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Defining post-operative pancreatitis as a new pancreatic
specific complication following pancreatic resection
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Abstract

Introduction: Post-operative pancreatic fistula has been well defined. However the underlying aeti-

ology remains poorly understood. The aim of this review was to investigate whether the underlying

aetiology for a proportion of patients suffering from post-operative pancreatic fistula was due to

post-operative pancreatitis.

Method: A systematic literature review according to the PRISMA guidelines. The date range was from

2005 to 2016. The search strategy included the terms: post-operative pancreatitis, pathophysiology,

post-operative pancreatic fistula, pancreaticoduodenectomy, ischaemic pancreatitis, microcirculation

and pancreatitis, serum and drain amylase and lipase. The data was summarised without quantitative or

qualitative analysis.

Results: There exists significant physiological, biochemical, clinical and histological evidence in the

literature that a proportion of post-operative pancreatic fistula is due to post-operative pancreatitis. A

new definition of post-operative pancreatitis based on the presence of biochemical evidence for

pancreatic inflammation (urinary trypsinogen-2 >50 ug/L or serum amylase/lipase > upper limit of normal)

between post-operative days 0–2. Predicted severity is based on C-reactive protein with a cut-off of

180 mg/L at post-operative day 2. The proposed grading of severity is in line with previous work by

international study group of pancreatic surgery.

Conclusion: Post-operative pancreatitis should be recognised as a separate pancreatic specific

complication following pancreatic resection. Improved recognition may allow better understanding of

potential methods of prevention, treatment and prediction of severity.
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Introduction

Breakdown of the pancreaticoenteric anastomosis remains the
major cause of morbidity and mortality following pancreatico-
duodenectomy (PD) (Fig. 1).1 Following a landmark paper in
2005 the International Study group for Pancreatic Surgery
(ISGPS)2 standardised the definition of this complication as
post-operative pancreatic fistula (POPF). In the decade since this
definition, little progress has been made in reducing the inci-
dence of pancreatic fistula. Contemporary rates of clinically
relevant (grades B/C) POPF remain between 8 and 17%.1,3 In an
effort to reduce the severity of the morbidity and mortality
associated with POPF numerous anastomotic techniques have
HPB 2016, 18, 642–651 © 2016 International Hepato-P
been described4 but no single technique has been shown to
eliminate anastomotic leak with any degree of reproducibility
between surgeons.
Traditionally, the definition of a fistula is an abnormal track

between two epithelial surfaces. It was acknowledged by the
authors of the ISGPS in 20052 that most prior definitions related
to the concept that the complication being defined was leakage of
pancreatic fluid due to communication with the pancreatic duct
if the anastomosis failed to heal, or leakage from an
iatrogenically-created raw surface of the pancreatic parenchyma.2

The final broad definition of a pancreatic fistula consisted of the
following; persistent drainage of amylase rich fluid (3x > than
upper limit of normal serum value) for greater than 3 days.2 At
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Figure 1 A 71 year old man who underwent pancreaticoduodenec-

tomy (PD) for T1 N0 duodenal carcinoma. Anaerobic threshold un-

known. Intrathecal morphine was used. No somatostatin analogues or

perioperative NSAID’s were administered. Standard dissection for PD

was performed. Fistula risk score was six. Pancreatic neck was

transected by ligasure. Binding pancreaticogastrostomy was

performed. Post-operative day (POD) 1 patient was confused, tachy-

cardic, serum amylase 7 x > upper limit normal. Urinary TRP2 was not

measured. POD 1 CT scan showed evidence of post-operative

pancreatitis (Fig. 1a). POD 2 CRP was 359 mg/L. POD 17 patient

became increasingly unwell. Repeat CT showed evidence of infected

pancreatic necrosis (Fig. 1b). POD 17 operative findings were of intact

anastomosis but segmental pancreatic necrosis. Partial
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this time the concept of the possibility that POPF may result
from pancreatitis within the remnant was not considered, or at
least not clearly stated.
The biochemical diagnostic criteria for acute pancreatitis are

defined as three times increase in upper limit of normal serum
value of amylase or lipase in association with upper abdominal
pain or confirmatory radiological imaging.5 In addition urinary
trypsinogen activation peptide (U-TAP) and trypsinogen-2 (U-
TRP2) have been shown to be accurate early biochemical
markers of acute pancreatic inflammation and although they can
predict severity, accuracy remains problematic.6,7 Although
cross-sectional radiological criteria for acute pancreatitis exist,
the presence of necrosis cannot be usually detected for several
days,8 although this has recently been challenged.9 Early
biochemical prediction of necrosis remains difficult and is not
related to the extent of serum lipase or amylase rise.5 C-reactive
protein (CRP), haematocrit rise, procalcitonin blood urea ni-
trogen have all been associated with severity although the spec-
ificity remains poor.5,10 These criteria have not been widely
tested in the setting of post-operative pancreatitis or incorpo-
rated into the definition of POPF.
With a further decade of experience it is timely to reconsider

the underlying pathophysiology of POPF. The aim is to achieve
superior clarity in terms of definition, standardisation of
reporting and potentially prevention of this significant compli-
cation. The underlying concept of this paper was to test the
hypothesis that the grade of POPF following pancreaticoduo-
denectomy represents a spectrum of severity of acute pancreatitis
within the pancreatic remnant.
Method

A PubMed search was performed combining the terms post-
operative pancreatitis (POP), pathophysiology, post-operative
pancreatic fistula, pancreaticoduodenectomy, ischaemic pancre-
atitis, microcirculation and pancreatitis, serum and drain
amylase and lipase. Exclusion criteria included studies not
involving humans. The search was limited to papers published
after 1st January2005 given the watershed following establish-
ment of the ISGPS definition of POPF. The exception was for
studies focussing on anatomical or physiological aspects that
were relevant but not the sole focus of this review. Articles with
abstracts that were deemed relevant to the topic were then
sourced and included for further review. Outcomes of the search
were recorded via the PRISMA flow chart (Fig. 2). The last search
date was 2/3/16. It was planned that a descriptive review of the
pancreatectomy by debridement (anastomosis taken down) and wide

bore drainage to remnant pancreatic bed. Initial clinical improvement

followed by clinical deterioration at POD 27. Completion pancreatec-

tomy performed. Histologically confirmed pancreatic necrosis within

the remnant (Fig. 1c)
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Figure 2 PRISMA flow diagram
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available data would be undertaken. No qualitative or quantita-
tive analysis was planned.
Results

Anatomy of pancreatic blood supply and
pathophysiology of acute pancreatitis
The pancreatic arterial blood supply comes from the splenic
artery and branches of the hepatic artery (Fig. 3). The pancreatic
head is supplied by the pancreaticoduodenal arcades which are
formed by the anterior and posterior superior (terminal
Figure 3 Anatomy of pancreatic blood supply demonstrating course of d
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branches of duodenal component of the gastroduodenal artery)
and inferior pancreaticoduodenal arteries (origin from superior
mesenteric artery).11 Three major branches arise from the
splenic artery to supply the pancreatic body and tail.11,12 From
anatomical right to left these are the dorsal, pancreatic magna
and caudal pancreatic arteries.12 The dorsal pancreatic artery
passes inferiorly and to the right of the splenic artery for 5 mm
when it enters the pancreas 2–3 cm to the left of the portal
vein.12 Within the pancreas, while passing inferiorly to the left of
the portal vein, the dorsal pancreatic artery splits into three
further branches (superior and inferior right and left).12 The
superior right branch crosses the neck (surgical transection line
for PD) to anastomose with the posterior superior pancreati-
coduodenal arcade.11 Further distally the inferior right branch
crosses the pancreatic neck to anastomose with the inferior
pancreaticoduodenal arcade.12 The terminal branch of the dorsal
pancreatic artery (left branch) courses to the left along the
inferior border of the pancreas to become the transverse
pancreatic artery anastomosing with more distal pancreatic
branches from the splenic artery including the pancreatic magna
and caudate pancreatic artery.12 These anastomoses are variable
and can be absent, in such situations ligation of the left branch
can result in pancreatic infarction.11 The origin of the dorsal
pancreatic artery is however highly variable following the pre-
viously described course in only 40% of individuals.12 Impor-
tantly it can arise from the either of the foregut or midgut vessels
or their tributaries such that it may be at risk of division during
PD. Thus there are two scenarios that may occur following di-
vision of the pancreatic neck during PD with regard to pancreatic
ischaemia. Interruption of the aforementioned anastomoses may
result in watershed area of ischaemia within the remaining
pancreatic neck to the right of the dorsal pancreatic artery.
orsal pancreatic artery and its branches through the pancreatic neck
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Alternatively if the dorsal pancreatic artery is anomalous in its
origin, its division may interrupt the anastomoses with the
pancreatic body and tail resulting in pancreatic ischaemia within
the whole pancreatic remnant. Venous drainage of the tail of the
pancreas occurs via multiple small tributaries into the splenic
vein.11 There are no veins that drain directly into the SMV or
splenic vein from the pancreatic neck.11 The pancreatic head
drains via pancreaticoduodenal tributaries into the right side of
the portal vein.11 The pancreas is exquisitely sensitive to both
arterial and venous ischaemia and importantly, infarction is not a
prerequisite for pancreatic necrosis.13 Transient hypo-perfusion
can be enough to induce the cascade of changes associated
with acute pancreatitis.13 In 2006 Cuthbertson and Christophi
performed a systematic review of microcirculatory changes
associated with acute pancreatitis.13 A summary of the authors’
findings is presented visually in Fig. 4. The authors described
how each pancreatic lobule is supplied by an end artery which
supplies a continuous network of capillaries.13 Autoregulation of
blood flow occurs through hormonal and neural mechanisms to
maintain normal perfusion of the pancreas across a range of
physiological conditions.13 This ensures the gland is evenly
perfused with blood, with flow being linked to exocrine secre-
tion.13 Blood flow can be reduced by somatostatin and increased
by cholecystokinin.13 Ischaemia and hypoperfusion have been
shown to induce pancreatic necrosis.13 Venous occlusion has
been demonstrated to induce and worsen the severity of
pancreatitis.13 Changes to the microcirculation can occur within
minutes of induction of pancreatitis and architectural changes
can occur within 30 min.13 Vasoconstriction occurs first, leading
to stasis of the circulation, exacerbating tissue ischaemia.13 The
proportion of capillaries perfused is reduced leading to pro-
gressive capillary exclusion.13 By three hours there can be com-
plete capillary malperfusion.13 Of importance the changes are
not homogenous meaning that total pancreatic blood flow does
not correlate with regional pancreatic blood flow.13 The presence
of pathological shunts leads to significant tissue hypoxia due to
capillary stasis.13 This is an important contributor to the for-
mation of pancreatic necrosis.13 The endothelial disruption that
occurs leads to increase in capillary permeability such that
leakage of fluid and activated proteases into the surrounding
tissue and lymph leading to further local tissue destruction and
distant organ dysfunction.13 Reperfusion injury is also thought
to be a major contributor to severity and leads to acinar cell
destruction and release of activated enzymes.13
Biochemical evidence for early onset post-
operative pancreatitis following pancreatic
resection

If the concept that POP contributes to POPF holds true then it
would expected that there would be biochemical evidence of
acute POP in the immediate peri-operative period. In the
absence of gross technical error it would also be expected that the
HPB 2016, 18, 642–651 © 2016 International Hepato-P
commonly used pancreatico-enteric anastomoses be watertight
preventing “leakage of amylase rich fluid into the peritoneal fluid
from ductal epithelium”. Therefore any drain fluid in the early
post-operative period should not have elevated levels of
pancreatic enzymes.
Valle et al.14 reported on 98 patients who underwent PD and

had a post-operative day (POD) 1 serum lipase measured. No
normal range was provided for the serum lipase, but 85 of the 98
patients had an elevated serum lipase. In patients who did not
develop POPF (n = 56), the median POD 1 serum lipase was
25 IU/L vs. 89 IU/L for those who developed POPF, p < 0.001.
The degree of elevation of serum lipase did not correlate with
severity of POPF. Elevated serum lipase at POD 1 also predicted
other pancreatic specific complications including delayed gastric
emptying. Others have reported rises in serum amylase in the
immediate perioperative period. Palani Velu et al.15 describe 185
patients who underwent PD of whom 64 (35%) developed POPF
of which 43 (23%) were CR-POPF. Serum amylase was measured
at least 4 h post pancreatico-enteric reconstruction. The mean
serum amylase in those with No POPF or Grade A POPF was
92 IU/L vs. 217 IU/L in those who developed CR-POPF,
p < 0.001. Serum amylase levels at POD 0 were significantly
elevated in those with high risk pancreatic remnants. The au-
thors concluded that this early elevation of serum amylase
potentially represented a marker of “trauma” to the functioning
pancreas rather than a fistula in evolution. Winter et al.16

retrospectively studied 2323 patients undergoing PD. An
amylase >100 U/L occurred in 1142 (49%) patients. Of these
patients 179 (16%) developed a POPF as compared with 41/1181
(4%) patients with an amylase <100 IU/L, p < 0.001. An amylase
>292 IU/L was shown to be independent predictor of POPF,
intra-abdominal abscess and delayed gastric emptying. Of
particular interest was the combination of a soft pancreas and
serum amylase >400 IU/L had a 30% incidence of POPF with
odds ratio of 25 as compared to hard pancreas and normal
amylase. Okabayashi et al.17 also described similar findings in 50
patients who underwent PD. An elevated serum amylase of
1.69 × the upper limit of normal increased the risk of POPF 2
fold.
U-TRP2 has high specificity and sensitivity for pancreatitis

irrespective of aetiology.7 U-TRP2 and serum amylase were
measured at POD 1 and 3 in 130 patients undergoing PD.18 At
POD 1 of the 19 patients who developed a POPF 11 (58%) had
evidence of hyperamylasaemia (3x upper limit of normal) vs.
26/111 (23%) who did not develop POPF, p = 0.005. On POD 3,
14/19 (74%) patients who developed POPF had U-TRP2 levels
>50 ug/L vs. 29/111 (26%) patients without POPF, p < 0.001.
Importantly, U-TRP2 also correlated with elevated serum
amylase POD 1 (p = 0.009), elevated amylase drain levels POD 1
(p < 0.001), elevated CRP POD 1 (p = 0.003), POD 3
(p < 0.001), POD 7 (p = 0.002) and all grades of POPF.
Following multivariable analysis U-TRP2 was shown to be an
independent predictor of POPF. The authors made some very
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 4 Microcirculatory changes that occur during acute pancrea-

titis (CCK, cholecystokinin, PMN, polymorphonuclear cell). Repro-

duced with permission from Fig. 1. Physiology and pathophysiology of

microvascular changes in acute pancreatitis. Cuthbertson CM and

Christophi C. Disturbances of the microcirculation in acute pancrea-

titis. Br J Surg 2006; 93:518–530, John Wiley & Sons Ltd, Copyright ©

2006
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important observations with regard to the time dependant
profile of the pancreatic enzymes, amylase and trypsinogen, in
serum, urine and peritoneal drains. This was highly suggestive
the source of the elevated U-TRP2 was release of trypsinogen 2
from the acinar cells due to POP as opposed to reabsorption
from the peritoneum of leaked pancreatic juice. In a study by
Raty et al.19 50 patients undergoing pancreatic resection (43
PD) were followed measuring serum amylase and CRP POD 4,
6, 10, drain amylase at POD 4 and 6, routine contrast enhanced
HPB 2016, 18, 642–651 © 2016 International Hepato-P
CT scan at POD 2 and 6, daily U-TRP2 strip test (positive
if > 50 ug/L). POP was diagnosed on the basis of CT changes
including focal or diffuse enlargement, contour irregularities,
non-homogenous attenuation and enhancement of the
pancreatic remnant and inflammatory changes in the left
anterior pararenal space. No patient had CT evidence of pre-
operative pancreatitis. Thirteen of the 50 patients developed
CT evidence of POP, of which 12 were evident by POD 2. All
thirteen patients had a positive U-TRP2, 12 by post POD 1 and
all by POD 2. Three of 37 patients without CT diagnosed POP
had a positive U-TRP2 test. In addition a positive U-TRP2 was
associated with higher CRP and serum amylase at POD 4. Of
the 12 (7-CR POPF) patients diagnosed with POPF by ISGPS
criteria, 11 had positive U-TRP2, while 2 of 3 patients with
positive U-TRP2 test and no CT evidence of POP had a POPF.
As a control group, patients undergoing total pancreatectomy
showed no elevation in U-TRP2.
In a novel study, de Reuver et al.20 demonstrated an intra-

operative association of raised peritoneal amylase levels with the
development of POPF. In a study of 62 patients undergoing PD,
following reconstruction of the pancreatic anastomosis the area
was irrigated with saline and then suctioned. New fluid samples
were obtained from adjacent to the peripancreatic space. A
peritoneal amylase value of >200 IU/L predicted POPF with an
AUC of 0.93. Strikingly in those patients without POPF the
median peritoneal amylase level was 34 IU/L vs. 618 IU/L for
those who developed POPF, p < 0.01. Raised intra-peritoneal
amylase levels also correlated with delayed drain amylase levels
and the development of other complications, in particular
delayed gastric emptying. Unfortunately, corresponding data on
serum amylase levels were not provided.
Other authors have also recognised that intraperitoneal

changes are occurring within the pancreas earlier than initially
thought. A meta-analysis by Giglio et al.21 identified 13 studies
involving 4416 patients of whom 4079 underwent a PD. All
studies showed a strong association with elevated drain amylase
levels at POD 1 and development of both grade A and clinically
relevant (CR) POPF (Grade B/C of ISGPS definition). However,
no data was provided with regard to serum amylase or lipase
measurements.
Further evidence to support the concept of localised tissue

hypoxia precipitating pancreatitis comes from a study by
Ansorge et al.22 The authors used microdialysis to sample fluid
close to the pancreaticojejunal anastomosis in the immediate
post-operative period. Microdialysis can be used to calculate
lactate to pyruvate ratio (L/P ratio) which is a well-established
method for assessing tissue hypoxia, while glycerol concentra-
tions can be used as a marker of cell death.22 In addition authors,
measured trypsinogen activation peptide (TAP) and glucose
levels. A total of 48 patients underwent PD. Seven of the 48
patients developed POPF. In those patients who developed POPF
there were significant increases in the L/P ratio across POD 1–5
as compared with those patients that had other surgical
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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complications or no complications. Strikingly, intra-peritoneal
TAP levels on day 1 were detectable in 6/7patients who devel-
oped POPF vs. 2/33 patients with no surgical complications.
Similarly, elevated levels of plasma pancreatic amylase (although
not at levels diagnostic of acute pancreatitis) were observed in
those with POPF but not in those with no surgical complications.
Peak glycerol levels in those patients who developed POPF had
intra-peritoneal levels >800 umol/L – a level far in excess of
previously described associated with infarction in pigs. The au-
thor’s conclusion was that the profiles of changes were consistent
with activation of trypsin and lipase as the initial step in POPF
formation, followed by local ischaemia and reduced tissue
perfusion resulting in reduced substrate delivery leading to
pancreatic necrosis.22 Importantly the authors noted that peri-
toneal samples were more sensitive at detecting changes of
pancreatitis and tissue hypoxia than serum samples.22 Other
non-specific but potentially supporting evidence is found in a
study by Kinaci et al.23 in which 85 patients undergoing PD had
early markers of inflammation analysed. Although neutrophil/
lymphocyte ratio, platelet/lymphocyte ratio or serum lactate
were not associated with subsequent development of CR-POPF,
acidosis at end of the procedure as measured by pH was. A pH
of <7.31 associated with CR-POPF with a positive likelihood
ratio of 2.4. However the underlying aetiology of the acidosis was
not able to be elucidated from the study.
If the proposed hypothesis holds true then there should also be

a correlation between early markers of severity of acute
pancreatitis and the development of clinically relevant POPF
especially grade C. Hiyoshi et al.24 studied 176 patients under-
going PD, 30 (17%) who developed CR-POPF. Elevated CRP
POD 1–4 and body temperature POD 2–5 were shown to be
independent predictors of CR-POPF. Using data from POD 3, a
drain amylase >750 IU/L, a CRP �200 mg/L and body tem-
perature �37.5 �C demonstrated a positive likelihood ratio of 47
and negative likelihood ratio of 0.2 with regard to predicting
CR-POPF. Palani Velu et al.25 have published a follow up study to
their previous work15 with regard to POD 0 serum amylase
predicting CR-POPF. In this series25 230 patients underwent PD
of whom 54 (24%) developed CR-POPF. A POD 2 CRP
>230 mg/L was most closely associated with CR-POPF, but a
POD 2 CRP >180 mg/L was the best predictor of pancreatic
specific complications (p < 0.001), need of invasive post-
operative intervention (p = 0.017). Importantly, raised CRP
was not associated with non-pancreatic infectious complications.
Following multivariable analysis, independent predictors of
pancreatic specific complications were soft pancreatic texture
(P < 0.011), serum amylase POD 0 >130 IU/L (p = 0.001), CRP
POD 2 >180 mg/L (p = 0.026), independent predictors of POD 2
CRP >180 mg/L were small pancreatic duct (p = 0.025) and
serum amylase POD 0 >130 IU/L (p = 0.003). The combination
of serum amylase POD 0 >130 IU/L and POD 2 CRP >180 mg/L
was associated with 66% incidence of a pancreatic specific
complication, 23% incidence of reoperation and 9% 90 day
HPB 2016, 18, 642–651 © 2016 International Hepato-P
mortality. This concept of early systemic inflammatory response
as marker of severity of pancreatitis is further supported in a
large retrospective analysis of Grade C POPF by McMillan et al.26

In this study post-operative findings of elevated white cell count,
fever, tachycardia by POD 6 were warning signs of impending
Grade C POPF. Other clinical signs reported that are consistent
with POP are the observation that loss of drain fluid clarity or
sinister effluent within the drain26,27 in the early postoperative
period is a predictor of grade C POPF.

Clinical evidence for altered intraoperative
pancreatic perfusion
In 1998 Strasberg and McNevin12 described 40 patients who
underwent PD. Following sharp transection of the pancreatic
neck 16 of the 40 patients failed to show evidence of brisk
bleeding. This was reported to correspond to the absence of a
Doppler signal following hand held Doppler flow probe assess-
ment. The authors followed this up with a further prospective
study in 2002 of 123 patients undergoing PD, 38% whom
required the pancreatic neck to be cut back to achieve brisk
arterial bleeding from the cut surface. Given this paper was prior
to the ISGPS definition of POPF the outcomes are not presented
but these studies are included to document the physiological
observation of altered intraoperative pancreatic perfusion.28

More recently a case report using indocyanine green dye and a
near infrared capable laparoscope confirmed similar observa-
tions with an area of ischaemia not visible to the naked eye
present in the pancreatic neck.29 It is unclear whether this
corresponded with clinical improvement in bleeding from the
cut surface or indeed how deep the penetration of assessment
into the gland near infrared can detect. It is well known that a
firm pancreas has significantly lower risk of POPF but until
recently it has been difficult to objectively assess this phenome-
non. In a recent study of 20 patients undergoing pancreatico-
duodenectomy Sugimoto et al.30 analysed preoperative
pancreatic perfusion and correlated this with histological
assessment and clinical outcomes. In those patients who did not
develop POPF there were lower levels of arterial flow (ml/min/
100 mls) and reduced mean transit time (seconds) while histo-
logically there was an increase in fibrosis and higher vessel
density (mm2). How these features may contribute to transient
pancreatic ischaemia following transection is yet to be elucidated.

Clinical evidence for POP post PD
Nentwich et al.31 analysed 20 of 521 patients who underwent PD
and required completion pancreatectomy. In 7 of these patients
the reason given was pancreatic necrosis within the remnant. It
was not clear what differentiated POPF (N = 14) from POP.
Rudis and Ryska32 recently describe 14 patients who developed
grade C POPF by ISGPS definition. Of these 14 patients, 7 died.
Autopsy of the pancreas revealed acute pancreatitis with necrosis
in 4 patients. The authors noted that clinically it was difficult to
distinguish clinically from POPF due to anastomotic leak or POP
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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based on post-operative CT or intra-operatively when re-
operated on. However there was an association with higher
CRP POD 3–5 and serum amylase POD 1–3 with POP.
Further evidence supporting this theory has been elegantly

demonstrated by McMillan et al.33 indicating that preoperative
somatostatin analogues increase the severity of POPF particularly
in those patients identified as high risk by the fistula risk score.34

The basis of this finding has been thought to be due to hypo-
perfusion of the pancreatic remnant via splanchnic vasocon-
striction.33 Somatostatin has been shown to act as a splanchnic
vasoconstrictor especially of the foregut vessels.35,36 However the
effect is highly variable across individuals and in some patients
an increased flow in midgut vessels has been observed.35 The
reason for such variation has not been elucidated but may
include variable receptors within the vessels walls or metabolites
interacting with somatostatin receptors subtypes.35 This may
partly explain the apparent discrepancy with a large recent
randomised trial of Pasireotide.37 In this well performed trial
there was a reduction in incidence and severity of POPF
including in subgroup analysis of high risk pancreatic remnants
with the use of Pasireotide.37 Pasireotide is a somatostatin
analogue with a significantly longer half-life than octreotide and
thus may avoid rebound hypersecretion that occurs between
doses of short acting somatostatins.37 Pasireotide has a different
binding profile and affinity to the somatostatin receptor sub-
groups as compared with octreotide.38 No data exists with regard
to Pasireotide’s effect on splanchnic blood flow although it has
been shown to reduce exocrine secretion.
Should the proposed hypothesis hold true it would be ex-

pected that POPF associated with PD would have a different
incidence and severity than following distal pancreatectomy
(DP). McMillan et al. have looked at this in detail.39 The au-
thors analysed the outcomes of over 2000 patients undergoing
PD or DP. The incidence of POPF was higher after DP (35%)
than PD (27%), p < 0.001. The incidence of CR-POPF was also
higher following DP (15%) vs. PD (11%), p = 0.019. However
it is important to acknowledge that the patients were not risk
adjusted for factors associated with POPF such as obesity.
There was a higher use of octreotide and prophylactic drains in
the PD group. These factors may have therefore altered both
incidence and grade of POPF. Perhaps most striking was the
difference of severity of the burden of the CR-POPF with grade
C POPF following PD being an order of magnitude greater
than that observed for patients undergoing DP. For example
there was significantly increased likelihood of intensive care
admission, degree of multi-organ failure, hospital stay and
mortality associated with grade C POPF following PD vs. DP.
This fits with clinical practice in that although patients may
require reoperation after DP for POPF rarely is it associated
with multi-organ failure or death. This may be suggestive of a
different underlying aetiology for POPF after PD vs. DP such
as POP compared to true leakage from a cut surface of
pancreas.
HPB 2016, 18, 642–651 © 2016 International Hepato-P
Discussion

There exists significant physiological, biochemical, radiological
and clinical and histological evidence to support the hypothesis
that the pathophysiology of a significant proportion of POPF
following PD is due to POP. This appears to be induced intra-
operatively and can be detected in the immediate peri-
operative period. Manifestations range from self-resolving
inflammation to fulminant pancreatitis with associated multi-
organ failure and pancreatic necrosis. Understanding this raises
significant possibilities with regard to treatment options but also
highlights the importance of standardising the reporting of risk
factors beyond the nature of the remnant or type of surgical
reconstruction.
Given the evidence and potential benefits of recognising POPas

a separate entity to POPF a modification to the ISGPS definition
of POPF is proposed (Table 1). This is based on the findings from
this review and the modifications to ISGPS grading as suggested
Hackert et al.40 A predicted severity is also proposed because if
validated to be accurate it opens the possibility for early inter-
vention and “down staging” of the “level of burden”39 associated
with POP. Clearly validation and refinement will be required but
this combined with a standardised minimum reporting dataset
for PD and DP that describes patient, therapeutic and technical
factors will help elucidate the true underlying aetiology and
treatment options for POP and POPF. However a key point of
understanding is that the rise in the serum levels of amylase and
lipase in the post-operative period may be significantly less than
that traditionally associated with the diagnosis of acute pancrea-
titis. U-TRP2 is suggested as it is an easy bedside test to do with
commercially available test strips and been shown to be predictive
of pancreatitis in the post-operative setting.7,18 However in the
future it may be that urinary TAP may also be useful.
With the exception of Strasberg et al.28 almost all surgical

techniques looking to reduce POPF have focused on the
pancreatico-enteric reconstruction.3 Strasberg et al.28 describe in
detail dividing the pancreas along the medial longitudinal margin
of the SMV with a scalpel. If pulsatile bleeding on the superior
and inferior borders of the pancreatic remnant requiring su-
turing was not encountered the pancreas was further mobilised
(1–2 cm) and re-divided. Yet this alone may not be enough.
From the understanding of the timing of the microcirculatory
changes that occur within the pancreas during induction of acute
pancreatitis13 further consideration may need to be given to the
order of pancreatic dissection. For example, traditionally during
pancreaticoduodenectomy the pancreas is transected late in the
resection phase. The vascular inflow and outflow control of the
pancreatic head is performed early potentially leaving a
prolonged period with in-situ pancreatic parenchymal
ischaemia. Should the pancreas be divided early prior to circu-
latory disruption? Are the new sealing devices better or worse
than sharp transection of the pancreatic neck? Currently the
answers are unknown and may be difficult to study in a
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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randomised and controlled fashion. However given the burden
to both the patient and the health systems of CR-POPF it would
seem appropriate that answers to these questions are sought. As a
minimum these factors should be considered as part of a
standardised dataset when reporting intraoperative techniques.4

There is experimental evidence that various pharmacological
agents can alter the pancreatic microcirculation following the in-
ductionof acute pancreatitis.13Many are used in the peri-operative
period including heparin, anti-inflammatories, various intrave-
nous fluids, steroids and epidurals.13,41 In addition systemic pa-
tient factors such as poor anaerobic thresholdmay be an important
contributor to pancreatic perfusion.42 A recent randomised trial
has shown that epidural analgesia can improve pancreatic perfu-
sion and reduce severity in predicted severe acute pancreatitis.41

With the exception of somatostatin analogues33 rarely have these
factors been considered or adjusted for in studies assessing POPF
following pancreaticoduodenectomy.
A real time, clinically usable and reproducible objective

assessment of the microcirculatory state of the pancreatic
remnant prior to reconstruction and in the early post-operative
period would now seem critical if these issues are to be fully
understood. Others may argue that this is only academically
useful, asking how would it change intraoperative management?
However, could it be possible that a critical level of perfusion
exists such that below this threshold consideration should be
given to immediate completion pancreatectomy or at least
delaying pancreaticoenteric reconstruction? In the future,
intraoperative pharmacological intervention may also be able to
alter the course of POP.
Given the increasing ability to pre-operatively identify the

“high risk” pancreatic remnant34 the potential for prophylactic
interventions may now exist. Prophylactic pharmacological in-
terventions have been shown to reduce the risk of ERCP induced
pancreatitis. This has included NSAID’s43 and protease in-
hibitors.44 Uemura et al. recognised the importance of the
Table 1 Proposed definition of post-operative pancreatitis and post-o

Definition

Urinary TRP-2 >50 ug/L POD 1–2

Elevation serum amylase/lipase > upper limit normal POD 0-1

Drain amylase >3x serum upper limit normal @ POD 3

Predicted severity

CRP <180 mg/L POD 2

CRP �180 mg/L POD 2

Actual severitya

No symptoms, infectious signs or specific therapy

POP or POPF related symptoms or therapies including interventional

POP or POPF related reoperation or mortality without reoperation

a Based on modification of the grading of ISGPS definition of POPF.40

HPB 2016, 18, 642–651 © 2016 International Hepato-P
contribution of POP to POPF and conducted a randomised
trial45 with this in mind. Forty patients undergoing PD were
randomised to Ulinastatin or placebo in the peri-operative
period. Ulinastatin is a trypsin inhibitor. The aim of this trial
was to detect reduction in post-operative serum and drain
amylase and U-TRP2. Unfortunately no power studies were
provided but it was clear that it was not powered to detect a
reduction in POPF. The incidence of POP (U-TRP2 >50 ug/L)
was 5/40 patients. All 5 were in the placebo group, p = 0.016.
There were significant reductions in post-operative hyper-
amylasemia POD 0–2 and drain amylase levels POD 2–3.
NSAID’s may need to be approached with more caution given
the potential association with anastomotic breakdown.46 Clearly
it would be important to differentiate POP from true POPF when
studying the impact of these medications. Alternatively direct
preoperative manipulation of the remnant may be possible.
Neoadjuvant radiotherapy has been shown to induce changes in
the normal remnant pancreatic tissue similar to those seen in
chronic pancreatitis47 and those recently associated with a firm
or hard pancreatic remnant.31 It may be possible that only a
single treatment (8 Gy) of radiotherapy is required to induce
such change within the pancreas.48 An accurate definition of
what is happening at a physiological level will be critical if the
true efficacy of any intervention is to be accurately determined.
Recent reports of perfusion CTof the pancreas may provide this
ability.31,41

The standardisation of definitions over the last decade has
resulted in a better understanding of POPF but not an
improvement in outcomes for the patients. Recent evidence
suggests that the aetiology of a significant proportion of POPF
may be due to POP. It is therefore proposed that the definition of
POPF is changed to allow POP to stand alone as a new pancreatic
specific complication. By doing so should allow the reporting of
risk factors beyond anatomical and reconstructive technical
factors and rethinking the approach to prevention.
perative pancreatic fistula

Post-operative
pancreatitis (POP)

Post-operative
pancreatic fistula (POPF)

Yes No

+ (if U-TRP2 unknown) No

+/− Yes

Grade A Grade A

CR-POP CR-POPF

Proposed Modified

Grade A Grade A

Grade B Grade B

Grade C Grade C

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