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ical diagnosis, and imaging should be re-
served for ambiguous cases, when the pa-
tient fails to improve clinically within the 
first 48–72 hours after admission, to evaluate 
suspected complications [7], or for elucidat-
ing the underlying cause.

Severity Classification
Disease severity is stratified by organ fail-

ure, local complications (fluid collections 
and necrosis), and systemic complications 
[4]. Mild disease lacks organ failure and lo-
cal or systemic complications and is associ-
ated with rare mortality (1–2%) [8]. Mod-
erately severe disease has transient organ 
failure (resolves within 48 hours) or local 
or systemic complications and is associated 
with a low mortality rate of approximately 
2% [9]. Severe disease has persistent organ 
failure (persists beyond 48 hours), a mortal-
ity rate of approximately 20–30% [10, 11], 
and typically also local complications [4].

Interstitial Edematous Pancreatitis, Necrotizing 
Pancreatitis, and Pancreatic Fluid Collections

The distinction between two types of acute 
pancreatitis—interstitial edematous pancre-
atitis and necrotizing pancreatitis—was re-
tained, but pancreatic and peripancreatic col-
lections were redesignated according to the 
presence of necrosis and the time from the 
onset of symptoms. Collections that are seen 
less than 4 weeks after presentation are called 
acute peripancreatic fluid collections in inter-
stitial edematous pancreatitis and acute ne-
crotic collections in necrotizing pancreatitis. 
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A
cute pancreatitis is the most 
common gastrointestinal reason 
for hospitalization in the United 
States, accounting for $2.6 bil-

lion in annual inpatient costs [1]. The disease 
exhibits a wide range of clinical manifesta-
tions, from transient local abdominal dis-
comfort to irreversible systemic complica-
tions and, sometimes, death.

The management and study of acute pan-
creatitis was hindered by confusing and occa-
sionally conflicting terminology [2]. In 1992, 
a consortium of acute pancreatitis experts de-
veloped the Atlanta Classification, the only 
widely accepted clinically based classification 
system used by clinicians and radiologists [2, 
3]. As knowledge of acute pancreatitis and its 
sequelae progressed, the 1992 Atlanta Clas-
sification became outdated because some of 
its definitions proved confusing [4, 5]. In re-
sponse, the Atlanta Classification underwent 
revision in 2012 [4] to incorporate the latest 
understanding of the disease.

The Revised Atlanta Classification
Definition and Diagnosis

Acute pancreatitis is an acute inflammato-
ry process affecting the pancreas with vari-
able involvement of local tissues and remote 
organs [2, 6]. The 2012 revision requires at 
least two of the following three criteria for 
diagnosis: abdominal pain consistent with 
the disease, a threefold increase in serum 
amylase or lipase levels, and imaging find-
ings consistent with acute pancreatitis [4, 7]. 
As such, acute pancreatitis is mainly a clin-
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OBJECTIVE. The 2012 revision of the Atlanta Classification emphasizes accurate char-
acterization of collections that complicate acute pancreatitis: acute peripancreatic fluid col-
lections, pseudocysts, acute necrotic collections, and walled-off necroses. As a result, the role 
of imaging in the management of acute pancreatitis has substantially increased. 

CONCLUSION. This article reviews the imaging findings associated with acute pan-
creatitis and its complications on cross-sectional imaging and discusses the role of imaging 
in light of this revision.
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Collections that are seen more than 4 weeks 
after presentation are called pseudocysts and 
walled-off necrosis [4] (Fig. 1). Previously 
used terms such as “pancreatic abscess” and 
“pancreatic phlegmon” were abolished.

Phases of Disease
The revised Atlanta Classification divides 

the disease course into an early phase, usu-
ally lasting up to 1 week, followed by a late 
phase. During the early phase, the presence 
and duration of organ failure primarily de-
termine disease severity, and imaging of lo-
cal complications such as necrosis is not reli-
able, especially initially [4].

The late phase is characterized by persis-
tent signs and symptoms with systemic or 
local complications, thus occurring only in 
moderately severe and severe disease. Dur-
ing this phase, assessment of local complica-
tions by imaging may be crucial for manage-
ment. The late phase can extend for months, 
allowing persistent pancreatic collections to 
evolve, acquiring different characteristics 
and terminology; acute peripancreatic flu-
id collections and acute necrotic collections 
may evolve into pseudocysts and walled-off 
necroses, respectively.

Acute pancreatitis is a mercurial disease 
that is difficult to discuss with two phases. 
To better illustrate its progressively chang-
ing appearance, we will discuss the imag-
ing findings in terms of less than 72 hours, 
72 hours to 4 weeks, and more than 4 weeks 
since onset.

Imaging Less Than 72 Hours 
After Onset
Establishing Diagnosis and Cause

Acute pancreatitis is readily confirmed 
by cross-sectional imaging. However, rou-
tine imaging is unwarranted, because it is 
usually a transient mild disease that is diag-
nosed clinically.

The most common cause of acute pancre-
atitis is cholelithiasis (35–40%), followed 
by alcohol (30%) [11, 12]. Therefore, trans-
abdominal sonographic evaluation for cho-
lelithiasis should be performed for all pa-
tients at admission [7, 13]. If cholelithiasis 
is present in the setting of elevated liver en-
zyme levels, cholecystectomy is indicated 
for prevention of recurrent biliary pancre-
atitis [14]. Intervention with ERCP is in-
dicated for persistent choledocholithiasis 
or acute cholangitis [13]. If sonography is 
negative for cholelithiasis and another cause 
for recurrent pancreatitis cannot be found, 

MRCP or endoscopic ultrasound can fur-
ther evaluate for other causes, such as pan-
creas divisum, malignancy, occult choledo-
cholithiasis, or microlithiasis.

Limitations of Early Necrosis Detection
Pancreatic necrosis is a well-established 

risk factor for morbidity and mortality [15, 
16]. Despite this, imaging for the detection 
of necrosis within the early phase is gener-
ally only indicated in deteriorating or criti-
cally ill patients and must be interpreted 
cautiously [7]. Early detection is difficult, 
because both necrotic and edematous paren-
chyma exhibit heterogeneous enhancement 
on contrast-enhanced CT (CECT). This het-
erogeneity is caused by intrapancreatic ede-
ma and ischemia [17, 18]. Over time, the in-
trapancreatic fluid becomes reabsorbed, and 
nonviable necrotic tissues liquefy [18, 19]. 
Frank necrosis may take 24–48 hours to de-
velop [7, 20, 21], and the sensitivity of CECT 
for detection of pancreatic necrosis within 
72 hours of disease onset is approximately 
60–70% [22, 23]. Ideally, imaging should be 
performed at least 72 hours after symptom 
onset [6].

Severity Assessment
A prognostic method to identify patients 

likely to develop severe acute pancreatitis 
would allow clinicians to triage into an in-
tensive care setting and initiate outcome-
improving measures, such as aggressive 
fluid resuscitation [24, 25]. The CT sever-

ity index (CTSI) and subsequent modified 
CTSI are radiologic grading systems devel-
oped to help predict disease severity [20, 
26]. Both the CTSI and modified CTSI as-
sign points on the basis of the presence and 
extent of pancreatic inflammation, paren-
chymal necrosis, and extrapancreatic com-
plications (modified CTSI only) observed 
on CT, up to a maximum of 10 points. The 
score correlates with mortality and indexes 
of patient morbidity, including occurrence 
of pancreatic infection, length of hospital 
stay, and need for invasive intervention [20, 
26]. MRI can be comparably used for sever-
ity assessment [21, 27]. A major drawback 
of imaging for severity assessment is its re-
liance on necrosis characterization, which, 
as discussed previously, is difficult within 
72 hours of disease onset. Therefore, imag-
ing solely for severity assessment at admis-
sion is not recommended.

There are several clinically based scor-
ing systems for predicting the severity of 
acute pancreatitis. The Ranson score, Acute 
Physiology and Chronic Health Examination 
II, and Bedside Index for Severity in Acute 
Pancreatitis are three of the most prevalent. 
However, these clinical scoring systems pro-
vide limited additional information, because 
they typically require 24–48 hours of clini-
cal data to become accurate, and severe dis-
ease is often apparent regardless of score [7]. 
Clinically based systems for severity assess-
ment are of limited efficacy, similar to imag-
ing-based systems [28–30].

Acute Pancreatitis

Interstitial Edematous Pancreatitis Necrotizing Pancreatitis

Normal or Minimal
Heterogeneous Enhancement Reduced Enhancement

> 4 weeks> 4 weeks≤ 4 weeks> 4 weeks≤ 4 weeks

Combined
Parenchymal and Peripancreatic

Acute Peripancreatic
Fluid Collection Pseudocyst

Acute Necrotic
Collection

Walled-Off
Necrosis

Parenchymal Peripancreatic

Infected

Sterile

Fig. 1—Classification of acute pancreatitis and associated collections. Necrotizing pancreatitis and all 
collections arising from acute pancreatitis can undergo secondary infection. 
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Imaging 72 Hours to 4 Weeks 
After Onset
Interstitial Edematous Pancreatitis

Interstitial edematous pancreatitis is a dif-
fuse inflammatory process involving pancre-
atic and peripancreatic tissues and causing 
interstitial edema and enlargement. It is the 
milder and more common form of acute pan-
creatitis, seen in 85% of patients [31], and 
typically resolves within a week [32].

In mild interstitial edematous pancreatitis, 
the edematous pancreas can appear enlarged 
and hypodense on CT, typically diffusely, 
but occasionally focally. Peripancreatic in-
flammation may be manifest as an irregu-
lar pancreatic contour with peripancreatic 
fat stranding and fluid and typically involves 
the anterior pararenal space. After contrast 
agent administration, on both CT and MRI, 
the viable edematous parenchyma generally 
enhances homogeneously, albeit less strong-
ly than normal, but the edema may cause 
slight heterogeneity.

MRI is more sensitive for pancreatic edema 
than CECT [27, 33]. On T2-weighted images, 
the pancreas is enlarged and hyperintense (Fig. 
2). On T1-weighted images using fat suppres-
sion (a sequence that is not sensitive for acute 
edema) [34], the parenchyma may appear nor-
mal (in mild cases), hypointense, or heteroge-
neous [27, 33, 35]. Peripancreatic fat stranding 
is best visualized with T1 gradient-echo and 
T2 fat-suppressed sequences [34]. DWI can be 
helpful, because greater diffusion restriction is 
seen in patients with acute pancreatitis than in 
healthy control subjects [36]. There is no rec-
ognizable tissue necrosis in interstitial edem-
atous pancreatitis. In more severe interstitial 
edematous pancreatitis, pancreatic fluid may 
leak out of the edematous parenchyma and 
form peripancreatic fluid collections.

Acute Peripancreatic Fluid Collection
Acute peripancreatic fluid collections are 

nonencapsulated collections that typical-
ly arise less than 4 weeks after the onset of 
acute pancreatitis. They are peripancreatic, 
rarely become infected, and generally re-
solve spontaneously [4]. Five percent to 15% 
of acute peripancreatic fluid collections per-
sist beyond 4 weeks and are likely to become 
pseudocysts [37].

Acute peripancreatic fluid collections have 
variable size and shape and may be numerous. 
They are predominantly adjacent to the pan-
creas, without extension within the pancreatic 
parenchyma, and commonly reside within the 
lesser sac or anterior pararenal space [38] (Fig. 
3). They are not round, instead taking the con-
tours of the peripancreatic fascial planes con-
taining them. Uncommonly, the fluid may col-
lect in more distant areas, including the pelvis, 
ligamentum venosum fissures, splenic hilum, 
and mediastinum [39]. Acute peripancreatic 
fluid collections exhibit a homogeneous flu-
id appearance—hypodense on CT and T1 hy-
pointense and T2 hyperintense on MR imag-
es—without a well-defined capsule.

Necrotizing Pancreatitis
Necrotizing pancreatitis presents in three 

configurations: combined pancreatic and 
peripancreatic necrosis (75%), peripancre-
atic necrosis alone (20%), and pancreatic 
necrosis alone (< 5%) [6, 40]. Patients with 
peripancreatic necrosis alone have lower 
morbidity and mortality rates [40].

On imaging, necrotizing pancreatitis is 
similar to interstitial edematous pancreati-
tis, with additional findings reflecting necro-
sis. After the first week, areas of impaired 
perfusion and necrosis have matured, result-
ing in more confluent nonenhancing areas 

on imaging [28]. The capacity of CT to di-
agnose retroperitoneal fat necrosis is limit-
ed [17]; therefore, all peripancreatic regions 
with a heterogeneous appearance on CECT 
should be considered fat necrosis, unless 
proven otherwise [17].

On MRI, necrotic parenchyma or peripan-
creatic tissue is hypointense and nonenhancing 
on gadolinium-enhanced T1-weighted imag-
ing. On T2-weighted images, necrotic tissue 
is typically hypointense, though it can be hy-
perintense if liquefied [41, 42]. Abnormal hy-
perintensity of the peripancreatic fat on T1-
weighted fat-suppressed images, corresponding 
to hemorrhagic fat necrosis, is associated with 
extremely poor prognosis [43]. MRI can distin-
guish between necrotic pancreatic and peripan-
creatic tissues and adjacent fluid collections or 
hemorrhage, whereas differentiating between 
necrosis and adjacent fluid may be difficult with 
CT [44]. Persistent collections of fluid and ne-
crotic material can develop in the setting of nec-
rotizing pancreatitis and should not be called 
fluid collections, but rather acute necrotic col-
lections or walled-off necroses, because they 
contain solid necrotic material.

Acute Necrotic Collection 
Acute necrotic collections are nonencap-

sulated collections of inflammatory fluid and 
necrotic pancreatic or peripancreatic tissue 
that typically arise within the first 4 weeks 
of necrotizing pancreatitis (Fig. 4). Acute ne-
crotic collections are usually asymptomatic 
and undergo progressive liquefaction and de-
crease in size [45, 46]. Some acute necrotic 
collections will develop a fibrous capsule and 
become a walled-off necrosis.

Acute necrotic collections, like acute peri-
pancreatic fluid collections, may be single 

A B

Fig. 2—42-year-old woman who presented with acute right upper quadrant pain. 
A, Coronal contrast-enhanced CT image shows barely visible minimal free fluid (arrow) surrounding body of 
pancreas. 
B, Coronal T2-weighted MR image obtained 37 hours later shows mild pancreatic enlargement and edema 
(asterisk) with minimal surrounding free fluid (arrow).

Fig. 3—30-year-old woman with interstitial 
edematous pancreatitis. Axial T2-weighted fat-
suppressed image shows edematous pancreas 
(asterisk) and noncircumscribed hyperintense 
peripancreatic fluid collection (arrow), consistent 
with acute peripancreatic fluid collection, extending 
within left pararenal space.
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or multiple, variable in size and shape, and 
present in various anatomic locations. Un-
like acute peripancreatic fluid collections, 
acute necrotic collections may reside within 
the pancreatic parenchyma and are frequently 
associated with necrosis of the main pancre-
atic duct [47, 48]. In fact, any nonencapsu-
lated intrapancreatic collection found within 
the first 4 weeks after the onset of necrotizing 
pancreatitis should be considered an acute 
necrotic collection [6, 49]. MRCP may reveal 
pancreatic ductal disruption and communica-
tion with the acute necrotic collection.

The identification of solid necrotic material 
on imaging is crucial for differentiating acute 
necrotic collections from acute peripancreat-
ic fluid collections. Acute necrotic collections 
appear heterogeneous because of their lique-
fied and nonliquefied components, seen as ir-
regular hyperdensity among hypodense fluid 
on CT and as T2-hypointense material among 
T2-hyperintense fluid on MRI [50]. It is easier 
to identify the characteristic heterogeneity af-
ter the first week of disease [6]. Imaging with-
in the first week may not allow sufficient time 

for solid necrotic material to liquefy, making 
differentiation of peripancreatic acute necrotic 
collections from acute peripancreatic fluid col-
lections on CECT challenging, because both 
could appear as homogeneous nonenhancing 
hypodense abnormalities adjacent to the pan-
creas (which can have normal enhancement 
when necrosis is purely peripancreatic).

Imaging More Than 4 Weeks After Onset
Pseudocyst

Pseudocysts are encapsulated cystic le-
sions filled with amylase-rich fluid that 
complicate 10–20% of cases of acute pan-
creatitis. They typically evolve from acute 
peripancreatic fluid collections by forming 
a capsule, a process that usually requires at 
least 4 weeks [51]. Pseudocysts lack an epi-
thelial lining and thus are not true cysts [52]. 
About 50% of pseudocysts remain asymp-
tomatic, and there are no reliable indicators, 
such as size or duration, to predict which will 
become symptomatic and require treatment 
[37, 53]. Approximately 40% of pseudocysts 
will spontaneously resolve [54].

Pseudocysts are usually round-to-oval flu-
id collections with a well-defined capsule. 
Except for some dependent debris, pseudo-
cysts lack internal solid components and ap-
pear predominantly homogeneous [55]. They 
can be single or multiple and are typically 
unilocular and peripancreatic, though they 
can be multiloculated [4]. On CT, pseudo-
cysts exhibit fluid density (< 15 HU) within a 
well-defined capsule. The capsule is smooth 
and symmetric and varies in appearance 
from barely perceptible to uniformly thick 
and may enhance after contrast agent injec-
tion. MRI can help confirm the lack of solid 
material, with pseudocysts generally exhibit-
ing T1 hypointensity and T2 hyperintensity 
(Fig. 5). Hemorrhage or proteinaceous fluid 
within the pseudocyst can cause T1 hyperin-
tensity. Dependent debris on MRI is highly 
specific for pseudocysts [55].

Many pseudocyst-associated complica-
tions and symptoms, such as gastric obstruc-
tion leading to early satiety and nausea, are 
secondary to local mass effect. Pseudocysts 
can also erode into adjacent vessels and cause 
pseudoaneurysms (discussed below). Hem-
orrhage within a pseudocyst shortly after an 
acute attack of pancreatitis is generally not due 
to pseudoaneurysm rupture but is rather the 
result of bleeding from intramural capillaries 
within the pseudocyst or retroperitoneum [56].

Walled-Off Necrosis
Walled-off necroses are well-circum-

scribed encapsulated cavities containing ne-
crotic pancreatic and peripancreatic tissue 
that complicate about 1–9% of cases of acute 
pancreatitis [57]. Walled-off necroses devel-
op when necrotic tissues and acute necrotic 
collections mature and form a capsule. This 
process usually requires at least 4 weeks, 
similar to the process seen in pseudocyst 

A B

Fig. 4—45-year-old man with acute pancreatitis. 
A and B, Axial contrast-enhanced CT images obtained early in the disease process show necrotic pancreatic 
body and head. There is ill-defined heterogeneous peripancreatic collection (arrow, A) merging with necrotic 
head of pancreas (asterisks, A and B), which does not have enhancing capsule, consistent with combined 
pancreatic and peripancreatic acute necrotic collection.

A CB

Fig. 5—52-year-old man who presented with pseudocyst 7 months after acute alcoholic interstitial edematous pancreatitis. 
A, Axial contrast-enhanced CT shows small fluid collection in uncinate process (arrowhead). Pancreatic stent (arrow) was placed 8 days before CT. Mild retropancreatic 
fat stranding is visible, indicating ongoing inflammation. 
B and C, Corresponding axial contrast-enhanced T1-weighted MR image (B) and T2-weighted MR image (C) show round nonenhancing T1-hypointense and T2-
hyperintense collection (arrowheads) with minimal internal debris visible on T2-weighted image, with thin nonenhancing capsule.
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formation. The outdated terms “organized 
pancreatic necrosis,” “necroma,” “pancre-
atic sequestration,” “pseudocyst associated 
with necrosis,” and “subacute pancreatic ne-
crosis” are not to be used [4]. Patients with 
walled-off necrosis can be asymptomatic 
(50%) or present with abdominal pain, fever, 
nausea and vomiting, early satiety, or weight 
loss [58, 59]. Similar to pseudocysts, walled-
off necroses can obstruct or fistulize adja-
cent structures, erode into vasculature, and 
become infected [60]. Radiologic follow-up 
for growth and complications is recommend-
ed, even for asymptomatic walled-off necro-
ses that usually undergo liquefactive necrosis 
and decrease in diameter over time [45, 46].

Like pseudocysts, walled-off necroses are 
round, have a nonepithelialized capsule, and 
may contain septations. Unlike pseudocysts, 
walled-off necroses more commonly involve 
the pancreatic parenchyma. Any encapsu-
lated fluid-containing collection within the 
pancreas, with resultant deformation or dis-
continuation of the parenchyma, found more 
than 4 weeks after the onset of acute necro-
tizing pancreatitis is very likely walled-off 
necrosis [6]. In fact, most walled-off necro-
ses can be readily diagnosed on the basis of 
the aforementioned features. Approximately 
90% of walled-off necroses are located in 
the body or tail, but they can also be distant 
from the pancreas and frequently extend into 
the paracolic gutters [4, 59, 61].

Walled-off necroses and pseudocysts may 
appear similar on imaging [58]. The distinc-
tion of walled-off necrosis from pseudocyst 
is important, because the solid necrotic com-
ponent within walled-off necroses may be-
come infected if not removed [62, 63]. On 
CT, a walled-off necrosis is an encapsulated 
fluid-density collection within a region that 
was previously necrotic tissue [19, 64] (Fig. 
6). The presence of pancreatic necrosis on 
imaging from earlier in the disease course 
may help distinguish between walled-off ne-
crosis and pseudocyst. Specific findings on 
CT indicative of walled-off necrosis over 
pseudocyst are larger size, extension to the 
paracolic or retrocolic space, irregular bor-
der, fat attenuation debris, thick or multiple 
septations, and pancreatic parenchymal de-
formity or discontinuity [64]. Dilatation of 
the main pancreatic duct (> 4 mm) favors 
pseudocyst. The aforementioned findings 
have an accuracy rate of approximately 80% 
for differentiating walled-off necrosis from 
pseudocyst [64]. The solid component can be 
identified on CT in only approximately 45% 

of walled-off necroses [64]. When visible, it 
is seen as a relatively hyperdense component 
within the fluid, creating a heterogeneous 
appearance similar to that of acute necrot-
ic collections. MRI is better suited to visual-
ize the necrotic debris, as with acute necrot-
ic collections (Fig. 7). The main difference 
from acute necrotic collection is a visible 
capsule. A concomitant MRCP is valuable, 
because there is strong association (50–70%) 
between walled-off necrosis and disconnect-
ed pancreatic duct syndrome [60, 65].

Other Complications
Disconnected Pancreatic Duct Syndrome

Disconnected pancreatic duct syndrome is a 
discontinuity of the main pancreatic duct such 

that the viable tail of the pancreas is isolated 
and unable to drain into the head and duode-
num. Disconnected pancreatic duct syndrome 
complicates about 30% of cases of acute nec-
rotizing pancreatitis, with the probability di-
rectly related to the amount of necrosis [66, 
67]. Disconnected pancreatic duct syndrome 
usually occurs at the pancreatic neck, a wa-
tershed region susceptible to perfusion abnor-
malities [68]. Disconnected pancreatic duct 
syndrome causes continual leakage of pancre-
atic juices into the retroperitoneum, resulting 
in pancreatic and peripancreatic necrosis and 
formation of fluid collections [66]. In these 
cases, either permanent drainage (endoscopic 
or surgical) of the collection or a distal pancre-
atectomy is required.

A B

Fig. 6—63-year-old woman with necrotizing pancreatitis. 
A, Axial contrast-enhanced CT shows large pancreatic and peripancreatic fluid collection, with residual 
peripancreatic fat (arrow) visible in collection as indication that this is walled-off necrosis rather than pseudocyst. 
B, Axial contrast-enhanced MRI is able to show necrotic nonenhancing pancreatic parenchyma within 
collection (asterisk).

C

A B

Fig. 7—65-year-old man with walled-off necrosis.
A, Axial contrast-enhanced CT shows encapsulated 
homogeneous fluid-attenuation collection (arrow) 
consistent with pseudocyst or walled-off necrosis. 
B and C, Axial contrast-enhanced T1-weighted fat-
suppressed (B) and coronal T2-weighted (C) images 
show internal heterogeneity (arrowheads) indicative 
of necrotic debris, confirming diagnosis of walled-off 
necrosis.
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Contrast-enhanced imaging revealing ne-
crosis within the pancreatic body or neck 
with intact perfusion of the tail suggests dis-
connected pancreatic duct syndrome. MRCP 
can be obtained for ductal evaluation, which 
can be further enhanced by secretin admin-
istration [69]. A discrete ductal cutoff within 
the upstream pancreatic tail and a fluid col-
lection along the expected course of the pan-
creatic duct are indicative [66, 69, 70]. ERCP 
may be useful for confirmation, showing a 
complete early termination of the pancreatic 
duct (Fig. 8).

Secondary Infection
Secondary infection of necrotizing pan-

creatitis is associated with increased mor-
tality and is usually diagnosed at least 2–3 
weeks after disease onset [71]. Infected pan-
creatic necrosis is associated with poor out-
comes (mortality rate of 32%) and frequent-
ly requires intervention [72], whereas sterile 
pancreatic necrosis has a mortality rate of 
about 12% [31]. The risk of infection is in-
creased in prolonged disease with persistent 

bacteremia [71, 73]. Prophylactic antibiot-
ics are usually ineffective, likely because of 
poor penetration into necrotic tissue [7, 74].

Any collection complicating acute pan-
creatitis can become secondarily infected. 
The diagnosis of infection can be difficult on 
imaging. Gas within a collection is the most 
sensitive imaging finding for infection (Fig. 
9) but is visible in only 12–18% of cases [75]. 
Although MRI can reveal large amounts of 
gas, CT is more sensitive for small quantities 
[41]. However, gas is not pathognomonic and 
can alternatively indicate fistulization into an 
adjacent hollow viscus [76].

The utility of DWI is under investigation, 
and it has been suggested that central por-
tions of infected acute peripancreatic flu-
id collections and acute necrotic collections 
exhibit more restricted diffusion compared 
with their sterile counterparts, although 
overlap may be seen [77, 78]. When infec-
tion is suspected, aspiration of fluid for cul-
ture is necessary [75].

Vascular Complications and Hemorrhage
Venous thrombosis is the most common 

vascular complication of pancreatitis, usu-
ally involving the splenic vein, but possibly 
also the portal and superior mesenteric veins 
[79]. Thrombosed vessels are nonenhancing 
tubular structures on imaging [34].

Pseudocysts and walled-off necroses can 
erode into adjacent vasculature, resulting in 
pseudoaneurysms [51, 60]. The splenic, gas-
troduodenal, and pancreaticoduodenal are 
the most commonly affected vessels [47, 51]. 
Pseudoaneurysm formation takes time and 
therefore does not occur early in the disease 
[56]. Pseudoaneurysms tend to gradually en-
large and may rupture [51]. They are associ-
ated with high mortality rates: 12.5% when 
detected and treated and more than 90% if 

untreated [80]. The hemorrhage is most of-
ten within the gastrointestinal tract but can 
be intraperitoneal or, rarely, even within the 
pancreatic ductal system. Pseudoaneurysms 
can be detected on both CT and MR angi-
ography as a rounded structure arising from 
and showing enhancement similar to the do-
nor artery [33, 81].

CT Versus MRI for Pancreatic 
Imaging

CT is the most widely used modality, be-
cause it has a short scan duration (important 
in acutely ill patients) and is widely available 
and because radiologists are experienced in 
its interpretation. Accurate assessment of the 
pancreatic parenchyma for necrosis on CT 
requires IV contrast agents, which are poten-
tially nephrotoxic in patients with renal in-
sufficiency and contraindicated with severe 
renal dysfunction, thus limiting the diagnos-
tic accuracy of CT in potentially renal-im-
paired patients. MRI is an alternative mo-
dality that does not use ionizing radiation, 
which is particularly important in pregnant 
women and young patients, for whom the cu-
mulative radiation dose is of concern, but it 
also has limitations in severe renal dysfunc-
tion because of concerns of nephrogenic sys-
temic fibrosis.

For pancreatic fluid and necrotic collec-
tions, both CT and MRI can be used for de-
tection, but MRI may be required to differ-
entiate between them (i.e., differentiate acute 
peripancreatic fluid collection from acute 
necrotic collection and pseudocyst from 
walled-off necrosis). The superior tissue 
contrast of MRI enables visualization of the 
solid necrotic tissue among the fluid within 
the collection that is diagnostic of acute ne-
crotic collection and walled-off necrosis [6, 
10, 41, 55]. The solid component may be dif-

A CB

Fig. 8—26-year-old man who underwent transgastric drainage of pseudocyst located near pancreatic neck that recurred after stents migrated into stomach. 
A and B, Three-dimensional navigator-triggered MRCP maximal intensity projection reconstruction (A) and coronal T2-weighted image (B) show connection between 
pseudocyst (arrowheads) and pancreatic duct in tail (arrows), which is dilated. 
C, ERCP shows complete cutoff of pancreatic duct in pancreatic neck (arrow).

Fig. 9—62-year-old man with walled-off necrosis. 
Axial contrast-enhanced CT shows air within 
walled-off necrosis with thickened irregular capsule, 
concerning for secondary infection versus enteric 
fistula. Subsequent drainage yielded purulent fluid 
with positive bacterial culture, confirming infection. 
There was no fistula.
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ficult to detect on CT because of volume av-
eraging [47]. In addition to MRI, endoscop-
ic ultrasound and transabdominal ultrasound 
may also be used for detecting the solid ma-
terial within acute necrotic collections and 
walled-off necrosis [10]. MRI may also be 
superior to CT for evaluation of pancreatic 
ductal integrity and communication with flu-
id collections, because disconnected pancre-
atic duct syndrome is more confidently ex-
cluded with MRI than CT [82].

Intervention for Complications of 
Acute Pancreatitis

Invasive intervention for complications 
associated with acute pancreatitis is indicat-
ed in the presence of symptoms or secondary 
infection in patients for whom conservative 
management has failed or who are not suf-
ficiently stable for conservative management 
[7]. A large proportion of sterile asymp
tomatic fluid and necrotic collections will 
spontaneously resolve over time [4, 45, 54], 
and unnecessary instrumentation of these 
sterile collections should be avoided because 
of the risk of introducing infection. A subset 
of patients with infected pancreatic necro-
sis can be treated with conservative manage-
ment using IV antibiotics [83]. When hem-
orrhage is seen in or adjacent to a collection 
planned for intervention, a pseudoaneurysm 
must be excluded because draining a collec-
tion complicated by pseudoaneurysm may 
lead to life-threatening hemorrhage.

Pseudocyst
Endoscopic transenteric (transgastric or 

transduodenal) drainage, generally with en-
doscopic ultrasound guidance, is the stan-
dard approach for draining pseudocysts [84]. 
The procedure is performed by identifying 
the pseudocyst adjacent to the lumen and 
endoscopically creating a fistula between 
the pseudocyst and lumen and subsequent-
ly placing transluminal stents. Percutaneous 
ultrasound- or CT-guided drainage is an-
other viable option, but it requires an exter-
nal drainage catheter [85] and is, therefore, 
less favored. The transpapillary approach, 
involving placement of an intraductal stent 
during ERCP, is the least traumatic approach 
but is effective only for smaller pseudocysts 
in the pancreatic head or neck that communi-
cate with the main pancreatic duct [86, 87] or 
its radicals [88]. ERCP is the most sensitive 
method for diagnosing a pseudocyst-pancre-
atic ductal communication, but it may intro-
duce infection [52]. Instead, MRCP is often 
used as a noninvasive alternative [89]. Pseu-
docyst aspiration, without continuous drain-
age (percutaneous, endoscopic, or surgical), 
is ineffective and should be avoided, except 
in small indeterminate cysts.

Necrotizing Pancreatitis
Because of the considerable morbidity 

(34–95%) and mortality (11–39%) of surgi-
cal necrosectomy in necrotizing pancreati-
tis, there is interest in conservative treatment 

[83, 90] and minimally invasive interven-
tional techniques, such as image-guided 
percutaneous drainage [60, 90, 91], endo-
scopic transenteric drainage [60, 91], and 
endoscopic necrosectomy [92, 93]. When 
infected pancreatic necrosis is managed con-
servatively, or by minimally invasive proce-
dures, careful monitoring is needed, because 
a lack of improvement or clinical deteriora-
tion warrants progression to more aggressive 
measures. Current guidelines support a step-
up approach when intervention is necessary, 
starting with drainage and progressing in in-
vasiveness to surgical necrosectomy [13]. A 
benefit of the step-up approach is delay of 
surgery, which has been shown to decrease 
mortality [94, 95]. As a result, current guide-
lines recommend delaying invasive interven-
tion for necrotizing pancreatitis until at least 
4 weeks after disease onset [13].

In contrast to pseudocyst management, 
drainage alone is generally ineffective in the 
management of walled-off necrosis; thus, 
these entities must be differentiated before 
intervention, generally via MRI or endo-
scopic ultrasound. Percutaneous or endo-
scopic management of necrotic collections 
often involves multiple catheters or drains 
with aggressive irrigation or direct endo-
scopic removal of necrotic tissue [60, 96]. 
Unsuccessful removal of necrotic debris can 
lead to infection [62, 63]. Collections that 
are larger and with a greater proportion of 
solid debris require more aggressive inter-

A CB

D E

Fig. 10—32-year-old man with necrotizing 
pancreatitis. 
A–C, Axial contrast-enhanced CT images show 
partial pancreatic necrosis on initial scan (A), 
developing into acute necrotic collection 8 days 
later (B), and then into walled-off necrosis 5 weeks 
after initial scan (C). Note that on CT, it is difficult to 
identify necrotic parenchyma in walled-off necrosis, 
because only fluid is visible. 
D and E, Endoscopic necrosectomy was performed 
(D), and transgastric stents were placed (E), resulting 
in significant improvement in size of collection, which 
now contains postprocedural gas.
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vention, such as endoscopic débridement or 
surgical necrosectomy, for adequate treat-
ment [97] (Fig. 10).

Postintervention Considerations
A major pitfall of percutaneous and sur-

gical procedures is the subsequent develop-
ment of pancreaticocutaneous fistulas, either 
to the surgical incision or in the path of the 
drain. These are not rare, developing in 25–
45% of patients who receive percutaneous 
or surgical intervention [98, 99], and may 
be associated with severe electrolyte distur-
bances and sepsis [100]. The presence of gas 
is a common imaging finding after invasive 
procedures. Therefore, finding gas after in-
tervention is not as indicative of infection 
and should be interpreted with caution.

Conclusion
Acute pancreatitis is a complex and chal-

lenging disease. Both clinicians and radiolo-
gists should be aware of the current recom-
mendations for appropriate imaging timing 
and modality. Although CT is often the first 
choice in acutely ill patients, MRI is better 
suited for diagnosing necrotic debris that 
may alter management. Using the correct 
terminology for reporting imaging findings 
of the disease and its complications is cru-
cial for appropriate clinical decision making.
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