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Abstract: Acute pancreatitis (AP) is a common disease that may involve pancreas and peripancreatic
tissues with a prevalence of up to 50 per 100,000 individuals for year. The Atlanta classification was
assessed for the first time in 1992 and modified in 2012 in order to describe morphological features of AP
and its complications. AP can be morphologically distinguished in two main types: interstitial edematous
pancreatitis (IEP) and necrotizing pancreatitis (NEP). This classification is very important because the
presence of necrosis is directly linked to local or systemic complications, hospital stays and death. Magnetic
resonance (MR) is very useful to characterize morphological features in AP and its abdominal complications.
Particularly we would like to underline the diagnostic, staging and prognostic role of T1-weighted images
with fat suppression that could be significant to assess many features of the AP inflammatory process and
its complications (detection of the pancreatic contour, pancreatic necrosis, presence of haemorrhage). Signs
of inflammatory and edema are instead observed by T1-weighted images. MR cholangiopancreatography
(MRCP) is necessary to study the main pancreatic duct and the extrahepatic biliary tract and contrast-

enhancement magnetic resonance imaging (MRI) allows to assess the extent of necrosis and vascular injuries.
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Introduction main causes of this inflammatory process are represented

Acute pancreatitis (AP) is a common disease that may by biliary lithiasis and alcoholism (3). Diagnosis of AP is

involve pancreas and peripancreatic tissues with a prevalence clinically suspected on the elevated serum amylase or lipase

of up to 50 per 100,000 individuals for year (1,2). The level associated especially with epigastric pain (1,4,5).
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Similarly to other inflammatory conditions, imaging
plays an important role to confirm diagnosis and to detect
complications (1,5).

The revised Atlanta classification

The Atlanta classification was assessed for the first
time in 1992 and modified in 2012 in order to describe
morphological features of AP and its complications (6,7).

AP can be morphologically distinguished in two
main types: interstitial edematous pancreatitis (IEP) and
necrotizing pancreatitis (NEP). This classification is very
important because the presence of necrosis is directly
related to local or systemic complications, hospital stays and
death (7).

Acute NEP can be further stratified into three
subcategories: combined pancreatic and peripancreatic
necrosis (nearly 75%), peripancreatic necrosis only (nearly
20%), and pancreatic necrosis only (less than 5%) (1,8-10).

IEP represents the most common clinical presentation
and usually resolves in a few days. NEP is seen in about
5-10% of patients and its clinical management and therapy
is more complex (7).

Both IEP and NEP might have local complications that
we can consider in an early stage of disease if they happen
within the first 4 weeks after the onset or later so after the
first 4 weeks (9).

For IEP the acute complications are represented by acute
pancreatic fluid collections (APFC) that can be single or
multiple with homogeneous sterile content. If they do not
resolve in a few weeks, they become pancreatic pseudocysts
that are similar to APFC, but they show a wall of fibrous
tissue (7).

For NEP within first 4 weeks we may discover acute
necrotic collections (ANCs) that present irregular content
of necrotic fatty tissue with pancreatic or extra-pancreatic
debris (7).

After 4 weeks, ANCs could evolve into walled-off
necrosis (WON) with enhancing inflammatory wall
and can be sterile or infected (7). Respect to 1992, the
revised Atlanta classification of 2012 divides patients into
3 categories based on severity: mild (no organ failure, no
local or systemic complications), moderately severe (organ
failure that resolves within 48 h and/or local or systemic
complications without persistent organ failure), severe
with persistent organ failure (>48 h) (9). The new category
assessed in 2012 is therefore moderately severe AP (9,11).
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Ultrasonography (US) imaging

US represents mainly the first exam in the emergency
setting that is executed after the clinical suspect diagnosis
of AP. US shows often a regular pancreatic structure so it
seems to be useful especially for the evaluation of the biliary
tract (8,12,13); unfortunately, in many cases it is not possible
to visualize the distal bile duct because of the presence of
the intestinal gas. US can also demonstrate the presence of
biliary lithiasis (8).

According to us, US is more useful in monitoring the
evolution of fluid collections and in guiding diagnostic and
therapeutic interventions (14,15).

Computed tomography (CT) imaging

CT acquisition protocol for the prompt diagnosis
of AP consists at first of unenhanced acquisition to
identify eventually also the most common cause of AP
(biliary lithiasis) that are hyper-attenuating to bile and
recognized on basal CT images only if calcified (10,16-18).
The parenchymal phase (40 seconds after contrast
administration) is useful to detect pancreatic necrosis
areas because in this phase the healthy pancreatic tissue
has the maximum enhancement (16,18,19). The portal
phase (70-80 seconds) extended to the whole abdomen
offers the possibility to notice some local complications
(venous thrombosis) (20). Three to five minutes later is
possible to detect with confidence also if serious vascular
complications caused by the regional inflammatory process
such as pseudoaneurysms are ruptured or not: these walled
sacs adjacent to the artery may bleed indeed into peritoneal
cavity, retroperitoneal space and bowel (2,16,21-24).

The revised Atlanta classification is based on the use
of contrast enhancement computed tomography (CECT)
for the diagnosis, severity assessment and complications
of AP (9). According to this classification, CECT should
be performed at 5 to 7 days after the beginning of AP
(9,25). In IEP, pancreas may show enlargement due to
inflammatory and edema but after contrast medium
administration parenchyma is homogeneous and associated
with mild peripancreatic fat stranding (7). In NEP lack of
parenchymal enhancement indicates pancreatic necrosis.
CECT may detect AFPCs that show a homogeneous and
hypodense content with low attenuation values and without
defined margins. Instead, ANCs are inhomogeneous with
higher density and a well-defined wall (7,26). WONSs
show solid and liquid density; the study of WON content
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Figure 1 Acute edematous pancreatitis in a 67-year-old man. Axial non-enhanced magnetic resonance T1-weighted with fat-suppression

image (A) and axial T2-weighted with fat-suppression image (B) show that the parenchyma of the pancreatic body and part of the tail is

hypointense (A) and hyperintense (B) relative to the liver.

with CECT is useful to program further treatment as
endoscopic or surgical necrosectomy (16). AP severity is
principally related to presence of solid debris and fat necrosis
and to the development of other local complications such
as vascular injuries (splenic or portal vein thrombosis and
pseudoaneurysm). The main inconvenient of CECT is the
use of ionizing radiation; the iodinated contrast medium
moreover is not considerable in patient with renal failure and
previous severe reaction to iodinated contrast media (27-29).

Magnetic resonance (MR) imaging

MR is a multiparametric technique that is very useful to
characterize and differentiate morphological features in
AP and its local complications. Generally, MR protocol
consists in T1-weighted fat-suppressed imaging single-
breath-hold gradient echo (GRE) sequence, T2-weighted
fat-suppressed imaging with turbo spin-echo (T'SE) or half-
Fourier acquisition single-shot turbo spin-echo (HASTE)
sequence, diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) map, two- or three-dimensional
MR cholangiopancreatography (MRCP) (HASTE heavily
T2-weighted sequence) and dynamic contrast-enhanced
(DCE) using T1-weighted acquisition (3,30,31). All of
these images are useful to assess AP severity, staging and
complication (32,33).

GRE T1-weighted images with fat suppression are
fundamental first for the detection of the pancreatic contour
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in order to determine if there is a pancreatic enlargement
or not (3). Moreover, these images allow to study the
retroperitoneal fat and pancreatic necrosis but the most
important feature that we can demonstrate is the presence
of haemorrhage that is represented by hyperintensity in the
pancreatic and peri-pancreatic areas (Figure I).

Signs of inflammatory and edema are observed
principally by T2-weighted images (Figure 1) (3).

MRCP is necessary to study the main pancreatic duct
and the extrahepatic biliary tract especially to exclude duct
leakage or disruption that is possible to notice in central
gland necrosis (3).

DWI/ADC could reveal the presence of haemorrhage
and necrosis. Some studies reported that DWI/ADC could
be used also to detect infected collections with a greater
diffusion restriction and lower ADC values (34).

Magnetic resonance imaging (MRI)-DCE allows to assess
the extent of necrosis in the early phase of NEP because
it has been demonstrated that MR severity index (MRSI)
significantly correlates with Ranson score, CT severity
index (CTSI), duration of hospitalization and clinical
outcome (35,36). Vascular injuries like pseudoaneurysm and
phlebothrombosis could be also detected in this phase (1).

According to the revised Atlanta classification, acute
fluid collections are hypointense on T1-weighted images
and hyperintense in T2-weighted images if the content is
serous (AFPCs) (3); on contrary if there is haemorrhage in
T1-weighted, especially with fat suppression, is possible to
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observe hyperintensity (ANCs) (3). Necrotic tissues can be
detected when typically spotted or with large hypointense
areas on fat-suppressed T1-weighted images/T2-weighted
images (although they may be hyperintense if liquefied)
without any enhancement on DCE-MRI instead of the
normal enhanced glandular tissue (3). After 4 weeks, WON
would be distinguished from pancreatic pseudocysts by the
presence in T2-weighted images of solid component and
debris as hypointense material with variable shape or size.
On contrary, a typical pancreatic pseudocyst would appear
as a well-defined homogeneous fluid collection with smooth
and symmetric walls that might enhance on DCE-MRI
(37-40). We present the following article in accordance with
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/gs-20-554).

Methods

We carefully searched in databases: PubMed/Medline,
Web of Science, Google Scholar and Embase, from 2010
to 2020 to identify relevant studies, keywords including”:
Pancreatitis”, “Imaging”, “Atlanta Classification”,
“Magnetic Resonance”, “Prognostic factors”.

Eligible studies had to satisfy the following inclusion
criteria: (I) recent studies (no longer than 10 years ago); (II)
English articles; (III) studies focused on clinical experience
of using MRI in the diagnosis and management of AP.

Discussion

First of all, in our clinical practice we have to consider
that, in the emergency setting, US is very often requested
for a preliminary study of the upper abdomen even if is
often inconclusive: when pancreas can be visualized is
regular in most of cases. According to surgeons’ statement,
ultrasound should be performed to determine the etiology
of AP (biliary) in order to perform cholecystectomy for
biliary pancreatitis (41). Surgery in the emergency setting
is however uncommon: if the timing of laparoscopic
cholecystectomy after an episode of mild acute biliary
pancreatitis is controversial, it is well established that in
severe pancreatitis delaying cholecystectomy after the
resolution of inflammatory process should be preferred (42).

US is almost always followed by other diagnostic
imaging, in most of cases by CECT.

Even if according to the revised Atlanta classification
CECT should be performed at 5 to 7 days after the
beginning of AP, it is often executed 72-96 h after the

© Gland Surgery. All rights reserved.

2315

onset of symptoms especially to detect the extension of the
peri-pancreatic necrosis (41). According to surgeons, the
principal justification to perform MRCP should be to detect
occult common bile duct stones in patients with unknown
etiology (41).

In our clinical experience, even if CECT is mainly used
for its accessibility and rapidity of execution, MR should be
preferred, when possible, for many reasons.

If MR is available indeed, also in older patients or
patients apparently unfit for being examined with MR, it
can be however performed in most of cases because of its
better capacity to assess AP findings severity of pancreatic
and peripancreatic findings and complications.

On MRI T1-weighted and T2-weighted fat-suppressed
sequences, when extra-pancreatic involvement is larger
than the occurrence of fat stranding, is possible to detect
spotted or patchy hypo-intensity areas within surrounding
collections, that indicate pancreatic or peripancreatic
necrosis (Figure 2). If it is possible to perform DCE-MR,
these areas correspond to a lack of non-enhanced pancreatic
parenchyma (43). At DCE-MRI based on the amount of
pancreatic necrosis, it can be classified as less than 30%
(mild), 30-50% (moderate), and more than 50% (severe) of
the pancreatic gland (3,44).

Patients with pancreatic necrosis, particularly with
extensive necrosis (>30%), should be examined with MRI
because there is a well-established increase of mortality
correlated directly not only to the presence but especially
to the extent of pancreatic necrosis (45) that is possible to
define properly only with MRI.

In addition, the clinical impact of performing MRI
during the early phase of AP is related to the Acute
Physiology and Chronic Health Evaluation (APACHE)
IT score, the systemic complication occurrence rate,
hospitalization stay, and clinical outcome (46-49).

Above all, we would like to underline the diagnostic,
staging and prognostic value of the T1-weighted images
with fat sat suppression.

T1-weighted images with fat suppression is useful first
to delineate properly pancreas and pancreatic borders (34).
The enlarged pancreas in AIP is defined as anterior-
posterior diameter >3 cm on axial plane (50).

The normal parenchyma shows high signal intensity in
these images compared to the liver; on contrary decreased
signal intensity of pancreas involved in the inflammatory
process on T1-weighted imaging was established as not
higher than that of liver (34).

MRI is superior to CT in detecting hemorrhagic AP
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Figure 2 Acute edematous pancreatitis in a 53-year-old man. MR was obtained 4 days after the hospital admission. Axial magnetic resonance

T2-weighted HASTE shows an area with intermediate signal in correspondence of the pancreatic head (A). T1-weighted with fat-

suppression image demonstrates multiple patchy hemorrhagic foci (like “salt”) (B).

because hemorrhage-related MRI signal changes over time
(51-53). T1-weighted images with fat suppression shows the
eventual presence of peri-pancreatic hemorrhage that might
be secondary to the necrosis of peripancreatic tissue, which
is represented by hyperintense patchy or extensive areas (43).
The possibility to notice this feature is very remarkable
because Martin and his group reported that elevated
peripancreatic signal on fat suppressed T'1-weighted images
is linked to poor outcome in AP (54). Moreover, other
local complications of AP such as pancreatic pseudocysts
and peripancreatic vascular invasion, can also present
hemorrhage (43).

In a recent study conducted by Xiao et 4/., it has been
demonstrated that the presence of hemorrhage in AP
(pancreatic hemorrhage and hemorrhagic fat necrosis) was
common and that the hemorrhage severity index (HSI)
was significantly associated with MRSI, higher organ
dysfunction rate and longer hospitalization stay compared
to those without hemorrhage (3,55). This confirms the
clinical importance to assess the presence of hemorrhage,
almost exclusively with T'1-weighted-fat suppressed images
because it might correlate with a poorer prognosis of AP (3).

In a study conducted by Chi et /., MRI can detect also
interfascial plane involvement in AP that was strongly
correlated with the MRSI score because of its sensibility to
assess fluid components (56).

MRI could be used to visualize the transverse mesocolon
and it is important because some authors assessed that the
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mesocolon involvement on MRI was significantly correlated
with the MRSI score and with the APACHE II score (57).

Therefore, as described also before, MR has the
unique capability of allowing non-invasive evaluation of
the pancreatic parenchyma, pancreatic ductal system,
retroperitoneal soft tissue in the same exam (58). It has been
reported that MRSI assessed by using 0.5 Tesla MR systems
without contrast significantly correlated with CTSI, Ranson
score, C-reactive protein levels, development of systemic
complications, duration of hospitalization, and clinical
outcome (35,53,59).

The only complication that is really undetectable on
unenhanced MRI is vascular involvement. Considering that
is very uncommon to perform MR before CT in the clinical
setting of AP, MR could be executed also without the
injection of contrast medium because it however permits to
demonstrate AP severity and staging.

Although CECT has been considered a traditional initial
imaging modality for AP, it has a potential radiation risk
when used in follow-up (35,53). Compared with CECT,
MRI is a multiparameter imaging that, thanks to its high
contrast resolution, studies better soft tissue features
without any risk of radiation that could be an advantage
especially for AP patients that require multiple follow-
up examinations. We have to consider patients that may
develop recurrent AP indeed (3,60).

Radiologist should choose MR also because imaging
features of recurrent AP are less described in literature
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compared with chronic pancreatitis because this category is
not included in the revised Atlanta classification (60).

It is already known that MR is limited by long times
of acquisitions and expensiveness respect to US or CT. It
requires patient cooperation and breath holding to avoid
motion artefacts that could reduce the optimal visualization
of the pancreas and its adjacent structures. But with the
advance of new MRI techniques (phased-array coils,
parallel imaging, triggering techniques) we could obtain
encouraging results also in patients that are not able to
cooperate with breath-hold instructions (34). Moreover,
patients with AP are often young and require multiple
follow-up examinations so preferring MR instead of CT in
some patients would reduce their collective radiation dose
significantly.

When possible and available, MR should be performed
and preferred to CT in AP; the only aspect that in our
opinion really could be considered as a potential weakness of
MRI is its small field of view (3). Respect to CT, chest and
pelvic evaluation cannot be obtained at one time but usually
it is not necessary because it is demonstrated that AP staging
strongly depends on the initial abdomen status (3).

Conclusions

Imaging plays a fundamental role in the initial identification
of AP, allowing clinical evaluation and prognosis prediction
during therapeutic management of patients (16,61).
According to us, MR is the most complete technique
and should be preferred to CT during therapeutic
management in the setting of AP for the detection and
especially the staging of local complications. The correct
differentiation between edematous and NEP (both in
pancreatic or only peri-pancreatic presentations) and the
appropriate characterization of complex fluid collections
related to the pancreatic necrosis process are determining
factors for a better management of the patients in order
to assess prognosis stratification and definition of the best
therapeutic strategy. During follow-up of AP (particularly
for NEP) and for recurrent AP MR should be considered to
avoid ionizing radiations.
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