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A B S T R A C T

Acute pancreatitis is an inflammatory disease in which most common etiologies are biliary lithiasis and alcoholism. Acute pancreatitis can be classified into 2 groups
according to its morphologic features: interstitial edematous pancreatitis and necrotizing acute pancreatitis. The prognosis of this group of diseases and its complica-
tions varies significantly and contrast-enhanced computed tomography is the imaging study of choice for the diagnosis and detection of complications. . In this review,
we aim to summarize the changes introduced in the revised Atlanta classification and describe other usual and unusual local complications of acute pancreatitis that
are not analyzed in that classification. We will also describe early detection signs and provide an accurate interpretation of complications on contrast-enhanced com-
puted tomography that will lead to prompt management decisions which can reduce the morbidity andmortality of these patients.
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Introduction

Acute pancreatitis is an inflammatory condition caused by intracellu-
lar activation and inappropriate extravasation of proteolytic enzymes
causing destruction of the pancreatic parenchyma and peripancreatic tis-
sues. The most common etiologies are biliary lithiasis and alcoholism.
Less frequent causes include hypertriglyceridemia, hypercalcemia, drugs,
autoimmune disease and parasitosis, among others. In Chile, approxi-
mately 75% of acute pancreatitis are caused by biliary lithiasis and 15%-
20% by alcoholism, meanwhile in the United States, biliary lithiasis and
alcohol are responsible for 40% and 35% of the cases, respectively.1

Contrast-enhanced computed tomography (CECT) is the imaging
study of choice for the diagnosis and detection of complications of
acute pancreatitis.2-4 In 2012, a new classification for acute pancreati-
tis was proposed, addressing the most frequent local complications.5

The present study aims at summarizing the changes introduced in
the revised Atlanta classification and describing other usual and
unusual local complications of acute pancreatitis that are not ana-
lyzed in that classification.

Revised Atlanta Classification of Acute Pancreatitis

The 1992 Atlanta Symposium proposed a universal definition and
classification for acute pancreatitis.6 Even though the classification
played an important role since its creation, the significant development
in diagnostic imaging and the growing understanding of organ failure
justified an update. In 2012,7 the classification was reviewed by the
Acute Pancreatitis Classification Working Group, who proposed changes
related to diagnosis and phases of the disease. These changes redefined
the radiological classification, introducing new concepts and removing
others regarding local complications of acute pancreatitis.

The most important change introduced was the use of more specific
terms to describe fluid collections and foci of necrosis within or around
the pancreas. The Acute Pancreatitis Classification Working Group pro-
posed the classification of pancreatic and peripancreatic fluid collections
into 4 main categories according to elapsed time since the disease onset
and the severity of acute pancreatitis5 (summarized in Table 1).

Disease Progression Over Time

In acute pancreatitis, it is possible to distinguish 2 phases: an early
phase, which lasts approximately 7 days, and a late phase. In the early
phase, disease severity is related to systemic complications. While
local complications may be identified, it is generally not necessary to
document them by imaging examinations during the first week. The
reason for this is that the presence and extent of pancreatic and peri-
pancreatic necrosis may not be defined early by imaging during the
first few days of disease, and false-negative studies searching for
necrosis are not uncommon.8 When necessary, a CECT 3-5 days after
admission is more reliable in establishing the presence and extent of
pancreatic necrosis. Second, the extent of morphologic changes and
necrosis is not directly proportional to the severity of organ failure.
Finally, even if imaging during the first week identifies the presence
of peripancreatic fluid collection of pancreatic necrosis, in general no
treatments are required for these conditions at that time.9
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TABLE 1
2012 Atlanta classification—fluid collections
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In the late phase of moderate or severe acute pancreatitis, local
complications evolve more fully and can be determined by a CECT
examination. At this phase, the need for treatment is determined
from the basis of clinical progression of the disease, and treatment
is guided by morphologic imaging findings. Therefore, CECT plays an
important role in determining the therapeutic approach during this
phase. Other imaging techniques such as MRI and ultrasonography
can also be helpful in this late stage, either if CT is not an option or
as an adjunct, but their description is outside the scope of this
review.10
Imaging Evaluation of Acute Pancreatitis

CT Protocol

The CT scan should be performed at least 3-5 days after the onset
of clinical symptoms, since necrosis begins after 48-72 hours from
the onset. The protocol differs depending on the local preference, but
it should include the use of iodinated contrast agents, with acquisi-
tion of arterial (pancreatic phase) and venous phases. The protocol
used in this study is summarized in Table 2.
Role of the Dual-Energy CT

Since the introduction of the dual-energy CT, there is a constant
search for applicability in the different pathologies, in particular, in
pancreatitis may add value in some specific points. Virtual noncon-
trast sequences help to reduce the time of acquisition and therefore
decrease the radiation dose in successive controls. Lower KeV images
may improve the detection of necrotic areas and thrombosis by opti-
mizing the difference of density and iodine quantification with the
contrast-enhanced images. The detection and characterization of
noncalcified lithiasis hold special utility importance in the cause clar-
ification for the disease.11-13
TABLE 2
CT protocol

CT pancreatitis protocol: arterial and portal-venous phase

kVp 120-140
Detectors 64£ 0.5
Slice thickness 0.5 mm
Reconstruction interval 0.3 mm
Pitch 57 mm/s
Scan delay (bolus tracking) 45 s (late arterial) 70-80 s (portal-venous)
Morphologic Classification

Acute pancreatitis can be classified into 2 groups according to its
morphologic features: acute interstitial edematous pancreatitis and
necrotizing acute pancreatitis (NAP). The prognosis of these 2 entities
varies significantly.

Acute Interstitial Edematous Pancreatitis
Acute interstitial edematous pancreatitis (AIEP) consists of inflam-

mation of the pancreatic parenchyma and peripancreatic tissues, but
without recognizable tissue necrosis. This is the most frequent pre-
sentation of acute pancreatitis5 (80%-85%) with very low morbidity
and mortality. On CECT, AIEP is characterized by pancreatic paren-
chymal edema, peripancreatic fat stranding, free fluid, and no find-
ings of pancreatic or peripancreatic necrosis (Fig 1). Temporally,
collections related to AIEP are defined as acute peripancreatic fluid
collections (APFC) or pseudocysts, depending on onset time.5

Necrotizing Acute Pancreatitis
The 2012 revised Atlanta classification defines necrotizing pancreati-

tis as inflammation associated with the presence of necrosis, whether
intrapancreatic, isolated peripancreatic (Figs. 2 and 3) or frequently a
combination of both pancreatic and peripancreatic soft tissues. This
entity represents less than 30% of acute pancreatitis (15%-20%), but has
significant morbidity and mortality.14On CECT, pancreatic necrosis is
defined by the lack of enhancement that represents parenchymal hypo-
perfusion (Fig 4). The intrapancreatic areas of necrosis can be quantified
as follows: <30%, between 30% and 50% or >50% of the pancreas, and
can be identified after the first 48-72 hours. This is important because
similar findings before the first 48 hours may only represent areas of
reversible ischemia and edema rather than necrosis.15,16

Pancreatic necrosis, as described in the literature, is identified in the
arterial phase.9 Nevertheless, we suggest using the portal phase as a com-
plement because in some patients it can be challenging to obtain a pan-
creatic arterial phase of good quality. Some authors even suggest that a
portal venous phase can be enough to characterize pancreatic necrosis.17

Necrosis is classified according to temporality as an acute necrotic
collection (ANC) or walled off necrosis (WON) (Fig 8).

Pancreatic and Extrapancreatic Necrosis
In 2013, Bakker et al18 proposed that apart from the quantity of

necrosis, the site of necrosis also was important to predict the morbid-
ity and mortality of the patient. The researchers suggested that extrap-
ancreatic necrosis and pancreatic necrosis are different entities that
confer different prognoses. In their prospective study, they found that
patients who only presented with extrapancreatic necrosis had less risk



IG 2. A 65-year-old patient with a history of 7 days of abdominal pain and elevated serum lipase. CECT (A) demonstrates a peripancreatic collection (arrow), and (B) T2-weighted
RI confirms heterogeneous material (debris) within this collection consistent with an acute extrapancreatic necrotic collection (ANC). No necrosis of the pancreas is present.

FIG 1. (A) Focal AIEP of the head and uncinate process (arrows). Focal enlargement of the pancreas with extension of the peripancreatic inflammatory changes involving the right
anterior pararenal space (*). (B) Diffuse AIEP CECT Equilibrium phase (arrows). Diffuse enlargement of the pancreas with peripancreatic inflammatory changes (edema of the retro-
mesenteric plane with minimal peripancreatic fluid without parenchymal areas of hypoperfusion).
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FIG 3. Early NAP with isolated extrapancreatic necrosis. (A, C) CECT demonstrates peripancreatic soft tissue necrosis. Note the tiny dots of macroscopic fat tissue within the hypo-
dense collection (arrows), resembling a “cobblestone” appearance of the necrosis, a very useful sign to depict early extrapancreatic fat necrosis. (B, D) T1 Weighted suppressed MRI
confirms heterogeneous hyperintensity of the peripancreatic soft tissue (circle and arrows), consistent with extrapancreatic necrosis. No necrosis of the remaining pancreatic paren-
chyma is observed (*).



FIG 4. CECT in NAP A) extensive necrosis (white arrows) involving almost 80% of pancreas except for a portion of the tail (red star) that enhances with contrast. (B) Progression
within 3 weeks shows an acute necrotic collection. (C) Arterial phase of another case shows lack of enhancement of the body and tail (*) that represents intrapancreatic necrosis
(30%-50%) plus extrapancreatic fat necrosis (arrow heads).

TABLE 3
CT prediction of clinical outcome based on localization and involvement of necrosis

TABLE 4
Most common and uncommon complications in acute pancreatitis
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of organ failure, persistent organ failure and infected necrosis when
compared with patients with pancreatic necrosis (Fig 2). Mortality was
also significantly different: 2% in the extrapancreatic necrosis group,
and 18% in the pancreatic necrosis group (Table 3).

In 2016, Wang et al,19 in a comparative study of clinical outcomes
between combined necrotizing pancreatitis vs extrapancreatic necro-
sis alone, reaffirmed that extrapancreatic necrosis alone exhibited a
significantly better prognosis than combined necrosis and proposed
that it be regarded as a separate acute necrotizing pancreatitis entity.

Local Complications of Acute Pancreatitis

Complications of acute pancreatitis have been previously classified
according to their temporality into 3 phases: early, intermediate, and
late. Systemic complications tend to appear during the early phase (first
week), while local complications mainly occur during the intermediate
and late phase (>3 weeks), but they can also start appearing in the
early phase. As presentation time varies, complications will be
described taking into account compromised sites instead of onset time.

Fluid Collections

Acute Peripancreatic Fluid Collections
APFC are foci of peripancreatic fluid with no fat necrosis

that develop within the first 4 weeks after the onset of interstitial
edematous pancreatitis.5 On CECT, they are characterized as a
peripancreatic homogeneous collection with fluid density con-
fined by normal peripancreatic fascial planes with no definable
wall encapsulating the collection (Fig 5). They are frequently
reabsorbed in a few weeks with no secondary infection.2,5,7,20

Pseudocyst
A pancreatic pseudocyst is a late complication that occurs more

than 4 weeks after the onset of interstitial edematous pancreatitis



FIG 5. AIEP with APFC. (A) Axial and (B) MPR coronal CECT portovenous phase (PVP) at first (arrows). Peripancreatic fluid collections and inflammatory changes extending through
retromesenteric plane involving the left anterior pararenal space and ascites in the left paracolic gutter. (C-E) Follow-up of the previous patient with APFC within 3 weeks. There is
more organization of the peripancreatic fluid collections (better defined wall enhancement) (arrows). No pancreatic necrosis is present.

FIG 6. Pseudocyst. Follow-up of AIEP (3 months). CECT in PVP. Pseudocyst of the pan-
creatic head. (*) Well-defined cystic mass, with no clear debris in fluid collection.

FIG 7. CECT PVP (A, B). Early necrotizing acute pancreatitis (>50%) complicated with an ill-d
The affected pancreatic fat necrosis demonstrates no enhancement.
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(late phase). It is surrounded by a capsule of granulation tissue with
no epithelial lining in an extrapancreatic location.21 Ten to twenty
percent of APC will evolve into pseudocysts rather than being reab-
sorbed. On CECT, the appearance is a peripancreatic fluid collection
with homogeneous attenuation and a well-defined wall. As with APC,
there is no detectable pancreatic necrosis (Fig 6).
Acute Necrotic Collection
This complication consists of a collection with variable

amounts of both fluid and necrosis. ANC occurs only in the set-
ting of acute necrotizing pancreatitis and is characterized on
CECT by the presence of heterogeneous and nonliquid density of
varying degrees in a nonencapsulated collection. Necrosis can
either be pancreatic, extrapancreatic, or most commonly both9

(Fig 7).
efined pancreatic-peripancreatic ANC (arrows). Necrotic collections with no clear wall.



FIG 8. Walled-off necrosis (WON) of the tail of the pancreas. (A) CECT PVP :NAPwith necrosis of almost 30% of the body and tail (*), yellow arrows (vascular complication with acute portal
and spleen vein thrombosis); (B-D) Follow-up of pancreatitis 6 months later. (B) Nonenhanced image depicts a round dense lesion in the tail of the pancreas. (C, D) PVP and digital subtrac-
tion of the tail lesion that denotes no enhancement, representing necrotic collection with debris and avascular pseudocapsule (WON). (Color version of figure is available online.)
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Walled-Off Necrosis
WON is a mature, encapsulated necrotic collection, either pancre-

atic, extrapancreatic isolated or combined (intra + extra pancreatic)
that has developed a well-defined inflammatory wall. Usually, it
appears in the late phase (>4 weeks) after the onset of necrotizing
pancreatitis. Main features on CECT are: heterogeneous collection
with fluid and nonfluid density with varying degrees of loculations
and a well-defined wall (Fig 8).

Ultrasound (US) and MRI are better techniques to show the pres-
ence or absence of debris to distinguish a pseudocyst from walled-off
pancreatic necrosis.20

Other Fluid Collections

Infected Necrosis
Secondary bacterial infection occurs more frequently in NAP (40%-

70%) usually after 3 weeks of the onset of pancreatitis. This is one of
the most severe complications of acute pancreatitis and is associated
with a high morbidity and mortality rate (50%).22 On CECT, it is char-
acterized by the formation of extra luminal gas within the collection
secondary to enterobacteria, Escherichia coli being the most com-
mon.8 The differential diagnoses for extraluminal gas in the pancreas
are duodenal reflux in the context of papillotomy, pancreatoenteric
fistula, and endoscopic instrumentation.

It is interesting to note that in occasional cases, the presence of
gas can be seen in aseptic necrotic collections due to the liquefaction
of the pancreatic-peripancreatic tissues, so the clinical context
remains key in suggesting infection.15,16

Emphysematous Pancreatitis: An Abandoned Concept?
Emphysematous pancreatitis is defined as a necrotizing infection

of the pancreas, usually as a complication of a necrotic infected col-
lection in an immune suppressed patient. It is considered one of the
most severe complications of acute pancreatitis, and it is associated
with a high morbidity and mortality (almost 50%).23,24

Early radiographic detection of retroperitoneal gas is critical for
the diagnosis of emphysematous pancreatitis.
CT is the modality of choice for detecting parenchymal gas as well
as evaluating its extent and location (Fig 9).

It is unclear if this term is still in use, as it is not described in the
revised Atlanta classification and its description is the same as
infected necrosis. Nevertheless, we suggest that emphysematous
pancreatitis should be regarded as a separate infectious complication
entity, with a prognosis, morbidity and mortality totally different
from an isolated infected collection in NAP.
Other Local Complications

Development of Internal and External Fistulas

Fistulous complications of pancreatitis are explained by the proteo-
lytic action of the pancreatic enzymes. The exudative pancreatic fluid
initially located around the pancreas within the anterior pararenal space
and retromesenteric plane, spreads first into the lesser sac and tends to
dissect along fascial planes, into the transverse mesocolon, phrenocolic
ligament and small bowel mesentery. Therefore, most of the complica-
tions affect the stomach, duodenum, and transverse colon.25

The development of fistulas between the pancreas and other
organs is an infrequent complication. Fistulas can be classified as
external or internal. External fistulas are more common, and most of
the time secondary to therapeutic drainage or surgical procedures.
Less frequent, internal fistulas can affect a wide range of organs
including the colon, pericardium and pleura, among others (Fig 10).

Pleuropancreatic fistulas are a very rare complication, affecting
0.4%-4.5% cases of pancreatitis. They result from the posterior disrup-
tion of the pancreatic duct or a pancreatic cyst into the retroperito-
neal space, the diaphragm and subsequently the pleura (Fig 11).
These fistulas are more common in chronic pancreatitis, in men, and
in pancreatitis of alcoholic etiology.26,27 They are generally silent, but
can be symptomatic in approximately 20% of patients presenting
with dyspnea, pleural effusion, chest, and abdominal pain. Among
laboratory findings, an elevated amylase level in the pleural fluid is
the most characteristic. ERCP and MRCP can be useful, but frequently



FIG 10. CECT PVP axial and MPR coronal. (A) NAP complicated with peripancreatic WON that required percutaneous drainage. Follow-up after catheter removal, depicted an exter-
nal fistula (blue arrows) between the residual collection (*) and the skin. (B) NAP complicated with ANC (arrow). Fistulous tract between the main pancreatic duct and stomach.
Note the edematous thickened wall of the lesser gastric curvature wall (*). (Color version of figure is available online.)

FIG 9. Diffuse acute emphysematous necrotizing pancreatitis. Extensive gastrosplenic necrosis with complete gas replacement of the pancreas and spleen (stars) with extension of
the gas collection to the retromesenteric plane and mesenteric secondary to arterial-venous thrombosis of pancreatic and spleen vascular pedicle. (A) Scout view; CECT PVP (B)
MPR coronal, (C, D) axial (arrows). Gas collection that extends up to the second portion of the duodenum and retromesenteric planes.
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fail to describe a fistulous tract. CT is quite effective for mapping com-
plex fistula anatomy.26

Disconnected Pancreatic Duct Syndrome

There is a subgroup of patients with necrotizing pancreatitis where
necrosis affects mostly the ductal epithelium rather than the glandular
tissue. Disconnected pancreatic duct syndrome (DPDS) is defined by a
complete discontinuity of the main pancreatic duct (MPD), such that
the viable segment of the pancreas remains isolated from the gastroin-
testinal tract. The most frequent causes are acute pancreatitis and pan-
creatic trauma. The incidence of DPDS in acute pancreatitis is 10%-
30%.28 It occurs predominantly in the pancreatic neck, because it is an
area susceptible to ischemia due to its perfusion.28 It is important to
recognize this complication because if exocrine function of the viable
segment side of the pancreas is preserved, this may lead to an intra or
peripancreatic collection that will not resolve with drainage or can
cause an internal or external persistent fistula, which will require sur-
gery in most cases28,29 (Fig 12).

Diagnosis is difficult and often overlooked with imaging tests.
In order to diagnose DPDS, it is necessary to demonstrate the
three following features: (1) necrosis of at least 2 cm of the pan-
creas; (2) viable pancreatic tissue upstream from the site of
necrosis; (3) extravasation of contrast material injected into the
MPD (by ERCP, endoscopic ultrasonographically guided or by sur-
gical pancreatography).29

On CECT, the classic image is a fluid collection in the neck or body
that replaces the glandular tissue. If the MPD is visible in the viable



FIG 12. Scheme representation of DPDS and development of collections and/or fistulas. (A) Disconnected duct; (B) early development of phlegmonous intrapancreatic collection; (C)
intrapancreatic WON; (D) intrapancreatic WON extension to peripancreatic soft tissue; (E) gastropancreatic fistula.

FIG 11. Internal fistula—pleuropancreatic fistula. A 42-year-old female patient with prior history of recurrent acute pancreatitis, last episode 6 months before, complaining of
hemoptysis and dyspnea in the emergency room. Chest x-ray and physical examination demonstrated bilateral pleural effusion. The pleural fluid study revealed high levels of amy-
lase, which confirmed the presence of a pleuropancreatic fistula. (A-C) CECT PVP axial images; (*) Pancreatic WON; (Arrows)!Pleuropancreatic communication through a fistulous
tract ending in bilateral pleural space through pleurodiaphragmatic tracts. (C) Coarse calcifications in an atrophic pancreas, consistent with chronic pancreatitis complicated with
WON and pleuropancreatic fistula that extends to the posterior mediastinum and both pleural spaces. (D, E) Selected images of ERCP depicting the irregular enhance of the Wirsung
duct with a fistulous tract that communicates the main pancreatic duct at the body level with WON proven on CT (D); (E) fluoroscopic images during the ERCP at the left pulmonary
base depicted a filling cavity (*) that belongs to the posterior mediastinum, consistent with proven pleuropancreatic fistula through pleurodiaphragmatic tract communications. No
disconnected pancreatic duct was proven on ERCP. (F) Another patient with extensive peripancreatic collections (WON) that communicate with the transverse colon and the left
pleural space through colopancreatic (white arrow) and pleuropancreatic fistula (yellow arrow); (*) WON. (Color version of figure is available online.)
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upstream segment of the pancreas, it shows an abrupt cut off and an
angle of 90° with the collection28 (Fig 13).

Not all peripancreatic collections signify ductal disconnection; there-
fore, it is important to recognize for thin bridges of viable glandular tis-
sue that are compressed by fluid collections in multiplanar images.29
Solid Organ Involvement

The inflammatory exudates and peripancreatic collections can
dissect through fascial planes and affect adjacent solid organs, includ-
ing the liver, spleen, and kidneys. Splenic involvement is most



FIG 13. A 54-year-old female patient with necrotizing pancreatitis. (A) CECT image demonstrates an intact pancreatic head and tail (black arrows) with necrosis of the body. A dis-
connected duct is demonstrated on CT by the pancreatic duct in the tail draining into a collection at a 90° angle, without intervening pancreatic parenchyma between the tail and
head (white arrow). (B) ERCP image demonstrates extravasation of contrast into a cyst gastrostomy tube from the dorsal (main) pancreatic duct in the body, with failure to opacify
the duct in the tail consistent with a disconnected duct (white arrow). (C) Schematic representation of pancreatogastric communication.

194 I. Maldonado et al. / Current Problems in Diagnostic Radiology 50 (2021) 186�199
common, facilitated by the location of the tail of the pancreas in the
splenic hilum30 (Fig 14). In most patients, Gerota’s fascia forms a pro-
tective barrier against enzymatic and inflammatory action of pancre-
atic exudates. Occasionally, however, pancreatic secretions can
traverse fascial planes and involve either kidney in a complex renal
and perirenal inflammatory process.25

Vascular Complications

Vascular complications are related to the severity of the epi-
sode. While they are infrequent in mild acute pancreatitis, they
FIG 14. NAP complicated with extensive peripancreatic infected fluid collections (WON) tha
sagittal at the necrotic tail of the pancreas (C) (arrows and detached lines)! depicting the b
are reported in up to 50% of necrotizing acute pancreatitis. They
can result in high mortality rates if not detected and managed
early.

The range of vascular morphologic changes includes inflammation
and perivascular fibrosis causing stenosis or thrombosis, and vascular
erosions leading to ischemia, infarction, pseudoaneurysms, and hem-
orrhage.

Hemorrhage and Pseudoanerysms
Massive hemorrhage is an uncommon complication of pancreati-

tis and it is associated with a high rate of mortality. Hemorrhage is
t extends through the splenic hilum involving the spleen. CECT PVP axial (A, B) and MPR
oundaries of the infected peripancreatic WON involving the spleen.



FIG 15. Pseudoaneurysm of the inferior pancreatoduodenal artery secondary to acute pancreatitis, in direct relation with the uncinate process. CECT late arterial phase MPR cor (A)
axial; (B) homogeneous hypervascular structure that follows the arterial vascular pool, in the head of the pancreas (arrows); (C) Angiography with digital subtraction confirmed the
diagnosis.
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usually caused from a bleeding pseudoaneurysm or less frequently
from direct erosion into major blood vessels.31

Pseudoaneurysms develop in approximately 3.5%-10% of patients
with acute pancreatitis, with a higher incidence in severe pancreatitis.32

On CECT, they are characterized as a completely or partially vascular
rounded lesion with transient vascular enhancement that follows arte-
rial blood pool (Fig 15).

The splenic artery is the most frequently involved vessel because
of its contiguity with the pancreas (40%), followed by the gastroduo-
denal artery (20%), pancreaticoduodenal artery (20%), gastric arteries
(5%), hepatic arteries (2%), and others (1%-3%).33,34 Pseudoaneurysms
may rupture into the peritoneal cavity, lesser sac, pancreatic paren-
chyma, or into a hollow viscus.35
Arteriovenous Fistula
Arteriovenous fistula (AVF) is a very rare complication of acute

pancreatitis whose pathogenesis remains unclear. The incidence is
unknown and there are only a few case reports of splenic AVF sec-
ondary to acute or chronic pancreatitis.36 Angiography demonstrates
an intense hypervascularity and arteriovenous shunting arising from
this hypervascular area (Fig 16).
Portomesenteric/Spleen Vein Thrombosis
Thrombosis secondary to acute pancreatitis is relatively rare. In

order of frequency, the splenic vein is involved more frequently,
approximately in 1%-3% of the cases, followed by the portal and superior
mesenteric vein. In chronic pancreatitis, splenic vein thrombosis is
muchmore frequent and develops in about 10%-40% of the patients.

CECT can detect splenic vein thrombosis with a sensitivity of
71%.37,38 Findings suggestive of splenic thrombosis include an
expanded vessel with an irregular endoluminal nonenhancing filling
defect within the vein on an appropriately timed venous phase CECT
(Fig 17). Angiography with venous phase is the gold standard for
diagnosis of splenic vein thrombosis.38
Ischemia and Infarction
The erosion of the arterial territory can lead to ischemia and

infarction. As the vascular structures that are near the pancreas irri-
gate the duodenum, colon and spleen, they are affected more fre-
quently (Fig 9).
Hemosuccus Pancreaticus
The term hemossucus pancreaticus refers to bleeding from the

ampulla of Vater via the pancreatic duct.39 It is a rare and potential
life-threatening cause of upper gastrointestinal bleeding. Bleeding is
often intermittent and repetitive, but not severe enough to cause
hemodynamic instability.40,41 It is most often caused by rupture of a
pseudoaneurysm of peripancreatic arteries in the setting of acute or
chronic pancreatitis. The most frequently affected arteries are:
splenic, gastroduodenal, pancreaticoduodenal, gastric and hepatic
arteries35,39 (Fig 18).

Other causes include pseudocysts, pancreatic tumors, pancreas
divisum with chronic pancreatitis, vascular malformations, trauma,
and iatrogenicity.39,40

Patients present with history of recurrent abdominal pain, gastro-
intestinal bleeding, and high amylase levels.39 Diagnostic modalities
include CECT, esophagogastroduodenoscopy, selective angiography,
EUS, and ERCP.39 Angiography is the gold standard for diagnosis and
can be used as a therapeutic modality.39 Coil embolization is the
most frequent interventional treatment.39,40 Stent placement can be
used previous to surgery39 (Fig 19).



FIG 17. NAP complicated with portal vein thrombosis. CECT PVP axial (A) and MPR (B) (white arrows) depict a partial occlusive thrombus in the lumen of main portal vein. (C, D) A 35-
year-old male patient with necrotizing pancreatitis complicated by splenic vein thrombosis (C), splenic infarct (D), and splenic hemorrhage. Axial CECT demonstrates a nearly completely
thrombosed splenic vein in the setting of necrotizing pancreatitis. Coronal CECT demonstrates thrombosis of a large volume of the spleen and associated perisplenic hematoma.

FIG 16. A 59-year-old male patient with alcoholic pancreatitis and splenic artery arteriovenous fistula (AVF). (A, B) CECT images demonstrate a lobulated hypervascular focus in the
pancreatic tail initially thought to represent a splenic artery pseudoaneurysm (arrow). (C) Digital subtraction angiography of selective splenic artery injection demonstrates a lobu-
lated vascular lesion, with early filling of the splenic vein (not shown) consistent with an arteriovenous fistula, treated by coil embolization. (D) Postembolization CT demonstrates
residual hyperattenuation within the coiled AVF from prior contrast administration, but the attenuation is less than that of the aorta and precontrast imaging confirms no enhance-
ment, consistent with successful treatment.
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FIG 18. Scheme representation of hemosuccus pancreaticus (blue arrow)! ruptured
pseudoaneurysm of the splenic artery communicating with MPD. (Color version of
figure is available online.)

FIG 19. 1. A 61-year-old female patient presenting with right upper quadrant pain and naus
ysm (arrows). (A) Late arterial phase axial CECT; (B) coronal CECT; (C) axial MIP CECT; (D) dig
a large splenic artery pseudoaneurysm, which was subsequently treated with covered sten
patient demonstrates fresh blood oozing from the papilla in the second portion of the duode
E) second portion of the duodenum and mayor papilla.
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CECT can show the source of bleeding and provide crucial plan-
ning information for angiographic embolization.39
Left-Sided Portal Hypertension
Also known as sinistral or splenoportal hypertension, is a rare,

but life-threatening cause of upper gastrointestinal bleeding. It
occurs secondary to an isolated splenic vein thrombosis. This
results in increased blood flow to short gastric veins which drain
to the stomach and consequently, an increase in blood flow and
pressure in submucosal gastric veins with development of gastric
varices42 (Fig 20).

The most important causes of isolated splenic vein thrombosis
include acute and chronic pancreatitis, pancreatic pseudocysts, and
pancreatic carcinomas.42,43 Most patients are asymptomatic,
although it is known that it accounts for less than 5% of all patients
with portal hypertension.42 This diagnosis should be considered in
patients with upper gastrointestinal bleeding, splenomegaly, normal
liver function, and a patent extrahepatic portal vein.42 Management
in symptomatic patients includes splenectomy and removal of the
primary cause. Due to its low incidence, expectant management is
recommended in asymptomatic patients.38,43
ea. CECT images demonstrate a large partially thrombosed splenic artery pseudoaneur-
ital subtraction angiography from selective injection of the splenic artery demonstrates
t placement to exclude flow to the pseudoaneurysm. 2. Upper endoscopy of the same
num. No ampullary mass was depicted. (A) Lower third esophagus; (B) gastric body; (C-



FIG 19. Continued.

FIG 20. A 65-year-old female patient with history of prior complicated acute pancreatitis with infected collections managed with necrosectomy and distal pancreatectomy 20 years
ago. CECT PVP (A, B) MPR cor and axial, (C, D) MPR MIP cor and axial. As a consequence of lack of the splenic vein, a left-sided portal hypertension developed through the years as a
compensatory hemodynamic phenomenon secondary to the increase in blood flow and pressure in submucosal gastric veins with subsequent development of gastric varices
(arrows). Note patent extrahepatic portal vein and no morphologic chronic liver changes with cirrhosis.
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Conclusions

Acute pancreatitis is a common cause of acute abdominal pain
with varying degrees of severity. Imaging plays a key role during
the late phase of the disease in nonmild pancreatitis, facilitating
characterization of disease severity and complications and aiding
in prognostication. Early detection and accurate interpretation of
complications on CECT lead to prompt management decisions
which can reduce the morbidity and mortality of these patients.
Knowledge of pancreatitis and its complications is vital for any
radiologist that works in the acute care environment.
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