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Management of acute pancreatitis is challenging in the presence of local com-
plications that include pancreatic and peripancreatic collections and vascular com-
plications. This review, targeted for interventional radiologists, describes minimally
invasive endoscopic, image-guided percutaneous, and surgical procedures for man-
agement of complicated pancreatitis and provides insight into the procedures’ algo-
rithmic application. Local complications are optimally managed in a multidisciplinary
team setting that includes advanced endoscopists; pancreatic surgeons; diagnostic
and interventional radiologists; and specialists in infectious disease, nutrition, and
critical care medicine. Large symptomatic or complicated sterile collections and sec-
ondary infected collections warrant drainage or débridement. The drainage is usu-
ally delayed for 4-6 weeks unless clinical deterioration warrants early intervention.
If collections are accessible by endoscopy, endoscopic procedures are preferred to
avoid pancreaticocutaneous fistulas. Image-guided percutaneous drainage is indi-
cated for symptomatic collections that are not accessible for endoscopic drainage
or that present in the acute setting before developing a mature wall. Peripancreatic
arterial pseudoaneurysms should be embolized before necrosectomy procedures to
prevent potentially life-threatening hemorrhage. Surgical procedures are reserved
for symptomatic collections that persist despite endoscopic or interventional drain-
age attempts. Understanding these procedures facilitates their integration by inter-
ventional radiologists into the complex longitudinal care of patients with complicat-
ed pancreatitis.

Acute pancreatitis has increased in incidence over the past decade and is estimated to
cause more than 290,000 hospital admissions annually in the United States, with an annu-
al cost of $2.8 billion [1-3]. Local complications of acute pancreatitis detected on imaging
include collections such as acute peripancreatic fluid, pancreatic pseudocyst, acute ne-
crotic collection, and walled-off necrosis [4, 5]. Approximately 30-60% of patients with
acute pancreatitis develop such collections [6-8]. Management of these collections is
challenging, particularly if they become infected, which has an associated 20-40% mor-
tality rate [9, 10]. Vascular complications are also common in acute pancreatitis and pose
management challenges.

Multidisciplinary expertise that includes advanced endoscopic gastroenterologists,
pancreaticobiliary surgeons, diagnostic and interventional radiologists, infectious disease
specialists, critical care specialists, and nutritionists is needed for the treatment of patients
with complicated pancreatitis [11]. In patients with infected local complications, the his-
torically preferred procedure was complete débridement of necrotic tissue by open sur-
gery [12, 13]. However, this procedure has a high risk of morbidity and mortality. Less in-
vasive procedures have been developed, including percutaneous drainage, endoscopic
transgastric drainage, direct endoscopic necrosectomy, laparoscopic or open endoscopic
transgastric drainage, and video-assisted retroperitoneal débridement (VARD). The prima-
ry objective of these procedures is to relieve symptoms, control potential infection, and
prevent progression to sepsis and organ failure through a less invasive approach in pa-
tients who are often critically ill.
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Interventional radiology (IR) has a longitudinally integrated
role in the care of patients with complicated pancreatitis. A com-
prehensive understanding of terminology, pathophysiology, im-
aging findings, minimally invasive procedures, and antimicrobial
and critical care management is imperative for the modern-day
clinical interventional radiologist in the management of local
complications of pancreatitis. This review discusses the multidis-
ciplinary approach and management algorithm of locally compli-
cated pancreatitis, facilitating the integration of IR in the longitu-
dinal care of these complex patients.

Role of Imaging in Evaluation of Complicated
Pancreatitis
Background

Although routine imaging is not needed to diagnose mild pan-
creatitis, imaging provides value in determining the cause. Ultra-
sound is routinely performed to identify gallstones [14]. Clinical
history and laboratory evaluation provide insight into causes
such as alcohol use, hypertriglyceridemia, trauma, ERCP, medi-
cations, and hypercalcemia [15]. If ultrasound results and histo-
ry are inconclusive, additional evaluation with CT, MRI, MRCP, or
ERCP may help determine other potential causes, such as neo-
plasms, occult common bile duct stones, microlithiasis, autoim-
mune inflammation, or anatomic changes such as pancreatic di-
visum [16]. Contrast-enhanced CT is performed when necrosis or
local complications are suspected in a patient with acute pancre-
atitis (e.g., due to persistent abdominal pain, atypical symptoms,
increasing pancreatic enzymes, increasing organ dysfunction, or
evidence of sepsis) [16-18]. Areas within the pancreas that do not
enhance indicate necrosis. In patients with acute kidney injury or
estimated glomerular filtration rate less than 30 mL/min/1.73 m?,
contrast-enhanced CT with IV normal saline prophylaxis may be
warranted [19].

Various clinical and imaging scoring systems have been de-
veloped to help treat patients with acute pancreatitis who are at
risk of developing severe complications. The 2012 revised Atlan-
ta classification uses contrast-enhanced CT criteria to designate
acute pancreatitis as interstitial edematous pancreatitis or necro-
tizing pancreatitis [4, 5]. Ranson criteria and the Acute Physiology
and Chronic Health Evaluation Il scoring system also provide use-
ful prognostic information [15, 20, 21]. The widely used modified
CT severity index includes evaluation of pancreatic and peripan-
creatic complications (e.g., collections and necrosis) and extrapan-
creatic complications (e.g., pleural effusion, ascites, and vascular

HIGHLIGHTS

B Management of complicated pancreatitis, including lo-
cal collections and vascular complications, is most ef-
fective in a multidisciplinary team manner.

B Interventional radiologists are integral in treating
these patients and should be familiar with indications,
complications, and techniques of procedures per-
formed by gastroenterologists and surgeons.

B An algorithmic management approach is proposed to
tailor treatments to individual patients based on clini-
cal and imaging findings.

complications) and significantly correlates with outcomes such as
need for future procedures, infection, and organ failure [22].

Collections

The revised Atlanta classification provides explicit criteria in-
corporating CT morphology for distinguishing four possible col-
lections that may develop in acute pancreatitis (Table 1). This sys-
tem reflects whether the collection contains homogeneous fluid
alone or is heterogeneous with nonfluid areas indicative of pan-
creatic or peripancreatic necrosis. The system also reflects wheth-
er the collection is completely encapsulated with a well-defined
wall, which typically requires more than 4 weeks since the on-
set of symptoms to mature. Collections without necrosis are
designated as acute peripancreatic fluid collections when unen-
capsulated and as pancreatic pseudocysts when encapsulated
(i.e., when delayed). Collections with necrosis are designated as
acute necrotic collections when unencapsulated and as walled-
off necrosis when encapsulated (i.e.,, when delayed).

The radiologic report should describe the anatomic relation of
pancreatic or peripancreatic collections to adjacent structures and
identify procedure-related risk factors such as adjacent large ves-
sels or vascular pathology, which are critical in procedural plan-
ning. The presence of gas in a necrotic collection, in the absence
of recent instrumentation or fistula, suggests secondary infection
and should also be reported. Although routine use of prophylac-
tic antibiotics to prevent infection of sterile necrosis is not recom-
mended, any suspicion for infected necrosis should prompt initia-

TABLE 1: Nonvascular Local Complications of Acute Pancreatitis Using the Revised Atlanta Classification

Time After
Type of Pancreatitis, Collection Onset (wk) Imaging Characteristic
Interstitial edematous pancreatitis
Acute peripancreatic fluid collection <4 Extrapancreatic, homogeneous fluid, no or incomplete wall
Pseudocyst >4 Extrapancreatic, homogeneous fluid, complete wall
Necrotizing pancreatitis
Acute necrotic collection <4 Intra- and/or extrapancreatic, heterogeneous with nonfluid content, no or incomplete wall
Walled-off necrosis >4 Intra- and/or extrapancreatic, heterogeneous with nonfluid content, complete wall

Note—The contents of this table are based on a discussion of the revised Atlanta classification by Thoeni [4].
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tion of broad-spectrum IV antibiotics with the ability to penetrate
pancreatic necrosis [23, 24]. Other pertinent findings, such as mass
effect on the biliary tree or gastrointestinal tract (e.g., gastric outlet
obstruction), should also be reported. Follow-up imaging after ini-
tial drainage and débridement procedures should document the
improvement or resolution of a collection and guide additional
procedures or procedure device removal.

MRI with MRCP also has a role in characterizing collections and
in preprocedural planning [25]. T2-weighted images may better
characterize fat and debris in a collection, thus helping to identify
patients who would benefit more from necrosectomy than from
drainage. MRCP can also better define pancreatic duct anatomy
and potential duct disruption [5, 26], which may cause collections
to recur. Viable but disconnected upstream pancreatic tissue is
also associated with recurrence of pancreatic collections and may
necessitate endoscopic treatment or distal pancreatectomy [27].

Vascular Complications

CT performed in arterial and portal venous phases helps to
identify vascular complications of acute pancreatitis, such as arte-
rial pseudoaneurysm, venous thrombosis, and varices. This eval-
uation is essential in patients who are candidates for any endo-
scopic, IR, or surgical intervention. For example, iatrogenic injury
adjacent to an unidentified pseudoaneurysm could lead to fatal
hemorrhage [28]. Contrast-enhanced MRI is an accepted alter-
nate modality for evaluation of vascular complications [29].

Venous involvement manifests as portomesenteric thrombosis
and occurs in 10-50% of patients with necrotizing acute pancre-
atitis [30, 31]. The pathogenesis includes intimal injury from sur-
rounding inflammation or venous stasis secondary to compres-
sion from a large pseudocyst. Although venous thrombosis may
be asymptomatic at diagnosis, it is important to detect because
progression can result in portomesenteric venous obstruction
and associated complications, such as severe hemorrhage, por-
tal hypertension, and bowel infarct [32, 33]. Additionally, identi-
fication of venous thrombosis on imaging guides clinical consid-
eration of the appropriateness of anticoagulation, which must be
weighed against increased bleeding risk [34]. Although consen-
sus is lacking, anticoagulation may be considered if thrombosis
extends to the superior mesenteric vein or portal vein because of
associated heightened concern of bowel perfusion compromise
or hepatic dysfunction.

Arterial pseudoaneurysm is a less frequent complication of
acute pancreatitis and occurs in up to 10% of patients [32, 35]. The
most common sites of pseudoaneurysm formation are the splen-
ic, gastroduodenal, and pancreaticoduodenal arteries; neverthe-
less, other mesenteric arteries as well as colic and hepatic arter-
ies can be involved [36]. Radiologists must carefully review these
vessels with a high index of suspicion and, if detecting a pseudo-
aneurysm, communicate to referring providers the need for im-
mediate IR consultation given the potential for fatal hemorrhage
from pseudoaneurysm rupture [37, 38]. Sudden expansion of a
previously noted pancreatic fluid collection should also raise sus-
picion for a pseudoaneurysm with bleeding into the collection.

Supportive and Procedural Management

The management of acute pancreatitis includes goal-directed
fluid replacement with isotonic crystalloid solutions, pain control,
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and nutritional support. In patients with evidence of end-organ
dysfunction, rapid fluid resuscitation with a 20-mL/kg bolus fol-
lowed by 3 mL/kg/h for 8-12 hours is preferred unless cardiovas-
cular or renal conditions preclude aggressive fluid resuscitation.
Fluid resuscitation in the first 12-24 hours is associated with im-
proved morbidity and mortality in acute pancreatitis [2, 39]. Ab-
dominal pain is often the main symptom in patients with acute
pancreatitis, and uncontrolled pain can lead to hemodynamic in-
stability. Thus, the pain should be treated with IV opioid analge-
sics and gradually transitioned to oral analgesics.

Early feeding within the first 72 hours of onset of symptoms
improves outcomes in patients with acute pancreatitis [40, 41]. In
some patients with moderately severe or severe pancreatitis, oral
feeding may be poorly tolerated because of pain, nausea or em-
esis. Such patients benefit from nasoenteric (nasogastric or naso-
jejunal) feeding tube placement for feeding [42]. Percutaneous
gastric or gastrojejunal tubes could be considered when a longer
course of nutrition support is anticipated. Most local complications
secondary to acute pancreatitis, including more than 90% of acute
pancreatic fluid collections, will resolve with the aforementioned
supportive care alone [43]. However, close clinical follow-up with
appropriate imaging is essential to confirm resolution or persistent
complications [6, 26, 44]. Up to 10% of patients with a pseudocyst
and 21% of patients with walled-off necrosis may eventually re-
quire intervention [6, 44]. Indications for drainage or débridement
of collections with a mature wall (i.e., pseudocyst or walled-off ne-
crosis) include clinical suspicion of infected necrotizing pancreatitis
with clinical deterioration; ongoing persistent organ failure for sev-
eral weeks after onset of acute pancreatitis; ongoing gastric out-
let, intestinal, or biliary obstruction due to mass effect; persistent
unwellness (symptoms such as pain, nausea, lethargy, anorexia, or
failure to thrive); and disconnected pancreatic duct syndrome [42,
45-47].

If possible, any surgical or endoscopic drainage procedure is
delayed for at least 4-6 weeks after the onset of acute pancre-
atitis to allow maturation of the collection wall and liquefaction
of any necrosis; a mature wall facilitates containment of contents
during intervention, and liquefaction allows drainage of necrot-
ic material [48]. Moreover, this time delay allows improvement of
any organ failure, stabilization of the clinical condition, and re-
duction of the retroperitoneal inflammatory reaction [49]. How-
ever, infection with associated rapid deterioration of the clinical
condition, new-onset organ failure, or other emergencies such as
bowel perforation or abdominal compartment syndrome war-
rant early intervention [50-52].

Current treatment options include endoscopic-guided proce-
dures, percutaneous IR procedures, and surgical procedures. Al-
though open abdominal surgery was historically the preferred
treatment method, recent studies report less mortality and bet-
ter outcomes for procedures that are less invasive compared with
open surgery [53, 54]. Several technical and anatomic consider-
ations impact selection of the initial drainage procedure (Fig.
1). In general, if feasible, endoscopic drainage is primarily pre-
ferred because it foregoes the risk of pancreaticocutaneous fis-
tula, a complication of percutaneous drainage that can be pro-
longed and difficult to control. However, when collections are not
in proximity to the gastrointestinal lumen to allow a safe endo-
scopic intervention, or when critical structures are interposed be-
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Fig. 1—Flowchart shows algorithm for interventions associated with vascular and nonvascular complications of pancreatitis. Single asterisk denotes contrast-
enhanced imaging is preferred; in patients with acute kidney injury or estimated glomerular filtration rate less than 30 mL/min/1.73 m? contrast-enhanced CT with IV
normal saline prophylaxis may be warranted. Double asterisks denote endoscopic interventions could be combined with percutaneous drainage (PD) in multiloculated
collections with lateral portions. Triple asterisks denote early endoscopic drainage could be considered in selected patients with acute collection that failed to respond
to PD. ANC = acute necrotic collection, APFC = acute peripancreatic fluid collection, PC = pseudocyst, PSA = pseudoaneurysm, VARD = video-assisted retroperitoneal

débridement, WON = walled-off necrosis.

tween the collection and the gastrointestinal lumen, an alternate
approach must be considered (Table 2).

IR procedures are performed in laterally located collections
more often than endoscopic procedures because these collec-
tions are less likely to be successfully treated endoscopically.
Conversely, medial collections, which require a longer transcuta-
neous approach, are more challenging for percutaneous drain-
age, especially when critical structures are interposed. A percuta-
neous approach is also favored when immediate drainage of an
acute collection is required because of infection or clinical insta-
bility and endoscopic drainage is thought to be unsafe in the ab-
sence of a mature wall around the collection.

If additional drainage or débridement is needed, these proce-
dures are used in a step-up approach in which initial endoscopic or
percutaneous drainage is followed by endoscopic débridement or
less invasive surgical procedures, such as VARD [55]. In more com-
plicated cases, a combination of these less invasive procedures can

be performed in an attempt to limit open surgical procedures.

924

Endoscopic Procedures

Endoscopic procedures have markedly evolved since their ini-
tial introduction for pancreatic complications in 1996 [56, 571.
Endoscopic-guided drainage can be performed by a transmural
(transduodenal or transgastric) or transpapillary approach. The
transmural and transpapillary drainage approaches have an effi-
cacy of approximately 70-90%, depending on the type of collec-
tion [48]. Factors associated with higher rates of fluid collection
resolution and lower rates of complication include underlying
chronic pancreatitis or trauma, wall thickness of less than 1 cm,
and absence of necrosis [48, 58-60].

Transmural Drainage
Indications—Transmural drainage is used to drain large mature
collections that abut the stomach or duodenum.
Technique—Transmural drainage is performed by placement of
a stent to create a tract between the collection and the lumen of
the stomach or duodenum (Fig. 2). Endoscopic ultrasound guides

AJR:217, October 2021
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TABLE 2: Summary of Procedures in Management of Local Complications of Pancreatitis

Category, Procedure

Acute or
Chronic?

Indication or Characteristics of
Local Complication

Technique or
Devices

Additional Consideration or
Complications

Endoscopic procedure

Transmural drainage

Transpapillary
drainage

DEN

IR procedure

CT-guided FNA

PD

Angiography and
embolization

Surgical débridement
VARD

Transabdominal
débridement

Mainly chronic

Mainly chronic

Mainly chronic

Both

Both

Both

Mainly chronic

Mainly chronic®

Chronic collection® abutting
stomach or duodenum
(endoscopically accessible)

Small pseudocyst in communication
with pancreatic duct

Necrotic collection abutting stomach
or duodenum (endoscopically
accessible)

Confirmation of secondary infection
of necrosis or collection when
results will affect treatment

Bridging technique in acute setting

Chronic collection® not accessible by
endoscopy

Access for VARD

Definitive diagnosis of PSA
Treatment of PSA

Failed response to less invasive
endoscopic or percutaneous
procedure

Chronic collection® with failed
response to VARD or to endoscopic or
percutaneous procedure

Double pigtail stent
Lumen-apposing stent
(large caliber)

Small-caliber stent
Placement during ERCP

Snares, baskets, or
forceps used to
remove necrotic
material

Possible nasocystic
catheter for lavage

20- to 22-gauge needle
aspiration

PD catheter placed at
same session if
purulent material
aspirated

Size and number of
catheters based on
size and amount of
necrotic debris

Most direct approach
avoiding internal
organs

Rare transgastric
approach (possible
subsequent internal-
ization)

Endovascular treatment
(embolization or stent
graft)

Require PD for access

Transgastric or
transperitoneal
approach

Open or laparoscopic
technique

Drains left in place for
subsequent lavage

Risk of perforation

Risk of postprocedure pancreatitis

Morphologic changes of pancreatic duct
expected on follow-up imaging

May require additional procedures because
of small stent diameter

Review preprocedural imaging for vascular
complication given risk of fatal bleeding in
presence of PSA

May require additional or serial procedures

Reported positive in 49% of cases
Risk of introduction of organisms to sterile
collection

May be performed alone (successful in up to
50% of cases) or in combination with other
drainage approaches

Risk of pancreaticocutaneous fistula
(associated with disease severity)

Risks of intervention-associated bleeding,
nontarget embolization, end-organ
ischemia or infarct, and rarely
postembolization syndrome (fever,
leukocytosis, malaise)

Limited catheterization and treatment of
distal branch PSA

Limited visualization and débridement vs
transabdominal surgery

Overall higher morbidity and mortality vs
less invasive procedures

Note—DEN = direct endoscopic necrosectomy, PSA = pseudoaneurysm, IR = interventional radiology, FNA = fine-needle aspiration, PD = percutaneous drainage,
VARD = video-assisted retroperitoneal débridement.
aAcute, < 4 weeks; chronic, > 4 weeks.
Pseudocyst or walled-off necrosis.
“Acute in limited emergencies.
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Fig. 3—33-year-old man who presented with acute pancreatitis.
A, Axial CT image obtained 24 months after initial pancreatitis shows simple pseudocyst (asterisk) adjacent to pancreatic duct at pancreatic head.
B, Axial oblique CT shows pigtail stent (arrow) extending along pancreatic duct 1 month after placement.

C, Axial CT shows resolution of previously noted collection 1T month after transpapillary catheter placement.

the puncture site. This is followed by creation of a fistula using a
cautery, possible dilation, and placement of a drainage stent. The
current widely used stents include plastic double pigtail stents
(7-10 French) and larger diameter covered lumen-apposing met-
al stents (e.g., Axios, Boston Scientific; available in sizes of 10, 15,
and 20 mm). Plastic double pigtail stents are standard for endo-
scopic transmural drainage procedures, which are typically per-
formed when draining a collection containing predominantly flu-
id rather than solid debris. However, if the preprocedural imaging
and/or direct visualization during the procedure shows thick fluid
and/or solid debris, placement of a lumen-apposing metal stent
is considered [61]. The larger diameter stents may provide better
drainage and allow potential endoscopic necrosectomy through
the stent lumen, though they may have a higher chance of caus-
ing bleeding compared with plastic double pigtail stents [62].
Preprocedure imaging can guide the location, number, and type
of initial stents and help anticipate the need for a multifaceted
approach (e.g., through the stomach and duodenum). Repeat
procedures in the days or weeks after initial drainage may be re-
quired in the presence of solid necrotic debris.

Considerations and complications—Complications after endo-
scopic drainage that should be recognized on postprocedural im-
aging include immediate or late bleeding, perforation, enlarging
collection, worsened infection, and stent or catheter dislodge-
ment or migration [48]. As previously noted, careful review of pre-
procedural imaging and identification of associated risk factors
can help prevent these complications. Bleeding can occur in the
setting of injury to an intervening blood vessel or an unrecognized
pseudoaneurysm, highlighting the need for careful evaluation of
vascular anatomy on preprocedural imaging. Perforation could

926

Fig. 2—63-year-old man who presented with
abdominal pain several months after episode of
pancreatitis.

A, Coronal oblique CT shows large walled-off
necrosis (white asterisks) adjacent to stomach (black
asterisk).

B, Follow-up coronal oblique maximume-intensity-
projection image from CT performed 1 month after
transmural drainage shows pigtail drainage catheter
(arrowhead) passing through lumen-apposing stent
(arrow). Proximal tip of pigtail catheter is placed in
stomach lumen (asterisk). Interval near-complete
resolution of collection was achieved.

present as new poorly delineated collections adjacent to or re-
mote from the procedure site. Secondary stent malfunction could
present as increased size of a drained collection or worsened in-
fection; accordingly, evaluation of a stent on postprocedural im-
aging and early recognition of stent malfunction are necessary to
ensure the stent’s function and avoid secondary infection.

Transpapillary Stenting and Drainage
Indications—Transpapillary drainage may be indicated in the pres-
ence of pancreatic duct stenosis or in patients with a small pseudo-
cyst that is in communication with the main pancreatic duct (Fig. 3).
Technique—This procedure entails placement of a stent
through the pancreatic duct by ERCP to facilitate cyst drainage
through the pancreatic duct. Transpapillary drainage often in-
volves placement of smaller caliber stents (3-7 French), which
can limit drainage relative to larger caliber stents placed via a
transmural approach. The stent is generally removed after the
pseudocyst is found to be resolved on follow-up imaging.
Considerations and complications—The most common compli-
cation of transpapillary drainage is pancreatitis, for which atten-
tion is warranted on follow-up imaging [63]. Follow-up imaging
should also be evaluated for potential inward or outward stent
migration. Occasional failure of proper transpapillary drainage
or secondary infection of the collection may require subsequent
transmural or percutaneous drainage. Additionally, the trans-
papillary drainage stent can result in new morphologic chang-
es to the pancreatic duct (e.g., irregularity, strictures of the main
duct, or side branch changes). However, the clinical significance
of these changes is not clear, with most cases showing complete
resolution on follow-up imaging after stent removal [64]. In many
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cases, secondary endoscopic ultrasound-guided transmural or
percutaneous drainage may be necessary when the transpapil-
lary approach fails to provide sufficient drainage or is not feasible
because of severe pancreatic duct stenosis, obstruction, or ana-
tomic location of the targeted collection or when the instrumen-
tation of a failed attempt causes an iatrogenic secondary infec-
tion of the fluid collection.

Direct Endoscopic Necrosectomy

Indications—Endoscopic necrosectomy is indicated if the ini-
tial drainage fails to resolve the collection and the patient contin-
ues to have persistent symptoms, particularly in the presence of
solid necrotic debris within an endoscopically accessible sterile
symptomatic collection or in the presence of infected pancreat-
ic necrosis (Fig. 4). Although endoscopic interventions, and en-
doscopic necrosectomy in particular, are typically performed in
chronic collections, these procedures may be safely performed in
carefully selected acute cases [50].

Technique—This procedure is performed to remove the ne-
crotic and devitalized pancreatic material by means of endo-
scopic tools such as snares, baskets, or larger rat-tooth forceps
through a transmural approach [11, 65]. The necrosectomy can
be performed at the time of initial endoscopy if lumen-apposing
stents are used or after tract maturation in the following weeks
(e.g., after 4 weeks). Occasionally, after direct endoscopic necro-
sectomy, a nasocystic catheter may be placed for postprocedure
lavage [66]. Successful débridement of pancreatic necrosis often
involves multiple sessions of direct endoscopic necrosectomy,
guided by serial CT to evaluate resolution of the necrosis.

Considerations and complications—The most severe compli-
cation of endoscopic necrosectomy is bleeding from exposed
blood vessels or an undiagnosed pseudoaneurysm, which may
be massive and difficult to control. Other complications include
perforation and infection. The overall clinical success of endo-
scopic necrosectomy ranges from 75% to 91% [67, 68]. As previ-
ously noted, patients may require repeated débridement in the
following days to weeks [67, 68].

Diagnostic and Therapeutic Interventional Radiology
Procedures
CT-Guided Fine-Needle Aspiration

Indications—CT-guided fine-needle aspiration of necrotic ma-
terial can confirm secondary infection of a local collection and
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Fig. 4—69-year-old man with history of pancreatitis
and prior large necrotic collection.

A, Axial CT shows residual necrotic collection
(asterisk) despite placement of two transmural
pigtail drainage catheters (arrow). Patient also had
percutaneous gastrojejunostomy tube (arrowhead)
for nutrition.

B, Endoscopic image from necrosectomy procedure
shows necrotic material within collection.

potentially guide choice of antibiotic agent and the need for ac-
celerated drainage or débridement [69, 70].

Technique—Needle aspiration is performed with a 20- to
22-gauge needle from areas of pancreatic or peripancreatic ne-
crosis [71]. Samples are sent for Gram stain and cultured for aero-
bic, anaerobic, and fungal bacteria.

Considerations and complications—One study reported that
only 49% of patients who underwent CT-guided fine-needle
aspiration based on systemic toxicity and preprocedural imaging
findings had confirmed pancreatic infection [71]. The benefit of
CT-guided fine-needle aspiration remains debated, reflecting the
balance between the potential application of new potent antibi-
otics in patients with suspected or proven infection and the po-
tential risk of introduction of organisms to a sterile collection [46,
72]. Accordingly, CT-guided fine-needle aspiration is considered
only if the results would affect management [11, 72].

Percutaneous Image-Guided Drainage
Indications—Percutaneous image-guided drainage can be
considered when collections are deemed inaccessible by an en-
doscopic approach [73]. In some patients with an acute infect-
ed necrotic collection and sepsis, percutaneous drainage can be
used to decompress the retroperitoneal collection and stabilize
the clinical condition as a bridge to subsequent, more definitive
intervention. Percutaneous drainage may also be used in the set-
ting of critical illness and the absence of a mature collection wall,
as is necessary for endoscopic drainage [74]. This procedure can
be performed alone or in combination with other drainage tech-
niques [75, 76]. Indeed, up to 50% of peripancreatic collections
can be managed by percutaneous drainage alone [9, 77, 78]. A
percutaneous catheter could serve as access for a subsequent
VARD procedure, which requires a left retroperitoneal access site.
Technique—Access for percutaneous drainage is most com-
monly obtained using the most direct pass through a transperi-
toneal or retroperitoneal approach while avoiding intervening
bowel loops and solid organs. In rare situations, a transgastric ap-
proach with passage of a percutaneous drain through the stom-
ach can help subsequent internalization with a double pigtail
tube, particularly for long-term drainage (e.g., pancreatic duct fis-
tula) [79, 80]. Before the procedure, patients should be informed
that they may need more than one catheter and prolonged du-
ration of drainage for several weeks to months [70, 81]. The size
and number of catheters are based on collection size and amount
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Fig. 5—72-year-old man with history of pancreatitis who presented with black stool and decreased hemoglobin level.
A, Arterial phase axial CT shows 3.2-cm pseudoaneurysm (arrow) in small branch of superior mesenteric artery at pancreatic head.
B and C, Angiographic images show pseudoaneurysm (arrow, B) before (B) and after (C) embolization.

of necrotic debris. A proactive strategy defined by frequent and
early drain revision and upsizing in the case of lack of clinical im-
provement decreases the need for necrosectomy and improves
the outcome [82, 83]. Although smaller bore (8- to 10-French) cath-
eters could suffice to drain thin fluid, larger bore (12- to 24-French)
tubes may be indicated in thick collections [81]. Safe manipulation
of multiloculated collections using stiff wires and metallic stiffen-
ers during the initial access procedure could facilitate breaking lo-
culations. Large-volume irrigation (20-200 mL, depending on vol-
ume of the cavity, administered three to four times per day) or even
continuous irrigation (e.g., in the presence of necrotic material and
multiple catheters) of the catheter with normal saline facilitates
the drainage of necrotic material and prevents catheter occlusion
[70]. If any concern exists regarding drain patency (e.g., sudden re-
duction of drain output or no improvement of patient condition),
fistulization to internal organs (e.g., drain output > 50-75 mL/day
for several days), or need for repositioning, reassessment with
cross-sectional imaging or fluoroscopic injection should be con-
sidered. Application of fibrinolytic therapy (e.g., tissue plasmino-
gen activator, 4-6 mg in 50-mL normal saline, administered twice
a day for 3 days) could facilitate the degradation of fibrin strips
and improve the drainage; nevertheless, the benefit of this thera-
py should be weighed against the uncommon risk of bleeding [84,
85]. Drain removal may be considered when the drain output is less
than 10-15 mL/min and the patient is in stable clinical condition.

Considerations and complications—Whereas minor complica-
tions such as pain or catheter site leak are common, major pro-
cedure-related complications such as bleeding or internal organ
injury are rare [70]. The risk of persistent pancreaticocutaneous
fistula after drain removal is associated with the severity of pan-
creatitis, with a frequency as high as 32% in patients with infect-
ed necrotic pancreatitis [78, 81]. This risk is decreased by using a
transgastric approach or by combining simultaneous endoscopic
drainage [11, 76, 78-80].

Angiography and Embolization

Vascular IR procedures play an important role in the diagnosis
and treatment of peripancreatic arterial pseudoaneurysms. Pseu-
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doaneurysms almost always warrant treatment because of the
risk of spontaneous rupture and bleeding. Moreover, the pres-
ence of a pseudoaneurysm is considered an absolute contraindi-
cation for endoscopic drainage or débridement procedures be-
cause of potential iatrogenic fatal hemorrhage (Fig. 5). Although
preprocedural imaging provides a helpful clue for delineation of
arterial anatomy, angiography is still the definitive diagnostic test
and allows therapeutic transcatheter angiographic emboliza-
tion to be performed [28, 86]. Endovascular treatment is accom-
plished by coil or glue embolization or placement of a stent graft
if preservation of distal flow is deemed necessary. After arterial
embolization of a pseudoaneurysm is performed, patients can be
reevaluated to determine whether they should undergo endo-
scopic or other drainage procedures. Angiographic transcathe-
ter embolization can also be used in hemodynamically stable pa-
tients to manage postprocedural bleeding, which may arise from
an undiagnosed pseudoaneurysm. In unstable patients, resusci-
tative efforts precede the transcatheter embolization.

Surgical Débridement
Indications

Surgical débridement is indicated in patients with acute peri-
tonitis and sepsis, abdominal compartment syndrome, or bowel
perforation and in patients for whom less invasive procedures are
unsuccessful [52]. Moreover, extension of the necrotic material
to the mesenteric root or bilateral paracolic gutters may require
wide surgical débridement [87]. When endoscopic and radio-
logic approaches have a low likelihood of success, initial surgical
débridement may be warranted.

Technique

Surgical débridement can be performed using a variety of meth-
ods (transgastric vs transperitoneal approach, open vs laparoscop-
ic technique), depending on the clinical situation [49]. Transgastric
débridement can be performed by an open or laparoscopic tech-
nique [88, 89]. The necrotic tissue is approached through a posteri-
or gastrotomy after entering the stomach anteriorly. The pancreas
is débrided in a single-stage procedure as opposed to endoscopic
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necrosectomy, which requires serial débridement procedures be-
cause of instrumentation. Transgastric débridement is best used
in patients who have undergone serial endoscopic débridement
procedures without success or in patients whom the gastroenter-
ologist judges to be at an exceedingly high risk of failure with en-
doscopic necrosectomy. Because this is an internal drainage pro-
cedure, an external drain is not always in place postoperatively.
Open transperitoneal pancreatic débridement accesses the pan-
creas through the gastrocolic ligament or transverse mesocolon.
Multiple drains are often left in place, through which lavage of the
retroperitoneum may be performed.

The VARD procedure is a surgical option that requires a per-
cutaneously placed retroperitoneal access site before surgery,
which is accomplished by an IR-placed catheter [90] (Fig. 6). The
location of the drainage catheter is important to guide the sur-
gery. After the incision, the drainage catheter guides the surgeon
into the necrosis. Necrosectomy is then performed under direct
visualization through the videoscope placed through the small
incision. Direct visualization allows complete débridement of the
necrotic material from the retroperitoneum. After the procedure,
drains are placed in the necrotic collection for continued drain-
age. Compared with a transperitoneal open procedure, VARD has
a lower risk of peritoneal contamination, with drawbacks of lim-
ited visualization, débridement through the smaller access site,
and risk for hemorrhage or injury in the colon and spleen [87, 90].

AJR:217, October 2021

Fig. 6—65-year-old man with history of pancreatitis
and chronic necrotic collection.

A, Axial CT shows left laterally approaching
percutaneous drain placed in chronic necrotic
collection to provide access for video-assisted
retroperitoneal débridement (VARD).

B, Photograph shows incision created at location of
percutaneous drain in left lateral abdomen during
VARD. Inset shows removal of necrotic material,
which is accomplished with various devices.

Complications

Multiple studies report acceptable efficacy and morbidity for
surgical necrosectomy, even when performed by an open tech-
nique [46, 91, 92]. However, one randomized clinical trial report-
ed decreased morbidity with the step-up approach compared
with open necrosectomy [52]. Potential complications after surgi-
cal débridement include intraabdominal fluid collections, bleed-
ing, and persistent or worsened pancreatic fistula. Similar to en-
doscopic necrosectomy, bleeding can result from vascular injury
or from rupture of an undiagnosed pseudoaneurysm.

Conclusion

The diagnosis and management of complicated pancreatitis
is most effective when implemented in a multidisciplinary team
manner that incorporates advanced endoscopists; pancreatic
surgeons; diagnostic and interventional radiologists; and special-
ists in infectious disease, nutrition, and critical care medicine [93].
In fact, endoscopic procedures are only recommended in centers
where interventional and surgical support is available for man-
agement of unanticipated complications [2]. During a multidis-
ciplinary team consult, whether an in-person or virtual meeting,
a unique patient-specific treatment strategy, possibly combin-
ing different procedural approaches, is developed to optimize
outcomes (Fig. 7). A comprehensive understanding of the vari-
ous procedures will facilitate their integration by interventional

Fig. 7—48-year-old man with severe abdominal

pain.

A, Axial CT shows severe pancreatitis.

B, Follow-up axial CT obtained 2 months after initial

episode shows large walled-off necrosis (asterisk).
(Fig. 7 continues on next page)
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radiologists into the complex longitudinal care of patients with
complicated pancreatitis.

References
1. Peery AF, Dellon ES, Lund J, et al. Burden of gastrointestinal disease in the
United States: 2012 update. Gastroenterology 2012; 143:1179-1187.e3

. Working Group |AP/APA Acute Pancreatitis Guidelines. IAP/APA evi-
dence-based guidelines for the management of acute pancreatitis. Pancre-
atology 2013; 13(4 suppl 2):e1-e15

. Peery AF, Crockett SD, Murphy CC, et al. Burden and cost of gastrointesti-
nal, liver, and pancreatic diseases in the United States: update 2018. Gastro-
enterology 2019; 156:254-272.e11

. Thoeni RF. The revised Atlanta classification of acute pancreatitis: its im-

N

w

IN

portance for the radiologist and its effect on treatment. Radiology 2012;
262:751-764
. Banks PA, Bollen TL, Dervenis C, et al.; Acute Pancreatitis Classification
Working Group. Classification of acute pancreatitis: 2012—revision of the
Atlanta classification and definitions by international consensus. Gut 2013;
62:102-111
6. Cui ML, Kim KH, Kim HG, et al. Incidence, risk factors and clinical course of pan-
creatic fluid collections in acute pancreatitis. Dig Dis Sci 2014; 59:1055-1062
Diculescu M, Ciocirlan M, Ciocirlan M, Stanescu D, Ciprut T, Marinescu T.
Predictive factors for pseudocysts and peripancreatic collections in acute
pancreatitis. Rom J Gastroenterol 2005; 14:129-134
. Kourtesis G, Wilson SE, Williams RA. The clinical significance of fluid collec-
tions in acute pancreatitis. Am Surg 1990; 56:796-799
9. van Santvoort HC, Bakker OJ, Bollen TL, et al; Dutch Pancreatitis Study
Group. A conservative and minimally invasive approach to necrotizing
pancreatitis improves outcome. Gastroenterology 2011; 141:1254-1263
10. Trikudanathan G, Wolbrink DRJ, van Santvoort HC, Mallery S, Freeman M,
Besselink MG. Current concepts in severe acute and necrotizing pancreati-
tis: an evidence-based approach. Gastroenterology 2019; 156:1994-2007.e3
11. Baron TH, DiMaio CJ, Wang AY, Morgan KA. American Gastroenterological
Association clinical practice update: management of pancreatic necrosis.
Gastroenterology 2020; 158:67-75.e1
12. Rau B, Bothe A, Beger HG. Surgical treatment of necrotizing pancreatitis by
necrosectomy and closed lavage: changing patient characteristics and
outcome in a 19-year, single-center series. Surgery 2005; 138:28-39
13. Ashley SW, Perez A, Pierce EA, et al. Necrotizing pancreatitis: contemporary
analysis of 99 consecutive cases. Ann Surg 2001; 234:572-579; discussion,
579-580
14. Wang SS, Lin XZ, Tsai YT, et al. Clinical significance of ultrasonography, com-

wv

~N

o]

930

20.

2

22.

23.

24,

25.

26.

2

~N

Fig. 7 (continued)—48-year-old man with severe
abdominal pain.

Cand D, Axial CT images obtained 2 weeks after
multiple minimally invasive drainage procedures
show transmural lumen-apposing stent (straight
arrow, C), percutaneous gastric tube (curved arrow,
C), and percutaneous drainage catheter (arrowhead,
D). Procedures failed to adequately drain necrotic
collection. Patient eventually underwent open
surgical débridement.

puted tomography, and biochemical tests in the rapid diagnosis of gall-
stone-related pancreatitis: a prospective study. Pancreas 1988; 3:153-158

. Forsmark CE, Baillie J; AGA Institute Clinical Practice and Economics Com-

mittee, AGA Institute Governing Board. AGA Institute technical review on
acute pancreatitis. Gastroenterology 2007; 132:2022-2044

. Zhao K, Adam SZ, Keswani RN, Horowitz JM, Miller FH. Acute pancreatitis:

revised Atlanta classification and the role of cross-sectional imaging. AJR
2015; 205:[web]W32-W41

. Porter KK, Zaheer A, Kamel IR, et al.; Expert Panel on Gastrointestinal Imag-

ing. ACR Appropriateness Criteria acute pancreatitis. J Am Coll Radiol 2019;
16(11 suppl):S316-S330

. SharmaV, Rana SS, Sharma RK, Gupta R, Bhasin DK. Clinical outcomes and

prognostic significance of early vs. late computed tomography in acute
pancreatitis. Gastroenterol Rep (Oxf) 2015; 3:144-147

. Davenport MS, Perazella MA, Yee J, et al. Use of intravenous iodinated con-

trast media in patients with kidney disease: consensus statements from
the American College of Radiology and the National Kidney Foundation.
Kidney Med 2020; 2:85-93

Ranson JH, Rifkind KM, Roses DF, Fink SD, Eng K, Spencer FC. Prognostic
signs and the role of operative management in acute pancreatitis. Surg Gy-
necol Obstet 1974; 139:69-81

. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of

disease classification system. Crit Care Med 1985; 13:818-829

Mortele KJ, Wiesner W, Intriere L, et al. A modified CT severity index for
evaluating acute pancreatitis: improved correlation with patient outcome.
AJR 2004; 183:1261-1265

Isenmann R, Riinzi M, Kron M, et al.; German Antibiotics in Severe Acute
Pancreatitis Study Group. Prophylactic antibiotic treatment in patients
with predicted severe acute pancreatitis: a placebo-controlled, dou-
ble-blind trial. Gastroenterology 2004; 126:997-1004

Garcia-Barrasa A, Borobia FG, Pallares R, et al. A double-blind, place-
bo-controlled trial of ciprofloxacin prophylaxis in patients with acute nec-
rotizing pancreatitis. J Gastrointest Surg 2009; 13:768-774

Miller FH, Keppke AL, Dalal K, Ly JN, Kamler VA, Sica GT. MRI of pancreatitis
and its complications. Part 1. Acute pancreatitis. AJR 2004; 183:1637-1644
Kamal A, Singh VK, Akshintala VS, et al. CT and MRI assessment of symp-
tomatic organized pancreatic fluid collections and pancreatic duct disrup-
tion: an interreader variability study using the revised Atlanta classification
2012. Abdom Imaging 2015; 40:1608-1616

Lawrence C, Howell DA, Stefan AM, et al. Disconnected pancreatic tail syn-
drome: potential for endoscopic therapy and results of long-term fol-
low-up. Gastrointest Endosc 2008; 67:673-679

AJR:217, October 2021



Downloaded from www.ajronline.org by Columbia University on 02/19/26 from |P address 128.59.222.107. Copyright ARRS. For personal use only; al rights reserved

Multidisciplinary Management of Complicated Pancreatitis

28.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

=

42.

43.

44,

45.

46.

47.

Marshall GT, Howell DA, Hansen BL, Amberson SM, Abourjaily GS, Breden-
berg CE. Multidisciplinary approach to pseudoaneurysms complicating
pancreatic pseudocysts: impact of pretreatment diagnosis. Arch Surg 1996;
131:278-283

Arvanitakis M, Delhaye M, De Maertelaere V, et al. Computed tomography
and magnetic resonance imaging in the assessment of acute pancreatitis.
Gastroenterology 2004; 126:715-723

Easler J, Muddana V, Furlan A, et al. Portosplenomesenteric venous throm-
bosis in patients with acute pancreatitis is associated with pancreatic ne-
crosis and usually has a benign course. Clin Gastroenterol Hepatol 2014;
12:854-862

. Bernades P, Baetz A, Lévy P, Belghiti J, Menu Y, Fékété F. Splenic and portal

venous obstruction in chronic pancreatitis: a prospective longitudinal study
of a medical-surgical series of 266 patients. Dig Dis Sci 1992; 37:340-346
Mallick IH, Winslet MC. Vascular complications of pancreatitis. JOP 2004;
5:328-337

Plessier A, Darwish-Murad S, Hernandez-Guerra M, et al.; European Net-
work for Vascular Disorders of the Liver (EN-Vie). Acute portal vein throm-
bosis unrelated to cirrhosis: a prospective multicenter follow-up study.
Hepatology 2010; 51:210-218

Anderson W, Niccum B, Chitnavis M, Uppal D, Hays AR. Outcomes of antico-
agulation for portal and/or splenic vein thrombosis in setting of acute pan-
creatitis: 11. Am J Gastroenterol 2017; 112:56

White AF, Baum S, Buranasiri S. Aneurysms secondary to pancreatitis. AJR
1976; 127:393-396

Evans RP, Mourad MM, Pall G, Fisher SG, Bramhall SR. Pancreatitis: prevent-
ing catastrophic haemorrhage. World J Gastroenterol 2017; 23:5460-5468
Flati G, Andrén-Sandberg A, La Pinta M, Porowska B, Carboni M. Potentially
fatal bleeding in acute pancreatitis: pathophysiology, prevention, and
treatment. Pancreas 2003; 26:8-14

Balthazar EJ, Fisher LA. Hemorrhagic complications of pancreatitis: radiologic
evaluation with emphasis on CT imaging. Pancreatology 2001; 1:306-313
Trikudanathan G, Navaneethan U, Vege SS. Current controversies in fluid
resuscitation in acute pancreatitis: a systematic review. Pancreas 2012;
41:827-834

Vaughn VM, Shuster D, Rogers MAM, et al. Early versus delayed feeding in
patients with acute pancreatitis: a systematic review. Ann Intern Med 2017;
166:883-892

Roberts KM, Conwell D. Acute pancreatitis: how soon should we feed pa-
tients? Ann Intern Med 2017; 166:903-904

Crockett SD, Wani S, Gardner TB, Falck-Ytter Y, Barkun AN; American Gas-
troenterological Association Institute Clinical Guidelines Committee.
American Gastroenterological Association Institute guideline on initial
management of acute pancreatitis. Gastroenterology 2018; 154:1096-1101
Lenhart DK, Balthazar EJ. MDCT of acute mild (nonnecrotizing) pancreati-
tis: abdominal complications and fate of fluid collections. AJR 2008;
190:643-649

Sarathi Patra P, Das K, Bhattacharyya A, et al. Natural resolution or interven-
tion for fluid collections in acute severe pancreatitis. Br J Surg 2014;
101:1721-1728

Bradley EL, Clements JL Jr, Gonzalez AC. The natural history of pancreatic
pseudocysts: a unified concept of management. AmJ Surg 1979; 137:135-141
Rodriguez JR, Razo AO, Targarona J, et al. Debridement and closed packing
for sterile or infected necrotizing pancreatitis: insights into indications and
outcomes in 167 patients. Ann Surg 2008; 247:294-299

Muthusamy VR, Chandrasekhara V, Acosta RD, et al.; ASGE Standards of
Practice Committee. The role of endoscopy in the diagnosis and treatment
of inflammatory pancreatic fluid collections. Gastrointest Endosc 2016;

AJR:217, October 2021

48.

49.

50.

5

=

52.

53.

54,

55.

56.

5

58.

59.

60.

6

=

62.

63.

64.

65.

66.

~N

83:481-488

Baron TH, Harewood GC, Morgan DE, Yates MR. Outcome differences after
endoscopic drainage of pancreatic necrosis, acute pancreatic pseudocysts,
and chronic pancreatic pseudocysts. Gastrointest Endosc 2002; 56:7-17
Werner J, Feuerbach S, Uhl W, Blichler MW. Management of acute pancre-
atitis: from surgery to interventional intensive care. Gut 2005; 54:426-436
Trikudanathan G, Tawfik P, Amateau SK, et al. Early (<4 weeks) versus stan-
dard (= 4 weeks) endoscopically centered step-up interventions for necro-
tizing pancreatitis. Am J Gastroenterol 2018; 113:1550-1558

. Besselink MG, van Santvoort HC, Nieuwenhuijs VB, et al.; Dutch Acute Pan-

creatitis Study Group. Minimally invasive “step-up approach” versus maxi-
mal necrosectomy in patients with acute necrotising pancreatitis (PANTER
trial): design and rationale of a randomised controlled multicenter trial
[ISRCTN13975868]. BMC Surg 2006; 6:6

van Santvoort HC, Besselink MG, Bakker OJ, et al.; Dutch Pancreatitis Study
Group. A step-up approach or open necrosectomy for necrotizing pancre-
atitis. N Engl J Med 2010; 362:1491-1502

Jones JD, Clark CJ, Dyer R, Case LD, Mishra G, Pawa R. Analysis of a step-up
approach versus primary open surgical necrosectomy in the management
of necrotizing pancreatitis: experience in a cohort of patients at a US aca-
demic medical center. Pancreas 2018; 47:1317-1321

Hollemans RA, Bakker OJ, Boermeester MA, et al.; Dutch Pancreatitis Study
Group. Superiority of step-up approach vs open necrosectomy in long-
term follow-up of patients with necrotizing pancreatitis. Gastroenterology
2019; 156:1016-1026

Steinberg WM. A step-up approach, or open necrosectomy for necrotizing
pancreatitis. N Engl J Med 2010; 363:1286-1287; author reply, 1287

Baron TH, Kozarek RA. Endotherapy for organized pancreatic necrosis: per-
spectives after 20 years. Clin Gastroenterol Hepatol 2012; 10:1202-1207
Baron TH, Thaggard WG, Morgan DE, Stanley RJ. Endoscopic therapy for
organized pancreatic necrosis. Gastroenterology 1996; 111:755-764
Binmoeller KF, Seifert H, Walter A, Soehendra N. Transpapillary and trans-
mural drainage of pancreatic pseudocysts. Gastrointest Endosc 1995;
42:219-224

Beckingham 1J, Krige JE, Bornman PC, Terblanche J. Long term outcome of
endoscopic drainage of pancreatic pseudocysts. Am J Gastroenterol 1999;
94:71-74

Hookey LC, Debroux S, Delhaye M, Arvanitakis M, Le Moine O, Deviere J.
Endoscopic drainage of pancreatic-fluid collections in 116 patients: a com-
parison of etiologies, drainage techniques, and outcomes. Gastrointest En-
dosc 2006; 63:635-643

. Abu Dayyeh BK, Mukewar S, Majumder S, et al. Large-caliber metal stents

versus plastic stents for the management of pancreatic walled-off necro-
sis. Gastrointest Endosc 2018; 87:141-149

Siddiqui AA, Kowalski TE, Loren DE, et al. Fully covered self-expanding
metal stents versus lumen-apposing fully covered self-expanding metal
stent versus plastic stents for endoscopic drainage of pancreatic walled-
off necrosis: clinical outcomes and success. Gastrointest Endosc 2017;
85:758-765

Barthet M, Sahel J, Bodiou-Bertei C, Bernard JP. Endoscopic transpapillary
drainage of pancreatic pseudocysts. Gastrointest Endosc 1995; 42:208-213
Smith MT, Sherman S, Ikenberry SO, Hawes RH, Lehman GA. Alterations in
pancreatic ductal morphology following polyethylene pancreatic stent
therapy. Gastrointest Endosc 1996; 44:268-275

van der Wiel SE, Poley JW, Grubben MJAL, Bruno MJ, Koch AD. The EndoR-
otor, a novel tool for the endoscopic management of pancreatic necrosis.
Endoscopy 2018; 50:E240-E241

Siddiqui AA, Dewitt JM, Strongin A, et al. Outcomes of EUS-guided drain-

931



Downloaded from www.ajronline.org by Columbia University on 02/19/26 from |P address 128.59.222.107. Copyright ARRS. For personal use only; al rights reserved

Rahnemai-Azar et al.

age of debris-containing pancreatic pseudocysts by using combined en-
doprosthesis and a nasocystic drain. Gastrointest Endosc 2013; 78:589-595

67. Yasuda |, Nakashima M, Iwai T, et al. Japanese multicenter experience of

endoscopic necrosectomy for infected walled-off pancreatic necrosis: the
JENIPaN study. Endoscopy 2013; 45:627-634

68. Gardner TB, Coelho-Prabhu N, Gordon SR, et al. Direct endoscopic necro-

sectomy for the treatment of walled-off pancreatic necrosis: results from a
multicenter U.S. series. Gastrointest Endosc 2011; 73:718-726

69. Paye F, Rotman N, Radier C, Nouira R, Fagniez PL. Percutaneous aspiration

for bacteriological studies in patients with necrotizing pancreatitis. Br J
Surg 1998; 85:755-759

70. Baudin G, Chassang M, Gelsi E, et al. CT-guided percutaneous catheter

drainage of acute infectious necrotizing pancreatitis: assessment of effec-
tiveness and safety. AJR 2012; 199:192-199

71. Banks PA, Gerzof SG, Langevin RE, Silverman SG, Sica GT, Hughes MD.

CT-guided aspiration of suspected pancreatic infection: bacteriology and
clinical outcome. Int J Pancreatol 1995; 18:265-270

72. Pappas TN. Con: computerized tomographic aspiration of infected pancre-

atic necrosis—the opinion against its routine use. Am J Gastroenterol 2005;
100:2373-2374

73. Mortelé KJ, Girshman J, Szejnfeld D, et al. CT-guided percutaneous catheter

drainage of acute necrotizing pancreatitis: clinical experience and observa-
tions in patients with sterile and infected necrosis. AJR 2009; 192:110-116

74. Stahl CC, Moulton J, Vu D, et al. Routine use of U-tube drainage for necro-

tizing pancreatitis: a step toward less morbidity and resource utilization.
Surgery 2015; 158:919-926; discussion, 926-928

75. Nemoto Y, Attam R, Arain MA, et al. Interventions for walled off necrosis

using an algorithm based endoscopic step-up approach: outcomes in a
large cohort of patients. Pancreatology 2017; 17:663-668

76. Ross AS, Irani S, Gan S, et al. Dual-modality drainage of infected and symp-

77.

tomatic walled-off pancreatic necrosis: long-term clinical outcomes. Gas-
trointest Endosc 2014; 79:929-935

. Freeny PC, Hauptmann E, Althaus SJ, Traverso LW, Sinanan M. Percutane-
ous CT-guided catheter drainage of infected acute necrotizing pancreati-
tis: techniques and results. AJR 1998; 170:969-975

. van Brunschot S, van Grinsven J, van Santvoort HC, et al.; Dutch Pancreati-
tis Study Group. Endoscopic or surgical step-up approach for infected
necrotising pancreatitis: a multicentre randomised trial. Lancet 2018;
391:51-58

. Sacks D, Robinson ML. Transgastric percutaneous drainage of pancreatic
pseudocysts. AJR 1988; 151:303-306

80.

8

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

92.

93.

Bilbao JI, Alejandre PL, Longo JM, et al. Percutaneous transgastric cystodu-
odenostomy in the treatment of a pancreatic pseudocyst: a new approach.
Cardiovasc Intervent Radiol 1995; 18:422-425

. Fotoohi M, D’Agostino HB, Wollman B, Chon K, Shahrokni S, vanSonnen-

berg E. Persistent pancreatocutaneous fistula after percutaneous drainage
of pancreatic fluid collections: role of cause and severity of pancreatitis.
Radiology 1999; 213:573-578

van Grinsven J, Timmerman P, van Lienden KP, et al.; Dutch Pancreatitis
Study Group. Proactive versus standard percutaneous catheter drainage
for infected necrotizing pancreatitis. Pancreas 2017; 46:518-523

Sugimoto M, Sonntag DP, Flint GS, et al. Better outcomes if percutaneous
drainage is used early and proactively in the course of necrotizing pancre-
atitis. J Vasc Interv Radiol 2016; 27:418-425

Shenoy-Bhangle AS, Gervais DA. Use of fibrinolytics in abdominal and
pleural collections. Semin Intervent Radiol 2012; 29:264-269

Beland MD, Gervais DA, Levis DA, Hahn PF, Arellano RS, Mueller PR. Com-
plex abdominal and pelvic abscesses: efficacy of adjunctive tissue-type
plasminogen activator for drainage. Radiology 2008; 247:567-573
Gambiez LP, Ernst OJ, Merlier OA, Porte HL, Chambon JP, Quandalle PA. Ar-
terial embolization for bleeding pseudocysts complicating chronic pan-
creatitis. Arch Surg 1997; 132:1016-1021

Dua MM, Worhunsky DJ, Tran TB, Friedland S, Park WG, Visser BC. Surgical
strategies for the management of necrotizing pancreatitis. J Pancreas 2015;
16:547-558

Munene G, Dixon E, Sutherland F. Open transgastric debridement and in-
ternal drainage of symptomatic non-infected walled-off pancreatic necro-
sis. HPB (Oxford) 2011; 13:234-239

Worhunsky DJ, Qadan M, Dua MM, et al. Laparoscopic transgastric necro-
sectomy for the management of pancreatic necrosis. J Am Coll Surg 2014;
219:735-743

van Santvoort HC, Besselink MG, Horvath KD, et al.; Dutch Acute Pancreatis
Study Group. Videoscopic assisted retroperitoneal debridement in infect-
ed necrotizing pancreatitis. HPB (Oxford) 2007; 9:156-159

. Parikh PY, Pitt HA, Kilbane M, et al. Pancreatic necrosectomy: North American

mortality is much lower than expected. JAm Coll Surg 2009; 209:712-719
Howard TJ, Patel JB, Zyromski N, et al. Declining morbidity and mortality
rates in the surgical management of pancreatic necrosis. J Gastrointest Surg
2007; 11:43-49

O'Reilly DA, McPherson SJ, Sinclair MT, Smith N. Lessons from a national
audit of acute pancreatitis: a summary of the NCEPOD report ‘Treat the
Cause’. Pancreatology 2017; 17:329-333

FOR YOUR INFORMATION

ARRS is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing

medical education activities for physicians.

The ARRS designates this journal-based CME activity for a maximum of 1.00 AMA PRA Category 1 Credits™ and
1.00 American Board of Radiology©, MOC Part Il, Self-Assessment CME (SA-CME). Physicians should claim only the credit
commensurate with the extent of their participation in the activity.

To access the article for credit, follow the prompts associated with the online version of this article.

932

AJR:217, October 2021



