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ABSTRACT

Introduction For patients with periampullary tumors, the only treatment with curative intention is resection. One potentially serious
complication is a postoperative pancreatic fistula. The reported risk factors are a soft pancreas and a small pancreatic duct as well as overweight/
obesity. The aim of this study was to investigate the prognostic value for a postoperative pancreatic fistula of elevated drain amylase (>3 times
the upper limit in serum) on postoperative day 1. Results In total, 170 patients underwent a pancreaticoduodenectomy at Linkdping University
Hospital between 2011 and 2014; 27 patients (16%) had a postoperative complication = grade 3b, and the postoperative mortality was 3%.
The patients with elevated drain amylase on postoperative day one (n=65) had more complications (=3b) than the patients without elevated
levels (n=80), although the difference was not significant (p=0.054). Two patients (3%) without elevated amylase on postoperative day 1
developed postoperative pancreatic fistula (p<0.001) compared to 29 patients (45%) with elevated amylase. Conclusion Normal drain amylase
on postoperative day 1 is associated with a lower risk of postoperative complications than is elevated drain amylase. Elevated amylase in the
drain fluid on postoperative day 1 is significantly correlated with POPF and is associated with an increased risk of postoperative complications.

INTRODUCTION

For patients with periampullary tumors, including
pancreatic cancer, the only treatment with curative
intention is a radical pancreatico-duodenectomy[1].
Postoperative leakage from the pancreatic anastomosis
is a feared complication that might increase the risk of
postoperative morbidity and mortality and result in a
prolonged hospital stay. A commonly accepted definition
is leakage of drain fluid on postoperative day three or later,
with an amylase level of more than three times the upper
reference value in serum[2]. The leakage is graded from A to
C according to the symptoms and clinical effect. Grade A has
no effect on the clinical course, whereas grade C frequently
requires intensive care and even a reoperation. The term
POPF (postoperative pancreatic fistula) is typically used [2].

The risk of postoperative fistula might be correlated
to the texture of the pancreas and the diameter of the
pancreatic duct. The risk is increased with a soft pancreatic
texture and a duct diameter of 3 mm or less. The risk is
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further increased by the occurrence of both factors [3].
Other suggested risk factors are the volume of the remnant
pancreas and obesity [4, 5]. A system to stratify the risk
of anastomotic leakage based on the effects of body mass
index (BMI) and the diameter of the pancreatic duct on the
preoperative radiology results has been proposed. With
this scoring system, patients with obesity and a narrow
pancreatic duct have a high risk of POPF, whereas patients
with a main pancreatic duct diameter of more than 10 mm
have a low risk of POPF [6].

Increased amylase in the drain fluid on postoperative
day (POD) 2 and elevated C-reactive protein (CRP) on POD
3 arereported to be strong predictors for pancreatic fistula.
A postoperative CRP peak on POD 2 that falls thereafter
has been correlated with a low risk of postoperative
complications [7].

Pancreatic drains are postoperatively used to evacuate
pancreatic fluid and thereby reduce the harm of an
eventual pancreatic fluid leak. Drains might increase the
risk of complications, including infections. An unelevated
amylase value found on POD 1 could indicate that no
pancreatic anastomotic leakage is present.

A retrospective analysis of all the pancreaticoduodenec-
tomies performed between January 2011 and December 2014
at Linkdping University Hospital was performed. The primary
purpose was to evaluate the prognostic value of amylase in
the drain fluid on POD 1. A secondary aim was to further
validate the prognostic value of CRP for complications af-
ter the Whipple procedure.
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MATERIAL AND METHODS

All the patients operated on using the Whipple
procedure in the surgical department at Linkoping
University Hospital between January 2011 and December
2014 were included. The Whipple procedure was
performed as a classical Whipple operation or as a
pylorus-preserving procedure. For the classical Whipple
procedure, a gastroenteroanastomosis was antecolic
in all the cases, and the enteroenteranastomosis was
constructed with a linear stapler. The operations were
standard or radical pancreatoduodenectomies that
regularly included lymph node stations 12 (all) and 8p,
whereas stations 9 and 14 (v,c,d) as well as 15 were only
included when the nodes were found to be enlarged
[8]. Only the right side of the superior mesenteric
artery was regularly skeletonized. Regarding staging,
station 16b1 was regularly removed, whereas 16a2
was only removed upon the clinical suspicion of tumor
involvement. Resections of the portal vein/superior
mesenteric vein were performed when tumor invasion
was suspected. In most patients, pancreaticoenteric
reconstruction was performed with a two layer duct-
to-mucosa pancreaticojejunostomy, whereas some
reconstructions were performed with a purse-string
pancreaticojejunostomy [9, 10]. Biliary reconstruction
was achieved with an end-to side hepaticojejunostomy,
and bowel continuity was restored with a stapled side-
to-side gastrojejunostomy as well as a stapled side-to-
side enteroenterostomy. A drain was inserted through
a separate incision in the abdominal wall and placed in
the vicinity of the pancreaticojejunostomy and secured
with a non-absorbable suture in the skin. The drain
was postoperatively removed when the volume during
the past twenty-four hours was less than 200 mL and
amylase in the drain fluid was not elevated above 3x the
normal serum values.

The data regarding the demographic and surgery-
related variables as well as the postoperative data and
histopathology were retrospectively sampled from the
hospital records.

The postoperative complications are reported
according to the Clavien-Dindo score [11]. The results
are expressed as the median (range), if not otherwise
stated. The comparisons between the category variables
were performed with a x* test, and the comparisons
between the means were performed with a t-test.
For each variable only available patients are used for
statistical comparisons. The unit for amylase is pkat/L,
and the unit for CRP is mg/L. The risk factors for POPF
evaluated in this study included the pancreatic duct
width (> or < than 3 mm) and texture (soft or hard).
These factors were evaluated at the time of anastomotic
construction. The grading of POPF was conducted
according to the established criteria [2].

This study was approved by the local ethics committee
of southeast Sweden (Dnr 2015/161-31).

RESULTS

In total, 170 patients, 82 men and 88 women, 70 years
of age (28-84), were included. The ASA score was 2 (1-4),
and the preoperative BMI was 25 (16-39).

The operating time was 315 (111-817) minutes, and
the estimated blood loss was 500 (25-6500) mL. In total,
139 patients (82%) underwent a standard Whipple
procedure, 19 patients (11%) had a pylorus preserving
Whipple procedure and 12 patients (7%) were operated
on with a standard Whipple procedure and additional
organ resections. The hospital stay was 9 days (4-107).
Eighteen patients (11%) remained in the intensive care
unit (ICU) for 4.5 days (1-24).

The grades of the patient complications were as
follows: = grade of 3b in 27 patients (16%); grade 3b in
11 patients (7%); grade 4a in 7 patients (4%); grade 4a
in 4 patients (2%); and grade 5 in 5 patients (3%). Five
patients (3%) died during the hospital stay, and 4 patients
(2%) died within 90 days.

In total, 148 (87%) patients received a drain during
surgery, whereas 22 (13%) patients did not. The drain
amylase was measured on day one in 145 of the patients
(98%) who had received a perioperative drain. Therefore
the sample size for the primary outcome variable was 145
patients. The patients who did not receive a drain during
surgery were considered to have a low risk of developing
pancreatic fistula, on the basis of the texture of the pancreas
and the diameter of the pancreatic duct. Five (23%) of the
patients who did not receive a preoperative drain had
an ultrasonography (US)-guided drain postoperatively
on the suspicion of a pancreatic fistula, and 2 (9%) of
these patients had a confirmed fistula with elevated
amylase in the drain fluid, which were classified as
grade C fistulas.

In total, 23 patients had postoperative US-guided
drainage (4 of these patients had other complications
with a higher grade then 3a), and of those, 11 had elevated
amylase in the drain fluid (POPF).

The duration of drainage treatment was 4 (2-24) days
for the patients who received a perioperative drain and
5.5 (1-62) days for the patients who underwent US-guided
drainage postoperatively.

Comparison between Normal and Elevated Amylase in
the Drain Fluid on POD 1

In total, 80 patients (55%) had normal drain amylase
on POD 1, of whom 8 (10%) developed a postoperative
complication grade =3b and 2 (3%) developed a POPF.
None of the patients with a complication grade of 23b
had a POPF. The patients were subjected to computed
tomography when the clinical condition deteriorated,
any fluid collection were either US guided drained or if
the patient were reoperated upon and there were any
suspicion of leakage from the pancreaticojejunostomy a
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drain was inserted. Fluid from the drains were analyzed
for eventual amylase content.

The two patients with a POPF were classified as grade
A. In total, 65 patients (45%) had elevated amylase in the
drain fluid on POD 1. Of those, 14 (22%) patients had a
postoperative complication of 23b, and 10 of these had a
POPF of grade C. An additional 19 patients had a POPF, 12
of grade A and 7 of grade B (Figure 1). The difference in
the complication rate between the groups with normal and
elevated drain amylase on POD 1 did not reach statistical
significance (p=0.054); however, the difference in the
POPF rate was significant (p<0.001). Table 1 presents
these details.

In the group with normal drain amylase, 24 patients
(30%) had no obvious risk factors (soft texture or duct
diameter <3 mm) for a POPF, 22 (28%) patients had one
risk factor and 3 (4%) patients had two risk factors for a
POPF. Both patients who developed a POPF had one risk
factor each for a POPF. In the group with elevated drain
amylase, 14 (22%) patients had no described risk factor
for POPF, 21 (32%) had one risk factor and 12 (19%) had
two risk factors. The difference in the number of patients
with two risk factors is statistically significant (p=0.046).

The duration of perioperative drain placement was 4
(2-14) days in the group with normal amylase compared
to 5 (2-24) days in the group with elevated drain amylase
on POD 1. In the group with normal amylase, 5 patients
(6.3%) needed an US-guided drain, which was retained for
1 (1-22) day compared to 15 (1-63) days in the patients

with elevated amylase (n=12; 19%) requiring US-guided
drainage. The difference in the number of patients who
received US-guided drainage is significant (p=0.023).

The difference in the length of hospital stay and the ICU
stay was not significant between the two groups, with a
hospital stay of 8 (4-77) days for the patients with normal
drain amylase on POD 1 compared to 11 (4-107) days in
the other group. Six patients (8%) had an ICU stay of 7.5 (1-
14) days in the group with normal drain amylase on POD
1, whereas 8 (13%) patients in the group with elevated
amylase on POD1 required ICU treatment. Table 2 shows
the details regarding the group with normal amylase on
POD 1, the group with elevated amylase on POD 1 and the
group without preoperative drainage.

There was a significant difference in the number of
patients with the maximum value of CRP on postoperative
day 2 and the number of patients with a decrease of 30%
of more in CRP from postoperative day 2 to postoperative
day 3. The difference in the number of overweight patients
(25> BMI <30) was significant (p=0.0063), whereas
the number of patients with obesity (BMI>30) was not
significant.

Postoperative CRP

Comparing CRP on POD 2 and POD 3 between the group
with normal drain amylase on POD 1 and the group with
elevated amylase on POD 1, 58 patients (73%) in the group
with normal amylase had the highest postoperative value
on POD 2 compared to 25 (39%) in the group with elevated

170 patients

148 with perioperative

drain

80 patients with normal
drain amylase on POD 1

65 patients with
elevated drain amylase
on POD 1

22 patients without
perioperative drain

5 postoperative US
guided drain

29 POPF

12 grade A

2 POPF grade A

7 grade B
10 grade C

2 POPF grade C

Figure 1. Postoperative pancreatic fistula in 170 patients after Whipple procedure.

Patients are grouped according to which received drain peroperative, level of drain amylase on POD 1 and number of patients who developed POPF.
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Table 1. Comparison between patients with normal drain amylase on POD 1 and patients with elevated drain amylase.

Normal Drain Amylase Postoperative

Elevated Drain Amylase

Day 1 Postoperative Day 1 p-value
Number of patients 80 65
Age 70 (33-84) Age 69 (28-84) NS
ASA 2(1-3) 2(1-4) NS
Hospital stay 8 (4-77) 11 (4-107) NS
Number of patients with ICU and length of 6 (8 %) 8 (13 %) NS
stay 7.5 (1-14) 5 (2-6) NS
Number of patients with POPF 2 29 p=<0.001
E(L)lgtz)er of patients with maximum CRP on 58 (73 %) 25 (39 %) p<0.001
Number of patients with decrease 230 %* 21 patients (26 %) 2(3%) p<0.001

Number of patients with risk factors for
POPF

22 (28 %) patients had one and 3 (4 %)
patients had two risk factors for fistula.

21 (33 %) had one and 12
(19 %) patients two.

p=0.277 (one risk factor)
p=0.046 (two risk factors)

Overweight** 14 patients (18 %) 23 patients (36 %) p=0.0063
Obese*** 7 patients (9 %) 7 patients (11 %) p=0.673
Postoperative complication grade =3b 8 (10 %) 14 (20 %) p=0.054
Number of patients with US guided drain 5 12 p=0.023
Time for perop drain 4 5 p=0.396
Time for US-guided drain 6 16.1 p=0.08

* Decrease in CRP between POD 2 and POD 3
** Body mass index (BMI) >25 and <30
**BMI =30

Table 2. Complications grade 23b for patients with normal amylase POD 1, elevated amylase POD 1 and patients without perioperative drain.

Grade
According To
Clavien-Dindo

Normal Amylase POD 1

Elevated Amylase POD 1

No Perioperative Drain

Reoperation (n=5) due to

Reoperation (n=2) due to
3b Lymphatic leakage! (n=1)
Bleeding (n=1)

PTC? (n=2)
Single organ failure (n=3) due to
Sepsis (n=1)

- lecding 12 bt 021
Postoperative fluid collection® (n=1) g2 n=
4b g[llél;:i}i)rlle (E:l%alr; failure (n=1) due to Sepsis® (n=1)
gn= Thrombosis SMV (n=1)
5 Sepsis (n=1) Epidural hematoma (n=1)

Multiple organ failure (n=1)

Suspected biliary leakage (n=1)
Biliary leakage® (n=1)

Leakage from the pancreaticojejunostomy (n=2) Suspected leakage from anastomosis®
Wound dehiscence? (n=1) (n=1)

Single organ failure (n=3) due to

Multiple organ failure (n=2) due to

Multiple organ failure® (n=1)

Reoperation (n=2) due to
Wound dehiscence2 (n=1)

Single organ failure (n=1) due to
SIRS (n=1)

Multiple organ failure (n=1) due to
Bleeding (n=1)

Sepsis® (n=1)

Detoriation of the patients clinical condition entailed a computed tomography in which intra abdominal fluid collections were found but during surgery

there were no obvius signs indicating leakage from the pancreaticojejunostomy.

2Reoperation with primary closure.

3Patients with POPF, except one patient with leakage from pancreaticojejunostomi, one patient with bleeding and one patient with PTC, which had no POPF.

amylase on POD 1 (p=0.000015). Additionally, there was
a significant difference in the number of patients with a
decrease in CRP from POD 2 to POD 3 between the groups;
21 (26%) of the patients with normal drain amylase had
a decrease of 30% or more compared to 2 (3%) of the
patients with elevated drain amylase on POD 1.

In the group with normal amylase, the differences in the
CRP level on POD 1, POD 2 and POD 3 were not significant
in the patients with a complication = grade 3b compared to
those without. The difference in the decrease in CRP from
POD 2 to POD 3 was not significant.

In the group with elevated amylase on POD 1, 14
patients had a complication of >grade 3b, compared to
51 without a complication of =grade 3b. The CRP level
decreased by 6%, with an increase of 1% from POD 2 to

POD 3. Additionally, 7 of the 26 patients had an increased
CRP level from POD 2 to POD 3. One patient in each group
had a decrease of 30% or more from POD 2 to POD 3. The
difference was not statistically significant.

In the group with normal amylase on POD 1 and a
complication 2 3b, 5 patients had the highest CRP level on
POD 2 compared to the group with elevated drain amylase
on POD 1 and a complication 23b, whereas 3 patients (5%)
had the highest CRP on POD 2. The difference was not
statistically significant.

Comparing the patients with complications to those
without, regardless of the drain amylase on POD 1, there
was no significant difference in the CRP level on POD 1, POD
2 and POD 3 or a significant difference in the postoperative
day with the highest CRP.

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 2 - Mar 2016. [ISSN 1590-8577] 216



JOP. ] Pancreas (Online) 2016 Mar 07; 17(2):213-218.

DISCUSSION

In this retrospective study of 170 consecutive Whipple
procedures, postoperative complications = grade 3b
occurred in 16% of the patients, and the postoperative
mortality was 3%. The rate of POPF was 19%, and
12 (31%) of those were grade C complications. The
patients with non-elevated drain amylase on POD 1
very rarely developed a POPF compared to the patients
with elevated levels. The rate of severe complications
was not significantly different, although there tended
to be a correlation between increased amylase on POD
1 and postoperative complications. Additionally, there
was a significant difference between these two groups in
the number of patients with a maximum CRP level on POD
2 and a decrease in CRP between POD 2 and POD 3. There
was no significant difference in the CRP level in the group of
patients with complications compared to the group without,
regardless of the level of amylase in the drain fluid on POD 1.

The finding that elevated amylase in the drain fluid
as early as postoperative day one is correlated with an
increased risk of POPF and is associated with an increased
risk of postoperative complications has two implications.
First, the drain might be removed early in patients with
a normal value on POD 1; and second, the patients with
elevated amylase might require close observation and
monitoring for the early detection of complications. This
finding is consistent with a previous study that found
a correlation between an elevation of amylase in the
drain fluid on POD 1 and POPF occurrence [12], and it is
also consistent with other studies in which a correlation
between the level of amylase in the drain fluid and POPF
severity was found [13, 14].

Early removal of the drain might be safe regarding
POPF under the condition that the drain amylase is not
elevated. It should however been kept in mind that this
study has not considered drains in relation to leakage
from biliary- or enteric anastomosis. The removal of the
drain on postoperative day 4 compared to day 8 reduces
postoperative complications [15]. It is not routine in our
department to retain a drain as long as 8 days, provided
that the patient does not have a POPF. The use of a drain
routinely has been reported not to reduce postoperative
mortality or morbidity [16, 17].

Comparing the group with normal amylase on POD 1
and the group with elevated amylase, this study showed
a significant difference in the maximum value of CRP. This
finding is consistent with previous results; however, the
peak in CRP was on POD 3 [18]. The decrease in CRP from
POD 2 to POD 3 was more pronounced in the group with
normal amylase than in the group with elevated amylase.
In total, 26% of the patients in the group with normal
amylase had a decrease in the CRP level of 30% or more
between POD 2 and POD 3.

Comparing the subgroups of patients with
complications in the group with normal amylase on
POD 1 and the group with elevated amylase, there were
decreases as well as increases of CRP; however, the

median difference was small. There was no significant
difference in the change in CRP. There was no significant
difference in the increase of the CRP level from POD 1
to POD 3 among the patients with a complication 23b
compared to the patients without severe complications,
regardless of the level of drain amylase on POD 1.This
finding differs from previous results, which showed that
patients with a POPF had an increase in CRP from POD
1 to POD 3 [19].

In our study, we found a significant difference between
the patients with and without elevated amylase on POD 1
and the number of patients with a soft pancreas and thin
pancreatic duct; there was no significant difference in the
number of patients with only one of those risk factors.
Additionally, we found a significant difference in the
number of overweight patients, but not in the number of
obese patients, compared to the number of patients with
normal body weight (BMI<25). These three risk factors
for a POPF [20, 21] are not consistently described for all
patients. It has been reported that there is no difference in
morbidity and mortality in patients with normal weight,
overweight and obesity [22].

Our results suggest that patients with complications
and elevated drain amylase on POD 1 have a postoperative
elevation of CRP later and that the decrease between
day 2 and day 3 is small. This finding is consistent with
other results; patients with risks of complications have a
longer inflammatory response than do patients with no
complications [23].

CONCLUSION

These results suggest that patients with normal amylase
in drain fluid on POD 1 after the Whipple procedure
have a significantly lower risk of POPF and that the risk
of postoperative complications might be lower than in
patients with elevated drain amylase on POD 1.
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