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Abstract

Pancreatic strictures represent a complex clinical problem which often requires multidisciplinary management with a team of
gastroenterologists, surgeons and radiologists. Dominant strictures are largely due to inflammatory processes of the pancreas
like chronic pancreatitis. However, differentiating benign from malignant processes of the pancreas, leading to strictures
is imperative and remains a challenge. With advances in endoscopic management, options for therapy include endoscopic
retrograde cholangiopancreatography (ERCP), and endoscopic ultrasound-guided pancreatic drainage (EUS-PD) in situa-
tions where ERCP is not feasible or fails. However, endoscopic therapy is suited for a select group of patients and surgery
remains key to management in many patients. In this narrative review, we look at the gastroenterologist’s perspective and
approach to pancreatic ductal strictures, including endoscopic and surgical management.
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Introduction

Pancreatic duct (PD) strictures are one of the most chal-
lenging diagnostic and therapeutic conditions for treating
gastroenterologists. The principal diagnostic consideration
is to rule out underlying malignancy. Management of these
strictures can be challenging for endoscopists due to the
complexity of the underlying disease leading to the stric-
ture or associated PD stones in benign disease like chronic
pancreatitis (CP) and leaks leading to recurrent collections
related to post-traumatic strictures. PD strictures can be arbi-
trarily classified as benign or malignant, single or multiple
and dominant or non-dominant [1]. Dominant stricture has
been defined by upstream dilatation of the main pancreatic
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duct to 6 mm or more in diameter, occlusion of contrast
outflow alongside a 6-Fr size catheter placed upstream from
the stricture or provocation of symptoms, mainly abdominal
pain during continuous infusion of 1 I saline at the upstream
area using a nasopancreatic catheter for 12-24 h [2]. Knowl-
edge of each of these categories in addition to location of
stricture in the main pancreatic duct (head, genu, body and
tail) and anatomical ductal variations (pancreatic divisum
or ansa) is critical for formulating effective management
strategy.

Endoscopic management is a first-line therapy in symp-
tomatic single-dominant pancreatic strictures in view of its
feasibility and lower rates of morbidity and mortality as
compared to surgery [3]. Emerging diagnostic and thera-
peutic tools are now available to manage PD strictures and
associated conditions. This review will focus on clinical
presentation and concise differential diagnosis of the etiolo-
gies of PD stricture along with emerging diagnostic modali-
ties and rapidly advancing endoscopic management options
and role of surgery.
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Clinical presentation

Patients with symptomatic PD strictures usually present with
persistent or recurrent abdominal pain, particularly in the
setting of CP. Ductal hypertension due to obstruction caused
by dominant strictures with or without associated stones is
one of pathophysiologic mechanism of pain in these patients
[4]. Weight loss and steatorrhea secondary to exocrine pan-
creatic insufficiency (EPI) and pancreatic outflow obstruc-
tion can be other presenting complaints in these patients.
Coexisting pseudocysts can cause gastric or duodenal com-
pression resulting in nausea and vomiting in some patients.
Jaundice and cholangitis may be initial presentations in
patients with associated biliary strictures, in autoimmune
pancreatitis (AIP) and immunoglobulin G4-related scleros-
ing cholangitis (IgG4-SC). Primary pancreatic ductal adeno-
carcinoma can obstruct the main PD and cause symptoms of
acute pancreatitis or EPI.

Etiology of PD strictures

Depending upon etiology, PD strictures can be classified into
two categories: benign and malignant. Table 1 depicts the
etiologies of benign PD strictures. PD strictures secondary
to malignancy can either directly involve the duct or cause
extrinsic compression on duct due to mass effect. Meticulous
history with documentation of alcohol abuse and previous
episodes of pancreatitis along with physical examination
could be a guide to the etiology, followed by cross-sectional
imaging or endoscopic ultrasound (EUS), or any combina-
tion of these modalities, to accurately evaluate the pancreatic
parenchymal and ductal abnormalities [5].

Ruling out the underlying malignancy is the first step in
the evaluation of PD stricture [6]. Younger age, history of
pancreatitis, absence of jaundice, normal bile duct, strictures
in the body or tail of the pancreas, diffuse ductal irregu-
larity and multiple strictures, pancreatic divisum anatomy,

Table 1 Etiology of benign pancreatic strictures

Causes of benign pancreatic duct strictures [6, 10]

Chronic pancreatitis
Recurrent acute pancreatitis
Trauma

Pancreatic pseudocyst

1gG4 related disease (Autoimmune pancreatitis and IgG4 related
sclerosing cholangitis)

Previous pancreatic surgery
Benign pancreatic neoplasm

Iatrogenic (Placement of PD stent, previous ERCP instrumentation)
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irregular side branches and presence of associated main
pancreatic duct stones may point toward benign nature of
stricture [7, 8], whereas isolated PD stricture with upstream
dilatation, associated mass, stricture in head and neck of
pancreas and simultaneous PD and common bile duct stric-
ture (double duct sign) favor malignancy [4, 7, 8]. How-
ever, it is noteworthy to mention that none of these features
are absolute for ruling out a particular etiology, as AIP can
present with obstructive jaundice and a diffusely enlarged
pancreas and/or low-attenuation mass in the head of the
pancreas. Also, approximately 2% of patients with “newly
diagnosed” CP may have underlying pancreatic malignancy
[9] and patients with a history of quiescent CP who present
with new-onset alarm symptoms should be approached with
suspicion to rule out a malignancy [8].

CP is the most common cause of pancreatic stricture,
and the presence of dominant PD stricture leads to ductal
obstruction resulting in pain or superimposed episodes of
acute on chronic pancreatitis [10]. Associated stone in the
PD will lead to additional injury causing inflammatory
cascade activation resulting in further fibrosis and progres-
sion of stricture [11]. In a large study of patients with CP
undergoing pancreatic endotherapy for MPD obstruction,
PD stricture was the most common etiology of obstruction
(47%), while isolated PD stone was present in 18% and a
combination of stricture and stone was seen in 32% cases
[12].

Autoimmune pancreatitis (AIP) is another less common,
but medically treatable cause of PD strictures and can also
be associated with biliary stricture in the setting of immu-
noglobulin G4 (IgG4)-related sclerosing cholangitis (IgG4-
SC). Apart from the typical imaging features of AIP which
include diffuse enlargement of pancreas or a discrete mass,
PD strictures can result from AIP. Features suggestive of
AlP-associated PD stricture are: (i) long stricture involving
more than one-third of length of PD, (ii) lack of upstream
dilatation (PD diameter <5 mm), (iii) multiple strictures,
and (iv) side branches arising from strictured segment
[13-18]. EUS-guided pancreatic parenchymal biopsy may
be performed to confirm AIP on histology and to exclude
malignancy [19]. Other less common causes of PD stricture
include trauma, iatrogenic triggers from placement of a PD
stent, or post-pancreatic surgery.

Role of cross-sectional imaging in evaluation
of PD strictures

The possibility of underlying malignancy necessitates inves-
tigation with high-quality cross-sectional imaging. European
guidelines recommend performing a high-quality pancreatic
computed tomography (CT) scan and/or magnetic resonance
imaging (MRI) with cholangiopancreatography (MRCP) to
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rule out pancreatic cancer in patients of CP [2], which is a
most common cause for PD strictures. A meta-analysis of
52 studies found that CT scan and MRI present similar diag-
nostic accuracies for the diagnosis of pancreatic cancer [20].
Additionally, MRCP has excellent accuracy for delineation
of ductal abnormalities including strictures, dilation, and
intra-ductal stones; in two retrospective studies, its diagnos-
tic accuracy for ductal abnormalities was 73.2% (41 children
with CP) and 92.2% (30 adults with CP) [21, 22].

Role of endoscopy in evaluation of PD
strictures

EUS can be utilized for evaluation of both parenchymal
and ductal changes. The role of EUS for diagnosis of CP
comes only if CT and MRI are normal and the suspicion for
CP is still high, especially in patients with recurrent acute
pancreatitis due to low specificity and high inter-observer
variability [23]. Major benefit of EUS as diagnostic tool
in patients of PD stricture is that it allows tissue sampling
where malignancy or AIP is suspected due to higher success
rate and fewer post-procedural complications as compared to
ERCP [24]. EUS-guided parenchymal biopsy has a sensitiv-
ity of approximately 80% for diagnosis of AIP via histology
alone with minimal resultant risk of acute pancreatitis [19].
It should be noted that EUS-FNA (fine needle aspiration)
of lesions in the setting of CP is less sensitive according to
a retrospective and a prospective study (54% and 74% vs.
89% and 91% in the presence vs. the absence of CP, respec-
tively) [2]. In a recent prospective and multicenter analysis
in China, EUS-guided FNB (fine needle biopsy) samples
produced more accurate diagnoses than samples collected
by EUS-guided FNA in pancreatic masses [25].

Given the non-invasive nature of MRCP and highly reli-
able ductal findings, ERCP has shifted to primarily a thera-
peutic procedure in management of PD strictures. However,
it offers the endoscopist the modality to take brushings for
cytology for ruling out occult malignancy at the time of
intervention, particularly in the absence of mass on cross-
sectional imaging and chance to use emerging diagnostic
tools as discussed below in evaluation of PD strictures [3,
10]. The tissue yield of brush cytology of pancreatic duct
can be improved by stricture dilation [26].

Peroral pancreatoscopy with the newest platform Spy-
Glass DS™, single-operator, single-use cholangiopancrea-
toscopy system (Boston Scientific, Natick, Massachusetts,
USA), provides high-quality images for determining the eti-
ology of indeterminate PD strictures and pathology, includ-
ing main duct intraductal papillary mucinous neoplasms and
malignancy both by endoscopic appearance and improved
sampling via biopsy instead of brushings with sensitivi-
ties of up to 91% [6, 27-29]. Post-ERCP pancreatitis (PEP)

prophylaxis should be utilized after pancreatoscopy in view
of increased risk of this complication [29].

Serial pancreatic juice aspiration cytologic examination
(SPACE) is a diagnostic method which involves collection
of pancreatic juice by a nasopancreatic tube placed via the
major papilla, followed by cytological analysis. In the first
study of 20 patients, diagnosis of pancreatic cancer was
made with a sensitivity of 100%, specificity of 83.3%, and
accuracy of 95%. None of the patients had acute pancreatitis
after drainage tube placement [30]. Subsequently, another
study reported 92% sensitivity of SPACE for diagnosis of
pancreatic cancer and concluded that SPACE can be useful
for the diagnosis of small pancreatic cancers which could
not be recognized by EUS [31].

Emerging endoscopic tools for evaluation of indetermi-
nate PD strictures include confocal laser endomicroscopy
(CLE) and optical coherence tomography (OCT). CLE is a
novel endoscopic imaging technique that can provide real-
time optical biopsies from PD strictures [32]. During this
procedure, currently available CholangioFlex miniprobe
(Cellvizio; Mauna Kea Technologies, Paris, France) is
passed through the ERCP catheter and fluorescein dye is
administered to produce high-resolution images of the PD
stricture at a microscopic level. CLE probes visualize bil-
iary epithelium by transmitting low-power laser and detect-
ing light reflected back from the tissue [32, 33]. Its role in
evaluation of PD strictures is supported by only small case
series and studies [33, 34]; therefore, large-scale data and
standardized classification systems as developed for biliary
strictures are needed before its widespread use. OCT is a
technology that uses infrared light to obtain high-resolution,
cross-sectional tomographic imaging of the tissue micro-
structure below the surface that can be interpreted in vivo.
The latest version of this technology, NVision Volumetric
Laser Endomicroscopy (VLE) (Ninepoint; Bedford, MA),
allows for a wider and deeper field of vision and higher-
quality images unlike earlier versions [35]. This technique
requires advancing the catheter with probe through the work-
ing channel of the duodenoscope into the PD adjacent to the
wire to the area of interest and then performing 90-s scan
for capturing and interpreting images in vivo [6, 35]. The
addition of performing OCT during ERCP does not seem
to add risk to the procedure as evidenced by the low rate
of adverse events [36]. Despite having several advantages
over current diagnostic modalities for indeterminate PD
strictures like allowing under-the-surface evaluation unlike
cholangioscopy, which allows examination of only surface
mucosa, allowing circumferential evaluation across 6 cm of
tissue in 90 s unlike CLE, which evaluates only small focal
areas at one time, and having smaller diameter probe than
cholangioscope, which can be easily advanced in narrow
strictures, its optimal utility is recommended in combination
with other diagnostic modalities [35].
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Role of serum markers in evaluation of PD
strictures

Serum markers such as IgG4 in AIP or CA 19-9 in pancre-
atic cancer can also be useful in determining the etiology of
the stricture [24]. A combination of IgG4 levels and CA19-9
has been shown to be effective in differentiating between
AIP and pancreatic cancer. CA19-9 levels less than 74 TU/ml
with IgG4 levels > 1.0 g/L helped identify patients with AIP
with 94% sensitivity and 100% specificity [37]. In another
study from Taiwan, CA19-9 levels < 85 IU/ml with [gG4
levels > 2.8 g/l had the best diagnostic accuracy of 85% for
AIP, as compared to pancreatic cancer [38].

Management of pancreatic duct strictures

Management of pancreatic stricture depends upon the etiol-
ogy, presence of symptoms, age, comorbidities, anatomy of
the stricture (number and location), and availability of exper-
tise (endoscopic vs. surgical). Asymptomatic strictures do
not require any intervention if malignancy has been excluded
by cross-sectional imaging and brush cytology. The primary
aim of management is relief of pain and strategies include
medical, endoscopic and surgical techniques. Among all the
above-mentioned etiologies of pancreatic stricture, autoim-
mune pancreatitis is the only condition which can be man-
aged by medical therapy. Induction of remission is usually
achieved with glucocorticoids, while there is a difference
of opinion regarding maintenance therapy in these patients.
Other medical management common to all etiologies include
removal of the causative agent like alcohol and smoking, and
management of exocrine insufficiency through pancreatic
enzyme replacement therapy.

Endoscopic management

Endoscopic therapy is usually the first line of management
for pancreatic strictures in the majority of centers. Endo-
scopic management includes pancreatic sphincterotomy,
followed by dilatation of stricture and PD stent placement
(Figs. 1 and 2). Multiple options are available for dilatation
of stricture which include balloon or Bougie dilators and
Soehendra stent retriever if the dilator cannot traverse the
stricture [5, 39]. A recent study evaluated the use of 6-Fr
cystotome (diathermy catheter) as an alternative method for
dilation of recalcitrant pancreatic strictures after the failure
of conventional modalities [40]. PD strictures being tight
and resilient are not effectively decompressed by dilatation
alone and hence should be followed by stenting [41].

Preference of stent

Plastic stent placement has been recommended by both
ASGE and ESGE guidelines, which can be placed for a
prolonged period or exchanged on a scheduled basis or
upon recurrence of symptoms. Both guidelines recommend
placement of a single 10-Fr plastic stent across the domi-
nant stricture as smaller stents are prone to occlusion, thus,
increasing the number of hospital admissions for pain [2,
41]. ESGE defines refractory MPD strictures as persistent or
recurrent symptomatic dominant strictures even after 1 year
of single pancreatic stent placement [2]. Although ESGE
suggests consideration of multiple side-by-side plastic stents
for refractory strictures, some experts prefer multiple stent
placement at the initial session only to avoid blockage of
side branches. In a multicentric study on long-term outcome
after multiple plastic stenting for refractory pancreatic stric-
ture in CP, 74.4% (32/43) of the patients were asymptomatic
during a mean follow-up of 9.5 years (0.3—15.5 years) after

Fig. 1 A Patient with adenocarcinoma of the tail of the pancreas post-
distal pancreatectomy with dominant stricture (arrow) in the pancre-
atic body. B Pancreatogram showing a dominant stricture (arrow).
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Brush cytology revealed adenocarcinoma. C Pancreatic stent was
placed to achieve complete drainage
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Fig.2 Dominant stricture in the neck of the pancreas in an 11-year-
old boy presenting with abdominal pain (big arrow) with long com-
mon channel (double-headed arrow) with bile duct also opacified on

stent removal [42]. However, there are neither any trials
comparing single large diameter vs. multiple side-by-side
smaller diameter plastic stents for PD stricture therapy nor
comparing scheduled vs. on demand stent exchange. There
are no recommendations regarding the length of the stent,
and the length of the stent used depends on the location and
length of the stenosis.

Technical success is defined as placement of stent across
the dominant MPD stricture or the most proximal stricture
in case of multiple strictures which is aimed at decompres-
sion of the MPD to reduce pain and persistently dilate the
stricture(s). The number of strictures and location of stric-
ture are the major factors determining the success of endo-
therapy. So, a single stricture in the head of the pancreas
is an ideal candidate for ERCP with stenting compared to
stricture in tail or multiple strictures. ERCP has a techni-
cal failure rate of 3-10% and the common reasons include
failure of cannulation of the main pancreatic duct, severe
strictures, pancreatic stones, or altered anatomy. In such
patients, EUS-guided PD drainage has evolved as a mini-
mally invasive alternative to surgery. Clinical success has
not been defined for these patients, but absence of pain on
follow-up is an acceptable definition. Multiple studies have
shown an immediate clinical success rate of 83—100% with
long-term clinical success rate of 52-84% with use of plas-
tic stents [43—49]. A meta-analysis of 16 studies reported
an immediate pain relief in 88% and long-term pain relief
in 67% of patients with CP undergoing endotherapy [50].
Long-term stricture resolution rate after removal of plastic
stent varies from 58 to 74.4% [42, 45].

Fully covered self-expandable metal stents (FCSEMS)
have been evaluated for treatment of pancreatic stricture in
multiple small studies. A recent meta-analysis of ten studies
with 163 patients showed a stricture resolution rate of 93%
(95%CI 84-99%) with overall rate of adverse events being
34.9% compared to complication rate of 7.85% with plastic

injection in the MPD (small arrow). This is representative of a pan-
creaticobiliary malunion

stents [50, 51]. Another meta-analysis comparing FCSEMS
and multiple plastic stent in refractory PD stricture reported
similar improvement in pain after stenting, risk of recur-
rence of pain after stent removal and stricture resolution with
significantly higher risk of adverse events with FCSEMS
[52]. Lack of long-term data and clinical experience with
high complication rate warrants further evaluation before
FCSEMS can be recommended for pancreatic strictures.

EUS-guided pancreatic duct drainage
(EUS-PD)

Failure of transpapillary drainage of PD by conventional
ERCP or inaccessible papilla due to surgically altered anat-
omy (Whipple’s procedure, Billroth II, Roux-en-Y gastric
bypass) are the two main indications of EUS-guided pancre-
atic duct drainage. Other indications and contraindications to
EUS-guided pancreatic drainage are summarized in Table 2.

Technique of EUS-PD

There are two distinct techniques for EUS-PD: (i) EUS-
guided rendezvous (EUS-RV), and (ii) EUS-guided pancre-
atic transmural stenting (EUS-PTS).

There are two access routes to PD: transgastric and trans-
duodenal. After visualization of PD by EUS, puncture is
usually made with a 22-gauze needle with a 0.018-inch
hydrophilic guidewire or a 19- gauze needle with a 0.025-
inch or 0.035-inch wire. A 19-G needle is the preferred size,
while a 22-G needle is used when the pancreas is fibrotic
or MPD is <5 mm. Apart from needle size, sharpness of
the needle is also an important factor, as stiff parenchyma
in a case of chronic pancreatitis will prevent smooth punc-
ture in the absence of a sharp tip. In EUS-RYV, after trans-
mural puncture, the wire is guided across the stenosis to
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Table2 EUS guided Pancreatic
Drainage- Indications and

Indications for EUS-PD

Contraindications for EUS-PD

Contraindications ( Adapted
from Reference number 53)

MPD disruption

MPD dilation caused by strictures or stones
Inaccessible to pancreaticojejunal anastomosis
Difficulty in accessing MPD by ERCP

Unable to visualize MPD on EUS
Multifocal MPD strictures

Presence of blood vessels interning in the
puncture route

Long distance from puncture site to MPD

Coagulopathy, bleeding tendency

ERCP endoscopic retrograde cholangiopancreatography, EUS endoscopic ultrasound, MPD main pancre-

atic duct

pass through papilla into the duodenum. Then EUS scope
is exchanged for a duodenoscope, followed by grasping the
wire and performing endotherapy over the guidewire.

EUS-PTS is done when the guidewire cannot pass across
the stenosis or there is a previous surgery precluding access
to papilla. After passage of guidewire into the PD, the next
step involves dilatation of tract which can be achieved with
electrocautery or non-electrocautery devices. Electrocautery
includes diathermic sheath (prototype Cysto-Gastro set,
EndoFlex, Voerde, Germany) or cystotome (Cook Medi-
cal) while non-electrocautery includes mechanical dilators
and balloon dilators. There is no clear consensus on which
device to be preferred, but data from small studies on EUS-
PD and extrapolated data from EUS-guided biliary drain-
age show that non-electrocautery devices have lower rate
of adverse events and, hence, should be used as the primary
dilation device. Although cautery-assisted devices may
prove to be more efficacious for tract dilatation in fibrotic
parenchyma, they should be used only as a rescue technique
when other approaches fail [54-59]. Post-dilatation of tract
stent placement is done over the guidewire with preferential
placement of plastic stents (Fig. 3), although FCSEMS have
also been used.

Outcomes of EUS-PD

The first large series on EUS-PD published by Tessier et al.
reported a technical success rate of 92% and clinical success
rate of 76%. Indications were CP with complete obstruction,
inaccessible papilla, anastomotic stenosis after Whipple pro-
cedure, and complete MPD rupture after acute pancreatitis
or trauma. Adverse events were observed in 14% cases [60].
In the largest study of 94 patients, the technical success rate
was 100%, while clinical success, as indicated by reduced
or absence of further pain after the EUS-guided intervention
was achieved in 81.9% cases over a median follow-up period
of 28 months. The complication rate was only 8% [61]. In
a systemic review of nine studies, the overall technical and
clinical success rates were 85% (range 63—-100%) and 88%
(range 76-100%), respectively. Short-term adverse events
were observed in overall 25% of the cases, while 5% of the
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Fig.3 Dominant stricture in the neck of the pancreas leading to
grossly dilated main pancreatic duct with pain and failed ERCP
planned for EUS-guided pancreaticogastrostomy. A EUS showing
dilated duct with puncture taken with 19-G EUS FNA needle. B Pan-
creatogram showing grossly dilated main pancreatic duct with coiled
guidewire. C Plastic stent placed in the MPD through the pancreati-
cogastrostomy access

patients had severe adverse events which included acute pan-
creatitis, pancreatic fluid collections, perforation, abscess
and bleeding [53].

In a small study comparing the outcome of EUS-PD in
patients with benign and malignant PD strictures, the tech-
nical success rates for benign and malignant strictures were
75% vs. 100%, respectively, with lower rate of adverse event
in malignant cases. The authors stated that failed ERCP in a
case of obstructive pancreatitis associated with a pancreatic
tumor is an indication for EUS-PD [62].

While ERCP is the first-line treatment in patients with
normal anatomy, there is controversy regarding ERCP vs.
EUS-PD in patients with surgically altered anatomy. In a
multicentric retrospective study comparing EUS-PD with
enteroscopy-assisted endoscopic retrograde pancreatography
(e-ERP) in patients with post-Whipple anatomy, EUS-PD
was associated with a higher technical success rate (92.5%
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vs. 20%) and higher clinical success rate (87.5% vs. 23.1%),
but also had a higher rate of adverse events (35% vs. 2.9%)
[63]. A recent systematic review also reported a similar find-
ing with EUS-guided approach being superior to an ERP-
guided approach with regard to pancreatic duct opacifica-
tion (87% vs. 30%), cannulation success (79% vs. 26%), and
stent placement (72% vs. 20%). However, adverse event rate
between the two modalities could not be compared due to
insufficient data [64].

Data regarding long-term clinical outcome of EUS-PD
is scarce, with reported clinical success rate of 92% and
development of delayed adverse events such as stent migra-
tion and stent blockage in 25-44% cases [65, 66]. A study
on long-term outcome of EUS-PD with FCSEMS showed
a late adverse event rate of 25% when followed up for a
median period of 27.2 months [67]. EUS-RV should be the
first choice when patient has an intact anatomy as the com-
plication rate is lower. EUS-guided pancreaticoduodenos-
tomy is recommended for stenosis of MPD in the head of
the pancreas, while EUS-guided pancreaticogastrostomy is
largely reserved for surgically altered anatomy.

Surgical management

Technical or clinical failure of endoscopic therapy war-
rants surgical therapy for management of pancreatic stric-
tures. Surgeries for PD strictures can be classified into
resection procedures, drainage procedures or a combina-
tion of both, and the decision regarding type of surgery
depends on etiology of stricture, size of the PD, location
of the stricture, and presence of pancreatic head mass
[68]. Resection procedures like Whipple procedure are
done for patients with disease confined to the pancre-
atic head, while a distal pancreatectomy is preferred for
disease limited to the tail of the pancreas [69-71]. Duo-
denum-preserving pancreatic head resection surgeries
such as Beger procedure and Berne procedure are done
for patients with inflammatory head mass with bile duct
obstruction [69-72]. Total pancreatectomy with islet cell
auto-transplantation is reserved for patients with small
duct disease or hereditary forms of chronic pancreatitis
(high risk of malignancy) [69-71]. Pure drainage proce-
dures such as lateral pancreatojejunostomy are preferred
when MPD is dilated significantly without an associated
inflammatory head mass. On the other hand, dilated MPD
with inflammatory head mass is best treated by Frey’s
procedure, which is a combined resection and drainage
procedure involving pancreatic head coring with lateral

Table 3 Different surgical techniques for treatment of pancreatic stricture (Data from studies in patients with chronic pancreatitis) [69-72]

Procedure Technique

Comments

Lateral pancreaticojejunostomy Longitudinal opening of pancreatic duct with Rouxen- Postoperative mortality rate up to 4%

Y pancreaticojejunostomy

Pancreaticoduodenectomy

nal anastomosis

Duodenum preserving pancreatic head resections
Beger procedure

pancreaticojejunal anastomoses

Berne procedure
nal anastomosis

Frey procedure

Resection of pancreatic head and duodenum with
pancreaticojejunal, hepaticojejunal, and gastrojeju-

Transection of pancreas at the level of portal vein,
subtotal resection of the pancreatic head, and two

Coring out pancreatic head with one pancreaticojeju-

Initial pain control in>90% but long-term pain relief
only in 33-53% 25% become insulin dependent
within 5 years

Postoperative mortality rate < 3%, morbidity in
16-53%

High rate of long-term endocrine insufficiency (up to
48%)

Compared to resection procedures Slightly lower rate
of long-term pain relief

Lower rate of morbidity and mortality

Lower risk of endocrine insufficiency

Coring out pancreatic head, longitudinal opening of

the pancreatic duct, and pancreaticojejunal anasto-

mosis

V-shaped excision

Distal pancreatectomy
pancreatic resection line

Total pancreatectomy (with
islet cell autotransplantation)

Resection of the distal part of pancreas and closing

Removal of the whole pancreas and duodenum

Removal of pancreatic tissue from the anterior surface Useful for patients with small duct CP with lower
of pancreas and pancreaticojejunal anastomosis

morbidity and comparable pain relief
Highest rate of endocrine insufficiency

Lower rates of diabetes with spleen-sparing procedures

Minimize developing diabetes by preserving glycemic
control
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Fig.4 Algorithm for surgi-

cal management of pancreatic
strictures (LPJ lateral pancreati-
cojejunostomy)

Ineffective endoscopic
treatment
Il

MPD dilated

| |

No MPD dilatation

I

Pancreatic head No pancreatic Pancreatic head Lesion in whole Lesion in tail
mass head mass mass pancreas

Frey's procedure Par;gl;zzégzrlll:ad

pancreaticojejunal anastomosis [73]. Table 3 summarizes
the surgical therapies for management of pancreatic stric-
ture, mostly in cases with chronic pancreatitis. Figure 4
shows the algorithm for surgical management of pancre-
atic stricture.

A Cochrane Database systemic review and meta-anal-
ysis of two RCTS comparing endoscopic (excluding any
trials with ESWL) and surgical interventions for painful
CP showed that the surgical group had significantly higher
proportion of pain relief at both medium (2-5 years; rela-
tive risk 1.62; 95% CI 1.22-2.15) and long-term (> 5 years;
relative risk 1.56; 95% CI 1.18-2.05) follow-up [68]. A
recent ESCAPE trial reported that patients who underwent
early surgery for pain in CP had lower Izbicki pain score
compared to endotherapy, during the 18 months follow-up
period. However, complete or partial pain relief at the end
of the follow-up period was not significantly different [74].
Although surgical management has been shown to have
better long-term outcome, they are associated with higher
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V-shaped ]
excision/ total Distal
pancreatectomy pancreatectomy

morbidity and, hence, studies with larger sample size are
required before recommending early surgery in patients
with pancreatic strictures. Figure 5 summarizes the algo-
rithm for management of pancreatic strictures.

Conclusion

Strictures in the pancreas are sequelae to inflammatory or
malignant processes of the pancreas. Imaging modalities,
especially MRCP and tumor markers (CA-19.9) can help
differentiate benign from malignant etiologies. Manage-
ment is endoscopic in patients with single dominant stric-
tures of the pancreas, with need for surgical intervention
in patients with multiple strictures or multiple calculi with
strictures. Further large prospective studies on the man-
agement of pancreatic strictures are needed.
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Fig.5 Algorithm for manage-
ment of dominant pancreatic
strictures
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