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ABSTRACT

Multidetector CT (MDCT) is an imaging technique that provides otherwise unobtainable information in the diagnostic
work-up of patients presenting with acute abdominal pain. A correct working diagnosis depends essentially on
understanding the individual patient’s clinical data and laboratory findings. In haemodynamically stable patients with
acute severe and generalized abdominal pain, MDCT is now the preferred imaging test and gives invaluable diagnostic
information, also in unstable patients after stabilization. In this descriptive review, we focus our attention on acute, severe
and generalized or undifferentiated non-traumatic abdominal pain. The main differential diagnoses are acute pancreatitis,
gastrointestinal perforation, ruptured abdominal aneurysm and acute mesenteric ischaemia. We will provide radiologist
readers with a technical guide to optimize MDCT imaging protocols and list the major CT signs essential to reach a correct

diagnosis and guide the best treatment.

INTRODUCTION

Acute abdominal pain is a common condition accounting
for 4-5% of all emergency department admissions,' in-
volving a sudden onset of severe pain developing over
hours associated with abdominal tenderness and rigidity.
According to the 0-10 point pain numeric rating scale
(NRS-11),” severe pain is described as 8 or higher. Patients
are triaged by the emergency department nurse as Level 2,
according to the emergency severity index.’

Rapid and accurate diagnosis is essential. Although clinical
data, physical examination and laboratory test results allow
the clinician to reach a “working clinical diagnosis”, clinical
and laboratory assessment often yields inconclusive results,
especially if pain spreads throughout the abdomen rather
than involving a specific region or abdominal quadrant.'

Abdominal pain has innumerable possible origins ranging
from benign self-limiting to life-threatening diseases. In
patients with severe and generalized abdominal pain, the main
causes are acute pancreatitis, bowel perforation, ruptured
abdominal aneurysm and acute mesenteric ischaemia (AMI).

Ample information including a randomized trial shows that
the best diagnostic imaging test in these clinical scenarios is

multidetector CT (MDCT)."™* MDCT imaging improves di-
agnostic accuracy (from 71% to 93%)* and increases the
clinical diagnostic confidence level. In a cohort study com-
paring ultrasound and CT in 1021 consecutive patients, CT
was significantly more sensitive than ultrasound (89% vs 70%,
p<<0.001), although the approach achieving the highest
sensitivity was a diagnostic strategy combining an initial ul-
trasound scan, followed by CT, only when ultrasound ex-
amination yielded negative or inconclusive findings.*

In patients with severe and generalized acute abdominal pain,
the currently preferred imaging modality is contrast-enhanced
MDCT."™* Patients presenting with haemodynamic instability
should undergo MDCT immediately after stabilization.'

In this descriptive review, we analyse MDCT protocols and
the diagnostic role of MDCT in patients presenting to the
emergency department with clinically suspected acute pan-
creatitis, gastrointestinal perforation, ruptured aneurysm and
AMI. We especially offer information useful to radiologists
wishing to use state-of-the-art MDCT scanners in emergency.

MULTIDETECTOR CT PROTOCOL
The MDCT acquisition protocol should be tailored to the
working diagnosis.” If the working diagnosis is weak, as it
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often is in patients presenting to the emergency department with
severe, generalised abdominal pain, patients should undergo
a detailed MDCT study. The MDCT protocol should include
a pre-contrast scan followed by dynamic images acquired in the
arterial and portal venous phases without oral contrast me-
dium (CM).

If MDCT scans for severe abdominal pain are to reach the
correct diagnosis or establish the extent of disease whenever
possible, patients should receive intravenous CM. CM is essen-
tial for diagnosing vascular disease (aortic or splanchnic vessel
bleeding) as well as for bowel ischaemia.” Contrast-enhanced
images are helpful in delineating the bowel wall in patients with
poor fat planes and free fluid surrounding the bowel. Bowel wall
delineation is essential in many acute abdominal conditions
especially in locating the bowel wall perforation site. And in
patients with suspected acute pancreatitis, pancreatic contrast
enhancement should be assessed for disease staging.

All patients with acute abdomen should undergo an unenhanced
scan. An unenhanced scan is useful, for example, to localize
intramural haematoma in a rupturing aortic aneurysm.® Our
experience shows that findings from the pre-contrast scan can
also be used to optimize the post-contrast scan protocol.

When MDCT is needed to investigate organ arterial enhance-
ment, the scanning protocol should include an arterial phase.
Suspected vascular disease requires an early arterial phase (EAP),
whereas arterial parenchymal enhancement necessitates a late
arterial phase (LAP).®” Both acquisitions necessitate a CM bolus
monitoring technique, but they differ in delay from the trigger
(usually 100 HU) measured in the arterial district of reference. An
EAP should start 8 s after the trigger, whereas the delay for a LAP is
18s. For EAP, the CM injected concentrates in the arterial vessels,
whereas in the LAP, it enhances arterial vessels and parenchyma.®”

Consensus recommends portal venous phase using a best guess
standardized scan delay of 70's after CM injection.'™”~” Acute
pancreatitis requires a pancreatic arterial phase scan (acquired
45 s after the injection starts). A delayed phase is rarely recom-
mended except for patients with acute pyelonephritis.”

Once the radiologist has chosen the acquisition protocol, CM
injection should be optimized by setting CM volume, or iodine
dose, and flow rate, or iodine delivery rate (IDR).® For a vascular
study, CM volume can be calculated according to the scan time.
The injection time should equal the scan time (for the arterial
phase) plus the scan delay (8 s). For EAP, choosing a proper IDR is
crucial because this setting specifically influences vascular attenu-
ation. Most investigators suggest an IDR of 2 g of iodine (gI) per
second.® This rate means that for a CM with an iodine concen-
tration of 400 mgldl™", CM should be injected at 5mls™".?

For non-vascular studies or multiphasic acquisitions (EAP and
portal phase), CM volume should be calculated according to
patient size using two approaches. The first depends on total
body weight (TBW) and the second depends on lean body
weight (LBW). The first method requires injecting 0.625 gl per
kilogram of TBW, and the second method requires injecting
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0.750 mgl per kilogram of LBW.” In the emergency setting, the
method, based on TBW, should take precedence because it takes
less time to calculate. LBW can, nevertheless, be quickly calcu-
lated using dedicated nomograms based on the patient’s sex,
height and weight.®’

Intravenous CM raises problems in patients with impending
renal insufficiency; in these cases, the risk of acute renal failure
should be carefully weighed against the added value for di-
agnosis and patient management.

Oral or rectal CM has little use in patients with severe ab-
dominal pain. Giving an oral contrast agent delays CT acquisi-
tion and the lack of contrast agent within the bowel loops seems
not to hamper CT reading.'

Scan settings include a collimation ranging between 0.5 and
2.5mm that modern scanners provide from the diaphragm
dome to the pubic symphysis within seconds.” Automatic tube
current modulation or iterative reconstruction, available on last-
generation scanners, can reduce ionizing radiation exposure
particularly in young patients."'

Thanks to progress in MCDT technology and software exceed-
ingly helpful diagnostic information on severe abdominal pain
comes from advances in image post-processing techniques."'?
Multiplanar reformation (MPR) increases the radiologist’s con-
fidence level for diagnosis'> and may help in delineating the
bowel wall contour, whereas MPR, maximum intensity pro-
jection and three-dimensional volume rendering may help in
vascular diseases.

CLINICAL SETTINGS

Acute pancreatitis

Acute pancreatitis is diagnosed on clinical and laboratory data
alone without imaging. Imaging, nevertheless, has a pivotal role
in assessing the severity of disease, evaluating underlying causes
and identifying complications, and it is, therefore, essential for
patient management.'”

The revised Atlanta classification’’ classifies acute pancreatitis
into interstitial oedematous pancreatitis (IEP) and acute nec-
rotizing pancreatitis (ANP) and distinguishes two stages: an
early stage taking place within the first week after disease onset
and a late stage after the first week."*™"”

In the early stage, severity is assessed on clinical variables
(haematocrit; APACHE II and Ranson scores, serum C-reactive
protein levels, pulmonary complications), because the need for
treatment is determined primarily by the presence or absence of
organ failure caused by the systemic inflammatory response
syndrome and much less by morphological findings involving
the pancreas and peripancreatic region.

The late stage begins after the first week and may extend for
weeks to months; it is characterized by increasing necrosis, in-
fection and persistent multiorgan failure.'® Treatment is de-
termined from clinical variables and morphological criteria as
defined by MDCT.">*
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Figure 1. Multidetector CT study acquired in a patient affected by interstial acute pancreatitis. (a) Unenhanced CT image.
(b) Contrast-enhanced CT image. Pancreas is diffusely enlarged and shows low density on unenhanced scan. Pancreatic gland is
surrounded by fluid. On contrast-enhanced image, pancreatic gland shows homogeneous enhancement.

In patients with IEP, contrast-enhanced CT demonstrates
a localized or diffusely enlarged pancreas, with normal ho-
mogeneous or slightly heterogeneous pancreatic parenchyma
enhancement related to oedema (Figure 1)."* In early-stage
mild disease, peripancreatic and retroperitoneal tissues may
appear normal or may show inflammatory changes including
“mistiness” or fat stranding with peripancreatic fluid in vari-
able amounts.

The revised Atlanta classification system distinguishes three
forms of ANP: parenchymal necrosis alone, peripancreatic ne-
crosis alone and pancreatic and peripancreatic necrosis.'>'*
Parenchymal necrosis alone is seen in <5% of patients and
appears on contrast-enhanced MDCT images as a lack of pa-
renchymal enhancement.”'

Peripancreatic necrosis alone, observed in approximately 20% of
patients,”” is diagnosed when MDCT images show heteroge-
neous unenhanced areas containing non-liquefied components.
Peripancreatic necrosis commonly involves the retroperitoneum
and lesser sac. The clinical importance of peripancreatic necrosis

Figure 2. Multidetector CT study acquired in a patient affected
by necrotizing pancreatitis: axial contrast-enhanced CT scan
showing diffuse lack of the pancreatic gland enhancement
with fluidification of pancreatic tissue as well as peripancre-
atic fat.

bFOV 39.9cm

alone lies in the fact that patients with this condition have a better
prognosis than patients with pancreatic parenchymal necrosis.'>'*

Acute pancreatic parenchymal necrosis with peripancreatic ne-
crosis is the most common type and is seen in 75-80% of
patients with ANP'® (Figure 2). On CT scans, ANP has imaging
appearances similar to those for pancreatic parenchymal ne-
crosis alone and peripancreatic necrosis alone combined.*

Acute pancreatitis can be accompanied by parenchymal or
peripancreatic collections. The revised Atlanta classification
makes an important distinction between fluid and no liquefied
collections."* Acute collections are referred to as either acute
peripancreatic fluid collections or as acute necrotic collections,
depending on the absence or presence of necrosis. IEP can be
associated with acute peripancreatic fluid collection and, over
time, with pancreatic pseudocysts. Necrotizing pancreatitis in its
three forms can be associated with acute necrotic collection and,
over time, with walled-off necrosis, a thickened non-
epithelialized wall between the necrosis and the adjacent tis-
sue, representing a maturing collection (Figure 3).

Figure 3. A contrast-enhanced CT image acquired in a patient
affected by necrotizing pancreatitis and infected walled-off
necrosis: CT image shows a capsulated fluid collection in the
pancreatic area with internal gas bubbles.
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Figure 4. Images from a multidetector CT study acquired in a patient affected by perforated duodenal peptic ulcer: (a) axial CT
image with wide window setting; (b) contrast-enhanced axial image; (c) an oblique multiplanar reformation. (a) Intraperitoneal free
air is clearly visible in the anterior perihepatic space, crossing the midline and accentuating the falciform ligament (arrow). Tiny air
bubbles are also visible at the hepatic hilum, close to the caudate lobe and in the sperisplenic space. (b) Thickening of bulbar
duodenal wall with deep penetrating ulcer (arrow) is visible. (c) A duodenal wall cleft is better visualized (arrow).

All four types of pancreatic fluid collections can be sterile or
infected. Contrast-enhanced MDCT images showing gas bubbles
within the collection suggest infection.*”**

Gastrointestinal perforation

Another possible cause of severe abdominal pain is gastroin-
testinal perforation. Gastroduodenal perforation causes partic-
ularly severe pain owing to the dramatic effect of peptic acid on
the peritoneum.*’

Non-traumatic breach of the gastrointestinal tract wall can arise
from peptic ulcer disease, inflammatory disease, diverticulitis,
iatrogenic factors, foreign body and neoplasm. Bowel perforation
may complicate other bowel diseases such as small-bowel ob-
struction and mesenteric ischaemia. Correctly identifying the
presence, location and cause of the perforation is essential for
appropriate management and surgical planning. MDCT is ex-
tremely accurate in depicting extraluminal gas, and it has 86%
accuracy in predicting the site of the perforation.”® The diagnosis
of GI tract perforation is based on direct CT findings, such as

bowel wall discontinuity, and on indirect signs, such as bowel wall
thickening, abnormal bowel wall enhancement, perigastroduodenal
fluid, stranding and gas bubbles close to the affected wall. Direct
visualization of bowel wall discontinuity can specify the presence
and site of GI tract perforation, which is marked by a low-
attenuating cleft that usually runs perpendicular to the bowel wall
on CT. MDCT visualizes this cleft less frequently than free air. A
cleft is usually seen in <50% of the patients with GI tract perfo-
ration.”® When axial CT images are inconclusive, bowel wall dis-
continuity appears more clearly on MPR.

Another MDCT approach to identify the site of perforation entails
investigating free-air distribution. Upper GI tract perforations
(stomach or duodenal bulb) cause gas to accumulate in the
supramesocolic compartment, whereas perforations in the distal
small and large bowel loops distend either the inframesocolic cavity
alone or the inframesocolic and supramesocolic compartments.

If a perforation involves retroperitoneal structures, the second
and third duodenal segments, ascending and descending colon

Figure 5. Contrast-enhanced multidetector CT images acquired in a patient presenting with ruptured right iliac aneurysm with
hemoperitoneum. (a) The site of aneurysm rupture is well depicted (arrow); (b) massive pelvic hemoperitoneum with active

extravasation of iodinate contrast medium is shown.
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Figure 6. Images from multidetector CT (MDCT) study acquired in a patient with rupturing inferior pancreaticoduodenal artery
(IPDA) aneurysm. (a) Unenhanced CT image: huge retroperitoneal haematoma is clearly visible in the mesenteric root. (b) Axial
contrast-enhanced MDCT image acquired in the early arterial phase; in this image, it is very difficult to identify a tiny aneurysm of
a splanchnic arterial vessel (arrow). (c) Three-dimensional volume rendering reconstruction; in this image, a small aneurysm of the

IPDA with tiny aneurysm wall bleb is clearly visible (arrow).

or the middle third of the rectum gas, may be present in the
retroperitoneal space, usually the anterior pararenal space.”’” In
patients with gastro-oesophageal perforation, gas can spread into
the mediastinum as well as the peritoneal cavity.

When free gas is seen outlining the intrahepatic fissure and liga-
mentum teres (known as ligamentum teres sign) (Figure 4), this
MDCT appearance often reflects a perforation in the duodenal
bulb or stomach.*® Also the “periportal free gas sign” (air around
the portal vein), strongly suggests upper GI tract perforation.

Another sign, “falciform ligament sign” (free gas or a gas—fluid
level crossing the abdominal midline and delineating the falciform
ligament), is seen more frequently in perforations involving the
proximal GI tract (stomach, duodenum, jejunum).”>®

Ruptured aneurysm

A dramatic emergency event requiring prompt diagnosis is
rupture or impending rupture of abdominal aortic aneurysm.
Most abdominal vascular ruptures manifest as a retroperitoneal
haematoma. Periaortic blood may extend into the perirenal
space, the pararenal space or both.”® Intraperitoneal extravasa-
tion may be an immediate or a delayed finding (Figure 5).

In patients presenting with a retroperitoneal haematoma and
normal abdominal aorta, the radiologist should carefully seek
a splanchnic vessel aneurysm (Figure 6). A retroperitoneal hae-
matoma adjacent to an abdominal aortic aneurysm is the most
common imaging finding in abdominal aortic aneurysm rupture.”’

An important MDCT imaging feature that may be seen in
a contained ruptured abdominal aortic aneurysm is the draped
aorta sign.’' This sign is considered present either when the
posterior wall of the aorta is not identifiable as distinct from
adjacent structures or when it closely follows the contour of
adjacent vertebral bodies. A well-defined peripheral crescent of
increased attenuation within the thrombus of a large abdominal
aortic aneurysm is a CT sign of acute or impending rupture.’”
This finding is best appreciated on unenhanced CT images.

Hyper-attenuating crescents have been attributed histopatho-
logically to haemorrhage into the mural thrombus or into the
aneurysm wall, with clefts of blood seeping from the lumen into
the thrombus. The haemorrhage later penetrates and weakens
the aneurysm wall, thus placing the aneurysm at risk for frank
1rupture.32

Acute mesenteric ischaemia
The aetiology of AMI is secondary to reduced mesenteric blood
flow to the bowel owing to several conditions.

Figure 7. A coronal multiplanar reformation contrast-enhanced
CT images acquired in a patient affected by strangulated
small-bowel obstruction and acute mesenteric ischaemia.
Ischaemic bowel loops show wall thickening and increased
bowel wall enhancement with target appearance.
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Figure 8. Axial (a) and oblique multiplanar reformation (b) contrast-enhanced CT images acquired in a patient with acute superior

mesenteric vein thrombosis.

These conditions can be categorized into two major aetiological
groups: occlusive mesenteric ischaemia and non-occlusive
mesenteric ischaemia (NOMI). Occlusive mesenteric ischaemia
refers to a vascular obstruction, either arterial or venous, un-
derlying the ischaemic damage to the bowel wall.

NOMI occurs in condition of systemic hypoperfusion without
the evidence of vascular obstruction (hypovolaemia, cardiac
failure, intraoperative hypotension).>

MDCT signs of AMI can be categorized into vascular and bowel
wall signs. Considering vascular signs of AMI, splanchnic vessel
emboli appear on EAP MDCT as filling defects in the vascular
lumen of mesenteric arteries. A mesenteric vein thrombosis
appears slightly hyperdense in the unenhanced scan and is
usually associated with an enlarged vein and stranding of the
surrounding fat and appears as a filling defect of the venous
lumen during the portal venous phase.”*

Considering bowel wall signs of AMI, we should consider ab-
normalities of bowel wall thickness, bowel lumen and bowel wall
enhancement. During AMI and mesenteric infarction, bowel

wall appearances vary widely at MDCT scan. Variability depends
on the pathogenesis of bowel ischaemia as well as on the
acuteness, duration, site and extent of the ischaemic attack and
the state of the collateral circulation and reperfusion damage.
Bowel wall thickening is an aspecific imaging finding, but it is
the most frequently observed MDCT finding in mesenteric is-
chaemia and is caused by mural oedema, haemorrhage or su-
perinfection in the ischaemic bowel wall. The degree of
thickening is usually <1.5cm, typically 8-9 mm,””> and is
often observed in mesenteric venous occlusion and mesenteric
arterial occlusion after reperfusion. Conversely, in exclusively
arterial occlusive mesenteric ischaemia or infarction, the bowel
wall becomes thinner rather than thicker owing to lack of ar-
terial flow, mural oedema or haemorrhage. Bowel wall thinning
referred to as “paper-thin wall” is caused by “tissue volume loss”
and vessels in the bowel wall and by loss of intestinal muscular
tone with bowel lumen dilatation (Figure 7).3440

On contrast-enhanced MDCT, a highly specific, but not sen-
sitive, finding for AMI is the absence of bowel wall con-
trast enhancement or diminished bowel wall contrast
enhancement.”**°

Figure 9. A 55-year-old male patient with acute mesenteric ischaemia due to superior mesenteric artery (SMA) embolization.
(a) Arterial embolus as a filling defect (arrow) of SMA on axial contrast-enhanced early arterial phase CT axial image. (b) The
extension of SMA embolization is visible on three-dimensional volume rendering selective reconstruction of SMA (arrow).
(c) Necrotic changes of bowel wall (arrow) with lack of contrast enhancement.

0.80s/HE 27.5mm/rot
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Figure 10. An axial contrast-enhanced CT image acquired in
a patient affected by small bowel infarction. Necrotic bowel
loop shows dilated lumen, “paper-thin” bowel wall with lack of
enhancement. Some vasa recta are gas-filled (arrow).

The halo sign or target appearance also suggests mesenteric is-
chaemia, representing hyperaemia and hyperperfusion associ-
ated with surrounding mural oedema, and can be seen in arterial
occlusion after reperfusion, non-occlusive and veno-occlusive
bowel ischaemia and strangulation (Figure 7).”**°

Pneumatosis intestinalis (air in the bowel wall) indicates trans-
mural infarction; this event implies a poor patient prognosis
with high mortality (Figure 8).>*°

In patients with AMI, MDCT is also able to depict other
signs concerning mesentery, peritoneal cavity and solid
organs, such as alteration of mesenteric fat streakiness, air into
mesenteric venous vessels and portal venous system, free
peritoneal fluid and solid organ ischaemia in cases of NOMI
(Figures 9 and 10).

Other entities

Severe and generalized abdominal pain can also have numerous
non-surgical causes, such as diabetic ketoacidosis, herpes zoster,
sickle cell crisis, acute porphyria, abdominal organ embolization
from endocarditis and adrenal crisis." In these conditions, the role
of MDCT is limited by the lack of specific findings, although it can
be useful in the differential diagnosis with surgery-related ab-
dominal pain and in patient follow-up after diagnosis. In sickle cell
crisis, MDCT may show splenomegaly, splenic infarction and free
peritoneal fluid,*' whereas in acute porphyria and abdominal or-
gan embolization from endocarditis, MDCT can show multiple
infarctions in solid organs and peritoneal fluid. Only in adrenal
crisis (Addison’s crisis), MDCT shows rather specific findings,
including bilateral adrenal gland enlargement with high density on
pre-contrast scan owing to adrenal haemorrhage. These patients
usually already have a diagnosis of Addison disease and present
with hyponatraemia, abdominal pain and hypotensive shock.

CONCLUSION

In this descriptive review, we analysed MDCT protocols and the
diagnostic role of MDCT in patients presenting to the emer-
gency department with clinically suspected acute pancreatitis,
gastrointestinal perforation, ruptured aneurysm and AMI. We
especially offer information useful to radiologists wishing to use
state of the art MDCT scanners in emergencies.

MDCT gives invaluable diagnostic information in the manage-
ment of patients with severe non-traumatic abdominal pain. To
ensure that patients undergo the most appropriate MDCT di-
agnostic protocol, the radiologist should be present in the MDCT
suite with the radiographer right from the patient arrival.
Attention to proper technique and protocol and knowledge of the
clinical data and laboratory results is essential for optimizing the
CT examination and maximizing diagnostic accuracy. Correctly
interpreting MDCT findings enables a rapid diagnosis, thus saving
precious time in patient management. Further research directions
in emergency imaging include making CT scanning easier for
uncooperative patients and reducing ionizing radiation exposure.
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