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Background and aims: Acute necrotizing pancreatitis (ANP) can affect main pancreatic duct (MPD) as well
as parenchyma. However, the incidence and outcomes of MPD disruption has not been well studied in
the setting of ANP.
Methods: This retrospective study investigated 84 of 465 patients with ANP who underwent magnetic
resonance cholangiopancreatography and/or endoscopic retrograde cholangiopancreatography. The MPD
disruption group was subclassified into complete and partial disruption.
Results: MPD disruption was documented in 38% (32/84) of the ANP patients. Extensive necrosis,
enlarging/refractory pancreatic fluid collections (PFCs), persistence of amylase-rich output from percu-
taneous drainage, and amylase-rich ascites/pleural effusion were more frequently associated with MPD
disruption. Hospital stay was prolonged (mean 55 vs. 29 days) and recurrence of PFCs (41% vs. 14%) was
more frequent in the MPD disruption group, although mortality did not differ between ANP patients with
and without MPD disruption. Subgroup analysis between complete disruption (n ¼ 14) and partial
disruption (n ¼ 18) revealed a more frequent association of extensive necrosis and full-thickness glan-
dular necrosis with complete disruption. The success rate of endoscopic transpapillary pancreatic
stenting across the stricture site was lower in complete disruption (20% vs. 92%). Patients with complete
MPD disruption also showed a high rate of PFC recurrence (71% vs. 17%) and required surgery more often
(43% vs. 6%).
Conclusions: MPD disruption is not uncommon in patients with ANP with clinical suspicion on ductal
disruption. Associated MPD disruption may influence morbidity, but not mortality of patients with ANP.
Complete MPD disruption is often treated by surgery, whereas partial MPD disruption can be managed
successfully with endoscopic transpapillary stenting and/or transmural drainage. Further prospective
studies are needed to study these items.
© 2016 IAP and EPC. Published by Elsevier B.V. All rights reserved.
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Main pancreatic duct (MPD) disruption with leakage of
pancreatic juice can result from episodes of acute pancreatitis,
chronic pancreatitis, pancreatic trauma, pancreatic malignancy, or
pancreatic surgery [1e5]. In the setting of acute pancreatitis,
pancreatic-duct disruption may develop in patients with severe or
necrotizing pancreatitis, but not in those with interstitial edema-
tous pancreatitis. Necrosis of cellular elements including ductal
epithelial cells as well as acinar/islet cells, may develop in severe
forms of acute pancreatitis. Consequently, pancreatic-duct disrup-
tion can lead to the extravasation of pancreatic juice and formation
of pancreatic fluid collections (PFCs).
on of  Gastroenterology  (AIGO) December 26, 2016.
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Previous studies that addressed this issuemaybe limited by their
use of heterogeneous cohorts of patients with acute pancreatitis,
chronic pancreatitis, or post-surgical fistulas [6,7]. The failure rates
of endoscopic treatment and the recurrence rates of PFCs caused by
pancreatic-duct disruptions are both generally higher in patients
with chronic pancreatitis than with acute pancreatitis, because of a
frequent association with ductal strictures/calculi in the down-
stream duct [6]. Data on the pancreatic-duct disruptions specifically
in patients with acute necrotizing pancreatitis (ANP) are limited
when compared with other causes of pancreatic-duct disruptions.

In the setting of ANP, the clinicians often concentrate on paren-
chymal necrosis and its consequences such as walled-off necrosis
(WON). However, the associated pancreatic-duct disruptions can
worsen underlying pancreatitis and affect overall outcomes. A sub-
set of patients with ANP may show the brunt of the disease on the
duct (i.e., disruptions/leaks) and not on glandular tissue (i.e.,
parenchymal necrosis per se). Previous study demonstrated that
pancreatic ductal changes may predict spontaneous resolution,
success of non-operativemeasures, and direct therapies for PFCs [8].
Despite theburgeoning literatureon the technical details required to
perform endoscopic necrosectomy for WON [9,10], relatively few
studies have focused on issues surrounding the presence and out-
comes ofMPD disruption in the context of ANP [1,11]. The aim of the
present study was to evaluate the predictors, clinical consequences,
and outcomes of concomitant MPD disruption/leakage in patients
with ANP. The management of WON itself and detailed techniques
for the drainage of PFCs are beyond the scope of our study aim.
1. Materials and methods

1.1. Patients

Between 2005 and 2013, 5756 patients with acute pancreatitis
were identified through a discharge diagnosis code from data of
Fig. 1. Flow diagram of our patients selection. ANP, acute necrotizing pancreatitis; ERCP
angiopancreatography; MPD, main pancreatic duct.
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Asan Medical Center in Korea. Among them, 465 patients were
categorized as ANP in a discharge diagnosis code. All of these ANP
patients had pancreatic or peripancreatic necrosis on contrast-
enhanced computed tomography (CECT). Among these patients,
21 patients with isolated peripancreatic necrosis and 360 patients
who had undergone neither endoscopic retrograde chol-
angiopancreatography (ERCP) nor magnetic resonance chol-
angiopancreatography (MRCP) were excluded (Fig. 1). Ultimately,
this study consisted of 84 ANP patients who underwent MRCP and/
or ERCP. This study was approved by our institutional review board.

1.2. Nomenclature and definitions

Acute pancreatitis was classified as mild, moderately severe, or
severe according to the revised Atlanta classification [12]. Initial
CECT scan was usually performed 5e7 days after onset of symp-
toms. ANP was defined as a lack of enhancement of pancreatic
parenchyma and/or peripancreatic tissue on CECT scan [9]. Follow-
up CT was performed in the case with 1) clinical deterioration, 2) as
needed after intervention, and 3) 1e2 months after onset of
symptoms. Infected necrosis was confirmed when extraluminal gas
in the pancreatic and/or peripancreatic tissues was apparent on
CECTor when fine-needle aspiration (FNA) was positive for bacteria
and/or fungi on Gram stain and culture, with clinical and
biochemical deterioration of the patients [12].

1.2.1. Parenchymal necrosis and pancreatic fluid collections (PFCs)
The extent of necrosis in the parenchyma was categorized as

<30%, 30e50%, or >50%, based on the Balthazar CT severity index
[13]. Full-thickness glandular necrosis of the pancreas was pre-
sumed when the expected course of the MPD was completely
transected perpendicularly to the long axis of the pancreas on CT
scan due to the parenchymal necrosis of the entire width of the
pancreatic segment (Supplementary Fig. 1). The location of necrosis
, endoscopic retrograde cholangiopancreatography; MRCP, magnetic resonance chol-
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Table 1
Baseline characteristics of the study population.

N ¼ 84

Median age (range), years 48 (18e83)
Gender, M:F 70:14
Potential etiologies for pancreatitis, n (%)
Alcohol 42 (50)
Gallstones 9 (11)
Post-ERCP 8 (10)
Post-surgical 3 (4)
Metabolic 2 (2)
Gene-associated 1 (1)
Medication 2 (2)
Idiopathic 17 (20)

Severity of acute pancreatitis, n (%)
Mild 0 (0)
Moderately severe 56 (67)
Severe 28 (33)

Surgical treatment for ANP, n (%) 12 (14)
Pancreatitis-related mortality, n (%) 5 (6)
Median follow-up period (range), days 512 (35e3500)

ANP, acute necrotizing pancreatitis; ERCP, endoscopic retrograde chol-
angiopancreatography; MRCP, magnetic resonance cholangiopancreatography.
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was classified as involving or not involving the pancreatic neck or
proximal body. This area is vulnerable to ischemic injury involving
the pancreatic-duct and parenchyma, or both, due to its unique
vascular supply [14]. Our study did not include patients with iso-
lated peripancreatic necrosis because we wanted to evaluate the
patients with ANP and concomitant MPD disruption within the
zone of parenchymal necrosis.

PFCs develop secondary to either fluid leakage from the
pancreas or liquefaction of pancreatic necrosis. The revised Atlanta
classification provides characterization of PFCs based on the pres-
ence of necrosis and the time from injury, but CECT cannot reliably
detect necrotic debris within a PFC. Actually, WON has sometimes
been misdiagnosed as pseudocyst in previous studies [15]. Our
study therefore used the term “PFCs” without discrimination be-
tween WON and pseudocyst.

1.2.2. Suspicion of MPD disruption and subsequent ductal imaging
A disrupted duct was suspected in cases with enlarging/re-

fractory PFCs or when there was persistent catheter drainage of
amylase-rich fluid despite the resolution of the fluid collection [16].
In patients with symptomatic large PFCs, ductal anatomy imaging
such as MRCP/ERCP was generally performed after the drainage of
PFCs for clarification of ductal visualization.

Regarding the timing of intervention, we postponed interven-
tion more than 4 weeks after symptoms onset unless clinical
deterioration developed, in order to allow collection to be encap-
sulated and liquefied. We employed a step-up approach with
endoscopic/percutaneous drainage first and surgical debridement
as the last resort.

1.2.3. MPD disruption
Disruption of MPD was defined as a loss of continuity of MPD

with or without extravasation, and it could be further classified as
partial or complete according to the degree of disruption. Partial
disruption was asserted when the MPD could be opacified up-
stream from the disruption site during ERCP, whereas complete
disruption was defined as an abrupt cut-off and/or extravasation
of injected contrast medium without filling the upstream
pancreatic duct [17]. An inability to traverse the disruption site
with a guidewire was an additional evidence of complete
disruption.

The parenchymal necrosis of the pancreatic segment involving
the neck, body, or proximal tail can completely disconnect the
upstream and downstream parts of the duct. Therefore, recurrent/
unresolving PFCs or internal/external pancreatic fistulas can
develop due to persistent leakage of pancreatic juice from an iso-
lated viable upstream gland. This condition is called disconnected
pancreatic duct syndrome (DPDS) [9]. In this study, complete
pancreatic ductal disruption was used interchangeably with DPDS
except for necrosis of the far distal end of the tail.

An absence of MPD disruption was determined by MRCP or
ERCP, although the presence of MPD disruption was confirmed by
ERCP. If MRCP clearly demonstrated an intact MPD from head to tail
without discontinuity, this was regarded as no disruption, so ERCP
was usually not performed in those patients. We included only
disruption of the MPD, rather than that of the side branches,
because a minute ductal leak of pancreatic juice from a side branch
may resolve spontaneously without any intervention [7]. Secretin
stimulation before MRCP was not used for our patients because
secretin is not available in our country.

1.3. Statistical analysis

Fisher's exact test and the c2 test were used to compare cate-
gorical variables, and Student's t-test was used to compare
Downloaded from ClinicalKey.com at Italian Associati
For personal use only. No other uses without permissio
continuous variables. P < 0.05 was considered statistically
significant.
2. Results

2.1. Baseline characteristics of the study population

Themedian agewas 48 years (range 18e83 years), and 83%were
male (Table 1). Potential etiologies for acute pancreatitis included
alcohol (n¼ 42), gallstones (n¼ 9), post-ERCP (n¼ 8), post-surgical
(n ¼ 3), metabolic (n ¼ 2), gene-associated (n ¼ 1), medication
(n ¼ 2), and idiopathic cause (n ¼ 17). The severity of acute
pancreatitis was classified as moderately severe in 56 (67%) pa-
tients and severe in 28 (33%) patients. Twelve patients underwent
surgery for the treatment of ANP. Pancreatitis-relatedmortality was
6%. The first intervention (such as endoscopic/percutaneous
drainage) was performedmedian 39 days (range 21e178 days) after
symptoms onset. Themedian follow-up period was 512 days (range
35e3500 days).
2.2. The incidence, predictors, and clinical consequences of MPD
disruption in the setting of ANP

Among the 84 ANP patients who underwent MRCP and/or ERCP,
MPD disruption (complete 14; partial 18) was documented by ERCP
in 32 (38%) patients. In the remaining 52 patients, 40 showed no
MPD disruption on MRCP alone and 12 revealed no MPD disruption
on ERCP with/without MRCP.

The clinical and radiologic characteristics of the 32 ANP patients
with MPD disruptionwere compared with those of 52 ANP patients
without MPD disruption (Table 2). Extensive necrosis of more than
50% of the pancreas was significantly higher in patients with MPD
disruption (72% vs 46%, p ¼ 0.025). Presentation with enlarging/
refractory PFCs or persistence of amylase-rich high-volume output
from percutaneous drainage (47% vs. 15%) accompanying amylase-
rich ascites or unilateral pleural effusion (38% vs. 6%), was signifi-
cantly higher in patients withMPD disruption. The median amylase
level measured from the percutaneous catheter of the PFCs, pleural
effusion, and ascites were 79,588 (range 7247e124,900) U/L, 6800
(1240e13,721) U/L, and 9200 (877e12,543) U/L, respectively.
Mediastinal PFC was noted only in patients with MPD disruption
(9% vs. 0%, p ¼ 0.052). Patients with and without MPD disruption
on of  Gastroenterology  (AIGO) December 26, 2016.
n. Copyright ©2016. Elsevier Inc. All rights reserved.



Table 2
Comparison between 32 ANP patients with MPD disruption and 52 ANP patients without MPD disruption.

ANP patients with MPD
disruption (n ¼ 32)

ANP patients without MPD
disruption (n ¼ 52)

P

Mean age (±SD), years 45 ± 16 49 ± 15 ns
Gender, M:F 27:5 43:9 ns
Etiologies of pancreatitis, n (%) ns
Alcohol 14 (44) 28 (54)
Other than alcohol 18 (56) 24 (46)

Enlarging/refractory PFCs or Persistence of amylase-rich high-volume output
from percutaneous drainage, n (%)

15 (47) 8 (15) 0.002

Amylase-rich ascites or unilateral pleural effusion, n (%) 12 (38) 3 (6) 0.001
Mediastinal PFCs, n (%) 3 (9) 0 (0) 0.052
Severity of acute pancreatitis, n (%) ns
Moderately severe 24 (75) 32 (62)
Severe 8 (25) 20 (38)

Infected necrosis, n (%) 22 (69) 42 (81) ns
Site of necrosis, n (%) ns
Involving neck or proximal body 13 (41) 24 (46)
Not involving neck or proximal body 19 (59) 28 (54)

Extent of necrosis (>50%), n (%) 23 (72) 24 (46) 0.025
Need for ICU care, n (%) 11(34) 17(33) ns
Mean hospital stay (±SD), days 55 ± 44 29 ± 30 0.005
Surgery for ANP treatment, n (%) 7 (22) 5 (10) ns
Recurrent/refractory PFCs or recurrence of pancreatitis after initial treatment, n (%) 13 (41) 7 (14) 0.008
Pancreatitis-related mortality, n (%) 1 (3) 4 (8) ns
Mean follow-up period (±SD), days 948 ± 863 810 ± 868 ns

ANP, acute necrotizing pancreatitis; MPD, main pancreatic duct; SD, standard deviation; ns, not significant; PFCs, pancreatic fluid collections; ICU, intensive care unit.
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showed no statistical difference in the proportion of infected ne-
crosis (69% vs. 81%).

The mean hospital stay was significantly longer in patients with
MPD disruption (55 ± 44 days vs. 29 ± 30 days, p ¼ 0.005).
Recurrent/refractory PFCs or recurrence of pancreatitis after initial
treatment was also significantly frequent in patients with MPD
disruption (41% vs. 14%, p ¼ 0.008). Patients with and without MPD
disruption showed no difference in their need for ICU care, their
surgical treatment, and their pancreatitis-related mortality.

2.3. The role of MRCP in the diagnosis of MPD disruption in patients
with ANP

MRCP alone was performed in 40 ANP patients, ERCP alone was
performed in 26, and bothMRCP and ERCPwere performed in 18. In
the 18 patients who underwent both MRCP and ERCP (complete
MPD disruption 8; partial MPD disruption 7; no disruption 3), the
overall sensitivity of MRCP for detecting MPD disruption was 80%
(12/15). When analyzed according to the degree of MPD disruption,
88% (7/8) of patients with complete MPD disruption were sus-
pected as having MPD disruption on MRCP, whereas 71% (5/7) of
partial MPD disruption were suspected on MRCP (p ¼ 0.5692). All 3
ANP patients with intact MPD on ERCP also showed no disruption
on MRCP.

2.4. Interventions for PFCs related with MPD disruption and
treatment outcomes (Fig. 2)

2.4.1. Patients with complete MPD disruption
At initial admission, 22 cumulative drainage procedures for PFCs

were performed on 14 patients with complete MPD disruption.
Percutaneous drainage was most frequently used as an initial
treatment modality (10/22), followed by endosonography (EUS)-
guided transmural drainage (5/22). Transpapillary drainage was
also attempted in 5 patients, but was successful in bridging across
the stricture site in only one patient (1/5; 20%). Regarding the
treatment for WON, endoscopic necrosectomy was performed for 5
Downloaded from ClinicalKey.com at Italian Association o
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patients. Distal pancreatectomy for DPDS was performed in 2 pa-
tients at initial admission.

A second admission occurred in 71% (10/14) of patients with
complete MPD disruption due to recurrent/refractory PFCs or
recurrence of pancreatitis. Recurrences were managed conserva-
tively in 1 and surgically in 3 patients. EUS-guided direct
pancreatic-duct drainage was performed in 1 patient with up-
stream duct dilatation as management for recurrence, but surgery
was eventually required. The remaining 5 patients who were at
high risk for surgery were managed with permanent percutaneous
catheter drainage with a median duration of 540 days (range
303e1020 days) (Fig. 3).

2.4.2. Patients with partial MPD disruption
At initial admission, 3 patients with partial MPD disruption

improved with supportive care only. The remaining 15 patients
underwent 20 cumulative drainage procedures. Transpapillary
drainage was the most frequently used (12/20) as an initial treat-
ment modality, and was successful in 92% (Fig. 4). EUS-guided
transmural drainage was performed in 6 patients, and percuta-
neous drainage in 2. Regarding the treatment for WON, endoscopic
necrosectomy was performed for 3 patients.

A second admission occurred in 17% (3/18) of the patients with
partial MPD disruption due to recurrent/refractory PFCs or recur-
rence of pancreatitis. One patient with partial MPD disruption, who
improved initially with EUS-guided transmural stenting for PFC,
developed an MPD stricture, possibly due to fibrosis, as part of the
healing process after several months. This stricture was treated
with transpapillary stenting. Overall, 2 of 3 patients with re-
currences were successfully managed endoscopically, and the
remaining 1 patient underwent surgery for uncontrolled infected
necrosis.

Transpapillary stenting was performed using a 5Fe10F con-
ventional plastic stent placed with a median duration of 150 days
(range 20e509 days). Transmural stenting was performed using 7F
double pigtail stent(s) or an 8e10 mm fully covered metal stent
placed with a median duration of 154 days (range 54e428 days).
f  Gastroenterology  (AIGO) December 26, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.



Fig. 2. Interventions for PFCs related with MPD disruption and treatment outcomes. PFC, pancreatic fluid collection; MPD, main pancreatic duct; EUS, endosonography. *The patient
underwent surgery due to necrosectomy for uncontrolled infected necrosis.

Fig. 3. Complete MPD disruption (DPDS). A 48-year-old male with AIDS. (a) initial CT showed necrosis in the body of the pancreas. (b) 1 month later, PFC developed despite the best
conservative treatment and percutaneous catheter drainage was performed. (c) The pancreatogram showed complete cut-off (arrow) in the body portion of the MPD. (d) Injection of
contrast medium through the percutaneous catheter identified the upstream MPD. Amylase-rich fluid drainage via the percutaneous catheter persisted with diet. Surgery was
recommended, but the patient refused. He is under follow-up with the percutaneous catheter. MPD, main pancreatic duct; DPDS, disconnected pancreatic duct syndrome; AIDS,
acquired immunodeficiency syndrome.

J.W. Jang et al. / Pancreatology 16 (2016) 958e965962
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Fig. 4. Partial MPD disruption. A 49-year-old patient with ANP. (a) Walled-off necrosis developed in the neck and rail portion of the pancreas 6 weeks after ANP. (b) Stricture and
leakage in the neck and tail portion of the MPD were noted on the pancreatogram (circles). (c) A follow-up pancreatogram performed after 3 months of placement of pancreatic
stent showed no leakage but remained stricture of the neck portion; therefore, the plastic stent was reinserted. The stent was removed 6 months after the initial stent insertion, and
(d) the final CT showed improvement of the walled-off necrosis.

J.W. Jang et al. / Pancreatology 16 (2016) 958e965 963
2.5. Predictors and clinical consequences of complete MPD
disruption compared with partial MPD disruption

The clinical and radiological characteristics were compared
between the 14 ANP patients with complete MPD disruption and
the 18 ANP patients with partial MPD disruption (Table 3).
Pancreatic necrosis involving >50% of the area of the pancreas
(100% vs. 50%, p¼ 0.002) and full-thickness glandular necrosis (86%
vs. 28%, p ¼ 0.002) were more frequently associated with complete
MPD disruption.
Table 3
Comparison between 14 ANP patients with complete MPD disruption and 18 ANP patien

Mean age (±SD), years
Gender, M:F
Etiologies of ANP, n (%)
Alcohol
Other than alcohol

Severity of acute pancreatitis, n (%)
Moderately severe
Severe

Infected necrosis, n (%)
Site of necrosis,n (%)
Involving neck or proximal body
Not involving neck or proximal body

Extent of necrosis (>50%), n (%)
Full-thickness glandular necrosis, n (%)
Upstream duct dilatation distal to pancreatic necrosis, n (%)
Need for ICU care, n (%)
Mean hospital stay (±SD), days
Successful transpapillary stenting, n (%)
Surgery for ANP treatment, n (%)
Recurrent/refractory PFCs or recurrence of pancreatitis after initial treatment, n (%)
Pancreatitis-related mortality, n (%)
Mean follow-up period (±SD), days

ANP, acute necrotizing pancreatitis; MPD, main pancreatic duct; SD, standard deviation;
a One patient with partial MPD disruption underwent surgery, not because of a probl

necrosis.
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Patients with complete MPD disruption had a lower success rate
of endoscopic transpapillary stenting across the stricture site (20%
vs 92%, p ¼ 0.010), a higher incidence of recurrent/refractory PFCs
or recurrence of pancreatitis after initial treatment (71% vs. 17%,
p¼ 0.003), and a higher frequency of surgical treatment (43% vs. 6%,
p¼ 0.027) when compared to patients with partial MPD disruption.

3. Discussion

Studies on the incidence of MPD disruption in ANP are very few
ts with partial MPD disruption (according to the type of disruption).

Complete disruption (n ¼ 14) Partial disruption (n ¼ 18) P

43 ± 17 47 ± 14 ns￡

14:0 13:5 ns
ns

9 (64) 5 (28)
5 (36) 13 (72)

ns
10 (71) 14 (78)
4 (29) 4 (22)
12 (86) 10 (56) ns

ns
6 (43) 7 (39)
8 (57) 11 (61)
14 (100) 9 (50) 0.002
12 (86) 5 (28) 0.002
4 (29) 3 (17) ns
6 (43) 5 (28) ns
49 ± 46 60 ± 43 ns
1/5 (20) 11/12 (92) 0.010
6 (43) 1a (6) 0.027
10 (71) 3 (17) 0.003
0 (0) 1 (6) ns
973 ± 814 929 ± 923 ns

ns, not significant; ICU, intensive care unit; PFC, pancreatic fluid collections.
em related to MPD disruption but owing to necrosectomy of uncontrolled infected

f  Gastroenterology  (AIGO) December 26, 2016.
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in number, and interpretation of their results demands great
caution. Uomo et al. reported an incidence of MPD disruption of
31% in ANP patients, but the cause of pancreatitis was limited to
gallstones [11]. Lawrence et al. found a 16% incidence of discon-
nected pancreatic tail syndrome in 189 patients who underwent
ERCP for an indication of PFCs or pancreatic fistulas [18]. Their
study examined heterogeneous groups that included patients with
acute pancreatitis, chronic pancreatitis, or post-surgical fistulas
[18]. Our study demonstrated that incidence of MPD disruptionwas
38% in a homogeneous group of 84 ANP patients who underwent
MRCP or ERCP in accordance with clinical need. Excluded 381 ANP
patients from our study who did not undergo MRCP or ERCP on the
basis of clinical need might have lowered risks of MPD disruption.
Therefore, our study may have a potential for over-estimation on
the incidence of MPD disruption in ANP patients because our study
enrolled the group of patients with clinical suspicion on ductal
disruption and need of further diagnostic evaluation or treatment
such as MRCP or ERCP.

An MPD disruption may prolong the length of hospital stay due
to unilateral pleural effusion, pancreatic ascites, or enlarging fluid
collection [19,20]. Our study confirmed the prolongation of hospital
stays in the MPD disruption group (mean 55 vs. 29 days). Our study
also found a high rate of recurrent/refractory PFCs or recurrence of
pancreatitis in the MPD disruption group (41% vs. 14%). However,
the pancreatitis-related mortality or the need for intensive care
unit care did not differ between ANP patients with and without
MPD disruption.

Neoptolemos et al. found a persistent association between MPD
disruption and extensive necrosis (>25%) that required surgical
intervention. Lau et al. reported a 37% incidence of pancreatic
ductal leak in severe acute pancreatitis and an association of ductal
leak with pancreatic necrosis. Our study confirmed these results, as
the development of MPD disruption in our ANP patients was
significantly associated with extensive necrosis (>50%). In addition,
enlarging/refractory PFCs, amylase-rich high-volume output from
percutaneous drainage, or amylase-rich ascites/pleural effusion
were significantly higher in our patients with MPD disruption.
Mediastinal PFCs were only observed in the MPD disruption group.
A high index of suspicion is important for early recognition of
ongoing MPD disruption with leakage. The evaluation of MPD
disruption should therefore be considered in the following pre-
sentations: 1) extensive pancreatic necrosis, 2) enlarging/refractory
PFCs, 3) persistence of amylase-rich high-volume output from
percutaneous drainage, 4) amylase-rich ascites/pleural effusion, or
5) mediastinal PFCs.

Initial ductal anatomy imaging (MRCP/ERCP) may be useful for
determining whether the MPD is disrupted or disconnected.
Although ERCP can be used identify MPD disruption in patients
with ANP, possibly leading to interventions, no consensus has ever
emerged that ERCP should be performed on a regular basis to
confirm a duct leakage because of a concern regarding deteriora-
tion of underlying acute pancreatitis [10]. In the setting of ANP,
ERCP for MPD evaluation carries the risk of infection of sterile ne-
crosis by exacerbating a leak attributable to contrast injection at
nonphysiologic pressure. ERCP can also be associated with post-
procedure pancreatitis. In the setting of ANP, therefore, direct
pancreatogram should be avoided early in the course of the disease
(<2 weeks) except in the rare instance when this information may
change the treatment plan for the patient (eg. severe gallstone
pancreatitis) [17]. Transmural drainage rather than transpapillary
drainage is generally performed first in patients with symptomatic
large PFCs. After collections have resolved on follow-up CT, MRCP or
ERCP can be performed to evaluate if pancreatic ductal disruption is
present or not. One advantage noted after drainage of PFCs is that
MRCP imaging of the MPD is often clarified, because these fluid
Downloaded from ClinicalKey.com at Italian Associati
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collections no longer obscure the view.
MRCP for identifyingMPD disruptionmay provide a secure basis

for attempting a subsequent ERCP thereby obviating the need for
routine direct pancreatograms. However, MRCP might have low
sensitivity for detecting small disruptions [20]. In our study, the
sensitivity of MRCP was 80% for detecting MPD disruption using
ERCP as the gold standard. The sensitivity of MRCP was slightly
higher in complete MPD disruption than in partial disruption (88%
vs. 71%), but this difference was not statistically significant. These
results suggest that MRCP can be strongly recommended for
detecting ductal leakage as an initial modality because of its non-
invasive nature. Secretin stimulation before MRCP can be used for
better detection of ductal leakage because it significantly increased
the sensitivity of detecting duct abnormalities in the setting of
pancreatitis [21].

One strength of our study is its analysis of the predictors and
clinical consequences of MPD disruption while discriminating be-
tween complete and partial disruption. DPDS is characterized by
evidence of a complete MPD disruption and CT evidence of viable
pancreatic tissue upstream, in association with a persistent
pancreatic fistula or pancreatic-fluid collection [22]. DPDS has
several clinical implications: First, it may affect the treatment
outcome of endoscopic management for PFCs. In DPDS, endoscopic
transpapillary stenting across the disruption site is almost impos-
sible because of the complete separation of the upstream and
downstream MPD. Our study also showed a lower success rate for
endoscopic transpapillary stenting in patients with complete
disruption (20% vs. 92%). Second, failed endoscopic transpapillary
techniques are associated either with greater recurrence rates or
the need for surgery [18]. Our study confirmed the higher rate of
recurrent/refractory PFCs (71% vs. 17%) and a higher frequency of
surgical treatment in complete disruption (43% vs 6%). Third, DPDS
may affect the choice of initial drainage modality for PFCs. In the
context of ANP, PFCs are often first drained percutaneously within
the concept of step-up approach [10]. The percutaneous catheter
drainage of PFCs should be avoided in DPDS patients because it
transforms a collection easily accessible to transmural drainage into
a permanent fistula with a high-grade of relapse when the percu-
taneous drainage is removed. In addition, initial percutaneous
drainage may also render additional transmural drainage of the
collection more difficult by reducing its size. In our study, 5 of 10
patients with DPDS and percutaneous drainage for a PFC could not
remove their percutaneous catheter because of a permanent fistula
with high output. Thus, in patients with DPDS, treatment could be
initiated with transmural drainage rather than percutaneous
drainage. Lastly, the likely recurrence of PFC after transmural stent
removal is a concern if the stents are removed too early, despite
active communication between the pancreatic-duct and the cavity
[23]. The transmural stents could be left indefinitely even after PFC
resolution, especially for patients with DPDS [9,24].

The differentiation between complete and partial MPD disrup-
tion is therefore relevant to gastroenterologists. Our study
demonstrated the incidence of complete MPD disruption of 17% in
ANP patients. Our study also found that extensive necrosis (>50%)
and full-thickness glandular necrosis were significantly associated
with complete MPD disruption. When ERCP is indicated by the 5
previously mentioned presentations and subsequent MRCP find-
ings, we recommend performing ERCP with adequate-pressure
contrast injection, especially in the presence of extensive necrosis
or full-thickness glandular necrosis. This is because under-
opacification of the MPD distal to the disruption may preclude
accurate assessment of type of disruption (i.e., complete vs. partial).

Our study had a few limitations. Due to its retrospective nature,
we evaluated MPD integrity in selected patients on the basis of
clinical need such as suspicion on ductal disruption. Moreover,
on of  Gastroenterology  (AIGO) December 26, 2016.
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small MPD disruptions may not be detected in patients who un-
derwent MRCP alone. However, these small disruptions may
resolve spontaneously without symptoms and are less relevant in
clinical practice. Clinicians also must be aware that a multidisci-
plinary approach that includes radiologic, endoscopic, and surgical
intervention is often required to optimize outcomes when a ductal
disruption occurs in an area of extensive necrosis [9,20].

In conclusion, MPD disruption is not uncommon in ANP patients
with clinical suspicion on ductal disruption. The MPD disruption
was more frequently detected in patients with extensive necrosis,
enlarging/refractory PFCs, persistent drainage from percutaneous
catheter, or amylase-rich ascites/pleural effusion. Associated MPD
disruption may influence morbidity (prolonged hospital stay and
recurrence of PFCs), but not mortality of patients with ANP. Patients
with extensive necrosis and full-thickness glandular necrosis are
more susceptible to DPDS. Complete MPD disruption is often
treated by surgery, whereas partial MPD disruption can be
managed successfully with endoscopic transpapillary stenting and/
or transmural drainage. Further prospective studies are needed to
study these items.
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