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Abstract

Percutaneous pancreatic interventions performed by abdominal radiologists play important diagnostic and therapeutic roles
in the management of a wide range of pancreatic pathology. While often performed with endoscopy, pancreatic mass biopsy
obtained via a percutaneous approach may serve as the only feasible option for diagnosis in patients with post-surgical
anatomy, severe cardiopulmonary conditions, or prior non-diagnostic endoscopic attempts. Biopsy of pancreatic transplants
are commonly performed percutaneously due to inaccessible location of the allograft by endoscopy, usually in the right
lower quadrant or pelvis. Percutaneous drainage of collections in acute pancreatitis is primarily indicated for infection with
clinical deterioration and may be performed alone or in combination with endoscopic drainage. Post-surgical pancreatic
collections related to pancreatic duct fistula or leak also often warrant therapeutic percutaneous drainage. Knowledge of
appropriate indications, strategies of approach, technique, and complications associated with these procedures is critical for

a successful clinical practice.
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Introduction to pancreatic biopsies

Percutaneous image-guided biopsies are performed daily
by most radiology practices and play a significant role in
the diagnosis and management of various conditions. How-
ever, requests for image-guided biopsies of the pancreas are
infrequent, as the vast majority of these are performed via
an Endoscopic ultrasound (EUS) approach by gastroenter-
ologists. Thus, radiologists may be uncertain about tech-
niques, approaches, and potential complications for per-
cutaneous image-guided biopsy of the pancreas. Although
infrequently requested, percutaneous biopsy of the pancreas
has long been reported in the literature with the first major
case series published in 1982 [1]. These biopsies were not
typically performed prior to the widespread availability
of Computed tomography (CT) and development of rapid
CT scan times and image reconstruction. However, these
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biopsies may be performed under either CT or Ultrasound
(US) guidance, and the approach for biopsy of the native
pancreas and transplant pancreas may differ. As a result, it is
important for radiologists to understand the potential advan-
tages and disadvantages of both image-guided approaches
for the requested procedure.

Rationale for percutaneous vs. endoscopic
biopsy approach

In the diagnostic workup of both solid and cystic pancreatic
lesions, core biopsy and/or fine-needle aspiration remain
essential. In most patients, the pancreas is easily accessible
by endoscopy and EUS, which allows for real-time visuali-
zation of the needle. These procedures are almost always
performed by gastroenterologists trained in this technique
and account for the vast majority of pancreatic biopsies. As a
result, gastroenterologists often have far more familiarity and
experience in this procedure and routinely perform far more
pancreatic biopsies than radiologists. The EUS procedure
occurs via a natural orifice, which permits biopsy without a
skin puncture or incision, and allows for real-time targeting
of specific areas of a lesion that may improve diagnostic
yield. Importantly, EUS-guided pancreatic biopsy allows
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for access to many portions of the pancreas without travers-
ing multiple organs along the needle path, which may lead
to less complications. These biopsies may be performed as
fine-needle aspirations with a 22 gauge or 25-gauge needle,
but 18-gauge core biopsies are capable of being obtained
[2]. Finally, the performance of EUS is often coupled with
Endoscopic retrograde cholangiopancreatography (ERCP),
which allows for placement of biliary stents to relieve biliary
obstruction at the same time as the diagnostic procedure.
Given that pancreatic biopsies are seldom requested to be
performed by radiologists, there can be considerable hesi-
tancy to perform the biopsy. This is primarily due to unfa-
miliarity of feasibility of percutaneous pancreatic biopsy,
fear of potential complications, and the anatomic location of
the pancreas. Percutaneous biopsies of the pancreas can be
performed as either fine-needle aspirations or core biopsies,
allowing for similar sample acquisition to EUS. There are
several potential limitations of EUS-guided biopsy which
may make a percutaneous approach the only possible or
feasible option. First, not all hospitals are staffed by gas-
troenterologists with training in advanced endoscopy and
EUS and this procedure may not be able to be offered to
patients (particularly in the rural setting). However, almost
all hospitals have the capability of performing CT and US-
guided biopsies in radiology, which may expedite care of
these patients and avoid referral to an outside hospital with
EUS capabilities. In patients who are at high risk for seda-
tion, percutaneous biopsies can often be performed with less
sedation than a typical endoscopic biopsy. The percutane-
ous approach may be preferred if there is clinical concern
for cardiopulmonary compromise during endoscopy. Also,
in patients who have undergone prior gastrointestinal sur-
gery, including Roux-en-Y gastric bypass or prior Billroth
resections, retrograde access of the afferent limb may be
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Fig.1 59-year-old female with suspected pancreatic mass and multi-
ple negative prior endoscopic biopsies. Initial pre-biopsy ultrasound
image A demonstrates a hypoechoic pancreatic mass located posterior

challenging and requires the use of double-balloon enter-
oscopy [3]. However, the EUS is often limited by length
and may not be able to successfully image portions of the
pancreas depending on the patient’s gastrointestinal anat-
omy. In these patients, percutaneous biopsy may be the only
option for a diagnosis outside of surgery. Patients who have
undergone pancreas transplants also may require biopsies
to evaluate for rejection, and given their typical location in
the lower quadrants these pancreas biopsies necessitate a
percutaneous approach. Finally, endoscopy is considered an
aerosol-generating procedure, while percutaneous biopsies
are generally not. This aspect became particularly important
during the COVID-19 pandemic, when some institutions ini-
tially closed endoscopy suites to limit spread of the virus and
conserve Personal protective equipment (PPE). Although
temporary, at many institutions this led to a multidiscipli-
nary approach to determine alternate approaches to obtain a
pathological diagnosis in patients and avoid delays in diag-
nosis and treatment. Percutaneous biopsy under moderate
sedation often utilizes less PPE than endoscopy, although
there is considerable variation among institutions and may
be a preferred approach in a PPE-limited setting.

Native pancreatic biopsy

The technique percutaneous biopsy of lesions in the native
pancreas was first described in a case series from 1982,
which reported a diagnostic accuracy rate of 82% [1]. These
biopsies may be performed as either fine-needle aspirations
or core biopsies and can be performed under US or CT guid-
ance. As with many abdominal biopsies, US may be the
initial modality of choice, allowing for real-time visualiza-
tion and guidance of the biopsy needle during the procedure

s
Bx 14.0cm

to the left hepatic lobe. Ultrasound image obtained during the biopsy
B demonstrates a transhepatic approach with an 18-gauge core biopsy
needle successfully within the pancreatic mass
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(Fig. 1). An initial study of US-guided pancreatic mass fine-
needle aspiration in 187 cases found that over 95% of sam-
ples were adequate for cytologic evaluation and a greater
than 85% accuracy rate in differentiating benign and malig-
nant processes [4]. In this study, no false-positive biopsy
results were reported, but approximately 13% of cases
resulted in a false-negative result [4]. The false-negative
rate of US-guided percutaneous biopsy is within the range
of reported false-negative results for endoscopic biopsy, with
rates ranging from 5 to 19% [5-8]. In a separate retrospec-
tive review of US-guided pancreatic biopsies, a histologic
diagnosis was achieved in 147/153 patients with a sensitivity
of 90% and a specificity of 95% [9].

The technique for performing US-guided biopsies of
the native pancreas begins with an ultrasound of the upper
abdomen to determine if the lesion of interest can be visual-
ized. Preprocedural workup for the biopsy should include a
review of patient’s history and medications and assessment
of the platelet count, prothrombin time, and International
Normalized Ratio (INR). As per the 2019 Society of Inter-
ventional Radiology Guidelines, these biopsies are consid-
ered “high-risk” and the recommended thresholds include
a platelet count of 50 x 10°/L or greater and an INR value
of less than 1.8 [10]. Patients are instructed to be nil per os
for the exam to minimize the effect of bowel gas potentially

obscuring the pancreas and to allow for safe administration
of moderate sedation during the procedure. Typically, these
are performed via an anterior approach with the patient in
the supine position and utilize a 4 MHz curved abdominal
ultrasound probe. If the lesion of interest can be localized,
either a core biopsy or fine-needle aspiration procedure
can be performed as per usual institutional guidelines. In
some cases, a transhepatic or transgastric approach may be
required and a single puncture can be utilized with a trocar
technique. Typical postprocedural observation times vary
among institutions without consensus, but many centers
(including our own) monitor patients for 3—4-h post-biopsy.

The majority of percutaneous native pancreatic biop-
sies are performed under CT guidance, as the retroperi-
toneal location of the pancreas and patient body habitus
often makes US visualization of the pancreas challenging.
Unlike US, CT is not limited by these factors and allows for
multiple different approaches for performing a pancreatic
biopsy. For example, while CT-guided biopsies may also
utilize an anterior (and potential transhepatic or transgas-
tric) approach, they may also be performed from a lateral
or posterior approach depending on the location of the
pancreatic lesion (Figs. 2, 3, 4). CT-guided biopsies can be
performed either utilizing CT fluoroscopy or repeating lim-
ited helical CT scans. A recent retrospective review of 82

Fig.2 43-year-old male with suspected enhancing pancreatic head
mass diagnosed on CT A during the COVID-19 pandemic with no
availability of endoscopy facilities. CT-guided biopsy images B and
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C demonstrate a posterior pararenal approach with successful target-
ing and biopsy of the pancreatic head lesion
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Fig.3 55-year-old male with history of Roux-en-Y gastric bypass
suspected pancreatic head mass and superior mesenteric vein throm-
bosis status post failed endoscopic biopsy (A). CT-guided biopsy

Fig.4 49-year old male with suspected pancreatic body adenocarci-
noma A status post negative endoscopic biopsies. CT-guided biopsy
image B demonstrates a successful lateral approach with the patient

consecutive CT-guided pancreatic biopsies reported that an
anterior approach was utilized in 79.3% of cases, but only
necessitated a transgastric/transhepatic approach in 14.6%
[11]. In this study, almost 82% of biopsies were performed
as core biopsies with a needle size ranging from 18 to 22
gauge and a mean number of three samples was obtained
[11]. This resulted in a conclusive result in 82.9% of patients
and demonstrated a diagnostic yield similar to EUS fine-
needle/core biopsy, prompting the authors to conclude that
this approach may be considered where endoscopy facilities
are limited [11].

As with any biopsy, there is always a risk of bleeding and
infection. Additional unique complications related to native
percutaneous pancreatic biopsy (both from an endoscopic
and percutaneous approach) include post-biopsy pancreatitis

image B demonstrates successful pancreatic biopsy utilizing an ante-
rolateral approach, avoiding adjacent bowel and the thrombosed supe-
rior mesenteric vein

7

in a slightly oblique position, allowing for displacement of the colon
and small bowel along the needle tract

and bowel perforation (Fig. 5). In the published literature,
the rates of bleeding are quite low (1-2%) with only one
report of a clinically significant bleeding resulting in patient
death [4, 9, 11]. In most cases, bleeding was self-limited and
resolved spontaneously. Additionally, no reported infectious
complications were noted in the literature, although there are
a limited number of manuscripts on the topic. While there
is often concern for eliciting an episode of post-biopsy pan-
creatitis, studies suggest that this is a rare complication with
an overall reported rate of post-biopsy pancreatitis ranging
from 1.1 to 11% [11-14]. A study evaluating the risk of a
transgastric approach to CT-guided pancreatic biopsy with
a 17/18-gauge coaxial needle system found no complica-
tions aside from transient pneumoperitoneum that resolved
without treatment [15]. It is important for radiologists to
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Fig.5 71-year-old male with pancreatic head mass (not shown) demonstrates an atropic but normal appearance on pre-biopsy CT image (A).
Following endoscopic biopsy, CT image demonstrates new peripancreatic stranding, consistent with post-biopsy pancreatitis (B)

understand that when a core biopsy is performed via an
endoscopic approach, this procedure always results in a
transenteric route and violation of the bowel wall. Pub-
lished data suggest that even if bowel is transgressed during
a biopsy, the rate of frank peritonitis is quite low (0.3%)
and the benefits of the procedure likely outweigh the risk
[12, 16, 17]. Additionally, next-generation sequencing of
tumors (including pancreatic tumors) is being performed
with increasing frequency and allows for identification of
potential targetable mutations. A study evaluating the impact
of biopsy (including both percutaneous and endoscopic) on
patients with inoperable pancreatic tumors found that biopsy
did not adversely affect survival time and demonstrated an
estimated relative risk of death in the biopsy cohort of 0.85
when compared to the non-biopsy cohort, illustrating the
importance that a tissue sample can have on patient manage-
ment and outcomes [18].

Transplant pancreatic biopsy

In contrast to the native pancreas, in many institutions
clinicians typically rely on radiologists to perform image-
guided biopsies of pancreatic allografts. A major factor in
this decision is the anatomic location of the transplant pan-
creas, which is typically anastomosed to a loop of small
bowel in the right lower quadrant or urinary bladder and
often performed with a simultaneous kidney transplant.
This location is challenging or impossible for endoscopists
to reach and thus, a percutaneous approach is often pre-
ferred. Similar to other solid organ transplants, histopa-
thology remains the gold standard for evaluating for and
staging rejection. For pancreatic transplants, clinical cri-
teria for rejection include monitoring of serum glucose,
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serum amylase, serum C-peptide level, hemoglobin A1C,
and urinary amylase (if bladder drained), but these are
non-specific and have a number of alternate etiologies
[19]. Causes of pancreatic transplant rejection vary over
time, but ultimately an allograft biopsy allows for iden-
tification of rejection and the etiology, which will guide
management of the patient.

Due to the much more superficial location of the trans-
plant pancreas when compared to the native pancreas, the
vast majority of pancreas allograft biopsies are performed
under ultrasound guidance. In cases where the transplant
pancreas cannot be visualized under ultrasound, CT may be
employed to increase confidence of visualization and tar-
geting (Fig. 6). Ultrasound is preferred by many due to the
constant peristalsis of adjacent bowel and real-time visuali-
zation of both the needle and vascular supply to the allograft
(Fig. 7). Typically, once the vascular supply is identified, the
needle is directed in a position away from the vasculature to
minimize the risk of vascular injury, bleeding, and potential
allograft compromise (Fig. 8). An initial study of 35 patients
who underwent an ultrasound-guided pancreatic allograft
biopsy with standardized histologic grading found a sig-
nificantly increased graft and patient survival at 1 year [20].
Importantly, in this study acute rejection was only found in
11% of cases of graft loss and other important histologic
findings included identification of endotheliitis, vasculitis,
and confluent acinar necrosis; all of which are associated
with decreased allograft survival [20]. Using the clinical
criteria alone for identification of acute rejection only dem-
onstrated a positive predictive value of 72%, highlighting the
importance of biopsy [20]. The diagnostic yield of a percu-
taneous pancreatic allograft biopsy is high and somewhat
dependent on the study and the medical provider perform-
ing the biopsy. In two larger studies where biopsies were
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Fig.6 Axial CT image without intravenous contrast A demonstrates onstrates the patient in the oblique position with successful needle
a right lower quadrant pancreas transplant that was unable to be biopsy of the transplant pancreatic tail
localized by ultrasound for biopsy. CT-guided biopsy image B dem-

-
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Fig. 7 Ultrasound images with (A) and without (B) color Doppler demonstrate a normal-appearing transplant pancreas in the right lower quad-
rant with successful localization of the vascular pedicle

Fig. 8 Ultrasound with color Doppler image A demonstrates localiza- biopsy image B demonstrates successful advancement of the biopsy
tion of a right lower quadrant pancreatic transplant for biopsy with needle into the pancreatic transplant
successful identification of the vascular pedicle. Ultrasound-guided
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performed by non-radiologists, the diagnostic adequacy of
samples ranged from 85 to 88%, whereas a retrospective
study evaluating yield of biopsies performed by radiologists
found a diagnostic adequacy rate of over 96% [21-23].

As with native pancreatic biopsies, radiologists may be
uncertain and concerned about the potential complications
that may arise following a pancreatic transplant biopsy.
Overall, the rate of post-biopsy complications ranges from
1 to 3% and the most common complication is bleeding
[21-23]. Other reported complications include pancreatitis,
pancreatic fistula, pancreatic leak, gross hematuria (for a
transplant anastomosed to the urinary bladder), severe pain,
and non-targeted biopsy. Many of these are self-limited and
do not require treatment, but some cases of bleeding and
pain may require overnight hospitalization and/or interven-
tion. Following pancreatic transplant biopsies, patients are
typically observed in the postprocedural recovery area for
2-3 h to monitor for signs and symptoms of bleeding and to
ensure that their pain is under control.

Percutaneous drainage in pancreatitis
Introduction

Acute pancreatitis is a common acute inflammatory process
of the pancreas and has a range of severity and complica-
tions. While most episodes of acute pancreatitis are mild
and will resolve within a short time period of approximately
1 week, severe pancreatitis occurs in 15-20% of patients
and takes a prolonged, complex clinical course that often
includes the development of pancreatic and peripancreatic
collections [24—-27]. The interventional approach to manage-
ment of pancreatitis and local complications has evolved
over the past several decades. While surgical debridement
was once considered the standard therapy for symptomatic
or infected collections, and minimally invasive interven-
tions, including percutaneous drainage, have now become
the preferred treatment and offer the benefits of minimizing
morbidity and avoiding the poor outcomes associated with
invasive surgery [25, 28].

Types of acute pancreatitis

The management of pancreatitis requires a multidisciplinary
team, which includes the radiology proceduralist. Appropri-
ate interventional management by the proceduralist requires
knowledge and recognition of the classifications of pancrea-
titis, associated fluid collections, and the imaging features
of each. The 2012 revised Atlanta classification (RAC) is an
international consensus that defines the clinical and radio-
logic criteria for the diagnosis of acute pancreatitis and dif-
ferentiates the two types of acute pancreatitis into interstitial
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edematous pancreatitis and necrotizing pancreatitis. The
RAC also provides objective terminology to describe the
morphology of pancreatic and peripancreatic collections
[29].

Interstitial edematous pancreatitis (IEP) is inflammation
of the pancreas without necrosis. The imaging findings of
IEP are diffuse or localized pancreatic enlargement with
peripancreatic edema and possibly peripancreatic fluid.
The parenchyma enhances relatively homogeneously on
contrast-enhanced CT and MRI. Necrotizing pancreatitis
(NP) is pancreatic inflammation with necrosis of the paren-
chyma, peripancreatic tissues, or both. Early in the disease
time course, the enhancement pattern of NP is often patchy
and heterogeneous, sometimes indistinguishable from IEP.
A more well-demarcated area of non-enhancing parenchyma
will become evident later in the disease, indicating paren-
chymal necrosis. Peripancreatic necrosis is characterized by
peripancreatic collections containing both fluid and hetero-
geneous and non-fluid components, consistent with necrotic
tissue (Fig. 9) [30, 31].

Pancreatic and peripancreatic collections

Pancreatic and peripancreatic collections are local complica-
tions identified and monitored by imaging, most commonly
with Contrast-enhanced CT (CECT) or MRI [26, 27]. These
collections are classified on the basis of symptom duration
and designated as acute if <4 weeks after onset and delayed
if >4 weeks after onset. Classification of the collections also
depends on the type of ongoing pancreatitis—IEP or NP.

Fluid collections occurring with IEP are termed Acute
peripancreatic fluid collections (APFCs) and pseudocysts.
APFCs occur during the first 4 weeks in IEP. These fluid
collections will appear as homogeneous fluid density and
lack a defined wall. No intra-pancreatic extension is present.
APFCs will usually remain sterile and resolve without drain-
age [29, 30, 32]. Pseudocysts occur after 4 weeks in IEP
and are typically peripancreatic. Pseudocysts have a defined
wall/capsule and contain no non-liquid component (Fig. 10)
[29, 30].

In NP, collections are termed Acute necrotic collections
(ANC) within the first 4 weeks and walled-off necrosis
(WON) after the first 4 weeks. ANCs will be heterogene-
ous and contain variable amounts of liquid and non-lique-
fied material, such as solid appearing or fatty components,
consistent with necrotic debris (Fig. 11). In the early phase
of pancreatitis, distinguishing between necrotic and non-
necrotic collections can be difficult, but often becomes clear
by the 2nd week at which time either CECT or MRI can
be repeated [29]. MRI can better delineate necrotic debris
within collections that is unrecognized by CT (Fig. 12) [33].
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Fig.9 Acute interstitial edematous pancreatitis and necrotizing pan-
creatitis in two patients. A Axial IV contrast-enhanced CT in a patient
with acute IEP showing peripancreatic stranding and fluid (arrow)
and mildly heterogeneous enhancement of the pancreas (arrowhead).

B Axial IV contrast-enhanced CT in a patient with acute NP showing
a large area of non-enhancement of the pancreas and peripancreatic
stranding (arrow). A small area of enhancing pancreatic parenchyma
is seen in the pancreatic head (arrowhead)

Fig. 10 Peripancreatic collections in interstitial edematous pancrea-
titis. A Axial IV contrast-enhanced CT in a patient with acute IEP
and simple, homogeneous fluid density peripancreatic collections
(arrow). B Axial IV contrast-enhanced CT in a patient with a history

Infection

Infection in pancreatitis can be suspected based on clinical
signs, such as fever or bacteremia, or if gas is seen within a
collection on imaging (Fig. 13) [29]. Wall enhancement is
not a reliable imaging finding for infection and can be seen
in sterile pseudocysts and WON [30]. While any collection
in pancreatitis can be sterile or infected, necrosis becomes
infected more frequently and carries a mortality rate of up
to 30% [25].

Role of percutaneous intervention in pancreatitis

Historically, open surgical debridement was the main-
stay therapy for infected necrosis and symptomatic sterile

of IEP beginning 8 weeks ago showing a homogeneous fluid density
peripancreatic collection (arrow) abutting the pancreatic body (arrow-
head) with an enhancing capsule/rim, compatible with a pseudocyst

necrosis, but is associated with high rates of complication
and mortality ranging 11-39% [34-36]. The treatment para-
digm has evolved, and the traditional surgical approach has
been replaced by less invasive measures, including percu-
taneous drainage. As minimally invasive treatment modali-
ties for the management of pancreatitis have become more
widely available, consensus practice guidelines now include
recommendations regarding clinical indications for interven-
tion, intervention strategies, and timing of intervention [25,
217, 28].
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Fig. 11 Peripancreatic and pancreatic collections in necrotizing pan-
creatitis. A Axial IV contrast-enhanced CT in a patient with acute NP
and ANCs involving the pancreatic parenchyma (arrowhead) and the
peripancreatic tissues (arrow). B Axial IV contrast-enhanced CT in a

patient with NP and a large area of WON occupying the pancreatic
body and tail with an enhancing capsule (arrows). Note the heteroge-
neous appearance of the collections in NP which contains fluid den-
sity intermixed with fat density

Fig. 12 Necrotic debris in walled-off necrosis. A Axial IV contrast-
enhanced CT in a patient with WON involving the pancreatic body
and tail with subtle heterogeneous density in the collection indicat-
ing necrotic debris (arrowhead). B Axial T2W sequence in the same

Clinical indications for drainage
Necrotizing pancreatitis

The Working Group International Association of Pancrea-
tology/American Pancreatic Association (IAP/APA) Acute
Pancreatitis Guidelines define the clinical indications for
percutaneous, endoscopic, or surgical drainage of collections
in necrotizing pancreatitis. Indications include (1) suspected
or confirmed infected necrosis with clinical deterioration and
(2) ongoing organ failure for several weeks after the onset of
acute pancreatitis, in the absence of infection. Other clinical
indications for drainage in necrotizing pancreatitis include
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patient obtained the next day showing comparatively more obvious
necrotic debris in the same WON as indicated by heterogeneous sig-
nal intensity (arrowhead)

(1) mechanical gastric, intestinal, or biliary obstruction, (2)
persistent “unwellness,” including pain, nausea, vomiting,
or nutritional failure, and (3) symptomatic disconnected
duct syndrome [25-28, 37]. Disconnected duct syndrome
is characterized by full transection of the pancreatic duct by
necrosis resulting in symptomatic fluid collections due to
leaking pancreatic fluid [37].

Sterile necrosis without clinical deterioration, organ fail-
ure, or persistent “unwellness” does not require intervention.
A prospective observational cohort study of 639 patients
with necrotizing pancreatitis reported that 62% of patients
were successfully treated with conservative management
only with a relatively low mortality rate of 7% [38].
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Fig. 13 Gas within necrotizing pancreatitis collections due to infec-
tion. A Axial PO and IV contrast-enhanced CT showing a patient
with NP with a small amount of gas in WON near the pancreatic head
(arrow). No extraluminal contrast was seen to indicate bowel perfo-
ration. This patient required percutaneous drainage due to infection.

Interstitial edematous pancreatitis

Drainage of fluid collections associated with IEP is usually
not necessary, even when large APFC and pseudocysts are
present, as these collections most commonly resolve with-
out intervention [26, 32]. Rare exceptions to this principle
include uncommon complications of pseudocysts, such as
obstruction of the biliary or intestinal tract or prolonged
symptoms, such as pain and nausea, for which drainage is
indicated (Fig. 14) [27].

B Axial non-contrast CT shows extensive gas within a large infected
ANC replacing the pancreas. Percutaneous and endoscopic drainage
were pursued in this patient, but ultimately surgical retroperitoneal
debridement was required

Intervention strategies

Multiple published series have defined the role of percuta-
neous catheter drainage in necrotizing pancreatitis, both as
definitive monotherapy and as adjunct therapy in combina-
tion with endoscopic intervention [36, 38—41]. The recom-
mended interventional strategy is the “step-up” approach,
which begins with either percutaneous or endoscopic
drainage of infected necrosis. If no clinical improvement
is evident 72 h after the initial drainage and other drainable
collections are present, a second drainage is performed. If

Fig. 14 Pancreatic pseudocyst causing small bowel obstruction and
requiring therapeutic percutaneous drainage. A Axial non-contrast
CT in a patient with a large pseudocyst (arrow) in the left abdomen
and multiple dilated bowel loops in the right abdomen (arrowheads).
B Abdominal radiograph in standing position following placement

of percutaneous drain (arrow) into the pseudocyst and persistently
dilated bowel loops containing enteric contrast. C Follow-up coro-
nal non-contrast CT 2 months later after drain removal shows a small
residual pseudocyst (arrow) and resolved bowel obstruction
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additional drainage is not possible or if there is no clini-
cal improvement after an additional 72 h, the next step is
endoscopic necrosectomy or Video-assisted retroperitoneal
debridement (VARD). The primary objective behind this
approach is to control the infected necrosis with the least
invasive measures and to postpone or avoid more invasive
surgery. The step-up approach was shown to be superior to
open necrosectomy for infected necrosis in the landmark
Dutch PANTER trial with lower rates of new-onset organ
failure, new-onset diabetes, and incisional hernia in the
step-up group [36]. Trials have reported that up to 51% of
patients managed with the step-up approach were adequately
treated with drainage alone and did not require the next step
of necrosectomy [36, 40].

Generally, the endoscopic transluminal/transmural
approach for drainage is preferred to avoid the risk of
pancreaticocutaneous fistula; however, the percutaneous
approach plays an important role. Deep retroperitoneal
extension of collections into the paracolic gutters and pel-
vis is often inadequately drained endoscopically and require
percutaneous drainage (Fig. 15) [25, 27, 37, 39]. Percutane-
ous drainage can also provide a route for bedside irrigation
and clearance of necrotic material [37]. In patients with
infection who are too unstable for endoscopic management,
percutaneous drainage can be critical in providing a means
for source control [25].

Fig. 15 Infected necrotizing pancreatitis requiring a combination
of endoscopic and percutaneous drainage. A Coronal IV contrast-
enhanced CT showing large peripancreatic and pancreatic WON
containing gas (arrowheads) and an endoscopically placed cystogas-
trostomy (arrow). B Axial CT during CT-guided drain placement via
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Intervention timing

If possible, delaying intervention for at least 4 weeks after
the onset of acute pancreatitis is the standard recommenda-
tion by multiple published guidelines [25-28, 42]. These rec-
ommendations are primarily based on earlier literature when
open necrosectomy was the treatment of choice for infected
necrosis and performing surgery early (within 2—4 weeks)
was associated with poor outcomes [34, 43, 44]. Delaying
intervention avoids the inherent pro-inflammatory effect of
surgical intervention in the early course of pancreatitis, a
vulnerable clinical period when the systemic inflammatory
response is driving morbidity and mortality. Delaying inter-
vention also allows for liquefaction and encapsulation of
necrosis, which can further demarcate areas of necrosis from
viable pancreatic tissue. In the early stages of necrosis, when
the affected pancreas is an inflammatory mass, unintentional
removal of viable pancreas has been postulated as a possible
etiology for increased rates of pancreatic insufficiency fol-
lowing necrosectomy [36, 38].

More data are needed regarding the timing of percutane-
ous and endoscopic intervention. While infected necrosis
is considered an event occurring later in the disease course
(>4 weeks), nearly Y4 of patients will develop infected
necrosis earlier [45]. Some published series using a step-
up approach have also supported the benefit of delaying
intervention [38], but a more recent study comparing out-
comes of a step-up approach initiated that before versus
after 4 weeks showed no increase in complications, similar
improvement in organ failure, and a relatively low mortality

a left retroperitoneal approach with catheter in appropriate position
within the collection (arrow). This approach was chosen to provide a
portal for future surgical videoscopic assisted retroperitoneal debride-
ment; however, the patient recovered without the need for surgery
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in the early intervention group [46]. Early intervention with
percutaneous and/or endoscopic drainage may be appropri-
ate in select scenarios, such as clinical deterioration due to
infected necrosis [37].

Image-guided aspiration

While image-guided aspiration of fluid collections in pan-
creatitis is feasible and safe, its utility and relevance have
diminished [28, 47-49]. In the past, when necrosectomy was
the treatment of choice, documented infection by aspiration
was considered immediate indication for surgical manage-
ment. Infected necrosis is now often managed conservatively
with antibiotics, reserving intervention for clinical deteriora-
tion. Further, false-negative rates of greater than 20% have
been reported with fine-needle aspiration [34, 50]. As such,
published guidelines and consensus statements have recom-
mended against routine aspiration for the diagnosis of infec-
tion [25, 27, 28]. Select clinical scenarios where aspiration
might be appropriate include when fungal infection is sus-
pected due to lack of clinical response to antibiotics [28].

Percutaneous drainage in the post-operative
pancreas

Introduction

Despite modern advances in major pancreatic surgery, pan-
creatic fistula (e.g., leak) and abscess remain relatively com-
mon complications and are associated with increased mor-
tality and morbidity, longer hospital stay, and increased costs
[51-54]. Due to varying definitions of pancreatic fistula in

Fig. 16 Pancreatic fistula after Whipple for pancreatic adenocarci-
noma. A Axial IV contrast-enhanced CT showing a surgical bed fluid
collection (arrows) near the pancreaticojejunostomy (arrowhead). B

the surgical literature and the overlap and grouping of ter-
minology (e.g., fistula, leak, and abscess/infected fistula), a
large range of occurrence rates have been reported, including
up to 60% risk of fistula after distal pancreatectomy [55].
A now universally accepted definition and severity grad-
ing system of post-operative pancreatic fistula have been
described by the International Study Group of Pancreatic
Fistula. A clinically relevant fistula is defined as drain output
of any measurable volume of fluid with an amylase level >3
times the upper limit of institutional normal serum amylase,
associated with a clinically relevant development/condition,
such as persistent prolonged drainage >3 weeks, infection,
or related organ failure or death [51]. While the diagnosis is
confirmed by drain criteria, any fluid collection or hemor-
rhage around the pancreatic anastomosis or resection suture
line on imaging is concerning for fistula. Continuity of the
collection with the pancreatic duct may also be visualized.

Pancreatic fistula pathophysiology and risk factors

Proposed mechanisms for pancreatic fistula differ based on
the type of pancreatic surgery performed. Leakage of pan-
creatic sections from the pancreatic-intestinal anastomosis
or from a traumatized surface of the gland is considered to
be the sites of origin for fistula following Pancreaticoduo-
denectomy (PD) or Whipple procedure (Fig. 16). Several
risk factors have been well established for PD fistula, includ-
ing soft pancreatic texture, small ductal size, non-ductal
adenocarcinoma pathology (such as duodenal or ampullary
cancers), and intra-operative blood-loss greater than 1L [56].
Such risk factors have been implemented into a validated
fistula risk score which influences surgical and management

Follow-up axial CT was obtained after percutaneous drain placement
via a right retroperitoneal approach showing the catheter in appropri-
ate position and decreased size of the collection (arrowhead)
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Fig. 17 Pancreatic fistula after distal pancreatectomy for pancreatic
neuroendocrine tumor. A Axial MRI post-contrast TIW series in a
patient with a hypervascular, solid mass in the pancreatic tail (arrow).

decisions, such as surgical drain placement and the timing
of drain removal [57].

Increased ductal pressure due to functional obstruction
at the sphincter of Oddi complex has been hypothesized as
the mechanism for pancreatic stump leakage following Dis-
tal pancreatectomy (DP) (Fig. 17) [58]. Lack of epidural
anesthesia has been associated with an increased risk for
DP fistula, which is thought to be related to reduce need for
narcotic medications and resultant decreased pressure at the
sphincter of Oddi. Several other risk factors for DP fistula
have been reported, including age < 60, obesity, neuroendo-
crine or non-malignant pathology, concurrent splenectomy,
and vascular resection. These risk factors, however, did not
accurately predict fistula formation when implemented into
a risk scoring model [59].

Intervention strategies

Image-guided percutaneous drainage of post-operative pan-
creatic collections is technically safe and effective, and the
prevalence of collections requiring drainage ranges up to
approximately 20% [60, 61]. The utility of routine place-
ment of surgical drains after pancreatic resection has been
questioned with conflicting reports in the surgical literature;
however, the presence or absence of surgical drains does
not appear to reduce the need for percutaneous drainage of
fistula in interventional radiology [62—-65]. High technical
success rates have been reported, ranging from 97 to 100%,
defined by drain placement within the collection [60, 61].
Endoscopic methods for post-operative pancreatic collection
drainage have also been successful [66, 67].

@ Springer

B Axial IV contrast-enhanced CT following distal pancreatectomy
showing a fluid collection (arrows) in the surgical bed centered
around the remnant pancreas staple line (arrowhead)

Performing percutaneous drainage
Preparation and planning

Preprocedural evaluation of the patient is a critical com-
ponent to any successful percutaneous drainage. The Soci-
ety of Interventional Radiology Consensus Guidelines for
the Periprocedural Thrombotic and Bleeding Risk can be
used as a general guide for risk assessment in percutaneous
pancreatic drain placement, which is classified as a deep
drainage with high bleeding risk [10]. INR and platelet
count, as well as anticoagulation/antiplatelet holds should
be considered in conjunction with a risk/benefit profile for
the procedure and the patient’s overall clinical status. Under
physician supervision, moderate IV sedation can be provided
by nursing staff for patient comfort and pain control during
the procedure.

Imaging review is necessary to confirm the presence of a
collection, to plan the approach for drainage, and for modal-
ity selection. CECT or MRI that includes an arterial phase
should be obtained if there is a concern for a pseudoaneu-
rysm masquerading as a fluid collection, which is a rare, but
recognized complication in pancreatitis, often involving the
splenic artery.

Access routes

Several potential access routes to peripancreatic and pancre-
atic collections exist, and the route should be chosen with
consideration of the clinical scenario and risk of traversing
other potentially avoidable structures, such as bowel and
mesenteric vessels. When possible, a left retroperitoneal



Abdominal Radiology (2022) 47:2584-2603

2597

Fig. 18 Transgastric drainage of walled-off necrosis in a patient with
Roux-en-Y gastric bypass. A Axial IV contrast-enhanced CT show-
ing a large collection of WON (arrow) with mass effect on the gastric
pouch (arrowhead) which was causing clinical symptoms of obstruc-
tion. B Axial IV contrast-enhanced CT shows that the gastric rem-
nant (arrowheads) is anteriorly displaced by the WON. C Because
the patient was nutritionally deficient and percutaneous gastrostomy

approach through the left anterior pararenal fascia should
be chosen for percutaneous drainage in necrotizing pancre-
atitis. This approach minimizes the risk of peritoneal and
bowel transgression and also creates a portal for future mini-
mally invasive necrosectomy by tract endoscopy or VARD
(Fig. 15) [37]. A transgastric approach may be considered
if endoscopy is unavailable or if surgical anatomy, such
as Roux-en-Y gastric bypass, limits endoscopic access or
necessitates a percutaneous feeding tube (Fig. 18). Follow-
ing PD, a collection in the deep surgical bed surrounding the
pancreatic-intestinal anastomosis can be accessed through
the right anterior pararenal fascia using hydrodissection for
displacement of the colon [68]. Subphrenic collections are
common in both the post-operative setting and pancreatitis

tube was going to be necessary for feeding in the future, a transgas-
tric approach for drainage was performed to both drain the WON
and establish a portal for gastrostomy placement. Axial IV contrast-
enhanced CT following drainage shows transgastric access by the
catheter into the WON (arrows) which is now smaller. D Subse-
quently, the drain was removed and a gastrostomy tube was placed
through the same tract (arrow)

and preferably drained via a subcostal approach to avoid
pleural transgression and associated risks of fistula and
empyema. If a subcostal approach is not available, selecting
the most anterior and inferior intercostal access point and
angling the catheter up into the collection is recommended
(Fig. 19) [69].

Image guidance

The most commonly used modalities for image-guided deep
drainages are ultrasound and CT, including CT fluoroscopy.
Ultrasound offers the advantages of real-time visualization
of the needle and catheter reaching the collection. The multi-
planar capabilities of ultrasound are particularly useful in
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Fig. 19 Subcostal approach for percutaneous drainage of walled-off
necrosis via ultrasound guidance. A Axial IV contrast-enhanced CT
in a patient with NP and WON in the distal pancreatic body (arrow).
B Ultrasound image of the left upper quadrant with the transducer
angled superomedially toward the pancreas shows placement of the

subphrenic collections that require an oblique or angled
route to avoid critical overlying structures in the axial plane.
CT has higher spatial resolution and may be necessary for
small and deeper collections, or when technical factors, such
as body habitus, may limit the approach with US. CT gantry
angulation can be a helpful tool for an angled trajectory to
reach collections.

Technique

Placement of a percutaneous drainage catheter into a collec-
tion is achieved by use of the Seldinger technique or trocar
technique. The Seldinger technique involves placing a hollow
introducer needle percutaneously into the collection, inserting
a guidewire to secure access, and then subsequent removal of
the introducer needle. This is followed by sequential dilation
of the tract over the guidewire, insertion of the catheter over
a metal or plastic stiffener into the collection, and removal of
the guidewire and stiffener. While this method requires more
steps than the trocar technique, the advantage is the ability to
precisely target collections with narrow windows. The trocar
technique uses a catheter mounted on a sharp trocar which is
directly inserted without a guidewire into the collection after
superficial blunt dissection. Preceding the catheter insertion,
placement of a guiding needle into the collection can provide
an external reference for accurate placement of the catheter in
tandem, so called the “tandem” trocar technique. The trocar
technique allows the operator to quickly insert the catheter;
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needle and guidewire (arrowheads) within the collection (arrow). C
Oblique sagittal reformatted IV contrast-enhanced CT following per-
cutaneous drainage shows the catheter (arrow) coursing inferior to the
rib to reach the WON, minimizing the risk of pleural transgression

however, this technique does not allow catheter repositioning
after the first pass [70-72]. An additional modification to the
trocar technique, the curved trocar technique, involves bending
the metal trocar to allow intermittent visualization and redirec-
tion/adjustment of the catheter under CT fluoroscopy prior to
being positioned within the collection [73].

A large range catheter size has been reported for use in
pancreatic collections, and selection of the catheter size will
vary depending on the contents of the collection. Generally,
pancreatic collections require larger catheters for drainage
due to viscous contents, possibly related to effects of amyl-
ase and lipase on fat necrosis. Small catheters (8—12 Fr) can
be upsized to larger catheters (14-30 Fr) if solid necrotic
components are present [61, 70]. Multiple catheters may
be required for adequate drainage of complex collections.
Breaking up loculations within collections can be performed
by manipulation of a wire or metal stiffener during the ini-
tial drain placement [74]. Continuous or intermittent large
volume irrigation with normal saline may also facilitate
the drainage of complex collections when multiple drains
are present. Irrigation volume may range from 0.5 to 1.5 L/
drain/day depending on the collection size [71].
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Fig.20 Pancreaticocutaneous fistula as a complication of percutane-
ous drainage. A Axial IV contrast-enhanced CT showing a patient
with peripancreatic WON (arrow). B Axial non-contrast CT shows
the percutaneous drainage catheter within the WON (arrow). C Fol-
lowing drain removal, the patient complained of fluid drainage at the

Drain management

Frequent and early drain monitoring on daily rounds ensures
appropriate catheter function and position by assessing drain
output and flushing the catheters with normal saline. If con-
cern is raised for drain malfunction due to sudden decrease
in output or failed clinical improvement, repeated cross-
sectional imaging or injection under fluoroscopy can be
performed. Intracavitary fibrinolytic agents, such as tissue
plasminogen activator, can be instilled within the catheter
to degrade fibrin bands in viscous collections and facilitate

skin through the tract of the prior drain. Axial IV contrast-enhanced
CT shows persistence of the collection after drainage, now extending
along the prior drain tract into the ventral abdominal wall reaching
the superficial body wall (arrows)

drainage [75]. When catheter output is less than 20 cc/day
and the patient’s condition improves, drain removal can be
considered after discussion with the multidisciplinary care
team. Updated cross-sectional imaging can be obtained to
ensure resolution of the collection.
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Fig.21 Percutaneous drainage
of a pancreatic fistula after dis-
tal pancreatectomy complicated
by drainage catheter fracture. A
Coronal IV contrast-enhanced
CT showing a left upper quad-
rant fluid collection (arrow)
adjacent to the pancreatic
remnant staple line (arrowhead)
consistent with pancreatic
fistula. B-D Axial IV contrast-
enhanced CT and fluoroscopic
images obtained 15 days after
drain placement shows fractured
catheter fragments (arrow)
which were subsequently
retrieved in interventional
radiology under fluoroscopy by
loop snare

Complications

Major complications in percutaneous drainage, such as
uncontrolled bleeding and organ injury, are rare with
reported rates of up to 4% [41, 61, 71]. Pancreaticocutane-
ous fistula in pancreatitis has been reported in up to 32%;
however, the risk of fistula decreases when dual modality
drainage is pursued with combined endoscopic and percuta-
neous catheters (Fig. 20) [40, 76]. An unusual complication
observed in the author’s practice is breakdown/fracture of
the drainage catheter by a collection associated with a pan-
creatic duct fistula, presumed to be related to the enzymatic
contents of the collection (Fig. 21).

Conclusion

As illustrated above, the management of patients with abnor-
malities of the pancreas necessitates a multidisciplinary
approach. Radiologists should not only be familiar with pan-
creatic imaging but also the potential advantages and disadvan-
tages to percutaneous procedures performed on the pancreas.
An interdisciplinary approach to the management of patients
with pancreatitis allows for optimal patient selection and

@ Springer

management, and radiologists should be familiar with guide-
lines and evidence surrounding management of percutaneous
drains in peripancreatic fluid collections.
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