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Abstract

Acute recurrent pancreatitis is a clinical entity largely
associated with pancreatic ductal obstruction. This
latter includes congenital variants, of which pancreas
divisum is the most frequent but also controversial,
chronic pancreatitis, tumors of the pancreaticobiliary
junction and sphincter of Oddi dysfunction. This review
summarizes current knowledge about diagnostic work-up
and therapy of these conditions.
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INTRODUCTION

Acute recurrent pancreatitis (ARP) represents a clinical
entity in which acute pancreatitis occurs more than
once in the setting of a normal morpho-functional
pancreas!'l.

The diagnosis of acute pancreatitis is generally based
on clinical and laboratory findings. Imaging studies
are obtained to confirm clinical diagnosis, to rule out

mechanical factors that may induce a transient obstruction
of pancreatic juice flow, to assess the extension of the
inflammatory process in and around the pancreas, and to
detect possible complications.

In patients presenting with ARP and a normal gland
visualized on transabdominal ultrasound and abdominal
CT, a primary role for secretin-enhanced magnetic
resonance cholangiopancreatography (S-MRCP) has been
suggested?.

Indeed, the exogenous administration of secretin
stimulates the secretion of fluid and bicarbonate by the
exocrine pancreas®. Consequently, the volume of fluid
in the pancreatic ducts increases which permits a more
accurate visualization of the pancreatic ductal system, a
better detection of anatomical variants, an evaluation of
the pancreatic flow dynamics and therefore an indirect
assessment of the sphincter of Oddi and of the pancreatic
exocrine reservel™.

S-MRCP offers several advantages over endoscopic
retrograde cholangiopancreatography (ERCP) such
as its non invasiveness, the absence of procedure-
related complications, the absence of contrast injection
or radiation exposure and its performance in post-
surgical patients. Secretin administration is safe, even
in the setting of acute pancreatitis® but additional time
and cost are required, therefore restricting the use of
secretin in warranted indications i.e. assessment of ARP.

ERCP should be performed only in those patients in
whom the etiology of pancreatitis cannot be achieved by
S-MRCP (for inspection of the papilla, for brush cytology
and biopsy sampling, for bile or pancreatic juice aspiration)
or for therapeutic purposes.

An etiology can be found in 70%-80% of patients

after an attack of acute pancreatitis, with alcohol abuse
and gallstone disease most often implicated®’. Any factor
capable of causing an initial episode of acute pancreatitis
has the potential to initiate tecutrent episodes.
The purpose of this review focuses on mechanical
factors that promote recurrent episodes of pancreatitis by
inducing a persistent or transient obstruction to pancreatic
juice flow into the duodenum with a subsequent rise in
intraductal pancreatic pressure.

Potential causes of pancreatic ductal obstruction
include: (1) anatomical congenital variations of the
biliopancreatic ductal system; (2) acquired obstructive
conditions at the level of major/minor papilla, the
level of the main pancreatic duct (MPD), or the level
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Potential causes

Diagnostic evaluation patient selection

Potential treatment strategies

Congenital variants

-PD # Santorinicele S-MRCP ERCP # EPS at the minor papilla
* transient dorsal duct stenting
-APBU S-MRCP ES
-Choledochocele S-MRCP EBS
-Type I & IV choledochal cyst S-MRCP Surgical resection + HJ
-Duodenal duplication cyst S-MRCP Endoscopic snare resection
or surgical resection
-Annular pancreas S-MRCP ERCP + EPS
or surgical gastrojejunostomy
Acquired obstructive conditions
-Suspected neoplasm
ampullary tumor EUS, S-MRCP Curative/palliative endotherapy
MPD stricture EUS, S-MRCP or
IPMT EUS, S-MRCP surgery
-Suspected early CP EUS, S-MRCP ERCP + EPS
+ transient MPD stenting
-Groove pancreatitis (CDDW) EUS, S-MRCP ERCP + dual ES + MPD stenting
or surgery or somatostatin
-Pancreatic SOD type I
type II J S-MRCP ERCP + dual ES + transient MPD stenting

type I

PD: Pancreas divisum; APBU: Anomalous pancreaticobiliary union; MPD: Main pancreatic duct; IPMT: Intraductal papillary mucinous tumor; CP: Chronic

pancreatitis; CDDW: Cystic dystrophy of the duodenal wall; SOD: Sphincter of Oddi dysfunction; S-MRCP: Secretin-enhanced magnetic resonance cholangiop

ancreatography; EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography; EPS: Endoscopic pancreatic sphincterotomy; ES:

Endoscopic sphincterotomy; EBS: Endoscopic biliary sphincterotomy; HJ: Hepaticojejunostomy.

Figure 1 Normal pancreas divisum. Unenhanced (A) and secretin-enhanced
magnetic resonance cholangiopancreatography (B). The ventral pancreatic duct
(arrow in B) and the entire course of the main dorsal pancreatic duct are seen only
after secretin administration.

of the duodenal wall; (3) pancreatic sphincter of Oddi
dysfunction (SOD) (Table 1).

A detailed discussion of pancreatic ductal system
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obstruction as specific causes of ARP follows with
emphasis on recent developments.

ANATOMICAL VARIATIONS OF THE
BILIOPANCREATIC DUCTAL SYSTEM

Pancreas divisum

Pancreas divisum (PD) is the most common congenital
variant of the pancreas, affecting 5%-14% of the
Caucasian population®®'”, This variant occurs when the
embryological ventral and dorsal ducts fail to fuse during
the second month of life in utero. In this case, the ventral
duct only drains the ventral pancreas through the major
papilla, whereas the majority of the pancreas drains via the
dorsal duct through the minor papilla. The diagnosis of
PD can be done safely and accurately by S-MRCP showing
the dorsal pancreatic duct crossing the common bile duct
anteriorly and separated from a smaller ventral duct!'!
(Figure 1). A relative obstruction at the small papillary
orifice of the minor papilla overburdened by draining
the larger dorsal pancreas has been proposed more than
25 years ago as the mechanism of pancreatitis associated
with PD",

However, the clinical significance of PD remains
controversial. Indeed, only a minority of patients with PD
(ess than 5%) becomes symptomatic with ARP, chronic
pancreatitis or chronic abdominal pain!*".

In a large ERCP series, we failed to find a significantly
increased frequency of pancreatic disease among patients
with PD compated with control patients!".

Recruitment bias (greater frequency of PD diagnosis
in patients referred after unsuccessful opacification of
the pancreatic ductal system) may have resulted in an
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Figure 2 An 80-year-old man presented with 3 attacks of acute pancreatitis over 5 yr. There was no history of alcohol abuse, smoking, nor medications. There were no
gallbladder stones at transabdominal ultrasound and no common bile duct stones at endoscopic ultrasonography. Unenhanced (A) and secretin-enhanced magnetic
resonance cholangiography (B) 3 min after secretin injection and C: 10 min after secretin injection). Ectasia of the minor papilla (Santorinicele) (arrow in B) is seen only
after secretin administration. Dilatation of the main pancreatic duct persists 10 min after secretin stimulation (C), suggesting obstruction at the level of the minor papilla.
Coronal view on T2-weighted magnetic resonance imaging (D) shows 2 paraduodenal diverticula (arrows in D). The major papilla is located on a fold between 2 diverticula
(arrow in E), whereas the minor papilla is extremely difficult to locate even after secretin injection and methylene blue staining (arrow in G). During ERCP, cannulation of the
major papilla allows opacification of a normal common bile duct and a short ventral pancreatic duct (F). Cannulation of the minor papilla using the needle, in the long scope
position, allows opacification of a cystic dilatation of the distal part of the dorsal pancreatic duct (Santorinicele, arrow in H). The main dorsal pancreatic duct is dilated (maximal
diameter: 8.3 mm after correction for magnification) (I). Endoscopic minor papillotomy is performed with a standard pull-type sphincterotome (J-K) and subsequently a 6 Fr
nasopancreatic catheter is inserted for 24 h (L). After sphincterotomy, contrast medium flows freely alongside the nasopancreatic catheter into the duodenum.

overestimation of the prevalence of PD in previous other
ERCP studies investigating ARP and PD!".

More recently, in an S-MRCP study (where the bias
of referral to a tertiary center after failure of ERCP
was avoided), the frequency of PD was similar in 54
control patients, in 68 patients with established chronic

pancreatitis and in 157 patients in whom pancreatic disease
was suspected on the basis of idiopathic acute pancreatitis
(n = 67), increased serum levels of pancreatic enzymes (7
= 42) ot pancreatic-type pain (# = 48)"l.

As most patients with PD do not develop pancreatitis,
a stenosis of the minor papilla or a Santorinicele (Figure 2)
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(defined as a cystic dilatation of the distal dorsal duct just
proximal to the minor papilla and considered as resulting
from a combination, either acquired or congenital, of
relative obstruction and weakness of the distal ductal wall)
could be the additional necessaty factors to cause an acute
pancteatitis in a few patients with PDI".

Identification of a Santorinicele at S-MRCP (Figure 2B)
or a minor papillary stenosis (suggested by an abnormal
response to sectetin, i.e. persistent dilatation of the MPD
greater than 3 mm at 10 min after secretin injection
in patients younger than 60 years) might be helpful in
selecting a subset of patients with PD and ARP who might
benefit from pancreatic ductal drainagel!'9.

Indeed, patients with PD and Santorinicele showed a
larger MPD in the head of the gland compared with that
in patients with only PD (compare Figures 1B and 2B),
both at rest and after secretin stimulation!"”. Moreover, the
mean interval between the injection of secretin and the
onset of duodenal filling was significantly longer in patients
with Santorinicele compared with that in patients without
Santorinicele!'”. These observations suggest the presence
of impeded pancreatic secretion outflow at the level of the
minor papilla with subsequent increased intraductal pressure.

In a prospective study including 279 patients
investigated by S-MRCP, an abnormal response of the
MPD to secretin stimulation could be detected in 12%
of the patients with ARP but the dynamics of pancreatic
duct filling after secretin stimulation did not differ between
patients with or without PDU!l. Whether the observation
of an abnormal response of the dorsal pancreatic duct to
secretin stimulation at S-MRCP is clinically relevant still
remains to be demonstrated.

There is also no consensus regarding the appropriate
treatment for ARP associated with PD but available data
suggest that some patients may benefit from dorsal duct
drainage!"”. For example, it was reported that patients with
Santorinicele may benefit from endoscopic papillotomy
of the minor papilla (Figure 2G-L) as evidenced by a
remarkable reduction in size of the MPD and of the
Santorinicele on follow-up S-MRCP images and by
symptomatic improvement'”. The same might be true
for patients with a persistent ductal dilation after secretin
administration visualized at MRCP or ultrasound.

Dortsal duct drainage could be achieved by surgical
sphincteroplasty of the minor papillal” or endoscopic
therapy including minor papilla sphincterotomy, transient
dorsal duct stenting or combination!"*'**1. The overall
success rate of endoscopic therapy is similar to the results
of surgical sphincteroplasty. Patients with well defined
bouts of pancreatitis had a significantly higher response
rate (70% to 80%) to dorsal duct drainage than those with
chronic pancteatitis or chronic abdominal pain!"**,

Endoscopic minor papillotomy may be performed
with a standard pull-type sphincterotome (Figure 2J-K)
and subsequent placement of a 5 Fr unflanged stent into
the dorsal pancreatic duct to protect against eatly scarring
and post-ERCP pancreatitis, or with a needle knife over a
previously placed dorsal pancreatic duct stent. The stent
should be removed within 2-4 wk if it has not migrated
spontaneously into the duodenal lumen to avoid stent-
induced damage to the pancreatic duct?!l.
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The majority of therapeutic trials are small,
retrospective case series with only one randomized
controlled trial on 19 patients presenting with ARP and
PD, showing a clinical benefit after dorsal duct stenting at
a mean follow-up of 12 mo after retrieval of the stent™.
However, prolonged stenting of the dorsal MPD should
be avoided because of the risk of inducing pancreatic
damage mainly when the ductal morphology is normal
initially®?. Complication and papillary restenosis rates wete
reported in 9% and 16% respectively among 69 patients
with ARP and PD treated by pancteatic sphincterotomy of
the minor papilla®.

Further studies using S-MRCP should evaluate the
outcome of minor papilla sphincterotomy in patients with
PD and ARP in order to provide selection criteria that
indicate which patients would be most amenable for therapy.

Other congenital variants

Various congenital abnormalities of the pancreaticobiliary
system are associated with ARPPY. In 1.5% to 3% of
individuals there is an anomalous union of the pancreatic
and bile ducts outside the duodenal wall, which results
in an unusually long common channel measuring more
than 15 mm proximal to the duodenum™. This common
channel facilitates free reflux of bile and pancreatic
juice into the alternative duct. Bile entering the pancreas
may potentially induce acute pancreatitis by increasing
intraductal pressure, and reflux of pancreatic enzymes
into the bile duct predisposes to the development of the
choledochal cyst?.

Pathogenesis of ARP in cases of anomalous
pancreaticobiliary union (APBU) has also been associated
with temporary occlusion of pancreatic secretion by stone,
protein plugs, or sphincter of Oddi dysfunction, all leading
to a rise in pancreaticobiliary intraductal pressure!®l.
Endoscopic ultrasonography and S-MRCP show a good
overall accuracy for detecting ductal variations?” and
demonstrating associated reflux.

Acute pancreatitis was reported to occur in 3% to 31%
of APBU patients™. It was usually mild and tresolved in a
few days with conservative treatment. Sphincter ablation by
endoscopic sphincterotomy may dectease the risk of ARPPL

Choledochocele is a rare congenital or acquired
condition, depicted as a dilatation of the intraduodenal
segment of the common bile duct. It was initially included
in the Todani classification of the choledochal cysts as type
™, but recently type 1T (divetrticulum of the common
bile duct related to a form of gallbladder duplication), type
Il (choledochocele) and type V (Caroli disease associated
with congenital hepatic fibrosis) were considered as
unrelated to choledochal cysts?.

Pancreatitis develops when the cystic dilatation or
its content (sludge or stones) obstruct pancreatic duct
outflow. Recommended treatment consists of uprooting
the choledochocele by endoscopic sphincterotomy”'l.

Types [ and IV choledochal cysts (congenital dilatation
of the extrahepatic bile ducts with a variable amount of
intrahepatic involvement) account for more than 90% of
the patients with choledochal cysts and among them, 16%
presented with pancreatitis™. In such patients, the entire
extrahepatic biliary tree and gallbladder should be removed
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with reconstruction by a Roux-en-Y hepaticojejunostomy
to prevent the risk of further cholangiocarcinoma.

Duodenal duplication is a cyst-like structure bulging into
the duodenal lumen just distal to the papillary orifice. The
duodenal duplication cysts contain Brunnet’s glands within
their wall. The association of pancreatitis with duodenal
duplication is infrequent??. Pancreatitis may result from
occlusion of the pancreatic ductal system by the distended
duodenal cyst filled with secretions or stones. Endoscopic
snare resection of the top of the cyst has been described?***.

Annular pancreas refers to a part of pancreatic tissue
partially or completely encircling the duodenum usually at the
level of of just proximal to the major papilla. This anomaly
occurs when the ventral bud fails to rotate with the duodenum
during embryological development. This rare vatiant is often
associated with duodenal ot biliary obstructive symptoms and
pancreatitis may affect the annulus or the remaining pancreas.
Recommended treatment consists in gastrojejunostomy® in
case of duodenal occlusion.

Congenital vatiants of the biliopancreatic ductal system
provide interesting challenges when discovered during
the diagnostic workup of ARP. However, most of these
variants are clinically irrelevant. Therefore methods to
select patients who ate likely to benefit from therapy would
be of the utmost importance.

ACQUIRED OBSTRUCTIVE CONDITIONS

Tumors of the pancreaticobiliary junction

It is estimated that 5% to 7% of patients with pancrea-
ticobiliary tumors, benign or malignant, present with
idiopathic ARP". Mechanical blockage of the papillary
otifice by ampullary tumors, may lead to painless jaundice,
anemia, but also idiopathic ARP. Therefore careful papilla
inspection for size and shape should be included in the
diagnostic workup of ARP of unknown etiology and papilla
biopsies should be taken when indicated.

Adenomas are the most common ampullary tumors and
represent premalignant conditions which need endoscopic
snate resection or surgical resection according to their size
and histological gradeP. Surveillance remains an option,
especially for those occurring in the setting of familial
adenomatous polyposis which atre not symptomatict”.

Similarly, unexplained ARP in a patient 45 years or
older requires that an underlying pancreatic catcinoma be
excluded™. The incidence of malignant pancreatic neoplasm
as the underlying cause of acute pancreatitis is low (only 3%)
in patients younger than 40 years of age compared to patients
aged 40 to 60 years (21%) and to patients aged older than
60 years (25%0)F.

Endoscopic ultrasonography and S-MRCP ate helpful
procedures in assessing strictures of the MPD and
associated parenchymal and ductal changes.

Cytologic and histologic intraductal sampling of
pancreatic ductal strictures, tumoral molecular markers
searched on pure pancreatic juice or brushing samples may
help to unravel the suspicion of malighancy.

Chronic pancreatitis
ARP may also be the clinical presentation of eatly chronic
pancreatitis (CP). Indeed, according to the recently

proposed Sentinel Acute Pancreatitis Event (SAPE)
hypothesis, tepeated attacks of acute pancreatitis may
evolve to a clinically chronic diseasel*.

Early stages of chronic pancreatitis can be specifically
detected by endoscopic ultrasonography (3 to 5 positive
critetia among echogenic duct walls, irregular duct contour,
dilated side branches, parenchymal echogenic foci or strands,
lobularity of the gland,.)"*" and by S-MRCP (abnormal
ductal response to secretin, progressive enhancement
of the pancreatic parenchyma related to a loss of ductal
or parenchymal compliance, characteristic side-branch
involvement, changes in gadolinium uptake,...)**.

It was shown that a substantial number of patients
with ARP indeed have evidence of CP (42%-47%) during
follow-up evaluation**! and that CP was twice as frequent
in patients with ARP compared with those with a single
episode of pancreatitis!*!l.

Strictures of the MPD, generally due to inflammation
or fibrosis around the MPD and obstructing pancreatic
stones may contribute to abdominal pain or ARP in
patients with CP. In these advanced stages of CP (which
are not called ARP anymore), S-MRCP demonstrates the
ductal anatomy, the degree and level of pancreatic duct
obstruction, the associated complications (pseudocysts,
common bile duct stricture) and the possible duodenal
filling impairment suggesting pancreatic exocrine
insufficiency. This imaging procedure is mainly useful
before planning therapy and also for follow-up after relief
of ductal obstruction?.

Groove pancreatitis or cystic dystrophy of the
duodenal wall is an uncommon type of CP affecting
the "groove" between the head of the pancreas and the
duodenum. The most characteristic finding is a sheet-
like mass between the head of the pancreas and the
thickened duodenal wall associated with cystic changest™*.
The cysts in the duodenal wall develop from foci of
heterotrophic pancreas lying close to the pancreas. In a
series of CP patients, the frequency of cystic dystrophy
of the duodenal wall is to the order of 25% with a strong
male predominance, a mean age of 45 years and frequent
weight loss and vomiting associated to the ARP clinical
presentation!*!.

Endoscopic ultrasonography is the exploration of
choice to search for cystic dystrophy of the duodenal
wall. MR imaging can also visualize cystic formations and
a band of low-intensity signals on T1 and T2 sequences,
lying between the second portion of the duodenum and
the pancreas, and corresponding to heterotopic pancreatic
tissue.

Pancreaticoduodenectomy remains the most effective
treatment since the diseased tissue is removed but endoscopic
cystic and pancreatic ductal drainage and somatostatin analogs
are also alternatively proposed therapiest*™.

Pancreatic sphincter of Oddi dysfunction

Sphincter of Oddi dysfunction (SOD) is defined as a
benign, non-calculous partial obstruction (organic or
functional) of the biliary and/or the pancreatic segment
of the sphincter of Oddi, giving rise to episodic upper
abdominal pain ot pancreatitis*’l.

SOD is reported to be present in about 30% of

www.wjgnet.com



1032 ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

February 21, 2008 Volume 14  Number 7

patients with ARP of unknown etiology™. Organic or
functional obstruction of the sphincter of Oddi may
promote reflux of bile into the MPD or impairment of
pancreatic duct outflow, causing pancreatitis.

Patients with pancreatic SOD may be classified similarly
to those with biliary SOD. Pancreatic type I SOD
corresponds to a papillary stenosis and is thought when
pancreatic-type pain or documented ARP are associated
with elevated serum amylase/lipase and a dilated MPD
(> 5 mm in the body of the pancreas). In pancreatic type
I SOD, pancreatic-type pain or ARP are combined with
one additional factor defining type I , and pancreatic type
I SOD includes patients having recurrent pancreatic type
pain alone with none of the above findings™..

Type [ is considered to be due to a chronic
inflammatory process which becomes a fibrosis with
subsequent stenosis of a part or the entire sphincter.
Pancreatic type II SOD patients are thought to suffer
from sphincter of Oddi dyskinesia that means a functional
alteration of the physiological motility of the sphincter
which causes some delay in the passage of pancreatic juice
into the duodenum™”.,

In suspected pancreatic type I SOD, an objective
diagnosis of dysfunction should rely on sphincter of
Oddi manometry (basal pancreatic sphincter pressure
> 40 mmHg) or less invasively on MRCP evaluation of
changes in the size of the MPD after secretin stimulation
(1). However, data regarding pancreatic SOD are sparse,
making the management of this disorder even more
controversial than its biliary counterpart!?.

Nowadays, sphincter of Oddi manometry tends to
be replaced by the non-invasive S-MRCP"*! providing
information regarding the sphincter of Oddi function
by measuring changes in MPD diameter over time, after
secretin injection. At S-MRCP, the diagnosis of pancreatic
SOD may be suggested when MPD diameter remains
increased by greater than 1 mm compared with baseline,
throughout the 15 min testing interval. Based on MPD
kinetics at S-MRCP, Mariani ¢ 2/ found concordant results
between S-MRCP and sphincter of Oddi manometry
in 13 of 15 patients with idiopathic ARP™. Moreover,
a recent study suggests that S-MRCP may be useful in
selecting those patients with suspected SOD who might
benefit from endotherapy!’. Interestingly, S-MRCP could
replace sphincter of Oddi manometry more effectively in
type II SOD than in type II, this latter group being the
most controversial for potential therapy!*l.

Available data suggest that, in suspected pancreatic
SOD (on the basis of either a basal dilatation of the MPD,
or an abnormal dynamic response of the pancreatic duct
at S-MRCP), a dual endoscopic biliary and pancreatic
sphincterotomy, whether at single or separate sessions,
yields significantly better response than endoscopic biliary
sphincterotomy aloneP”. However, patients with SOD have
a complication rate from endoscopic sphincterotomy 5
times higher than that of patients with bile duct stonesP".
Placement of a transient pancreatic stent reduces this risk
especially when the accessory duct is not patent®. This
stent usually migrates spontaneously but in case migration
does not occut, it should be removed 10-14 d following
dual endoscopic sphincterotomy.
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CONCLUSION

ARP should be evaluated in referral centers as diagnosis
is time-consuming, usually expensive and may expose the
patient to a substantial morbidity. Initial modalities of
choice involve CT scan and S-MRCP to detect alterations
in the pancreatic parenchyma including calcifications and
tumors and in order to obtain a high resolution imaging of
the pancreatic ducts.

Endoscopic ultrasonography and ERCP are the next
logical steps for the detection of early CP, unappreciated
malignancy and for a trial of transpapillary ductal drainage.

Future prospective trials should define which patients,
with idiopathic ARP, whether or not it is associated
with anatomical variants, are most likely to benefit from
pancreatic ductal drainage.

These studies should allow appropriate patient selection
and the development of novel, effective, preventive and
therapeutic strategies to improve the clinical condition of
these patients.
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