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Preface

The book “Pancreatitis” is devoted to the actual and, in some cases, controversial
and unresolved problems associated with acute and chronic pancreatitis. Acute
pancreatitis is one of the most common causes of acute abdomen. Along with an
increase in the number of patients with acute pancreatitis in recent years, there has
been an increase in the incidence of its destructive forms. Despite the progress in
improving the diagnostics of the disease, pathogenetically substantiated intensive
therapy, antibiotic therapy, and minimally invasive surgical treatment, mortality

in acute pancreatitis has remained at the same level over the past few decades. The
most important objective in improving treatment results in acute pancreatitis is the
use of standardized approaches to diagnostics and treatment of various forms of the
disease and its complications, taking into account the modern, generally accepted
international classification. Chronic pancreatitis is characterized by inflammation
of the pancreas, which is replaced by fibrosis and progressing pancreatic tissue
destruction. The three main clinical signs of chronic pancreatitis are pain, maldiges-
tion, and diabetes. Although the disease is still difficult to treat, the development of
new approaches has reduced the severity of clinical manifestations and improved
the life quality of patients with chronic pancreatitis. This book will be of interest to
anyone who considers pancreatology their specialty.

Dmitry Victorovich Garbuzenko
Professor,

Department of Faculty Surgery,
South Ural State Medical University,
Chelyabinsk, Russia






Chapter1

Introductory Chapter: Current
Challenges in the Management of
Patients with Acute and Chronic
Pancreatitis

Dmitry Garbuzenko

1. Introduction

As part of medical science, pancreatology reflects the level of technological
progress and modern achievements in the natural sciences. Over the past five
centuries, since A. Vesalius first described the pancreas and its topography, tremen-
dous work has been done to determine the physiological role of the pancreas in the
process of digestion, to study the causes and patterns characteristic of pancreatic
diseases, and to find the ways of treatment. In this regard, the current challenges in
modern pancreatology include the development and implementation of methods
for early and accurate diagnosis and selection of the optimal tactics for treating
patients with acute and chronic pancreatitis.

2. Acute pancreatitis

Acute pancreatitis is an acute surgical disease of the pancreas, which consists
of primary edema or aseptic necrosis of pancreatic parenchyma with the possible
infection of the pancreas and retroperitoneal tissue. Acute pancreatitis is one of
the most common causes of acute abdomen, ranking third after acute appendicitis
and acute cholecystitis. Along with an increase in the number of patients with acute
pancreatitis in recent years, there has been a tendency to an increase in the inci-
dence of its destructive forms [1].

Despite the progress achieved in improving the diagnostics of acute pancreatitis,
pathogenetically substantiated intensive therapy, antibiotic therapy, and minimally
invasive surgical treatment, mortality in acute pancreatitis has remained at the
same level over the past decades. Moreover, while the overall mortality is within
3-6%, depending on the fluctuation of destructive pancreatitis incidence, the mor-
tality rate is 15-30% in pancreatic necrosis, is 85% in infected pancreatic necrosis,
and reaches 100% in fulminant acute pancreatitis [2].

Currently, the immediate prescription of antibiotics in severe forms of acute
pancreatitis is no longer debatable. However, there are still different opinions on
the effectiveness of existing methods of delivering antibacterial drugs to the site of
pancreatic destruction. The situation is aggravated by the increasing polyresistance
of microorganisms to most antimicrobial chemotherapeutic agents [3]. According
to modern conception, immune disorders are considered as a factor that largely
determines the course of acute pancreatitis, helps maintain the inflammatory
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process, and reduces the effectiveness of reparative mechanisms [4]. In this regard,
an urgent problem is the early prevention of infection in severe pancreatitis, timely
detection and correction of immunological deficiency, and timely diagnosis and
treatment of septic complications including systemic inflammatory response,
multiple organ failure, and sepsis [5].

At present, some certainty has been achieved in approaches to the manage-
ment of patients with acute pancreatitis. Nevertheless, one of the most important
problems is to choose the tactics of surgical treatment. Mild pancreatitis does not
require surgery and quickly disappears after using standard conservative treatment
and eliminating the etiological factor. However, in 10-20% of patients, surgeons
encounter severe pancreatic necrosis, which is essentially a hypermetabolic syn-
drome of multiple organ failure. While the questions about the indications and the
most favorable time period for surgical treatment are mostly answered in severe
pancreatitis, it is still not obvious what the most appropriate techniques and type of
surgery are. Along with experience in minimally invasive interventions, it becomes
clear that their active implementation does not solve all the problems of acute
pancreatitis treatment and requires further research [6].

Thus, the most important objective in improving treatment results in acute
pancreatitis is the use of standardized approaches to diagnostics and treatment of
various forms of the disease and its complications, taking into account the modern
generally accepted international classification [7].

3. Chronic pancreatitis

Chronic pancreatitis is characterized by inflammation of the pancreas, which
is replaced by fibrosis and progressing pancreatic tissue destruction. According to
the M-ANNHEIM classification, the following etiological causes are involved in the
pathogenesis of chronic pancreatitis: alcohol consumption, nicotine consumption,
nutrition factors, hereditary factors, efferent duct factors, immunological risk
factors, and miscellaneous (tropical chronic pancreatitis, primary hypercalcemia,
hyperparathyroidism, hyperlipidemia) [8]. Clinically, at an early stage of the
disease, abdominal pain or recurrent episodes of acute pancreatitis usually prevail,
whereas, at a late stage, symptoms are associated with exocrine and/or endocrine
insufficiency. Consequently, the three main clinical signs of chronic pancreatitis
are pain, maldigestion, and diabetes. The incidence is estimated at 2-10/100000
and tends to increase [9]. In addition, there are many patients with characteristic
symptoms but with undiagnosed chronic pancreatitis.

Chronic pancreatitis is not only an urgent medical problem but also a signifi-
cant economic burden that has a profound effect on social life and the structure
of employment [10]. In the United States in 2000, there were 327,000 hospital-
izations and 532,000 visits to doctors due to chronic pancreatitis, which cost
$2.5 billion [11].

Diagnostics and follow-up of patients with chronic pancreatitis are based
on both the clinical picture and imaging methods, and the diagnosis of chronic
pancreatitis at an early stage is a clinical problem. Historically, diagnostic methods
included ultrasound imaging of the abdominal organs, endoscopic ultrasound
(EUS), ultrasound with contrast enhancement (CEUS), endoscopic retrograde
cholangiopancreatography (ERCP), magnetic resonance imaging (MRI), and
computed tomography (CT). While ultrasound is considered the least accurate,
and EUS is one of the most sensitive methods [12], ERCP is no longer a diagnostic
test for chronic pancreatitis [13]. EUS is highly accurate in assessing the paren-
chyma and ductal system of the pancreas and is also very useful in identifying
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complication characteristic of chronic pancreatitis [14]. CEUS helps diagnose cystic
and solid lesions of the pancreas, which are associated with chronic pancreatitis. It
was convincing in 90% of cases, so it may be considered as a first-line method of
visualization [15]. MRI makes it possible to accurately determine the morphological
and functional changes of the pancreas and is a recognized method for detecting
calculi in pancreatic ducts [16]. At the same time, the calcinates may be determined
by means of portal-phase contrast-enhanced CT with moderate sensitivity and very
high specificity (close to 100%) [17].

The degree of exocrine and endocrine pancreatic insufficiency is also important
to determine when diagnosing chronic pancreatitis. The so-called direct or invasive
methods for detecting exocrine insufficiency, such as the Lund test, are a thing
of the past. Currently, the “gold standard” is 3-day fecal fat quantification and
determination of the coefficient of fat absorption. Due to the cumbersomeness and
unpleasantness of the method for both patient and laboratory personnel, it is very
rarely used in everyday clinical practice. Other methods for diagnosing exocrine
pancreatic insufficiency include measuring the concentration of fecal elastase 1, the
BC-mixed triglycerides (®C-MTG) breath test, a test based on analysis of pancre-
atic juice after secretin/cerulein stimulation, and others [18].

In the absence of complications, the main goal of treating chronic pancreatitis
is the effective correction of its main manifestations: pain, maldigestion, and
diabetes. Abdominal pain is usually severe and often occurs after a meal, which,
despite adequate enzyme replacement therapy, leads to malnutrition. Although
pain may be associated with strictures and stones in the main pancreatic duct,
new investigations have questioned the importance of micro- and macrostruc-
tural pathological changes. Currently, the neurogenic causes of pain are widely
discussed, which should be taken into account when choosing the method of pain
relief for patients [19]. Malnutrition that is related to a lack of enzymes leads
not only to weight loss but also to a certain deficiency of vitamins and nutrients
that are necessary for normal physiological functioning. Malnutrition in chronic
pancreatitis is often overlooked. It is very important that gastroenterologists
consider this fact while making a differential diagnosis in patients with weight
loss [20]. Diabetes of the exocrine pancreas is a form of diabetes that occurs due
to pancreatic disease. It is more common than previously thought. A recent study
found that in 1.8% of adults with diabetes, it should be classified as diabetes of
the exocrine pancreas. However, in most cases, it is referred to as type 2 diabetes.
Patients with diabetes of the exocrine pancreas have varying degrees of exocrine
and endocrine dysfunction. Damage to the islets of Langerhans affects the secre-
tion of hormones by the pancreatic polypeptide, p-, and a-cells. Polypeptides
and a low concentration of insulin and glucagon promote sharp fluctuations in
the glucose level. This form of “fragile diabetes” in patients with diabetes of the
exocrine pancreas may lead to worse glycemic control in comparison with type 2
diabetes [21].

If conservative therapy is not effective, it is possible to apply the endoscopic
treatment, conduction anesthesia or neurolysis, or surgical techniques. Endoscopic
methods are usually required for the elimination of the main pancreatic duct
obstruction caused by a stricture or stone. In addition, endoscopy is the first-choice
treatment of pancreatic pseudocysts [22]. Celiac plexus block is useful for elimi-
nating pain. It is performed via a gastric approach using EUS guidance and has
high success rates and relatively low complication rates [23]. Surgical treatment of
chronic pancreatitis is aimed primarily at relieving pain, improving the patient’s
quality of life, and treating complications. Surgical operations include decompres-
sion (drainage) of the main pancreatic duct, various types of pancreatic resections,
their combination, and neuroablation [24].
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In recent years, important advances have been made in understanding the patho-
genesis of chronic pancreatitis. Although the disease is still difficult to treat, the
development of new approaches has reduced the severity of clinical manifestations
and improved the life quality of patients with chronic pancreatitis.
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Chapter2

Endoscopic Management of
Pancreatic Fluid Collections: An
Update

Zaheer Nabi and D. Nageshwar Reddy

Abstract

Pancreatic fluid collections (PFCs) are a frequent complication of acute
pancreatitis. PFCs have been categorized according to their content and duration
after an episode of pancreatitis. Acute collections (<4 week) and asymptomatic
late collections (>4 weeks) can be usually managed conservatively. Late collec-
tions including walled off necrosis (WON) and pancreatic pseudocysts (PP) have
a well-defined wall. Consequently, it is easier and safer to drain these collections
when required. The most common indication to drain PFCs is infection and the
available means of drainage include surgical, endoscopic, and percutaneous. Open
surgical interventions carry a high risk of morbidity and mortality. Therefore,
in the current era, a step up approach is preferred to minimize morbidity over
the more aggressive surgical treatments. Endoscopic step-up approach is effec-
tive and favored over minimally invasive surgical or percutaneous drainage due
to reduced risk of organ failure and external pancreatic fistula. However, the
approach to PFCs should be individualized for optimal outcomes. A small sub-
group of patients does not respond to endotherapy or percutaneous interventions
and requires open surgical debridement. Similarly, not all PFCs are amenable
to endoscopic drainage and demand alternative modalities like percutaneous or
minimally invasive surgical drainage.

Keywords: pancreatitis, pseudocyst, walled off necrosis, drainage, endoscopy

1. Introduction

Acute pancreatitis is mild in majority of the cases and categorized as interstitial
edematous pancreatitis. About 15-20% of cases develop necrotizing pancreatitis
involving necrosis of variable proportion of pancreatic parenchyma. Pancreatic
fluid collections (PFCs) are a common local complication of acute pancreatitis.
PFCs have been classified according to the revised Atlanta criteria based on dura-
tion (<4 or >4 weeks) and contents of fluid collection [1]. Acute collections include
acute pancreatic or peri-pancreatic fluid collections (APFCs) and acute necrotic
pancreatic fluid collections (ANPFCs) which develop after acute interstitial and
acute necrotizing pancreatitis, respectively (Figure 1). APFCs and ANPFCs get
walled off after about 4-6 weeks into pseudocysts and walled off necrosis (WON),
respectively. By definition, pseudocysts have clear contents and WON consists of
variable amount of necrotic debris (Figures 2 and 3).
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Figure 1.
Endosonographic image of acute necvotic pancreatic fluid collections. Note the ill-defined boundaries and the

solid component within the fluid collection.

Figure 2.
Endosonographic image in a case with pancreatic pseudocyst. Not the well-defined boundaries without any

echogenic debvis in the cyst cavity.

Figure 3.
Endosonographic image in a case with walled off necrosis. Not the well-defined boundaries with echogenic
necrotic debris in the cyst cavity.
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1.1 Natural history of pancreatic fluid collections

APFCs develop in about 20-40% of patients after acute interstitial pancreatitis
[2-4]. Majority (~90%) of APFCs resolve and do not transform into pseudocyst.
Moreover, majority of the pseudocysts resolve or reduce in size with time and there-
fore, do not require an intervention [4]. On the other hand, majority (90-100%)
of the patients with acute necrotizing pancreatitis develop ANPFCs. Nearly half of
the patients with ANPFCs develop walled off necrosis (WON) [2, 3]. The natural
history of WON is not well known and appears to be more unpredictable than
pseudocysts. An intervention may be required in one quarter to more than half of
the patients with WON [2, 3].

2. Management of pancreatic fluid collections

The options of drainage for PFCs include surgery, percutaneous catheter drain-
age, and endoscopic transmural drainage (ETD). Open necrosectomy is associated
with substantial rates of new onset multiple organ failure as compared to minimally
invasive surgical step up approach (see later) [5]. Subsequent studies comparing
endoscopic necrosectomy to open as well as minimally invasive surgical debride-
ment concluded the superiority of endoscopic approach [6, 7]. Reduced mortality,
less frequent new onset multiple organ failure, and the development of pancreatic
fistulas are distinct advantages of endoscopic necrosectomy [8, 9]. In the current
era, a step up approach is preferred for its obvious benefits in reducing a pro-
inflammatory response and prevention of new onset organ failure. In the ensuing
sections, we would discuss endoscopic approach to PFCs and its advantages over
surgical and percutaneous drainages.

2.1 Endoscopic drainage of PFCs

Characterization of PFCs into pseudocysts and WON is important prior to
ETD. WON has variable amount of necrotic debris and therefore, has a protracted
course and more frequent requirement of re-interventions as compared to pseudo-
cysts (Figures 2 and 3). Computed tomography is frequently used to localize the site
of collection. However, it may not accurately differentiate between the solid and lig-
uid contents of the collection (Figures 4 and 5). Magnetic resonance imaging (MRI)

Figure 4.
CT image in a case of pancreatic pseudocyst. Note the well-defined boundary and clear contents of the cyst.
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Figures.
CT image in a case of walled off necrosis replacing almost entive pancreas. Note that the necrotic contents of the
cyst cavity are not obvious in CT image.

and endoscopic ultrasound (EUS) are better imaging modalities for qualitative assess-
ment of PFCs. We perform both CECT and EUS to define the anatomical relation of
PFCs to the lumen and characterize them into pseudocyst or WON, respectively.

The technique of endoscopic drainage of PFCs involves the following steps:
puncture of the cysto-gastric or cysto-duodenal wall using a 19 gauge needle
and aspiration of cyst contents, coiling of guidewire within the cyst cavity under
fluoroscopy guidance, dilatation of the tract using cystotome and balloon and
deployment of plastic or metal endoprostheses. EUS guided drainage is preferred to
endoscopic approach as intervening vessels can be avoided and non-bulging collec-
tions can be targeted under vision [10].

The success rate of ETD with or without endoscopic necrosectomy ranges from
80 to 95% in recent studies [11-19] (Table 1). The outcomes of ETD of PFCs is
variable in literature presumably due to heterogeneity in the nature of collection,
that is, pseudocyst or WON, type of stent used, and whether necrosectomy is
performed or not [20]. In addition, the presence of disconnected pancreatic duct
(DPD) may impact the outcomes of ETD. The requirement of hybrid treatment,
re-interventions, recurrences, and rescue surgery appear to be higher in the patients
with DPD [21].

ETD of PFCs is safe, and major complications are uncommon. Complications
related to ETD occur in 10-40% of patients with WON [22]. Supra-infection
of the cyst cavity is the most common significant complication associated with
ETD. Occlusion of the stent with necrotic debris and inadequate drainage may lead
to sepsis. In such situations, de-clogging of the metal stent, cyst lavage with saline
or diluted hydrogen peroxide and direct endoscopic necrosectomy (DEN) are often
helpful. Other complications associated with ETD include bleeding and perforation.
Recent studies have drawn attention towards the relatively high incidence of bleeding
especially with the use of large caliber metal stents (LCMS) [23-25]. Since, majority of
the bleeding episodes occurred >3 weeks after the deployment of LCMS, the current
trend is to remove LCMS between 2 and 3 weeks in cases of resolution of PFC [24].

2.2 Endoscopic transmural drainage: choice of stents

Endoscopic drainage of PFCs can be performed using pigtail plastic stents or
metal stents. Plastic stents have been effectively used for the drainage of PFCs for

10
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several decades now. The proposed advantages of plastic over metal stents include
lower cost, less risk of delayed bleeding, and ability to keep them for long term

in cases with DPD. On the other hand, metal stents have wider lumen, allowing
efficient drainage of the necrotic material and endoscopic necrosectomy when
required. Conventional fully covered metal stents used initially were suboptimal
due to their longer lengths and lack of lumen apposing properties. The development
of novel LCMS has widened the therapeutic armamentarium for ETD of PFCs.
Newly developed LCMS have either lumen apposing (AXIOS, Xlumena, Mountain
View, CA, United States and Niti-S SPAXUS, TaeWoong Medical Co., Ltd., Ilsan,
South Korea) properties or flared ends (NAGI, Taewoong Medical Co, Ilsan, South
Korea) to prevent stent migration [10]. As compared to the conventional metal
stents, the use of LCMS is associated with superior outcomes in terms of number
of procedures required for the resolution of WON [26]. Similarly, better clinical
outcomes and reduced requirement of endoscopic necrosectomy have been found
with the use of metal stents as compared to plastic stents in several studies [27-30].
In a large, multicenter study including 189 patients with WON, the use of LCMS
was associated with higher clinical success (80.4 vs. 57.5%), shorter procedure time,
lower need for surgery (5.1 vs. 16.1%), and lower rate of recurrence as compared

to plastic stents [31]. However, the superiority of LCMS is not uniform across the
published studies. In a randomized trial, there was no significant difference in the
treatment outcomes including the total number of procedures performed, treat-
ment success, and readmissions between LCMS and plastic stent groups in patients
with WON [24]. In addition, the treatment cost (LCMS: US$12155 vs. plastic stents:
US$6609) and stent related adverse events were higher in the LCMS group (32.3 vs.
6.9%, p = 0.01) [24]. Several systematic reviews and meta-analyses draw conflict-
ing conclusions while comparing plastic stents vs. metal stents for ETD of PFCs
[32-37]. In three of the published systematic reviews and meta-analyses, metal
stents were found superior to plastic stents for both pseudocysts as well as WON in
terms of clinical success and adverse events [34, 36, 32]. On the contrary, two other
systematic reviews and meta-analyses did not find a difference in the outcomes
between metal or plastic stents [33, 37]. It must be emphasized that the paucity of
randomized trials is the major limitations of these reviews.

The current trend is to use metal stents for WON with significant debris. These
cases may require more frequent re-interventions including endoscopic necro-
sectomy for which LCMS are ideal. Whereas, plastic stents are an cost effective
alternative in pseudocysts or WON with minimal necrotic contents. Randomized
trials are warranted before concluding the superiority of metal stents for the
management of PFCs.

2.3 Endoscopic necrosectomy

Endoscopic necrosectomy essentially comprises of endoscopic debridement of
necrotic debris within the cyst cavity using a variety of methods including DEN and
naso-cystic lavage with saline and or diluted hydrogen peroxide (3%, 1:10 dilution).
DEN involves the passage of endoscope within the cyst cavity followed by mechani-
cal removal of necrotic tissue using forceps, polypectomy snares, and retrieval nets
[38]. With the availability of LCMS (>15 mm), multiple sessions of DEN can be
performed with relative ease. However, there is no dedicated device or accessory
for DEN and therefore, the process is cumbersome and time consuming. Recent
development of new devices to facilitate endoscopic debridement is likely to make
DEN less cumbersome and more efficacious [39, 40].

DEN is safe and effective in about 80-90% of patients with WON. However,
DEN may be associated with substantial complications. In a systematic review, the
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overall rate of adverse events and mortality associated with endoscopic necrosec-
tomy were 22% and 5%, respectively. The complications reported with DEN include
air embolism (0.4%), bleeding (11%), and perforation (3%) [41]. Therefore, DEN
is usually performed in cases with no improvement after ETD alone.

Our group re-defined the endoscopic step-up approach in patients with
WON. This approach includes cyst cavity lavage using nasocystic catheter and
de-clogging of the metal stent as intermediate steps after transmural placement
of metal stent and before proceeding to endoscopic necrosectomy [14]. With this
approach, endoscopic necrosectomy can be avoided in the vast majority of patients
with WON.

2.4 Step-up approach for walled of necrosis

Open surgery is associated with a high morbidity and mortality in patients with
WON. Consequently, minimally invasive surgical or endoscopic approaches have
virtually replaced open necrosectomy in these patients [6]. The available evidence
favors a step-up approach over the conventional techniques [7, 42-44]. In general,
minimally invasive surgical step-up approach consists of percutaneous drainage
followed by (if necessary) video assisted retroperitoneal debridement (VARD).
Whereas, endoscopic step up approach includes ETD followed by (if necessary)
endoscopic necrosectomy. Percutaneous catheter drainage can be used as an adjunct
to ETD in cases with incomplete response or large collections with extension into
paracolic gutter (Figure 6).

Several trials have compared endoscopic versus minimally invasive surgical
methods of drainage in cases with WON [7, 45]. In a randomized trial by the Dutch
Pancreatitis Study Group, there was no difference in the incidence of major compli-
cations or mortality between the endoscopic or minimally invasive surgical step-up
approach (endoscopy: 43% vs. surgery: 45%, p = 0.88) [7]. However, the rate of

Figure 6.
Large pancreatic fluid collection extending into pelvis.
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pancreatic fistulas (5 vs 32%, p < 0.01) and the length of hospital stay were lower

in the endoscopy group [7]. In another randomized trial including 66 patients with
infected WON, ETD was associated with significantly reduced major complications
(0.15 vs. 0.69), lowered costs (75,830 $ vs. 117,492 $), lower incidence of pancreatic
fistula (0 vs. 28.1%), and increased quality of life as compared to minimally invasive
surgery [45]. In a recent systematic review including two randomized trials and four
observational studies, ETD was associated with lower mortality, risk of major organ
failure, adverse events, and length of hospital stay [44]. These trials suggest that
endoscopic step-up approach should be preferred over minimally invasive surgical
step-up approach for the management of PFCs.

2.5 Endoscopic vs. surgical drainage: pseudocysts

Endoscopic and surgical cyst-gastrostomy have been compared in several studies
[46-50]. Initial non-randomized trials found surgical drainage to be superior to
endoscopic drainage of pseudocysts [50]. However, subsequent randomized studies
concluded that endoscopic drainage achieves similar outcomes as compared to
surgical drainage [46, 49, 47]. In addition, EUS guided cyst-gastrostomy is less
invasive, cost saving, and associated with a shorter length of a post procedure
hospital stay when compared with surgical cyst-gastrostomy [46, 47]. In a recent
systematic review and meta-analysis including six studies (342 patients), there was
no significant difference between surgical and endoscopic treatment success rates,
adverse events, and recurrence for pancreatic pseudocysts [51]. To conclude, the
current evidence suggests that endoscopic drainage is as efficacious as surgical cyst-
gastrostomy for pseudocysts with shorter hospital stay and reduced costs.

2.6 Endoscopic vs. percutaneous drainage

Percutaneous catheter drainage remains an important modality even in the
era of minimally invasive endoscopic or surgical treatments. In different studies,
percutaneous drainage alone was successful in 35-50% of cases with WON [52].
Percutaneous drainage can be used as an adjunctive to endoscopic drainage in
selected cases with large PFCs extending into paracolic gutters or pelvis. In addi-
tion, percutaneous drainage is useful in acute or ill-defined PFCs (<4 weeks) where
endoscopic drainage may not be feasible. Percutaneous tract can also be utilized for
endoscopic and VARD [43]. Having described all the major advantages of percuta-
neous catheter drainage, the major limitation remains the development of external
pancreatocutaneous fistula which may be difficult to treat.

As compared to percutaneous approach, endoscopic drainage is associated with
significantly better clinical success, a lower re-intervention rate, and a shorter
hospital length of stay [53]. Therefore, percutaneous drainage is only performed in
cases where either endoscopic drainage is not available or not feasible (ill-defined or
distantly located collections).

2.7 Dual modality drainage

Dual modality drainage (DMD) involves the simultaneous or sequential use of
endoscopic and percutaneous approaches for symptomatic PFCs. Several studies
have concluded the utility of DMD in symptomatic PFCs especially WON [54, 55].
The proposed advantages of this technique include a quicker recovery and reduced
chances of forming an external pancreato-cutaneous fistula. In the study by Gluck
et al., the use of DMD was associated with reduced length of hospital stay, and less
requirement of radiological or endoscopic interventions [55].
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This technique may be especially useful in cases with large WON especially
those extending into the paracolic gutters [56]. In these cases, transmural approach
alone may not provide adequate drainage in these patients (Figure 6).

2.8 Trans-papillary drainage of PFCs

Trans-papillary drainage (TPD) of PFCs may be useful in certain scenarios as
follows: (a) small size of cyst (<5 cm) communicating with main pancreatic duct
(PD), (b) as an adjunct to ETD in cases with PD leak or disconnected PD, (c)
chronic pancreatitis with an obstructed PD communicating with a pseudocyst,
and (d) management of external pancreatic fistula after percutaneous or surgi-
cal drainage [22]. When used as a primary modality, TPD provides the path of
least resistance for the pancreatic juice, thereby diverting it away from the cyst.
There is a potential of cyst infection with TPD and therefore, antibiotics should
be routinely given to these patients. TPD may be useful in preventing recur-
rences of PFCs following ETD in cases with PD leak and disconnected PD [57].
We do not routinely perform TPD as an adjunct to ETD in all the cases. In our
practice, we evaluate the PD anatomy using an magnetic resonance cholangio-
pancreatogram (MRCP) prior to removal of stents placed during ETD. In cases
with a PD stricture, leak or disconnection we attempt placing a trans-papillary
PD stent. Subsequently, trans-papillary stents are removed or exchanged (as per
the PD morphology) after 4-6 weeks. However, trans-papillary stenting may
not be always feasible especially in cases with a disconnected PD. In these cases,
transmural plastic stents can be left in situ and metal stents can be exchanged
with plastic stents [58]. However, the latter approach needs to be substantiated by
high quality randomized studies. Nevertheless, metal stents should be removed
between 2 and 4 weeks irrespective of the PD anatomy due to the risk of buried
stent syndrome and delayed bleeding.

2.9 Endoscopic drainage of PFC in children

The literature regarding the efficacy of endoscopic drainage of PFCs in children
is sparse. Unlike adults, the feasibility of drainage using an adult duodenoscope or
EUS scope is questionable in smaller children. Nevertheless, emerging data indicates
that EUS-guided drainage is feasible and effective in children with PFCs [59-63].
Our group evaluated the long-term outcomes in 30 children with PFCs using pigtail
plastic stents [60]. Clinical success was documented in 93% of children at a median
follow up of 829 days. The use of novel metal stents has also been described in pedi-
atric age group [62, 61]. Nabi et al. used novel bi-flanged metal stents in 21 children
with WON. Metal stents could be successfully placed in all the children, and clinical
success was achieved in 95% of children [62].

3. Recent advancements

The technique of ETD of PFCs using metal stents requires a series of steps
including needle puncture, coiling of guidewire in the cyst cavity, balloon dilatation
of the cystogastric tract, and finally, deployment of stent. With the availability of
electrocautery-enhanced delivery systems, the deployment of metal stents can be
achieved in a single step [64, 65]. Therefore, the drainage of PFCs using these “Hot
Devices” is quicker and simpler. Currently, the electrocautery-enhanced delivery
system is available with lumen apposing (Hot AXIOS) as well as biflanged metal
stents (Hot NAGI).
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4. Individualized approach to pancreatic fluid collections

The management of PFCs requires an individualized approach based on their
maturity (acute or well defined), contents, and anatomical location in relation to
gastroduodenal wall (Figure 7). Asymptomatic PFCs do not require drainage irre-
spective of their size. Similarly, symptomatic and ill-defined APFCs are managed
conservatively with antibiotics (if necessary), nutritional support, and analgesics
initially. In non-responders, percutaneous drainage is a reasonable next step in
acute collections.

Mature PFCs with a well-defined wall and in close proximity to gastroduodenal
wall can be managed endoscopically using plastic or metal endoprostheses in major-
ity of the cases. We prefer LCMS in PFCs containing substantial necrotic debris
identified on EUS or MRI. Occasionally, the PFC is situated away (>1-1.5 cm) from
the gastroduodenal wall and not amenable to endoscopic drainage. In these cases,
percutaneous or minimally invasive surgical drainage (e.g., VARD) are alternatives.

Subsequent interventions are carried in a step-up fashion based on the per-
sistence of significant symptoms. Endoscopic or percutaneous necrosectomy is
performed in non-responders who underwent ETD or percutaneous drainage,
respectively, as the primary mode of drainage. We prefer intermediary steps includ-
ing naso-cystic lavage and de-clogging of LCMS before proceeding to DEN. In our
experience, only a minor fraction of cases require DEN with this approach [14].
Some cases do not respond to the aforementioned minimally invasive step-up
approach and require an open surgical debridement.

Symptomatic pancreatic tluid ¢
Acute, ill defined yst or Walled off

feasible

Percutaneous drainage

rreutaneous drainage

Figure7.

Approach to symptomatic pancreatic fluid collections. VARD, video-assisted retroperitoneal debridement;
LCMS, large caliber metal stent; **percutaneous drainage can be performed either simultaneously with
endoscopic transmural drainage or sequentially in non-responders.

5. Conclusions

The management of PFCs requires a multidisciplinary approach involving
experienced endoscopists, interventional radiologists, pancreatic surgeons, and
nutritionists. Endoscopic drainage is the preferred first line approach to symptom-
atic and infected PFCs. Percutaneous drainage is useful in selected scenarios and
can complement the benefits of endotherapy in large collections extending toward
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pelvis. The approach to PFCs should not be rigid and should be individualized for
each patient. In general, a step-up approach minimizes the morbidity associated
with open surgical drainage and is usually successful in majority of the patients.

However, some cases do require open surgical debridement despite of all the recent
advancements in endotherapy.
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