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Abstract

Chronic pancreatitis is a chronic fibro-inflammatory syndrome characterized by chronic pancreatic inflammation leading to
fibrosis and scarring. Patients with this multifactorial debilitating illness often require endoscopic or surgical intervention
for treatment. Radiologists play a crucial role in pre-therapeutic workup as well as post-treatment imaging of chronic pan-
creatitis. This review summarizes the most common surgical and endoscopic treatment options that are currently available

for chronic pancreatitis, including the implications on imaging.
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Introduction

Chronic pancreatitis (CP) is an irreversible chronic progres-
sive disease characterized by chronic inflammation leading
to fibrosis and scarring. While this disease process has been
described over two centuries ago, the term ‘chronic pancrea-
titis” was formed only in 1946 [1]. Majority of the patients
with this debilitating illness present with abdominal pain,
which can be the sole manifestation of the disease. Other
clinical manifestations of chronic pancreatitis result from
loss of exocrine (acinar) and endocrine (islet cell) tissue, and
include steatorrhea, impaired glucose tolerance, and diabetes
mellitus [2]. Chronic pancreatitis is a multifactorial disease,
and a major source of morbidity worldwide, including the
United States and Europe. Reported annual worldwide inci-
dence and prevalence is 5-14 per 100,000 individuals and
30-50 per 100,000 individuals, respectively [2, 3]. The true
prevalence is likely underestimated due to several reasons,
including patient compliance, variable definition of the
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disease, and inaccurate diagnosis. CP is predominantly seen
in middle-age or older patients, with median age at diagnosis
of ranging from 51 to 58 years [2, 3]. Traditionally, thought
to be significantly more common in men, prevalence of CP
is increasingly reported in women. Cambridge classification
is widely used in imaging diagnosis and grading of chronic
pancreatitis (as mild, moderate, and severe) based on the
appearance of the main pancreatic duct including the pres-
ence and severity of ductal strictures and dilatation of side
branches [4].

Besides being a debilitating illness with resultant chronic
symptoms, CP increases the risk of developing pancreatic
cancer, necessitating a timely and accurate treatment of this
entity. The estimated standardized incidence ratio of devel-
oping pancreatic cancer in patients with sporadic pancreatitis
is 14.4, with up to 5.9% of patients with CP developing can-
cer 20 years after the diagnosis [5]. Patients with hereditary
chronic pancreatitis are diagnosed at a much younger age
and have a significantly high chances of developing cancer,
with up to 48.1% of the patients developing cancer 60 years
after the onset of symptoms [6]. Cancer is the most common
cause of death in chronic pancreatitis [7].

The aim of management in chronic pancreatitis is as
follows: a. Alleviation of symptoms (pain, exocrine, and
endocrine insufficiency) b. Prevention of disease progres-
sion c. Prevention/treatment of complications such as pan-
creatic/biliary duct strictures, and pseudocysts [3]. Various
treatment options are available for CP, and an estimated
30%—-60% of patients with CP require endoscopic or surgical

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-019-02249-z&domain=pdf

1398

Abdominal Radiology (2020) 45:1397-1409

intervention for treatment [8]. Imaging plays a crucial role
in preoperative workup as well as postoperative evaluation.
In this review, we discuss the most common surgical and
endoscopic treatment options available for chronic pancrea-
titis and its implications on imaging.

Surgical treatment options for chronic
pancreatitis

Higher mortality and morbidity associated with pancre-
atic surgeries including pancreatectomies limit their role in
the management of non-neoplastic pancreatic pathologies.
Advances in surgical and anesthetic techniques resulting in
reduction in mortality/morbidity have led to more frequent
utilization of surgical options for management of chronic
pancreatitis (CP). Recent studies demonstrate a reduction
in mortality related to Whipple’s surgery from 25% to 1%
[9, 10]. Although controversy exists, recent trends point
to superior pain control, better exocrine function with sur-
gery in comparison to endoscopic procedures for select CP
patients [11, 12]. Surgical drainage is also thought to be
more effective than endoscopic approach in the presence
of ductal dilatation [13]. The most common indication for
surgery in patients with CP remains intractable chronic pain,
not responsive to other measures and imaging concerns for
the presence of a malignancy. Up to 15% of patients with CP
have been reported to have pancreatic cancer, and CP has
been considered a risk factor in developing pancreatic ductal
adenocarcinoma [14-16]. Robust evidence for optimal tim-
ing of surgical intervention is limited and is tailored after
evaluating patient characteristics, anatomic considerations
including pancreatic tissue morphology and ductal system,
and presence of associated inflammatory mass or concerns
for underlying malignancy. Surgical options in CP can be
broadly categorized into (a) decompression, (b) resection,
and (c) mixed techniques [4]. The following sections pro-
vide a detailed account of various surgical options in chronic
pancreatitis.

Decompression techniques

Ever since the first description of a Roux-en-Y, side-to-
side pancreatojejunostomy in 1947 by Cattell for a single
pancreatic stricture, several decompression techniques
have been described [17]. Duval and Zollinger separately
described caudal end-to-end pancreatojejunostomy in 1954
[18, 19]. Despite early promise, the progressive nature of
CP often leads to additional PD strictures which renders
these procedures ineffective. To counter the challenges
of multiple strictures in CP, Puestow Gillesby procedure
describes a longitudinal opening of the duct to a Roux-en-
Y loop of jejunum, with resection of the tail of pancreas
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and spleen (Fig. 1). Subsequently, several modifications of
this procedure have been described [20, 21].

Decompression techniques are often suitable for
patients with relative conservation of pancreatic head,
lack of inflammatory mass in the head, absence of bil-
iary ductal dilation, and with PD dilation measuring at
least 6-8 mm to enable mucosal anastomosis [22-24].
Significant post-surgical improvement in CP-related pain
has been reported in up to 82% of patients with drainage
techniques. However, on long-term follow-up, nearly 50%
of patients demonstrate recurrence of pain which worsens
over time especially in patients who do not abstain from
alcohol [25, 26].

On imaging, following refined Puestow procedure, the
roux-en-Y loop can be noted along the anterior aspect
of the pancreatic head, which is intimately related to the
anterior body and tail of the pancreas (Fig. 2). The retro-
grade pancreatojejunostomy loop can be filled with con-
trast, fluid or air, and should not be confused with abscess.
Administration of oral contrast helps differentiate col-
lapsed loops of bowel in the surgical bed from other loops
of bowel. Post-surgical soft tissue stranding is an expected
finding and transient fluid collections (seroma or hema-
toma) might be encountered. Concerns for pancreatitis or
infectious process should be evaluated based on clinical
or aspiration findings. The presence of calculi, especially
in the head and uncinate process, is a common finding.
Unlike other forms of pancreatic resection, pneumobilia
is not an expected finding unless there is a prior biliary
intervention [27].
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Fig.1 Schematic illustration of Puestow Procedure which includes
longitudinal opening of the pancreatic duct and anastomosis of the
pancreatic duct with Roux-en-Y loop of jejunum
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Fig.2 Imaging before and after
Puestow procedure. Coronal
MRCP image (a) demonstrates
findings of chronic pancreati-
tis with diffusely dilated duct
and side branches. The patient
underwent Puestow procedure.
The post-procedure MRCP (b),
and axial T2-weighted images
(¢, d) demonstrate decompres-
sion of the pancreatic duct

with roux-en-Y loop along the
anterior aspect of the pancre-
atic head (arrows in ¢ and d),
intimately related to the anterior
body and tail of the pancreas

Resection procedures

Surgical decompression techniques for CP were predomi-
nantly developed to alleviate pain and are based on the
hypothesis that the pain is attributable to ductal hyperten-
sion. While chronic pain in CP could be partly related to
ductal hypertension, the association has been inconsistently
demonstrated [28, 29]. The dominant factor contributing
to pain is likely neural in origin, and chronic inflammatory
damage to sensory nerves is presumed to be the primary
source of pain in these patients [30]. The head of the pan-
creas is often considered to be the pacemaker of the dis-
ease [31]. In addition, despite their benefits, decompression
techniques are neither effective nor feasible in those without
PD dilation. These factors led to development of resection
procedures, prototype of which is the Whipple resection.
First described by Allen O. Whipple in 1912, Whip-
ple procedure is primarily used in the management of
malignant neoplasms of pancreatic head, and is now
being increasingly used in treatment of CP [9]. It consists
of pancreaticoduodenectomy, gastrojejunostomy, pan-
creatojejunostomy/gastrostomy, and choledochojejunos-
tomy (Fig. 3). Other resection procedures that have been
described include, pylorus-preserving pancreaticoduo-
denectomy (Fig. 4a), denervated pancreatic flap (resection
of head and uncinate and leaving a thin rim of tissue near
duodenum) (Fig. 4b), subtotal pancreatectomy (excision
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Fig.3 Schematic illustration of Whipple procedure which includes
pancreaticoduodenectomy, gastrojejunostomy, pancreatojejunostomy/
gastrostomy, and choledochojejunostomy
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Fig.4 Schematic illustration of duodenum-preserving pancreatic
head resection (a) and denervated pancreatic head flap (b)

of portions of tail and body), Child’s resection (95% dis-
tal pancreatectomy involving the uncinated process, body,
tail, and the spleen), and total pancreatectomy. Subtotal
and total pancreatectomy procedures are associated with
high incidence of endocrine dysfunction (50-72%) and
exocrine dysfunction (30%), and are reserved for patients
who are resistant to other forms of treatment [32, 33].
Islet-cell auto-transplantation (Total pancreatectomy and
Islet-cell auto-transplantation; TPIAT) was therefore intro-
duced to overcome the catastrophic consequences of total
pancreatectomy [34]. In this procedure, total pancreatec-
tomy is performed followed by infusion of the islet cells
from the pancreas into the recipient’s portal vein, where
they engraft into the liver. The evidence is still limited,
but they indicate improving quality of life and more pro-
longed narcotic independence [35, 36]. TPIAT is suitable
for patient with the hereditary form of CP due to early
onset and severity of disease and less encouraged for CPs
as a result of chronic alcoholism because of the lower yield
of islet cell harvest [34, 37]. Recurrent pain (up to 20%
patients) and prolonged insulin-dependency (50-90% of
patients) are also described after TPIAT [34, 38].
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Fig.5 Normal post-surgical findings after resection procedures for
chronic pancreatitis. Axial contrast-enhanced CT images immediately
(a) and 3 months post Whipple resection shows moderate peripancre-
atic fluid (arrow in a), which resolved on follow-up (b)

Imaging after resection procedures

Routine surveillance imaging is not often indicated in the
early postoperative period. Multidetector CT (MDCT) is
most preferred modality for evaluation of postoperative
anatomy and detection of complications. Accurate interpre-
tation of postoperative imaging needs a detailed knowledge
of the precise procedure performed, and resultant altered
anatomy. In the early postoperative period, all anastomosis
should be carefully scrutinized. In pancreatojejunostomy, a
jejunal loop is located anterior to the superior mesenteric
artery and anastomosed to the right of pancreatic tissue,
while in pancreaticogastrostomy, pancreatic tissue is anas-
tomosed to the posterior gastric wall [39]. In a patient with
total pancreatectomy, gastrojejunostomy is usually found in
the left abdomen [40]. Pneumobilia is a common normal
imaging finding in patients with hepaticojejunostomy. Anas-
tomotic edema is also common and leads to the dilation of
pancreatic and biliary ducts, which regress over time [39].
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Fat stranding and fluid collection can be seen in up to 50%
and 28.5% of patients, respectively, and often regress by
3—6 months [41, 42] (Fig. 5). Assessment of pancreatitis in
the postoperative phase can be challenging. Fat stranding,
inflammatory changes, and elevation of lipase and amylase
all can typically be seen in the postoperative period. Nev-
ertheless, imaging can be of value by displaying dispropor-
tionate inflammatory changes in the proximity of remnant
pancreas.

Anastomotic leaks usually appear in the early postop-
erative period [10]. The occurrence of the leak or fistula
from pancreatic anastomosis is much more common than
gastrojejunostomy site (10-30 vs. <1%), and associated
with significant morbidity and mortality [41]. Pancreatic
leak is characterized by persistent drainage of fluid on the
3" postoperative day or later, with the fluid demonstrating
amylase content >3 times the upper normal serum values
[43]. Imaging findings that are suggestive of fistula or anas-
tomosis leak are the presence of fluid or air collection in the
pancreatojejunostomy site, pancreatic bed, or at the level of
the resection margin (Fig. 6). If leak from the gastrojeju-
nostomy is suspected, water-soluble positive oral contrast
should be used to evaluate for contrast extravasation. Occa-
sionally, fistulography may need to be performed to evalu-
ate for pancreatic fistulas [44]. Total pancreatectomy is less
commonly associated with leak or dehiscence (0.4%) [40].
Biliary anastomotic leaks can also occur and are character-
ized by bilirubin concentration of fluid collections > 3 times
serum bilirubin concentration on or after postoperative day
3 [45]. Hepatobiliary contrast agents (Gadoextic acid) can
be used to detect the presence and location of active bile
leaks in MRI [46]. A fluid collection with air-bubble, thick
enhancing walls with our without significant surrounding

Fig.6 Anastomotic leak after Whipple resection. Axial contrast-
enhanced CT in a patient with gastrojejunostomy anastomotic leak
resulting in anterior abdominal wall collection, shows focal wall
thickening at the anastomosis, with air-filled tract extending into the
anterior abdominal wall (arrow). Note moderate gastric distension
with retained residue

inflammation suggests infection [47]. The presence of
severely distended stomach, in a proper clinical setting and
especially in pylorus-preserving PD, is indicative of delayed
gastric emptying [39].

Vascular complications including postoperative hemor-
rhage can occur (2-10%) and be a source of significant mor-
tality (38%) [48, 49]. Hemorrhage can be divided into intra-
luminal and extraluminal or early (<24 h) and late (> 24 h)
[49, 50]. GDA stump is the most common site of both
early and late hemorrhage. Early hemorrhage is frequently
resulted from inadequate ligation while vascular erosion and
anastomotic breakdown are also common pathologies in late
hemorrhage [49, 50]. Extraluminal hemorrhage is twice
more common than intraluminal, which presents with a drop
in hematocrit or blood in abdominal drains [48]. On imag-
ing, unenhanced CT is useful in demonstrating high-density
fluid/blood, and contrast-enhanced CT might show the site
of extravasation or the presence of vascular abnormalities
such as pseudoaneurysm (Fig. 7). Dual-energy CT data sets
including virtual non-contrast image reconstructions and

Fig.7 Vascular complications after partial resection of pancreas for
chronic pancreatitis. Coronal contrast-enhanced CT image (a) and
angiographic image from splenic artery injection (b) in a patient with
distal pancreatectomy, complicated by pancreatic leak and secondary
splenic artery pseudoaneurysm (arrows in a and b)
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iodine specific images offer additional value in detecting
hemorrhage while reducing radiation dose by eliminating
the need for true non-contrast acquisitions [51]. Thrombosis
of the portal vein and superior mesenteric vein (SMV) has
been reported with increasing frequency (up to 17%) [52].
Contrast-enhanced CT in the portal venous phase and coro-
nal reconstruction are valuable in diagnosing thrombosis.
Hepatic infarction is an unusual consequence seen in less
than 1% of patients.

Anastomotic stricture is the most common late compli-
cation after CP surgeries. It is best evaluated by MRI and
MRCP. Both hepaticojejunostomy and pancreatojejunos-
tomy sites can undergo progressive fibrosis that leads to
stricture. Long standing stricture can result in progressive
pancreas atrophy and ductal dilation readily detectable on
MDCT and MRI.

Imaging consideration for total pancreatectomy and islet
auto-transplantation (TPIAT)

TPIAT involves total pancreatectomy, islet cell isolation, and
infusion of islet cells into the recipient’s portal vein. The
infused islet cells engraft into the liver and functions simi-
lar to the endocrine pancreas. Preprocedural ultrasound is
performed to ensure patency of the haptic and portal veins,
evaluate for hepatic parenchymal abnormalities (steatosis or
cirrhosis), and to exclude focal hepatic lesions [53]. The suc-
cess and outcome of this procedure is affected by patency of
the vein and the presence of liver parenchymal fibrosis [54].
Postoperative Liver Doppler is performed at 24 h to assess
for hemorrhage (parenchymal, subcapsular or peritoneal),
patency of the portal vein, and direction of flow. Hemor-
rhage has been reported to occur in up to 11% of patients
and portal vein thrombosis in 3% of patients [53]. Hepatic
steatosis, presumably related to abnormal local utilization
of insulin, has been reported in up to 20-40% of patients
as early as six months post TPIAT, and can regress in up
to 50% of patients [55, 56]. Hepatic steatosis in this setting
is typically described as granular and heterogeneous, often
periportal in distribution [57].

Mixed techniques

Mixed techniques involve a combination of resection and
decompression techniques and often involve resection of
inflammatory mass in the pancreas head and drainage of
the obstructed duct. The most widely used techniques are
duodenal preservation techniques (Duodenum-preserving
pancreatic head resection, DPPHR). Beger was the first to
introduce a duodenum-preserving resection, and its method
involves subtotal resection of the head that leaves a small
rim of pancreatic tissue between common bile duct and
duodenum [58]. The remnant tissue is anastomosed by the
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side-to-side fashion. Body and tail are drained either by an
end-to-end pancreatojejunostomy or a side-to-side anasto-
mosis. Frey technique is less technically demanding and
involves excavating the pancreatic head and leaving at least
5 mm of pancreatic tissue, preserving the integrity of the
biliary duct. Longitudinal opening of the pancreatic duct
and pancreatojejunostomy is followed [59] (Fig. 8). Several
other similar modifications of DPPHR techniques have also
been described [60, 61].

Postoperative imaging findings after these ‘mixed’ tech-
niques are similar to the Puestow procedure (Fig. 9). Several
complications described above, with ‘resection’ techniques
can also occur with ‘mixed’ techniques. Fluid collection in
the proximity of the head of the pancreas, which corresponds
to resection site and biliary dilation are common findings in
the postoperative period. As with Puestow procedure, gas
in the biliary system is not a normal finding; however, gas
in the main pancreatic duct (MPD) is a common finding.
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Fig.8 Schematic illustration of Frey procedure which includes exca-
vation of the pancreatic head, leaving at least 5 mm of pancreatic tis-
sue to preserve the integrity of the bile duct, longitudinal opening of
the pancreatic duct and pancreatojejunostomy
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Fig.9 Frey procedure. Axial
contrast-enhanced CT images
(a, b) in a patient with chronic
pancreatitis demonstrate diffuse
pancreatic ductal dilation with
multiple calculi in the head,

and diffuse pancreatic atrophy.
The patient underwent Frey’s
procedure. Post-procedure axial
contrast-enhanced CT (c, d)
demonstrates normal post- oper-
ative anatomy (excavation of the
pancreatic head, with preserva-
tion of bile duct and pancreati-
cojejunostomy). The pancreatic
duct is no longer dilated

Roux-en-Y loop lies between the pancreatic tail and head.
After Frey procedure, large cavity might been seen that cor-
responds to excavation site of pancreatic head, which will
regress in size with time [10]. An important consideration
is the ischemia of CBD and duodenum, which might ensue
due to extensive head removal and sacrificing the pancrea-
ticoduodenal arteries, potentially resulting in biliary dilata-
tion/leak or bowel obstruction. Prolonged, extensive dilation
of CBD and rising bilirubin level should raise concern for
the ischemia [2].

Endoscopic treatment options for chronic
pancreatitis

Although surgery has shown to be better than endoscopic
interventions in long-term pain control [62], endoscopic
management is still considered as the first-line therapy for
chronic pancreatitis in general, and has also been recom-
mended by United European Gastroenterology evidence-
based guidelines for initial treatment [63]. The presence of
stone-predominant vs. stricture-predominant disease dictates
the choice of endoscopic therapy for pain management.

Pancreatic stone disease

Pancreatic ductal stones can be retrieved via the endoscopic
cannulation of papilla or fragmented with extracorporeal

shock wave lithotripsy (ESWL). ESWL has high success rate
in stone fragmentation [64, 65]. Successful stone fragmenta-
tion depends on accurate preprocedural mapping of the size
and location of stones. In general, stones >4 mm are tar-
geted. If multiple stones are present, the stones closest to the
papilla are first targeted. Stones which are further upstream
are successively targeted after the more downstream stones
are fragmented and cleared [63]. Stones in the tail and the
side ducts are usually not targeted, because they only drain
a small portion of the pancreas, they may not be significant
in causing pain and stone fragments might migrate into the
more proximal MPD resulting in obstruction [66]. The aim
of ESWL is to fragment stones to less than 3 mm in size, to
facilitate expulsion via the papilla. Expulsion of fragments
can be facilitated by secretin administration [67] or by endo-
scopic extraction. Primary endoscopic stone extraction prior
to ESWL is usually less successful and only reserved in
select patients with radiolucent stones or stone size <5 mm
[68], preferably in a small number and located in the head
or body of pancreas. Complications of ESWL include pan-
creatitis, biliary sepsis, and gastric submucosal hemorrhage.
Other methods of stone removal include Intraductal litho-
tripsy which is only considered as a second-line procedure
[69] and chemical stone dissolution with trimethadione or
other products which have not been well evaluated.
Preoperatively, unenhanced CT is recommended to map
the number, size, position (head vs. body vs. tail) as well
as location (main duct vs. side duct) of the stone (Fig. 10).
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Fig. 10 Coronal contrast-enhanced CT demonstrates multiple cal-
culi within the pancreatic duct in the head of the pancreas (arrow in
a) with diffusely dilated main pancreatic duct and diffuse pancreatic
atrophy, findings compatible with chronic pancreatitis (a). Endo-
scopic retrieval of stone was performed (arrows in b)

Stones with attenuation of < 820.5 HU show higher suc-
cess rates on ESWL [70]. The stones are then correlated
and mapped on radiographs, because ESWL is usually done
under fluoroscopic guidance. Post-procedure imaging can
help ensure stone clearance (fragmentation may become
more evident after a few days), to detect the presence of
persistent fragments occluding MPD (which may require
ERCEP for clearance) and to exclude complications of ESWL.

Pancreatic stricture disease

Pancreatic strictures are high-grade narrowing of MPD
with upstream ductal dilation >6 mm [68]. Dilation alone
is usually unsuccessful, and the stricture is usually stented
with single large (10Fr) stent or multiple stents [63, 68]
(Fig. 11). Newer fully covered self-expandable metal stents
have shown promise [71] but require further evaluation with
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larger studies. In selected cases where ERCP is unsuccess-
ful, MPD drainage via antegrade puncture through stom-
ach or duodenum using EUS guidance has been described.
After puncture, either a pancreaticogastrostomy fistula can
be created with insertion of stents or the guidewire can be
advanced into the ampulla and then via a transpapillary (ren-
dezvous) technique MPD stenting can be done [72].

Complications primarily include stent obstruction or
migration (either proximal or distal). In addition, pancreatic
and ductal changes resembling the lesions of CP have been
reported in a high proportion of stented patients [73, 74]. It
is unclear if the stent induces ductal changes or if the ductal
decompression unmasks the other stenosis which was less
obvious previously [75].

Secretin-enhanced MRCP can best assess hydro-dynam-
ically significant strictures and accurately assess the length
and location [76]. Malignancy needs to be excluded in
the presence of main pancreatic duct stricture, especially
in the absence of calcification, as CP is associated with
an increased risk of pancreatic cancer. Duct-penetrating
sign is useful sign in excluding malignancy on MRCP or
secretin-enhanced-MRCP.

Pseudocyst management

Pseudocysts complicate 30% of patients with CP [77]. Endo-
scopic treatment, after 4—6 weeks of the episode of acute
pancreatitis, is the preferred first-line treatment for pseudo-
cyst, with similar long-term success when compared with
surgery with lower cost, shorter hospitalization, and better
quality of life [63, 68]. Spontaneous resolution of pseudo-
cysts has been documented, especially when size <3 cm
[77]. Treatment is indicated only in symptomatic, or compli-
cated pseudocysts (compression of large vessels, obstruction
of the stomach/duodenum, MPD stenosis, pleuro-pancreatic
fistula). In patients with co-existent arterial pseudoaneu-
rysm, embolization of the aneurysm should be performed
prior to drainage of pseudocysts [68].
Transpapillary/transductal drainage of cysts with stent
placement can be considered for small (<5 cm) pseudo-
cysts communicating with MPD in the head/body of the
pancreas [68]. Percutaneous drainage of pseudocysts is now
largely abandoned. Most pseudocysts are preferably drained
endoscopically by creating transmural cysto-enteric fistulas
(duodenal fistula is preferred over gastric fistula) and placing
multiple stents (Fig. 12). If a clear bulge is not identified or
if the patient has portal hypertension or splenic vein throm-
bosis (with multiple large venous collaterals), guidance with
endoscopic ultrasound (EUS) is required to safely drain the
pseudocysts [78]. EUS accurately measures distance to from
the lumen to the cyst, and a distance > 1 cm is considered a
contraindication [79]. A nasocystic cathether can be placed
if there is debris within the pseudocyst to facilitate irrigation
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Fig. 11 Stenting of pancre-

atic duct stricture and biliary
stricture. Coronal MRCP

image in a patient with chronic
pancreatitis with symptomatic
biliary obstruction demonstrates
diffusely dilated pancreatic duct
with dilation of side branches,
and dilated common bile duct
secondary to chronic pancreati-
tis related distal CBD stricture
(arrow in a). Coronal ERCP
images (b, ¢) demonstrate
cannulation of bile duct and
pancreatic ducts with place-
ment of stents across the biliary
and pancreatic duct strictures
(arrows in ¢)

of the cyst. The stents are placed for > 6 weeks before they
are successfully removed [68]. Removal is contraindicated
if there is complete transection of the MPD (with unstented
MPD), as removal of the cysto-enteric stent would inevitably
result in re-accumulation from the functioning parenchyma
in the tail of the pancreas [80]. Complications of endoscopic
drainage include bleeding, infection, stent migration, and
bowel perforation resulting in pneumoperitoneum [81]. Per-
foration at the site of the stenting is more common with
pseudocysts in the uncinate process.

On imaging, cystic neoplasms of the pancreas should be
excluded prior to decision to treat the pseudocyst. Diagnosis
of pseudocyst is made according to Revised Atlanta classi-
fication guidelines [82], and needs to be differentiated from
‘walled-off necrosis (WON)’ as results from endoscopic
drainage of WON are worse [83]. MRI is superior to CT
in identification of internal non-liquefied component which
differentiate pseudocyst from WON [84]. Also, MRCP can
identify communication with the MPD (for planning trans-
papillary vs transmural drainage) as well as the presence of
MPD transection (which has significant bearing on poten-
tial stent removal) [68]. The presence of bulge on stomach/
duodenum and presence of large venous collaterals can be

identified on cross-sectional imaging, which impact decision
to use endoscopic ultrasound guidance.

Biliary strictures

Biliary obstruction complicates CP in 3-23% of patients
and may be secondary to peribiliary inflammation/fibrosis
or compression by pseudocyst [85]. Treatment is indicated
only if the patient is symptomatic or if there is asympto-
matic alkaline phosphate elevation > 2 times normal values
for> 1 month [68]. Single plastic stent or uncovered metal-
lic stents are no longer used due to high failure rate which
may result in life threatening cholangitis. Multiple plastic
stents or covered self-expanding metallic stents are generally
used [86]. Imaging, specifically, MRI with MRCP, plays a
crucial role in establishing the presence of biliary obstruc-
tion, determining the length of the stricture, and detection
of associated choledocholithiais or obstructing mass. Large
pseudocyst causing biliary compression that requires drain-
age to relieve biliary obstruction can be readily identified
on MRI.
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Fig. 12 Axial contrast-enhanced
CT showing a large pseudocyst
replacing the pancreatic body
and tail (arrow in a). ERCP
images (b, ¢) show endoscopic
drainage of the pseudocyst

with placement of a cysto-
gastrostomy catheter (arrow in
¢). MRI obtained 6 months after
the procedure demonstrates
complete resolution of the pseu-
docyst with diffuse pancreatic
atrophy compatible with chronic
pancreatitis (arrow in d)

Celiac block/neurolysis endoscopic ultrasound guidance is currently the preferred
approach as posterior approach via ultrasound or CT guid-

Pain from CP is mediated by afferent visceral fibers in  ance has propensity to be complicated by paraplegia (affect-

celiac plexus. Imaging-guided injection of steroid tempo-  ing the dura matter) or pneumothorax (affecting the pleura)

rarily inhibits pain transmission while injection of alcohol  [75].

causes neurolysis. They are considered as second-line treat-

ment for pain relief in resistant cases. Anterior approach via
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