%) were Clavien-
Dindo grade 1 or 2. Severe complications (grade �3) occurred
in 15 patients (24.2%). Postoperative haemorrhage occurred in 7
patients (11.3%), delayed gastric emptying in 8 patients (12.9%)
and other complications such as bile leak, cardiopulmonary
complications, wound infection and re-admission in 18 patients
(29%). In hospital mortality occurred in one patient secondary
to a medical complication (myocardial infarction).

Postoperative pancreatic fistula
The overall grade A pancreatic fistula rate was 35.3% (n = 22).
The grade B pancreatic fistula rate was 9.7% (n = 6) and one
patient (1.6%) sustained a grade C fistula.

Intraoperative and postoperative amylase levels
The median IOAC was 265 U/L (range 6 U/L–73,992 U/L). In
patients without POPF, the median IOAC was significantly lower
than in patients with POPF (34 U/L vs 618 U/L, p < 0.01) (Fig. 1).
The IOAC correlated significantly (Pearson correlation) with i)

POD1 and 3 drain amylase (p<0.01), ii) the development of POPF
(p = 0.05), iii) the development of clinically relevant fistula (Type
B,C) (p < 0.01), iv) delayed gastric emptying (p < 0.01) and v)
complication grade (as per theClavien-Dindo definition; p=0.02).

ROC-curve analysis for IOAC, FRS and optimal cut off
for intraoperative amylase level
Fig. 2 illustrates the ROC-curve for IOAC and development of
POPF. The ROC shows an AUC 0.93, 95% CI 0.87–0.99,
Grade B 3 4.8%

Postoperative haemorrhage

Grade B 5 8.1%

Grade C 2 3.2%

POPF

Grade A 22 35.5%

Grade B 6 9.7%

Grade C 1 1.6%

Grade of complications

<3 18 29.0%

�3 15 24.2%

In hospital mortality 1 1.6%

LOS days (median, range) 15 (4–106)

LOS, Length of hospitalization.

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Median values of amylase. Vertical bars show 25th and 75th percentiles
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p < 0.01. Based on the ROC, an IOAC of 200 U/Lwas determined
to be an optimal cut-off value for predicting POPF. Twenty-seven
patients (43.5%) had an IOAC of less than 200 U/L and POPF
developed in only 2 (7.4%) cases, whereas in patients with IOAC
of 200 U/L or higher (n = 35) the POPF rate was 80%
(OR = 50.1, p < 0.0001). An IOAC <200 U/L has a negative
predictive value for the development of POPF of 93% (sensitivity
93%, specificity 78%). ROC analysis for IOAC and clinically
relevant POPF (type B, C) shows an AUC of 0.83 (95% CI
Figure 2 ROC curve for POPF. Area under the curve of 0.93, 95%

CI 0.87–0.99, p < 0.001
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0.69–0.96, p < 0.01). The ROC analysis for the FRS and devel-
opment of POPF shows an AUC of 0.71 (95% CI 0.58–0.84,
p < 0.01). ROC analysis for the FRS and clinically relevant POPF
(type B, C) shows a similar AUC of 0.71 (95% CI 0.54–0.86,
p < 0.01).

Predictors for POPF in PD patients
Univariate and multivariable analyses for POPF in PD patients
are summarized in Table 4. A soft pancreas (OR 2.6, 95% CI
0.9–7.3), a small duct (<3 mm) (OR 5.2, 95% CI 1.8–15.6),
dunking anastomosis (OR 0.2, 95% CI 0.1–0.7), pathology other
than pancreatic adenocarcinoma (OR 6.2, 95% CI 1.9–20.4),
FRS of intermediate-high (OR 4.0, 95% CI 1.4–11.8) and an
IOAC >200 U/L (OR 50.1, 95% CI 9.4–263.3) are associated
with POPF. Older age, male gender, higher ASA classification,
current smoking status, diabetes, neoadjuvant therapy and blood
loss >300 ml were not associated with POPF. A multivariable
analysis showed that an IOAC >200 U/L (OR 39.6, 95% CI
4.8–321) is the only independent predictor for POPF (p < 0.001)
in the present series.
Discussion

This is the first study to show that the immediate leak of
pancreatic enzymes after pancreaticojejunostomy can predict the
development of a pancreatic fistula. This finding represents a
paradigm shift in our understanding of the underlying patho-
physiology of POPF. The ability to identify patients intra-
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 Univariate and Multivariable analysis for Fistula in Pancreaticoduodenectomy patients (n = 62)

Factors Fistula n (%) Unadjusted odds ratio (95% CI) P valuea Adjusted odds ratio (95% CI) P valueb

Pancreatic characteristics

Consistency, normal/firm (n = 38) 15 (39)

Consistency, soft (n = 24) 15 (62) 2.6 (0.9–7.3) 0.08 2.3 (0.2–21.6) 0.45

Diameter duct �3 mm (n = 29) 8 (27)

Diameter duct <3 mm (n = 33) 22 (67) 5.2 (1.8–15.6) <0.01 2.0 (0.3–12.3) 0.44

Dunking anastomosis (n = 17) 13 (76)

DM anastomosis (n = 45) 17 (38) 0.2 (0.1–0.7) 0.01 0.4 (0.04–2.8) 0.32

Histopathology

Pancreatic adenocarcinoma
(n = 41)

14 (34) –

Other (n = 21) 16 (76) 6.2 (1.9–20.4) <0.01 3.2 (0.5–20.3) 0.22

Fistula risk score12

<4 (n = 27) 8 (30)

�4 (n = 35) 22 (63) 4.0 (1.4–11.8) 0.01 1.2 (0.12–12.2) 0.86

IOAC cut-off, <200 U/l (n = 27) 2 (7)

IOAC cut-off, �200 U/l (n = 35) 28 (80) 50.1 (9.4–263.3) <0.01 39.6 (4.8–321) <0.01

Factors analysed in univariate analysis that were not significant included age, gender, ASA classification, current smoker, diabetic, neoadjuvant
therapy, and blood loss >300 ml. DM = duct to mucosa. CI = confidence interval. IOAC = Intra operative amylase concentration. Fistula Risk
Score, based on Callery MP et al.12
a p value of binary logistic regression.
b p value of remaining significant independent variables after multivariable logistic regression analysis.
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operatively who have a leak of pancreatic enzymes and are likely
to develop POPF will potentially allow for individualized intra-
operative and post-operative decision making; including the
use of intra-abdominal drains and application of enhanced re-
covery protocols.
The current ISPGF definition of POPF focuses on drain fluid

amylase levels on the third post-operative day.7 However, pre-
viously published reports have shown that both intra-operative
factors and early analysis of drain fluid on the first operative
day can predict the eventual development of a POPF.8,19,20 For
example, Wada et al. reported the outcomes of their 266
consecutive patients in whom the pancreaticojejunostomy was
performed with surgical loupes (2.5× magnification) or with a
surgical microscope (12.5× magnification).20 The leak rate in the
loupes group was 15% vs. 2.9% in the microscope group
(p = 0.008). By using the microscope, they observed several
technical errors such as crossed sutures, subsequent needle
passage through the same area of the already-placed sutures, and
inappropriate tension on tissues. The conclusion of this study
was that enhanced vision provided by the surgical microscope
allowed precise construction of the anastomosis resulting in a
significant decrease in fistula rates. These observed technical
errors suggest that immediate pancreatic leaks and a subsequent
POPF is influenced by intra-operative factors.
The Verona group was the first to show the predictive value of

day 1 drain amylase measurement in a large cohort of patients.19
HPB 2016, 18, 608–614 © 2016 International Hepato-P
The ROC analysis reported in that study showed a very similar
outcome to the present study – an AUC of 0.92 (p < 0.01)
compared with an AUC of 0.93, p < 0.01 in the current study. For
further analysis in their 137 patients, the Verona group chose an
arbitrary cut-off for amylase concentration on POD1 of 5000 U/
L, based on the corresponding 70th percentiles of the amylase
concentration. In the present study, the cut-off value of 200 U/L
was based on the coordinates of the ROC curve which were
analysed to determine an optimal negative predictive value of
93% (95% CI 0.76–0.99). Patients with an IOAC below 200 U/L
are very low risk for the development of POPF. Predicting type B
or C fistulae is of most clinical relevance, as these fistulae are
associated with a high morbidity and are potentially life-
threatening. The present analysis has shown that PD patients
with an IOAC below 200 U/L are very low risk patients for
developing a clinically relevant fistula.
Massachusetts General Hospital confirmed the findings from

the Verona group in a validation study including only PD pa-
tients (n = 495).8 In this study the day 1 amylase value’s pre-
dictability was proven with an AUC from the ROC of 0.91 in a
training cohort (n = 126) and confirmed in the validation cohort
(n = 369) with an AUC of 0.85. Based on this analysis the authors
determined that an amylase level of 612 U/L or higher showed
the best sensitivity (93%) and specificity (79%) for predicting
POPF. In the subsequent multivariable analysis, it was shown
that a POD 1 drain amylase level of lower than 600 U/L had an
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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OR of 0.019 (p < 0.0001) and was a stronger predictor of the
absence of POPF than pancreatic gland texture (OR = 0.193,
p = 0.002) or duct diameter (OR = 0.861, p = 0.835). This
supports the findings in the present analysis where on multi-
variable analysis, the only independent predictor of POPF was
the IOAC.
It has recently been shown that the principles of enhanced

recovery can be applied in pancreatic surgery.21 The benefits of
enhanced recovery protocols in pancreatic surgery include re-
ductions in delayed gastric emptying, postoperative stay and
costs.22 This study shows that an IOAC >200 U/L correlates with
increased rates of post-operative complications including POPF,
delayed gastric emptying and other medical complications.
Therefore, patients with an IOAC <200 U/L could be enrolled in
an enhanced recovery program while those with an IOAC of
>200 U/L perhaps should have a more traditional recovery
program.
Several studies have reported the benefits of early drain

removal.19,23 Kawai et al. demonstrated a higher incidence of
postoperative abscess in patients with drains removed on day 8
compared to those removed on day 4 (38% vs 8%, p < 0.01).24 A
single centre study from Memorial Sloan Kettering showed no
difference in complication rates between the groups (63% vs
57% in the no-drain group, p > 0.05).23,25,26 However, a multi-
centre trial by Van Buren et al. randomized 137 patients to PD
with (n = 68) and without (n = 69) intraperitoneal drainage.27

This study showed that PD without intraperitoneal drainage
was associated with an increase in the number of complications
per patient (p = 0.029) and with a higher average complication
severity (p = 0.027). The authors concluded that elimination of
intraperitoneal drainage in all cases of PD increases the frequency
and severity of complications and therefore advocated selective
drainage. The use of IOAC with a cut-off of <200 U/L may be
used to identify patients who are unlikely to have a pancreatic
leak and thus drains can be avoided. Similarly, an IOAC >200 U/
L may indicate that placement of abdominal drains is indicated,
especially where other risk factors for POPF (e.g. soft pancreas)
are present.
Further research is required into the underlying pathophysi-

ology and classification of POPF. The current study demonstrates
that a leak of pancreatic enzymes post-resection is immediate.
However, there may be another group of patients in whom late
fistulas develop. Pratt et al. investigated latent pancreatic fistulas,
defined as fistulas which lacked an amylase-rich effluent on the
third post-operative day but ultimately exhibit the clinical find-
ings indicative of fistula or radiographic evidence of peri-
pancreatic fluid collections.28 In their series latent fistulas
occurred in five per cent of all resections and were associated
with more interventions, resulted in longer hospitalizations and
incurred greater hospital costs. Therefore, it could be hypothe-
sized that there are different types of POPF; the more common
immediate pancreatic leak/fistula and the less common delayed
or latent fistula. Patients with latent fistulae would not benefit
HPB 2016, 18, 608–614 © 2016 International Hepato-P
from surgical drainage as their day three drain amylase is by
definition low and surgical drains would have been removed per
protocol.
Although the present study has several limitations, it is the first

to show the benefit of measuring IOAC. Laboratory results of the
IOAC test were available before closure of the abdomen, which
would ideally facilitate IOAC being used to inform decision
making. Although this study is limited by small patient numbers,
the correlations are strong and outcomes are similar to previous
larger studies. The present study needs future validation in a
larger prospective cohort and preferably in another institution
for external validation.
In conclusion, the dogma that a POPF develops over time is

challenged by the current findings. Based on these results it could
be hypothesized that the present definition for POPF is static and a
sub-classification of immediate (high IOAC) and latent (sug-
gested by Pratt et al.) could be added. Further research is now
needed to ascertain if it is possible for the surgeon to individualize
decision making regarding insertion of abdominal drains and
enrolment in an enhanced recovery program based on the IOAC.
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