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Core tip: Advancements in computed tomography (CT)
enterography protocol design, three dimensional (3-D)
post-processing software, and CT scanner technology
have allowed increasing accuracy in diagnosis, and the
acquisition of studies at a much lower radiation dose.
The cases in this review will illustrate that the use of 3-D

Abstract technique, proper enterography protocol design, and a
Crohn’s disease, a transmural inflammatory bowel dis- detailed understanding of the different manifestations of
ease, remains a difficult entity to diagnose clinically. Crohn’s disease are all critical in properly diagnosing the
Over the last decade, multidetector computed tomog- full range of possible complications in Crohn’s patients.

raphy (CT) has become the method of choice for non-
invasive evaluation of the small bowel, and has proved
to be of significant value in the diagnosis of Crohn’s ~ Raman SP, Horton KM, Fishman EK. Computed tomography of
disease. Advancements in CT enterography protocol de- Crohn’s disease: The role of three dimensional technique. World
sign, three dimensional (3-D) post-processing software, J Radiol 2013; 5(5): 193-201 Available from: URL: http://www.
and CT scanner technology have allowed increasing wjgnet.com/1949-8470/full/v5/i5/193.htm DOI: http://dx.doi.
accuracy in diagnosis, and the acquisition of studies at ~ org/10.4329/w;jr.v5.i5.193

a much lower radiation dose. The cases in this review
will illustrate that the use of 3-D technique, proper en-
terography protocol design, and a detailed understand-
ing of the different manifestations of Crohn’s disease INTRODUCTION
are all critical in properly diagnosing the full range of - -
possible complications in Crohn’s patients. In particular, ~ Crohn’ disease, a form of transmural inflammatory bo-
CT enterography has proven to be effective in identify- wel disease affecting over 1.5 million Americans and Eu-
ing involvement of the small and large bowel (including ~ ropeans, remains a difficult entity to diagnose clinically:
active inflammation, stigmata of chronic inflammation, While involvement of any segment of the gastrointestinal
and Crohn’s-related bowel neoplasia) by Crohn’s dis- tract is possible, the disease most often affects the mes-
ease, as well as the extra-enteric manifestations of the ~ enteric small bowel, making direct endoscopic evaluation
disease, including fistulae, sinus tracts, abscesses, and and biopsy difficult. Moreover, symptoms tend to be
urologic/hepatobiliary/osseous complications. Moreover, nonspecific, and there are no clinical symptoms or labora-
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tory markers which allow a specific diagnosism. With the
development of the newest generation of drugs aimed at
the treatment of Crohn’s disease (including tumor necro-
sis factor-o inhibitors, steroids, and salicylic acid), some
of which have proven efficacious even in moderate to
severe cases, the accurate, timely diagnosis of Crohn’s has
become increasingly important .,

Over the last decade, multidetector computed to-
mography (MDCT) has become the method of choice
for non-invasive evaluation of the small bowel, and has
proved to be of significant value in the diagnosis of
Crohn’s disease'”. Computed tomography (CT) enterogra-
phy has proven to be quite effective not only in identify-
ing involvement of the small and large bowel by Crohn’s,
but also in the diagnosis of the extra-enteric manifesta-
tions of the disease, including fistulae, sinus tracts, and
abscesses™”. Improvements in enterography protocols,
MDCT scanner technology, and image post-processing
software have further improved the utility of MDCT in
Crohn’s, allowing increasingly subtle diagnoses, while at
the same time, allowing acquisition of studies with mark-
edly reduced radiation doses. This review will focus on
the enteric and extra-enteric manifestations of Crohn’s
disease on MDCT, the importance of proper MDCT en-
terography protocols, the use of low-radiation techniques
on modern MDCT scanners, and the utility of three
dimensional (3-D) technique in improving diagnostic ac-
curacy.

CT ENTEROGRAPHY TECHNIQUE

At our institution, all patients undergoing CT enterog-

raphy are told to avoid any oral intake for at least 4-6 h
prior to the study. Positive oral contrast is never used, as
beam-hardening artifact from such contrast agents can
obscure subtle bowel wall thickening, and make it diffi-
cult to appreciate changes in bowel wall and mucosal en-
hancement. Moreover, positive oral contrast agents can
interfere with 3-D post-processing of MDCT data sets,
an increasingly important component of enterography
interpretation.

Instead, neutral contrast agents are preferred, typi-
cally 0.1% wt/vol barium sulfate suspension (VoLumen;
Braco Diagnostics, Princeton, NJ, United States), al-
though a few other products are also commercially avail-
able™”. Notably, the literature suggests that VoLumen
(compared to other neutral and positive contrast media)
provides the best distension of the small bowel. Neutral
contrast agents, which are near water density (but are not
absorbed as rapidly as ingested water), are effective in
distending the small bowel, but at the same time, allow
detailed evaluation of small bowel wall thickness, density,
and enhancement, without any negative impact upon 3-D
post—processing”’gl.

Several different protocols have been described in the
literature regarding the administration of oral contrast
media for CT enterography, including protocols solely
comprised of VoLumen, protocols with a combination
of water and VoLumen, and protocols composed almost
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entirely of water”. Our institution’s enterography pro-
tocol involves the administration of a total of 1350 cc
of VoLumen (450 cc at 60 min prior to scanning, 450 cc
at 40 min prior to scanning, and 450 cc at 20 min prior
to scanning), followed by 500 cc of water 10 min before
scanning. While this administration schedule represents
the ideal, it is important to note that many patients may
be unable to tolerate the ingestion of this large a volume
of contrast media'”. Even when patients are unable to
drink the entire volume of oral contrast, adequate dis-
tension is still often possible.

Subsequently, a rapid injection of 100 cc of intrave-
nous (IV) contrast is performed (3-5 cc/s), with the acqui-
sition of both arterial and venous phase images at 30 s
and 60 s respectively. The arterial phase images are critical
for appreciating subtle bowel wall or mucosal hyperen-
hacement, as well as engorgement of the adjacent vasa
recta, all of which are important signs of bowel inflam-
mation. The venous phase images are important not only
for evaluating the bowel, but also the other parenchymal
organs of the abdomen (i.e., liver, spleen, ez.), the extra-
enteric manifestations of Crohn’s disease, the venous
mesenteric vasculature, and hypovascular bowel tumors.

Images are acquired with thin collimation, with ac-
quisition of 0.625-0.75 mm slices, which are then recon-
structed into 3-5 mm axial slices for routine interpreta-
tion. Coronal and sagittal multiplanar reconstructions are
directly created at the CT scanner following the acquisi-
tion of the axial source images. At the same time, isotro-
pic 0.5-0.75 mm images are used for 3-D post-processing.

3-D TECHNIQUE

At our institution, two separate sets of 3-D reconstruc-

tions are interactively created by the interpreting radiolo-
gist at an independent workstation: (1) Maximum inten-
sity projection (MIP) imaging is based upon a computer
algorithm which extracts the highest attenuation voxels
in a data set, and projects these voxels into a 3-D display
which can be manipulated and rotated by the radiologist
into the desired plane. These images have proven the
most effective for evaluation of the mesenteric vascu-
lature, and are useful not only for visualizing the main
aortic branch vessels, but also tiny mesenteric branches
which are typically not readily visualized on the axial
source images. Areas of bowel hyperemia and mesen-
teric vascular engorgement (ze., “comb sign”, opacifica-
tion of the vasa recta) are also easily identified using this
technique; and (2) Volume rendering (VR) is based upon
a more complex computer algorithm which assigns a
specific color and transparency to each voxel in a data
set based on its underlying attenuation (and relationship
to other adjacent voxels), before projecting this data into
an interactive 3-D display. We have found this technique
to be most useful in displaying the entirety of the small
bowel, and illustrating the relationship of adjacent small
bowel loops, subtle areas of bowel wall thickening, ab-
normal mucosal enhancement, and extra-enteric mani-

festations of Crohn’s disease!""?.

May 28,2013 | Volume 5 | Issue5 |
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Figure 1 Active Crohn’s disease. A: Fifty-four-year-old male with Crohn’s disease. Coronal volume rendered image demonstrates prominent wall thickening and
mucosal hyperemia encompassing a 10 cm segment of ileum (arrow). The volume rendered three dimensional (3-D) image nicely accentuates the marked mes-
enteric hyperemia and vasa recta engorgement adjacent to the inflamed loop of bowel; B: Sixty-two-year-old male with Crohn’s disease. Coronal volume rendered
images demonstrate a long segment of markedly thickened, inflamed bowel in the pelvis (arrows). Notably, the 3-D images accentuate the marked engorgement of
the vasa recta (“comb sign”) adjacent to the inflamed loop of bowel; C: Twenty-two-year-old with Crohn’s disease. Coronal volume rendered image demonstrates an
acutely inflamed loop of colon (arrow) with mucosal hyperemia and wall thickening, as well as adjacent engorgement of the vasa recta; D: Thirty-eight-year-old male
with Crohn’s disease. Coronal volume rendered image demonstrates thickening and mucosal hyperemia of the terminal ileum, a classic appearance and location for
acute Crohn’s related inflammation; E: Thirty-four-year-old male with Crohn’s disease. Coronal volume rendered image demonstrates thickening of an intermediate
length segment of terminal ileum (arrow); F: Sixty-year-old male with Crohn’s disease and history of prior ileal resection and reanastomosis. Coronal volume ren-

dered image demonstrates marked thickening, mucosal hyperemia, and adjacent vasa recta engorgement of the neo-terminal ileum (arrow).

LOW-DOSE CT TECHNIQUE

It is important to be cognizant that (1) the peak inci-
dence of Crohn’s disease is in patients between the ages
of 20-40 years; (2) a sizeable percentage of cases are di-
agnosed in children (15%); and (3) the disease has a mild
female predominance™'¥. In other words, Crohn’s dis-
ease is most often diagnosed in a particularly radiation-
sensitive population, and the waxing and waning course
of the disease (with multiple relapses over the patient’
s lifetime) places the patient at risk for a significant cu-
mulative lifetime radiation dose!™"
dose-reduction techniques are now available on the lat-
est generation of CT scanners, all of which should be
used for Crohn’s patients (when available). These include
(1) automated tube current modulation, which alters
the tube current (mAs) based on the patient’s size and
density; (2) automated tube potential modulation, which
alters the scanner’s tube potential (kVp) based on the
patient’s size and density; and (3) iterative reconstruc-
tion, an alternative to traditional filtered back projection
reconstruction techniques, which allows the acquisition
and reconstruction of diagnostic quality images at far

| However, several
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lower radiation doses!”. Notably, while the details of
each of these dose-reduction techniques is beyond the
scope of this article, several studies have illustrated that
enterography studies in patients with Crohn’s disease can
be performed at substantially lower radiation doses using
these techniques, and can still be interpreted with a high
degree of diagnostic confidence by the radiologist"™"".

ENTERIC MANIFESTATIONS OF
CROHN'S DISEASE

Active small bowel inflammation

Crohn’s disease can involve any portion of the gastro-
intestinal tract from the mouth to the anus, although
the small bowel is the most commonly affected portion
of the bowel, particularly the distal and terminal ileum
(Figure 1", The earliest phases of small bowel inflam-
mation may be characterized only by subtle mucosal
hyperenhancement on the arterial phase images, with
little or no wall thickening or venous phase enhancement
abnormalities"””. However, as the degree of inflam-
mation progresses, thickening of the bowel wall is typi-

May 28,2013 | Volume 5 | Issue5 |
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Figure 2 Sequela of chronic Crohn’s related bowel inflammation. Twenty-seven year-old male with Crohn’s disease. Axial images demonstrate diffuse fat deposi-
tion in the wall of the rectosigmoid colon (A, B), as well as marked fibrofatty proliferation (“creeping fat") (B) surrounding the rectum.

cally visualized (in addition to frank mucosal hyperemia
on the venous phase images), with evidence of mural
stratification (“target” or “double-halo appearance”)!"”,
This mural stratification most often represents the jux-
taposition of avidly enhancing mucosa with hypodense
submucosal edema in the bowel wall itself, and in some
cases, hyperemia of the serosal surface of the bowel".

Clearly, interpretation of wall thickening must take
into account the degree of luminal distention, but a
wall thickness of > 3 mm in well distended small bowel
loops has traditionally been considered as abnormal'™.
Although sometimes difficult to appreciate even on the
highest quality studies, this wall thickening usually begins
on the mesenteric side of the bowel, before progress-
ing towards the antimesenteric side"”. Notably, more
than the wall thickening itself, the degree of mucosal
enhancement most highly correlates with disease activity,
although one must be careful not to confuse pathologic
hyperenhancement with the normal greater enhancement
of the jejunum relative to the ileum on arterial phase
images. Similarly, collapsed bowel loops often appear to
have higher attenuation walls, a finding which should not
be confused with pathologic hyperenhancement**,

Coronal multiplanar reformats, volume rendered im-
ages, and MIP images can be very helpful in properly
evaluating abnormal small bowel loops. The coronal re-
formats are often most useful to visualize the small bow-
el as a whole, and better gauge which small bowel loops
are truly abnormal, rather than simply collapsed. In a
study by Liu ez 2/, several instances of abnormal small
bowel loops were not perceptible on the standard axial
images, but wete cleatly present on coronal multiplanar
reformats. The coronal reformations can also be helpful
in cases of small bowel obstruction as a result of active
inflammation, particularly in identifying the site of tran-
sition. Moreovet, subtle mucosal hyperemia and thicken-
ing is often best appreciated on the volume rendered and
MIP images, which accentuate these abnormalities. The
use of clip planes is helpful to ensure visualization of
the entire mesenteric small bowel, by removing ovetlap-
ping loops, and following the entire bowel from duode-
num to the terminal ileum.

(49
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196

Active colonic inflammation

While involvement of the small bowel is more common,
Crohn’s disease can also involve the large bowel, and in
some cases, affect only the large bowel without small
bowel involvement. While findings similar to those pre-
viously described in the small bowel should be sought,
it should be noted that CT enterography studies are not
designed to optimally distend the colon. As a result, the
determination of bowel wall thickening and mucosal
hyperenhancement should be made carefully, particularly
when the colon is largely decompressed.

Chronic bowel disease

In the chronic phases of the disease, intramural deposi-
tion of fat is a common finding, and hypodense/soft tis-
sue attenuation wall thickening and mucosal hyperemia
should not be present in the absence of active inflamma-
tion (Figure 2). Notably, however, intramural fat deposi-
tion is a nonspecific finding that can be seen not only
in other causes of chronic bowel inflammation, but also
in the setting of obesity, steroid use, and diabetes”. As
a result of the disease’s preferential involvement of the
mesenteric side of the bowel, asymmetric fibrosis and
pseudosacculations along the mesenteric border ate also
common in the chronic settingm.

CT enterography can also be helpful in identifying
sites of strictures and narrowing, representing sites of
fibrosis as a result of prior bouts of active inflammation.
However, while sites of narrowing and thickening can
be identified on CT, it is not always easy to distinguish
a true stricture from peristalsis. Signs of true bowel ob-
struction should be sought, including proximal bowel
dilatation with a discrete caliber transition at the stric-
ture, distal decompression of small bowel loops, and
fecal material in the proximal small bowel as a result of
delayed bowel transit and stasis (Figure 3A-C). In some
cases, it can be difficult to determine if a site of luminal
narrowing is secondary to active inflammation or chron-
ic fibrosis, particulatly in the absence of adjacent inflam-
matory change and mesenteric hyperemiam]. Regardless
of whether luminal narrowing is acute or chronic, the
presence of a stricture is a critical finding to communi-

May 28,2013 | Volume 5 | Issue5 |



Raman SP et a/. 3-D MDCT imaging of Crohn's disease

Figure 3 Bowel-related complications of Crohn’s disease. A: Eighty-four-year-old who presented with abdominal pain. Axial contrast-enhanced image demon-
strates multiple dilated loops of small bowel, in keeping with a small bowel obstruction. This image also demonstrates a long segment of bowel wall thickening and
mucosal hyperemia with luminal narrowing (arrows). Given the patient’s age, this was originally thought to represent a neoplastic or ischemic stricture, but was found
to represent late-onset Crohn’s disease after surgery; B: Forty-nine-year-old male with Crohn’s disease. Coronal volume rendered computed tomography image dem-
onstrates a short segment stricture and focal thickening of the hepatic flexure of the colon, with minimal adjacent induration, but no significant mesenteric hyperemia.
This was thought to be a chronic-appearing stricture. Colonoscopy was performed to exclude an underlying neoplasm, and the patient was found to have a chronic
stricture in this location without acute inflammation or evidence of tumor; C: Twenty-four-year-old female with Crohn’s disease. Coronal volume rendered image
demonstrates several dilated loops of small bowel in the left abdomen, with a discrete transition point (long arrows) in the distal ileum, at the site of a long segment of
narrowed, hyperemic, thickened, inflamed small bowel (short arrow); D: Twenty-five-year-old male with Crohn’s disease. Axial contrast enhanced image demonstrates
thickening of a loop of small bowel in the pelvis, with dilatation proximal to the site of stricturing. Given the irregular thickening (arrow) at this site, the possibility of a
malignancy could not be excluded. As a result, the patient underwent surgical resection and was found to have a small bowel adenocarcinoma; E: Fifty-one-year-old
female with a history of Crohn’s disease. Axial image demonstrates nodular soft tissue thickening (arrows) surrounding an aneurysmally dilated loop of bowel in the

right abdomen. This was found to represent B-cell lymphoma following surgical resection.

cate to gastroenterologists, as small bowel endoscopy
in this setting can result in capsule retention and small

bowel obstruction.

Bowel neoplasia
Patients with Crohn’s disease are at increased risk for
both small bowel and colonic adenocatcinoma and lym-
phoma (Figure 3D and E). Corresponding to the most
common sites of inflammation in Crohn’s disease pa-
tients, the most common sites of small bowel adenocar-
cinoma are in the distal and terminal ileum, as opposed
to the general population, where small bowel adenocarci-
nomas are most common in the duodenum. The overall
risk of small bowel adenocarcinoma may be 15-50 times
greater than in the general population, and are most com-
monly seen at the sites of greatest inflammation in each
specific patient[zsl.

As a result, given the absence of any other clear means
by which to screen the small bowel for tumors, the pos-
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sibility of a tumor must be considered when evaluating
any CT enterography study. In addition to the classic
appearances of a tumor (ze., focal soft tissue mass, ulcer-
ated nodule, annular constricting mass or “apple-core”
lesion), any abnormal bowel loop must be evaluated criti-
cally: Any fixed site of narrowing (whether inflammatory
or fibrotic) should be treated as a site of suspicion until
proven otherwise, even if a discrete soft tissue mass is
not identified. Moreover, asymmetric wall thickening and
irregularity should not automatically be assumed to sim-
ply represent a site of active inflammation, particular if
mural stratification of the thickened wall is not seen.

In a series by Soyer et al™ | four different patterns
were seen with Crohn’s related small bowel adenocarcino-
mas: (1) focal soft tissue mass; (2) short severe stenosis;
(3) long stenosis with wall irregularity; and (4) irregular
circumferential wall thickening of a bowel loop. The use
of VR techniques in the coronal plane can be particularly
useful in some of these cases, nicely illustrating the irreg-

May 28,2013 | Volume 5 | Issue5 |



Raman SP ef a/. 3-D MDCT imaging of Crohn's disease

Figure 4 Identification of early Crohn’s disease using maximum intensity
projection images. Forty-seven-year-old male with abdominal pain. While no
significant abnormality was appreciated on the axial source images or multipla-
nar reformats, coronal maximum intensity projection images raised the possibil-
ity of mild mesenteric hyperemia and vasa recta engorgement (circle) adjacent
to the cecum. The patient underwent colonoscopy, and was found to have
Crohn'’s coltis.

ularity and mass-like nature of some areas of wall thick-
ening, and suggesting the presence of a neoplasm. It is
also critical to assess local adenopathy. Although reactive
nodes are commonly noted in patients with active Crohn’s
disease, large nodes (> 2 cm) should raise the possibility
of an underlying malignancy.

EXTRA-ENTERIC MANIFESTATIONS OF
CROHN'’S DISEASE

Acute mesenteric findings
In the acute inflammatory setting, engorgement of the

vasa recta, mesenteric hyperemia, fat stranding, and in-
creased attenuation of the mesenteric fat are all common
imaging findings, and are typically localized adjacent to
the sites of greatest bowel inflammation (Figures 1A-C
and 4). These signs are particularly important in those
cases where bowel wall thickening and mucosal hyper-
emia are equivocal, as well as those cases where collapsed
loops of bowel limit subtle evaluation of the bowel wall
and mucosa (Figure 4). All of these mesenteric findings
have been associated with active bowel inflammation,
elevated C-reactive protein levels, and severity of disease,
and are important findings to note in every examina-
tion™, In particular, engorgement of the vasa recta
(sometimes termed the “comb” sign) is often best ap-
preciated on coronal MIP images, which accentuate those
areas of greatest vascular engorgement.

Chronic mesenteric findings

Opver time, as a result of multiple bouts of active inflam-
mation, fibrofatty proliferation (often termed as “creeping
fat”) can develop along the mesenteric border of the in-
volved bowel segments (Figure 2). This fatty proliferation
is associated with chronic disease, although it is unclear
whether this fat is merely reactive to the patient’s chronic
inflammation, or alternatively, is hormonally active and
may potentially drive the patient’s inflammation™*”,
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Abscesses and fistulas

Up to 1/3 of Crohn’s patients develop a fistula within the
first ten years after exhibiting symptoms of Crohn’s dis-
case (Figures 5 and 6A). While the perianal region is the
most common site of fistula formation, fistulas can de-
velop anywhere in the abdomen, including enteroenteric,
coloenteric, colocolic, rectovaginal, enterocutaneous, and
enterovesicular fistulas. The sensitivity of CT for fistu-
las may be as high as 94%, although the appearance can
be subtle in some cases. In the most obvious cases, an
enhancing tract can be traced, clearly identifying the pres-
ence of a fistula",

However, in many cases a discrete tract will not be
identified, and the presence of a fistula must be surmised
by secondary signs. In particular, the presence of ectopic
gas in the midst of bowel loops, tethering and spiculation
of adjacent bowel loops, and soft tissue stranding and
density in the midst of tethered bowel loops can be seen
in the presence “complex fistulizing” Crohn’s disease. In
such cases, these imaging features are suggestive of the
presence of fistulous tracts connecting these abnormally
otiented loops of bowel (Figure 5A, C and E). Ectopic
gas in other locations, including the bladder and subcuta-
neous soft tissues, should also raise concern for a fistula,
and should not automatically be assumed to be secondary
to a foley catheter or soft tissue injectionsm]. Notably, CT
is much less sensitive to the presence of a perianal fistula
compared to magnetic resonance imaging, and a dis-
crete tract or hyperenhancement is very rarely visualized
on CT?. Nevertheless, the presence of any soft tissue
stranding, induration, or fluid in this location should raise
concern, and at the very least, should precipitate clinical
examination of this area (Figure 6A)".

From a protocol perspective, while the use of a neu-
tral oral contrast agent is the norm in CT enterography
studies, better delineation of a fistula is one of the few
indications whete a positive oral contrast agent may be
helpful. The use of volume rendered images can also be
very useful in delineating the full extent of a patient’s fis-
tulous disease, particularly in cases of complex fistuliz-
ing Crohn’s disease with multiple involved bowel loops.
Coronal VR images can improve visualization of sites of
involvement, delineate the size and extent of fistulous
tracts, and in some cases, can facilitate visualization of
fistulous tracts which are difficult to appreciate on rou-
tine axial images. Finally, patients with Crohn’s disease
are at high risk of developing abscesses in the leaves of
the mesentety, some of which can fistulize with the adja-
cent bowel (Figure 6B). These abscesses can be difficult
to visualize, and can blend in with adjacent bowel loops
given the routine use of VoLumen in CT enterography
studies.

Urological complications
In the setting of acute Crohn’s-related inflammatory

disease in the abdomen, the two most common sevetre
urological complications are the development of (1)
obstructive uropathy; and (2) enterovesicular fistulas:
The development of obstructive uropathy is relatively
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Figure 5 Fistulas and sinus tracts related to Crohn’s disease. A: Thirty-
nine-year-old male with Crohn’s disease. Coronal image demonstrates several
thick-walled, inflamed loops of small bowel tethered and matted together in the
right lower abdomen, with ectopic gas (solid arrow), fluid, and phlegmonous
change at the center of this collection of bowel loops. While discrete fistulous
tracts could not be visualized, this constellation of findings is highly suggestive
of complex fistulizing Crohn’s disease. A gallstone (dashed arrow) is incidentally
visualized in the gallbladder, a commonly associated finding in Crohn’s disease
(A1). Image of the bony pelvis demonstrates bilateral narrowing, sclerosis, and
partial ankylosis of the sacroiliac joints (A2); B: Sixty-nine-year-old male with
Crohn’s disease. Coronal volume rendered (VR) image demonstrates several
thickened, inflamed bowel loops in the mid and left abdomen with mucosal
hyperemia and adjacent vasa recta engorgement. A clear enhancing fistulous
tract (arrow) is identified connecting adjacent tethered bowel loops; C: Twenty-
four-year-old male with Crohn’s disease. Sagittal contrast-enhanced image
demonstrates clumping (arrow) and matting of two immediately adjacent, in-
flamed loops of ileum and sigmoid colon. This appearance persisted on follow-
up examination, and was highly concerning for an enterocolonic fistula; D:
Twenty-eight-year-old female with Crohn’s disease. Coronal volume rendered
image demonstrates an enteroenteric fistulae (arrow) connecting adjacent loops
of small bowel; E: Twenty-six-year-old female with Crohn’s disease. Coronal
multiplanar reformatted image demonstrates multiple loops of bowel tethered
together and matted in the central abdomen. Especially given the linear gas (ar-
row) at the center of these bowel loops, this appearance is strongly suggestive
of multiple enteroenteric and enterocolic fistulae.

common in Crohn’s, and may be present in up to 6% of
patients with acute inflammatory disease. Most common
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Figure 6 Abscesses related to Crohn’s disease. A: Forty-three-year-old fe-
male with Crohn’s disease. Coronal and sagittal computed tomography images
with contrast demonstrate a right-sided perianal rim-enhancing fluid collection/
abscess (A1 and A2, arrows) with a direct tract extending from the abscess to
the rectum; B: Thirty-six-year-old male with Crohn’s disease. Coronal contrast-
enhanced image demonstrates a thickened loop of ileum in the right lower
quadrant with marked adjacent phlegmonous change and inflammation, as
well as an abscess (arrow) along the mesenteric border of the inflamed loop of
bowel.

on the right side, hydronephrosis and hydroureter are
typically the result of either acute inflammatory change
enveloping a portion of the ureter, or alternatively, fi-
brotic narrowing of the ureter as a result of a prior in-
flammatory episodem].

Enterovesicular fistulas are a rare, but serious, com-
plication, present in up to 3.5% of patients. Typically the
result of an adjacent inflamed loop of bowel, women
are less likely to develop this complication because of
the protective presence of the uterus and adnexa. In
the most obvious cases, a direct enhancing tract can be
identified extending from an adjacent bowel loop (usu-
ally ileum) to the bladder. However, in the absence of
directly visualizing a tract, the presence of ectopic gas
in the bladder, focal bladder wall thickening adjacent to
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Figure 7 Enterovesicular fistula. Fifty-two-year-old female with Crohn’s dis-
ease. Coronal contrast-enhanced computed tomography image demonstrates a
markedly thickened, hyperemic loop of bowel in the pelvis, in keeping with acute
Crohn’s related inflammation. The bowel loop directly abuts the bladder, which is
focally thickened (arrow) at the site of contact, although no gas was identified in
the bladder. The patient was ultimately proven to have an enterovesicular fistula.

an inflamed loop of bowel, or the tethering of a bowel
loop towards the bladder should all raise concern for the
presence of a fistula. Evaluation of the bladder in the
coronal plane using multiplanar reformations and VR is
a necessity, especially when abnormal bowel loops are
identified in close proximity to the bladder (Figure 7y,
Notably, patients with Crohn’s disease are also at in-
creased risk of developing both renal stones and urinary
infections, even in the absence of an active inflammatory
episodem.

Hepatic and biliary complications

In addition to the previously mentioned predilection for
renal stones, patients with Crohn’s disease also demon-
strate an increased incidence of gallstones (perhaps up
to 9.3% in one series)” (Figure 5A). Moreover, although
rare, there is a known association between Crohn’s dis-
ease and primary sclerosing cholangitis (PSC). Although
this entity may sometimes be difficult to appreciate on
CT, the presence of ductal beading and irregularity, cit-
rhosis, and significant enlargement of the caudate lobe
are all signs which should be suggestive of PSC in the
setting of known Crohn’s disease (Figure 8).

Osseous complications

The association between sacroiliitis and Crohn’s disease
has been well described in the literature, with between
11%-35% of patients with Crohn’s disease demonstrating
evidence of bilateral, symmetric sacroiliitis on either CT
or nuclear medicine studies™. Careful attention should
be paid to the sacroiliac joints on every study in a Crohn’s
patient, searching for evidence of joint space narrowing,
erosions, sclerosis, and fusion” (Figure 5A). Moreover,
given the relatively common use of steroids and other
immunomodulators in the treatment of Crohn’s, the radi-
ologist must carefully note any evidence of new sclerosis,
deformity, or irregularity of either the femoral or humeral
heads, as the use of these medications places this patient

. . . - 5
population at increased risk of avascular necrosis”.
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Figure 8 Primary sclerosing cholangitis and Crohn’s disease. Twenty-four-
year-old female with inflammatory bowel disease and primary sclerosing
cholangitis. Axial contrast enhanced image demonstrates beading and irregular
dilatation of the peripheral intrahepatic biliary tree (arrow). Massive enlarge-
ment of the caudate lobe with nodularity of the liver capsule was also noted (not
shown).

Lymphoma

There is a roughly four-fold increased risk of non-Hodg-
kins lymphoma in patients with Crohn’s disease, although
it is unclear whether this increased risk is secondary to
these patients’ underlying Crohn’s disease (and disease se-
verity), or the use of immunomodulating drugs (such as
azathioprine and 6-mercaptopurine)™ (Figure 3E).

CONCLUSION
The utility of MDCT in the diagnosis of Crohn’s disease

and its complications is undeniable, with a proven efficacy
in identifying the enteric and extra-enteric manifestations
of the disease. However, advancements in CT enterogra-
phy protocol design, 3-D post-processing software, and
CT scanner technology have allowed increasing accuracy
in diagnosis, and the acquisition of studies at a much
lower radiation dose. As the cases in this review illustrate,
the use of 3-D technique, proper protocol design, and a
detailed understanding of the different manifestations of
Crohn’s disease ate all critical in propetly diagnosing the
full range of possible complications in Crohn’s patients.
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Abstract

AIM: To correlate dual-energy computed tomography
(DECT) pulmonary angiography derived iodine maps
with parameter maps of quantitative pulmonary perfu-
sion magnetic resonance imaging (MRI).

METHODS: Eighteen patients with pulmonary perfu-
sion defects detected on DECT derived iodine maps
were included in this prospective study and additionally
underwent time-resolved contrast-enhanced pulmonary
MRI [dynamic contrast enhanced (DCE)-MRI]. DCE-MRI
data were quantitatively analyzed using a pixel-by-pixel
deconvolution analysis calculating regional pulmonary
blood flow (PBF), pulmonary blood volume (PBV) and
mean transit time (MTT) in visually normal lung pa-
renchyma and perfusion defects. Perfusion parameters
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were correlated to mean attenuation values of normal
lung and perfusion defects on DECT iodine maps. Two
readers rated the concordance of perfusion defects in a
visual analysis using a 5-point Likert-scale (1 = no cor-
relation, 5 = excellent correlation).

RESULTS: In visually normal pulmonary tissue mean
DECT and MRI values were: 22.6 £ 8.3 Hounsfield
units (HU); PBF: 58.8 £ 36.0 mL/100 mL per minute;
PBV: 16.6 + 8.5 mL; MTT: 17.1 + 10.3 s. In areas with
restricted perfusion mean DECT and MRI values were:
4.0 £ 3.9 HU; PBF: 10.3 £ 5.5 mL/100 mL per minute,
PBV: 5 £ 4 mL, MTT: 21.6 = 14.0 s. The differences
between visually normal parenchyma and areas of re-
stricted perfusion were statistically significant for PBF,
PBV and DECT (P < 0.0001). No linear correlation was
found between MRI perfusion parameters and attenu-
ation values of DECT iodine maps (PBF: r = 0.35, P =
0.15; PBV: r = 0.34, = 0.16; MTT: r = 0.41, P = 0.08).
Visual analysis revealed a moderate correlation be-
tween perfusion defects on DECT iodine maps and the
parameter maps of DCE-MRI (mean score 3.6, x 0.45).

CONCLUSION: There is a moderate visual but not sta-
tistically significant correlation between DECT iodine
maps and perfusion parameter maps of DCE-MRI.

© 2013 Baishideng. All rights reserved.

Key words: Dual-energy computed tomography; Time-
resolved magnetic resonance imaging; Pulmonary per-
fusion; Iodine maps

Core tip: Dual-energy derived iodine maps and dy-
namic contrast enhanced magnetic resonance imaging
(DCE-MRI) may allow evaluation of pulmonary perfu-
sion. Hypothetical the decrease in pulmonary perfusion
detected on DCE-derived iodine maps would correlate
highly with perfusion parameters derived from DCE-
MRI in patients with restricted pulmonary perfusion.
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However, against our hypothesis, we did not find a sig-
nificant correlation between pulmonary perfusion de-
fects detected on dual-energy computed tomography-
derived iodine maps and perfusion parameters derived
from time-resolved MRI. In addition, there was only a
moderate level of visual correlation. This is in contrast
with prior studies that investigated the role of pulmo-
nary iodine maps to serve as an additional tool provid-
ing a functional evaluation of pulmonary perfusion.

Hansmann J, Apfaltrer P, Zoellner FG, Henzler T, Meyer M,
Weisser G, Schoenberg SO, Attenberger UI. Correlation analy-
sis of dual-energy CT iodine maps with quantitative pulmonary
perfusion MRI. World J Radiol 2013; 5(5): 202-207 Awvailable
from: URL: http://www.wjgnet.com/1949-8470/full/v5/15/202.
htm DOI: http://dx.doi.org/10.4329/wjr.v5.i5.202

INTRODUCTION

Dual-energy computed tomography (DECT) was first
introduced in the late 1970s and allows for the differ-
entiation of materials based on their X-ray attenuation
at different tube voltages'. Different vendors have re-
introduced DECT and in recent years the technique has
become clinically feasible™”. DECT has been investi-
gated for a variety of organ systems' ", however, pulmo-
nary imaging and in particular dual-energy derived iodine
maps have been the focus of multiple previous stud-
ies” ", Dual-energy derived iodine maps allow the visual-
ization of parenchymal iodine distribution in relation to a
previously defined scan delay, which might be considered
as a surrogate of pulmonary perfusion and has shown
good correlation compared to nuclear medicine based
imaging modalities”"™"”, Another modality that allows an
evaluation of pulmonary perfusion disorders is dynamic

contrast enhanced magnetic resonance imaging (DCE-
MR, Multiple pulmonary perfusion parameters can
be derived from DCE-MRI by means of post-process-
ing, including pulmonary blood flow (PBF), pulmonary
blood volume (PBV) and mean transit time (MTT). To
our knowledge, no prior study correlated the perfusion
changes shown in time resolved perfusion imaging mo-
dalities such as DCE-MRI to the perfusion changes dis-
played in DECT-derived iodine maps. We hypothesized
that a decrease in pulmonary perfusion detected on
DECT-derived iodine maps would correlate highly with
perfusion parameters derived from DCE-MRI in patients
with restricted pulmonary perfusion regardless of the
underlying cause of pulmonary perfusion restriction.

MATERIALS AND METHODS

Patients

This monocentric, prospective, non-randomized study
was approved by our institutional review board. The
nature of our study was explained entirely to all patients
prior to enrollment and written informed consent was
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obtained from all participants. Eighteen consecutive pa-
tients (11 men and 7 women, mean age 61 years, range
20-81 years) were prospectively enrolled in our study.
The inclusion criterion was a perfusion defect detected
on iodine maps derived from DECT pulmonary angiog-
raphy (DE-CTPA). Exclusion criteria were renal insuf-
ficiency defined as a serum creatinine level > 1.5 mg/d,
hemodynamic instability or general contraindications to
MRI. Pulmonary perfusion deficits were due to a number
of underlying pathology, including pulmonary embolism
(n = 8), severe emphysema (# = 5) and postobstructive
perfusion defects due to lung cancer (# = 5).

Dual energy computed tomography

All examinations were performed on a 64-channel first
generation dual-source computed tomography (CT) scan-
ner (Somatom Definition, Siemens Health Care, Forch-
heim, Germany). The system is equipped with two X-ray
tubes and two corresponding detectors mounted in a 90
degree angle to each other in the gantry. One detector
array (corresponding to tube A) provides a field of view
of 50 cm, while the other detector array (corresponding
to tube B) is limited to field of view of 26 cm. Tube volt-
ages for tube A were set to 140 kV and to 80 kV for tube
B. To compensate for the lower photon output of tube B,
the quality reference tube current was set to 235 mAs for
tube B and 50 mAs for tube A. Tube rotation time was
0.33 s. Automatic tube current modulation (CARE Dose
4D, Siemens Health Care Sector, Forchheim, Germany)
was used in all patients. According to the manufacturer’s
recommendations, the detector collimation was set to
14 mm X 1.2 mm to minimize beam-hardening artefacts
and improve signal-to-noise ratio. A separate dataset for
each tube kV as well as a linearly weighted average data-
set (“virtual 120 kV”, using 70% tube A and 30% tube
B) was calculated with a slice thickness of 2 mm and a
reconstruction increment of 1.5 mm using a soft tissue
kernel (D30f). All scans were performed in caudocranial
direction during a midinspiratory breath-hold.

Contrast material was injected using 18 or 20 G in-
travenous catheters placed in the left or right antecubital
vein using an automated power injector (Stellant D CT
Injection System MEDRAD Inc, Warrendale, PA) and
utilizing a bolus tracking technique, in which the scan was
started with a 10 s delay after a threshold of 100 Houn-
stield units (HU) was reached in the pulmonary trunk.
Injection rate was 3.5 mL/s. All contrast injections were
followed by an additional saline (NaCl) flush of 50 mlL,
injected at the same rate used for the previous contrast
agent injection.

MRI

All pulmonary time resolved magnetic resonance angi-
ography (MRA) exams were performed on a 3.0 Tesla
128 channel MR system (Magnetom Skyra, Siemens AG,
Healthcare Sector, Erlangen, Germany). For signal re-
ception, a body matrix coil with 18 elements as well as
18 elements of the inbuilt spine matrix were used. First,
2D gradient echo localizers and a coronal T2-weighted
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half acquisition turbo spin echo sequence were applied
to ensure correct preparation of the MRA exam. Time
resolved MRA was applied using a 3D time resolved an-
giography with interleaved stochastic trajectories pulse
sequence, which combines parallel imaging with view-
sharing to decrease the acquisition time. In detail, the
following imaging parameters were used: echo time = 0.8
ms, tepetition time = 2.2 ms, bandwidth = 815 Mhz/px,
generalized autocalibrating partially parallel acquisition
= 2, field of view = 375 X 500, voxel size = 2.0 X 2.0 X
5.0 mm’, acquisition time was 58 s. Patients were asked
to hold their breath in mid inspiratory breathhold as
long as possible and to continue shallow breathing until
completion of the sequence. Eighteen or 20 G access
was obtained in the left or right antecubital fossa. An
automated power injector (Medrad Spectris Solaris EP,
Medrad Indianola, PA) was used for the injection of the
contrast agent. A dose of 0.07 mmol/kg per body weight
of gadoterate meglumine (Dotarem, Guerbet, France)
was used. The injection rate of the contrast material was
3.0 mL/s followed by a 20 mL chaser of saline (NaCl),
injected at the same rate.

Data analysis
Iodine maps were generated on a commercially available
workstation (Leonardo, Siemens Healthcare) using the
commercially available Syngo Pulmonary Blood Volume
software (Syngo VA 21, Siemens Health Care Sector,
Forchheim, Germany). After loading both 80-kV and
140-kV images into the software, the iodine content of
each voxel is derived through a three-material-decom-
position algorithm for air, soft tissue, and iodine. Multi-
planar reformations for iodine maps were generated us-
ing a slice thickness of 2 mm, with a 1.5 mm increment.
MRA data were quantitatively analyzed using a pixel-
by-pixel deconvolution analysis using an in-house devel-
oped software plugin, integrated into a standard digital
imaging and communications in medicine viewer (the
OsiriX Foundation, Geneva, Switzerland). The underly-
ing algorithm is a modification of the highly successful
truncated singular value decomposition algorithm with
a fixed regularization parameter, as first proposed for
DCE-MRI by Ostergaard ez al"™. To allow for perfusion
analysis of T1-weighted DCE-MRI, the conversion of
signal to concentration is modified and the convolu-
tion product is discretised using the Volterra formula as
proposed by Sourbron et al™?, Using an in-house test
suite of artificial data demonstrated that the plug-in can
produce similar values as a published and widely used ref-
erence implementation in PMI 0.4, Here, on average
the difference on pixel basis for the parameters plasma
flow (in units of mL/100 mL pet minute), volume of
distribution (in units of mI./100 mL), and MTT (in units
of second) was less than 0.05.

Image evaluation

Parenchymal attenuation was measured in perfusion de-
fects and visually normal parenchyma on DECT-derived
iodine maps using the previously described Pulmonary
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Blood Volume software (Syngo VA 21, Siemens Health
Care Sector, Forchheim, Germany). Three region of
interests (ROIs) were placed on consecutive slices in ar-
eas of restricted perfusion. Three ROIs were placed on
consecutive slices in visually normal parenchyma of the
same lung (Ze., right or left). Care was taken to exclude
pulmonary vessels in order to avoid artifacts. The mean
“overlay value” of the ROIs was noted which represents
the pure dual-energy calculated iodine distribution within
the parenchyma. The mean value as well as the standard
deviation of the three measurements were calculated.
ROI size was not standardized between patients due to
the different size of perfusion defects encountered but
was identical between areas of restricted perfusion and
normal parenchyma.

ROIs corresponding to the location of the ROIs
placed for DECT iodine maps were placed in the areas
of restricted perfusion as well as normal parenchyma
on MRI parameter maps. Again, three consecutive slices
were chosen and the mean regional PBE, PBV and MTT
were averaged from the ROI measurements. Perfusion
parameters were correlated to mean attenuation values
measured in perfusion defects and normal parenchyma in
DECT-derived iodine maps using Pearsons’s correlation
analysis.

In addition, two readers both with mote than 10 years
of experience in thoracic imaging rated the correlation
of perfusion defects between the two modalities in a
visual analysis using a 5-point Likert scale (1 = no cor-
relation, 2 = poor correlation, 3 = fair correlation, 4 =
good correlation, 5 = excellent correlation). The correla-
tion between modalities was first assessed by each reader
individually before a consensus was established for each
patient. Readers were blinded to the patients’ history and
diagnosis. Figure 1 provides an example of the perfusion
deficits observed in this study. Inter-reader correlation
was assessed using kappa statistics.

Statistical analysis

Statistical analysis was performed using JMP 9.0 (SAS
Institute, Cary, NC, United States). Continuous variables
are expressed as mean * SD. The Shapiro-Wilk test was
applied to determine probability distribution; a two-tailed
Student’s #test was subsequently used to compare groups
with normal distribution, while the Mann-Whitney-U-test
was used if the data were not normally distributed. The
;(2 test was applied for dichotomous variables. Pearson’s
correlation was used to correlate perfusion defects de-
tected on DECT-derived iodine maps with to the cor-
responding PBE, PBV and MTT. A 2-tailed P-value of <
0.05 was considered statistically significant.

RESULTS

Mean time delay between DECT and DCE-MRI was 2.6
d (range 0-12 d). In acute pulmonary perfusion disorders
(e.g., pulmonary embolism) the mean time between ex-
aminations was 22 h (range 4-48 h). In 14 of 18 patients
undergoing DECT up to 3.4 cm of the peripheral lung
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Figure 1 Correlation of perfusion deficits in a 20-year-old male and 42-year-old female male with pulmonary embolism (arrows pointing to perfusion de-
fects). A, D: Dual-energy computed tomography derived iodine map; B, E: Pulmonary blood flow; C, F: Pulmonary blood volume.

Table 1 Mean dynamic contrast enhanced-magnetic resonance
imaging and dual-energy computed tomography values and

SD in visually normal pulmonary parenchyma and areas with
restricted perfusion

Visually normal  Perfusion P
parenchyma defect value
PBF (mL/100 mL per minute) 58.8 £36 103+55 <0.0001
PBV (mL) 16.6 £8.5 5.0+4.0 <0.0001
MTT (s) 17.1+10.3 21.6+14 0.28
Lodine map (HU) 226+83 40+£39 <0.0001

The attenuation given for the Iodine Map represents the pure dual-energy
calculated iodine distribution within the pulmonary parenchyma. PBF:
Pulmonary blood flow; PBV: Pulmonary blood volume; MTT: Mean transit
time; HU: Hounsfield units.

patenchyma was not covered due to the reduced field of
view of the second detector of the first generation dual-
source CT, thus not allowing for perfusion analysis in
these areas.

Mean attenuation values in DE derived iodine maps
were significantly lower in perfusion defects compared to
normal parenchyma [4 HU (SD % 3.9) »s 22.6 HU (SD
* 8.3), P < 0.0001]. The mean values of the quantitative
perfusion parameters in the correlating perfusion de-
fects detected on DCE-MRA were 10.3 mL/100 mL per
minute (SD % 5.5) for PBE, 5 mL (SD * 4) for PBV and
21.6 s (SD £ 14) for MTT. In visually normal pulmonary
tissue mean PBF values were 58.8 mL/ 100 mL per min-
ute (SD % 306), mean PBV was 16.6 mL (SD * 8.5) and
mean MTT was 17.1 s (SD £ 10.3). Statistically signifi-
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cant differences were observed between PBF and PBV
measurements in perfusion defects compared to healthy
pulmonary parenchyma with a P value of < 0.0001. No
statistically significant difference was found for MTT
measured in perfusion defects compared to healthy pul-
monary parenchyma (P = 0.28). Table 1 summarizes the
findings.

Pearson correlation showed no correlation between
perfusion defects measured on DECT-derived iodine maps
and PBE, PBV or MTT measured in the corresponding
perfusion defects on DCE-MRI (PBF: » = 0.35, P = 0.15;
PBV: r=0.34, P = 0.16; MTT: »= 0.41, P = 0.08).

The visual analysis showed a moderate correlation be-
tween the two modalities, with a median score of 3.8 (SD
+ 0.8) for reader 1 and 3.6 (SD % 0.9) for reader 2. The
consensus tead revealed a median score of 3.6 (SD + 0.9)
for both readers. Interreader agreement was moderate with

a kappa of 0.45 (P = 0.02).

DISCUSSION

Our results did not show a significant correlation be-
tween pulmonary perfusion defects detected on DECT-
derived iodine maps and perfusion parameters derived
from time-resolved MRI. In addition, thete was only a
moderate level of visual correlation. This is in contrast

with prior studies that investigated the role of pulmo-
nary iodine maps to serve as an additional tool providing
a functional evaluation of pulmonary perfusion. Thieme
et al™"” found a sensitivity/specificity of 100% and 100%
of DE-CTPA for the diagnosis of acute pulmonary pet-
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fusion deficits compared to SPECT/CT and a per seg-
ment sensitivity/specificity of 83%/99% with a negative
predictive value of 93% for DECT when correlated with
pulmonary scintigraphy. In acute pulmonary perfusion
disorders such as pulmonary embolism, perfusion de-
fects detected on iodine maps have shown good correla-
tion with morphologic CTPA data!??
embolism iodine maps add a further diagnostic criterion

! Tn pulmonary

whether or not a perfusion defect is present, since small
subsegmental pulmonary emboli are sometimes chal-
lenging to detect on standard CTPA-images. Perfusion
defects caused by these small emboli can be detected on
iodine maps, thus possibly raising the detection rate of
small, subsegmental pulmonary emboli and at the same
time allowing for an assessment of the perfusion deficit
associated with the detected embolus. The fact that we
did not observe a strong correlation between the two
modalities investigated in our study might be related to
the broad inclusion criteria for our study since we in-
cluded patients with a variety of underlying pulmonary
pathology including lung cancer, emphysema and acute
perfusion disorders such as pulmonary embolism. In ad-
dition, only a small number of patients were included in
this study, and therefore our results should be viewed as
preliminary. Certainly further studies including a larger
number of patients and focusing on one disease entity
(e.g., pulmonary embolism) seem warranted. Despite the
potential advantage of DECT-derived iodine maps, ap-
plying them to pulmonary imaging is not without pitfalls.
Todine maps are prone to artifacts due to hyperdense
contrast material especially in the inflow tract of the up-
per thoracic vasculature!'”. Therefore, iodine perfusion
maps should not be used as a standalone tool but should
only be used in conjunction with standard morphologi-
cal CTPA data. Generation of iodine maps on a standard
workstation is not a time consuming task and can be eas-
ily integrated alongside standard reconstructions already
used in a routine setting. Radiation dose for DECT has
been reported to be within the range of 2-6 mSv and is
thus comparable to standard MDCT.

Limitations

Several limitations exist for our study: As this was an
initial study only a small sample size of 18 patients was
included. A well known limitation of first-generation
DE scanners is the 26 cm detector width of the sec-
ond detector, thus not allowing for the lung periphery
in larger patients to be included in the calculations of
iodine maps. This problem has been addressed with
second-generation scanners. Dual-energy derived iodine
maps are prone to artifacts due to beam-hardening from
hyperdense contrast material especially in the superior
vena cava and the right heart. Nance e# al™ found these
artifacts to be present in 97% of iodine maps in of a
sample of 100 patients. These artifacts have the poten-
tial to obscure true perfusion defects or to cause false-
positive results. This prevents iodine maps from being
used as the sole means to detect pulmonary perfusion
disorders and make it mandatory to correlate findings to
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standard CTPA images. There was a time delay between
image acquisition in both modalities, however, in acute
pulmonary perfusion disorders such as pulmonary em-
bolism the mean time between DECT and MRI was 24 h
with a maximum delay of 48 h in one patient.

Our findings show that perfusion deficits detected
on static dual-energy derived iodine maps show a mod-
erate visual correlation with time-resolved DCE-MRI,
thus allowing for an assessment of pulmonary perfusion
changes as related to a variety of pathology. However,
there was no statistically significant correlation between
the two modalities, and therefore a prospective study fo-
cusing on one entity of pulmonary perfusion disorders
(e.g., pulmonary embolism) seems warranted.

COMMENTS

Background

Both, dual-energy computed tomography (DECT) and dynamic contrast en-
hanced magnetic resonance imaging (DCE-MRI) have been applied for evalu-
ation of pulmonary perfusion. Dual-energy derived iodine maps allow the visu-
alization of parenchymal iodine distribution in relation to a previously defined
scan delay, which might be considered as a surrogate of pulmonary perfusion
and has shown good correlation compared to nuclear medicine based imaging
modalities. However, no prior study correlated the perfusion changes shown in
time resolved perfusion imaging modalities such as DCE-MRI to the perfusion
changes displayed in DECT-derived iodine maps.

Research frontiers
Time resolved perfusion-imaging modalities such as DCE-MRI and dual-source
DECT.

Innovations and breakthroughs

Authors’ study shows that perfusion deficits detected on static dual-energy
derived iodine maps show a moderate visual correlation with time-resolved
DCE-MRI, thus allowing for an assessment of pulmonary perfusion changes
as related to a variety of pathology. This is in contrast with prior studies that
investigated the role of pulmonary iodine maps to serve as an additional tool
providing a functional evaluation of pulmonary perfusion.

Applications

Both, DECT and DCE-MRI should be applied pulmonary embolism imaging.
However, the authors think that the results of this study should be viewed as
preliminary as only a small number of patients were included and broad inclu-
sion criteria including patients with a variety of underlying pulmonary pathology
were applied

Peer review

The authors investigated whether there is correlation between DECT derived
iodine maps and parameter maps of quantitative pulmonary perfusion MRI. This
is a well-written manuscript, which should be suitable for publication.
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Abstract

AIM: To assess the value of enlarged perihepatic
lymph nodes in determining hepatic histopathology for
chronic hepatitis B (CHB) by magnetic resonance im-
aging (MRI).

METHODS: Sixty-seven patients who were clinically
and histologically diagnosed with CHB and 18 healthy
subjects without history of liver disease underwent
abdominal MRI. Histological diagnosis and hepatic in-
flammation (grade 0-4) and fibrosis (stage 0-4) were
assessed by a simplified system for scoring in chronic
viral hepatitis. The major imaging protocol included an
axial breath-hold fat suppressed fast spoiled gradient
echo Ta-weighted imaging (T2WI), axial breath-trigger
fat suppressed fast recovery fast spin echo T-WI, and
axial and coronal fast imaging employing steady-state
acquisition. Perihepatic lymph nodes larger than 5 mm
in shortest diameter were noted.

RESULTS: The numbers and size indexes of lymph
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nodes greater than 5 mm in shortest diameter in he-
patic hilum suggested inflammatory activity for sub-
jects with grade 2 or higher, with a high accuracy of
diagnosis (the area under the curves > 0.9, P < 0.001).
The numbers of lymph nodes were 2 or more with a
sensitivity of 87.27%, a specificity of 90.00%, an accu-
racy of 88.24%, a positive predictive value of 94.12%,
and a negative predictive value of 79.41% in patients
with grade 2 or higher, and the size indexes were no
less than 180 mm?* with a sensitivity of 83.64%, a
specificity of 100%, an accuracy of 89.41%, a positive
predictive value of 100%, and a negative predictive
value of 76.92%. The numbers and size indexes of
lymph nodes were not correlated with hepatic fibrosis.
The signal intensity indexes of lymph nodes were no
significant correlation with histological grading or stag-
ing of liver.

CONCLUSION: The numbers and size indexes of en-
larged perihepatic lymph nodes for patients with CHB
suggest inflammatory activity for subjects with grade 2
or higher.

© 2013 Baishideng. All rights reserved.

Key words: Chronic hepatitis B; Magnetic resonance
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Core tip: Chronic hepatitis B (CHB) is frequently asso-
ciated with hyperplasia of lymph nodes in the hepatic
hilum, and the enlarged lymph nodes can be a good
indicator for inflammatory activity of the liver. Enlarged
perihepatic lymph nodes for the patients with CHB can
be sensitively demonstrated by magnetic resonance
imaging, especially fat suppressed T:-weighted imag-
ing. The numbers and size indexes of lymph nodes
larger than 5 mm in shortest diameter suggest inflam-
matory activity for subjects with grade 2 or higher,
with a high accuracy of diagnosis at a cutoff value of
2 for the numbers or 180 mm?’ for the size indexes of
lymph nodes.
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INTRODUCTION

Hepatitis B virus (HBV) is one of the most common
causes of chronic hepatitis, and infected individuals are
at an increased risk of developing cirrhosis, liver failure,
and hepatocellular carcinoma (HCC)"™, Several effective
medications are available to inhibit HBV replication with
liver fibrosis regression by reducing liver inflammation
and cellular damage in most patients with chronic hepa-
titis B (CHB)"”. These include injectable interferon and
the oral nucleoside analogues: adefovir, lamivudine, and
tenofovit™ . So, the assessment of liver necroinflamma-
tory activity (grading) and fibrosis (staging) for patients
with CHB is helpful for determining prognosis and treat-
ment strategy[4’7]. Liver biopsy is the gold standard for
the assessment of liver histology for patients with CHB.
However, it is more invasive, and often more expensive,
than modern imaging methods, such as sonography, com-
puted tomography (CT), or magnetic resonance imaging

CHB is frequently associated with hyperplasia of lymph
nodes in the hepatic hilum for patients with CHB™"
and enlarged lymph nodes can be a good indicator of in-
flammatory activity by the liver in CHB™". Sonography
is frequently used to evaluate lymph nodes in the hepatic
hilum for the patients with CHB and chronic hepatitis C
(CHC)™™. MRI can not only show the anatomy of the
liver and pancreas clearly but can also depict enlarged
perihepatic lymph nodes and their locations relative to
adjacent bile ducts or vascular structures’ .. MRI can
provide better contrast between the lymph nodes and ad-
jacent tissue than does sonography or CT, and is supetior
to sonography for visualizing enlarged lymph nodes in
the porta hepatismm, In patients with chronic hepatitis,
MRI is usually performed to detect the presence of cir-
thosis or HCC. In addition to the MRI features that may
be present in acute hepatitis, focal inflammatory activity
or fibrosis may develop in chronic hepatitis, resulting
in diffuse or regional high signal intensity (SI) on Te-
weighted images (T2WI) and eatly patchy enhancement
or late linear enhancement on gadolinium-enhanced
dynamic magnetic resonance imagesm’w]. The magnetic
resonance appearance of perihepatic lymph nodes in pa-
tients with CHC has been reportedll4’]sj. Howevet, to our
knowledge, there are no previous studies using MRI that
reveal the significance of lymph nodes in the porta hepa-
tis for patients with CHB.

The purposes of this study were to assess the value
of enlarged perihepatic lymph nodes in determining the

histopathology of CHB by magnetic resonance fat sup-
pressed T2WIL.
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MATERIALS AND METHODS

Patients

This study was conducted in accordance with the guide-
lines of the review board of our institution. Between
January 2005 and July 2010, all consecutive inpatients at
our medical center with chronic HBV infection who had
undergone an abdominal magnetic resonance examina-
tion before antiviral treatment were selected retrospec-
tively. In patients with CHB, MRI was usually performed
to detect the presence of cirrhosis or HCC. The selec-
tion criteria for patients were a diagnosis of CHB with
available pathology reports from the biopsy and clinical
evaluation including positive serumal hepatitis B surface
antigen for at least 6 mo. Patients with hepatic malignant
neoplastic diseases such as HCC, or with other diseases
of the liver and gallbladder such as cholecystitis, hepatic
abscess and cholangitis, or with other hepatitis such as
alcoholic hepatitis, viral hepatitis except hepatitis B and
autoimmune hepatitis, or with systemic or abdominal dis-
eases inducing hyperplasia of lymph nodes in the hepatic
hilum such as lymphoma, abdominal tuberculosis and
malignant neoplasm, were excluded following appropriate
clinical, laboratory, and radiological investigations.

Finally, a total of 67 patients met the criteria for inclu-
sion in this study. As controls, 18 subjects were recruited
without liver biopsy, selected randomly from 45 healthy
volunteers without abdominal disease on magnetic reso-
nance images by a random digits table. In addition to the
exclusion criteria mentioned above, the controls were
normal for liver function tests and negative for hepatitis
B surface antigen. All of the patients and controls were
negative for anti-human immunodeficiency virus anti-

body.

Liver pathology

Experienced hepatologists performed percutaneous liver
biopsies in the right lobe of the liver with sonographic
guidance using an 18-gauge spring-loaded biopsy device.
All core biopsy samples with common 1.5 cm length were
obtained within 3 d after the MRI examination and ex-
amined by the same pathologist, who was unaware of the
clinical, biochemical and imaging data. Histological diag-
nosis, hepatic inflammation (grade 0-4) and fibrosis (stage
0-4) were assessed by a simplified system for scoring in
chronic viral hepatitis according to Scheuer 1991)!"%,

MRI technique

All magnetic resonance examinations were performed
on a 1.5 T MRI scanner (Signa, GE Healthcare, United
States) with 38 mT/m gradient subsystems and 120
T/m/s gradient switch rates using a phased-array torso
coil. The imaging protocols mainly included an axial
breath-hold fat suppressed fast spoiled gradient echo, Ti-
weighted imaging, axial breath-trigger fat suppressed fast
recovery fast spin echo (FRFSE) T2WI, and axial and
coronal fast imaging employing steady-state acquisition.
Forty-one of the 67 patients underwent triple-phase dy-
namic MRI with liver acquisition in a volume acceleration
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Figure 1 Enlarged lymph node (arrow) in the hepatic hilum in the patients
with chronic hepatitis B on magnetic resonance fat suppressed T2-weighted
imaging.

sequence. Among the various sequences included in clini-
cal examinations, only the FRFSE ToWI were reviewed
for the purpose of this study with the following parame-
ters: repetition time = 6000 ms, echo time = 89 ms, echo
train length = 19, bandwidth = 62.5 kHz, matrix = 320
X 224, number of excitations = 2, section thickness = 8
mm, gap = 1 mm.

Imaging analysis

The original data were transferred to the workstation (Ad-
vanced Workstation 4.3, GE Healthcare) with 0.1 mm ac-
curacy for distance and 0.01 for SI. All reviews and mea-
surement of images were carried out on the workstation
by two experienced radiologists blinded to clinical and
pathologic findings with consensus opinions comparing
each observation item and standard together.

Perihepatic lymph nodes greater than 5 mm in short-
est diameter were counted™") and the long and short
axis diameters of each node were measured using elec-
tronic calipers on magnified fat suppressed FRFSE T>WI.
The size of the lymph nodes were defined as an index,
obtained as the product of the long and short axes. A
size index of lymph nodes for each patient was recorded
as the sum of the diameter products of all nodes (nodal
numbers were less than or equal to 3) or the three largest
nodes when there were more than three nodes'**". The
ST of these lymph nodes was measured for each patient
and expressed as ratios relative to spleen on fat sup-
pressed FRESE T>WI*'. A SI index of lymph nodes for
each patient was recorded as the mean of all the ratios.
The SI for each lymph node was measured in a circular
region of interest with range in area from 10 to 30 mm’.
The spleen region of interest, ranging in area from 200
to 500 mm’, was placed in the same or adjacent magnetic
resonance section as the corresponding lymph node to
avoid artifacts, spleen vessels, and heterogeneous areas.
Each diameter or SI was measured three times, and the
average of the three measurements was considered true
measurements.

Statistical analysis
Quantitative data are presented as mean * SD. The dif-
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ferences for multi-group quantitative data were analyzed
for variance at a P value < 0.05 level of significance, and
for two groups by the independent-samples # test when
the distribution of data was normal. When the distribu-
tion of data was not normal or there was homogeneity of
variances, a nonparametric test was used, the differences
for multi-group quantitative data were analyzed with the
Kruskall-Wallis test, and the comparisons for two groups
were assessed using the Mann-Whitney U test. In qualita-
tive data, the comparisons among groups were assessed
using ;(2 test or Fischet’s exact test.

Because the size or SI indexes of the lymph nodes
could simultaneously correlate with the grade and stage
of liver histology, partial correlation was used to test the
relationship between the nodal size indexes and the grade
or stage, or between the nodal SI indexes and the grade
or stage of liver histology. The accuracy of diagnostic
criteria for the size indexes or numbers of lymph nodes
in predicting inflammatory activity was determined by
calculating the area under the curve from corresponding
receiver operative characteristics (ROC) curves.

Values of P << 0.05 were considered statistically sig-
nificant. All statistical analyses were performed with SPSS
13.0 for Windows (SPSS Inc., Chicago, 1L, United States).

RESULTS

Sample characteristics

Sixty-seven patients with CHB, comprising 52 men and
15 women (age range, 18-63 years; mean age, 40.8 = 8.3
years), and 18 healthy volunteers, 13 men and 5 women
(age range, 24-63 years; mean age, 42.4 £ 11.4 years),
met the criteria for inclusion in this study. Between the
patients and controls, there were no statistical differences
between genders (P = 0.755, Fischer’s exact test) and ages
(# = 0.550, P = 0.588). Liver histological findings for all
subjects are shown in Table 1.

Size and Sl index of lymph nodes

Enlarged perihepatic lymph nodes for the patients with
CHB on magnetic resonance fat suppressed T2WI are
shown in Figure 1. In the subjects without lymph nodes
greater than 5 mm in shortest diameter in hepatic hilum,
the size and SI index of lymph nodes was considered
zero. The size and SI indexes of lymph nodes in hepatic
hilum according to grade and stage groups are shown
in Table 1. The average nodal size index was greater in
individuals with grade 2 or higher than that in individuals
with grades 0 and 1 [43.52 £ 58.38 mm’ for grade 0 (n
=18), 77.70 £ 74.12 mm” for grade 1 (» = 12), 273.65
155.04 mm” for grade 2 (» = 19), 492.12 * 324.97 mm’
for grade 3 (» = 20), and 404.58 + 198.42 mm” for grade
4 (n = 16)]. The average size index of lymph nodes for all
subjects was 218.18 + 262.65 mm”,

The partial correlation coefficient between the nodal
size indexes and histological grading was 0.376 (P =
0.000), and 0.194 (P = 0.077) between the SI indexes and
grading when controlling staging variables. There was no
statistically significant correlation between the nodal size
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Table 2 The number of lymph nodes greater than 5 mm in
shortest diameter in hepatic hilum among grading groups n (%)

(mean + SD)

Grading Staging Sample size  Size indexes SI indexes
() (mm®)

GO (controls) SO 18 43.52 + 58.38 0.572 + 0.599

G1 SO 6 63.33 + 74.27 0.474 + 0.519
S1 3 92.48 + 87.29 0.720 + 0.627
S2 2 137.50 + 50.20 1.130 + 0.500
S3 1 0 0

G2 S1 6 221.16 + 68.83 1.218 £ 0.167
S2 10 268.22 +164.69 1.213 £0.210
S3 1 162.06 1.878
S4 2 514.09 + 141.30 1.301 £ 0.204

G3 S1 3 404.33 +£191.74 1.172 £0.153
S2 6 647.02 + 238.31 1.169 £ 0.171
S3 9 413.88 +417.78 1.094 £ 0.454
S4 2 511.21 +172.53 1.383 £ 0.152

G4 S2 4 398.09 + 219.81 1.209 £ 0.350
S3 7 471.95+154.13 1.065 £ 0.247
S4 5] 315.45 + 240.52 1.114 £ 0.073

SI: Signal intensity.

indexes and histological staging (= 0.063, P = 0.572), or
between the SI indexes and staging (r = 0.134, P = 0.220)
when controlling grading variables.

The data for the nodal size indexes among partial
groups of grading (grades 0 and 1) did not show normal
distribution by tests of normality (P < 0.05, Shapiro-Wilk
test) or by tests of homogeneity of variances for the
nodal size indexes among groups of grading indicate het-
erogeneity of variance (IF = 2.452, P = 0.0006). The non-
parametric Kruskall-Wallis test showed significant dif-
ference for the nodal size indexes among grading groups
(;(2 = 49.557, P = 0.000). The nonparametric Mann-
Whitney U test (exact probability) showed no significant
difference for the nodal size indexes between grades 0
and 1 (P = 0.232), grade 2 and grade 4 (P = 0.061), and
grade 3 and grade 4 (P = 0.498). However, there was a
statistically significant difference between grades 1 and 2
(P = 0.000, Mann-Whitney U test with exact probability),
which could suggest that the nodal size indexes in indi-
viduals with grade 2 or higher were larger than that in in-
dividuals with grades 0 and 1. All subjects were grouped
into two new groups, group A comprising grades 0 and
1 (the average nodal size index, 57.19 £ 66.12 mm®) and
group B comprising grade 2-4 (the average nodal size in-
dex, 391.18 + 254.54 mm”). There was a statistically sig-
nificant difference between groups A and B (U = 94.000,
W = 559.000, Z = -6.741, P = 0.000, Mann-Whitney U
test).

The ROC curve for the size indexes of lymph nodes
predicting individuals with grade 2 or higher is shown in
Figure 2A. The area under the curve was 0.943 (P = 0.000)
with a cutoff value of 180.8 mm”. A cutoff value of 180
mm” for the size indexes of lymph nodes had a sensitivity
of 83.64%, a specificity of 100%, an accuracy of 89.41%,
a positive predictive value of 100%, and a negative pre-
dictive value of 76.92% for a MR diagnosis of hepatic
inflammation with grade 2 or higher.
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Grading Sample size Subjects with various numbers of lymph nodes

Z ) > 1 >2 >3

GO 18 9 (50.00) 9(50.00) 1(556) 0

G1 12 5 (41.67) 7(5833) 2(16.67) 1(8.33)
G2 19 0 19 (100) 15 (78.95) 10 (56.63)
G3 20 1 (5.00) 19 (95.00) 18 (90.00) 16 (80.00)
G4 16 0 16 (100)  15(93.75) 10 (62.50)
Total 85 15 (17.65) 70 (82.35) 51 (60.00) 37 (43.53)

Number of lymph nodes

The numbers of lymph nodes greater than 5 mm in
shortest diameter in hepatic hilum among grade groups
are shown in Table 2. There was statistically significant
difference for the subjects with one lymph node or more
among the grade groups (P = 0.000, Fischer’s exact test
for R X C Table), for the subjects with two lymph nodes
or motre Q/Z = 49.556, P = 0.000), and for the subjects
with three lymph nodes or more (y° = 33.727, P = 0.000),
respectively. Presence rates of subjects with differing num-
bers of lymph nodes were larger in individuals with grade
2 ot higher than that in individuals with grades 0 and 1 in
Table 2. P value was 0.722 for subjects with one lymph
node or more, 0.548 for subjects with two lymph nodes
or more and 0.400 for subjects with three lymph nodes
or more between grades 0 and 1, respectively (Fischet’s
exact test). P value was 0.005 for subjects with one lymph
node or more, 0.001 for subjects with two lymph nodes
or mote and 0.020 for subjects with three lymph nodes
or more between grades 1 and 2, respectively (Fischer’s
exact test). P value was 1.000 for subjects with one lymph
node or more, 0.474 for subjects with two lymph nodes
or more and 0.182 for subjects with three lymph nodes or
more among grades 2-4, respectively (Fischer’s exact test).
All subjects were grouped into two new groups, group A
comprising grades 0 and 1 and group B comprising grades
2-4. There was a statistically significant difference between
groups A and B (y° = 26.866, P = 0.000; y* = 48.295, P
= 0.000; and Zz = 30.475, P = 0.000, respectively) for the
subjects with various numbers of lymph nodes.

There were 15 subjects without lymph node greater
than 5 mm in shortest diameter in hepatic hilum (9 sub-
jects with grade 0, 5 subjects with grades 1 and 1 subjects
with grade 3), 19 subjects with a single lymph node (8 sub-
jects with grade 0, 5 subjects with grade 1, 4 subjects with
grade 2, 1 subjects with grade 3 and 1 subjects with grade
4), 14 subjects with two lymph nodes (1 subjects with
grade 0, 1 subjects with grade 1, 5 subjects with grade 2,
2 subjects with grade 3 and 5 subjects with grade 4), and
37 subjects with three or more lymph nodes (1 subjects
with grade 1, 10 subjects with grade 2, 16 subjects with
grade 3 and 10 subjects with grade 4). The ROC curve
for the numbers of lymph nodes predicting individuals
with grade 2 or higher is shown in Figure 2B. There was a
high accuracy for numbers of lymph nodes predicting in-
dividuals with grade 2 or higher (the area under the curve
= 0.926, P = 0.000, and cutoff value = 2). The sensitivity,
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Figure 2 The receiver operative characteristics curve. A: The size indexes of lymph nodes predicting individuals with grade 2 or higher. The area under the curve
was 0.943 (P = 0.000) with a cutoff value of 180.8 mm?; B: The number of lymph nodes predicting individuals with grade 2 or higher. The area under the curve was 0.926

(P=0.000) with a cutoff value of 2. ROC: Receiver operative characteristics.

specificity, accuracy, positive predictive value and negative
predictive value for the diagnosis of hepatic inflamma-
tion with grade 2 or higher using 2 or more lymph nodes
greater than 5 mm in shortest diameter in hepatic hilum
were 87.27%, 90.00%, 88.24%, 94.12% and 79.41%, te-
spectively.

There was a statistically significant difference for all
subjects with one lymph node or more among stage
groups (12 subjects with stage 0, 11 subjects with stage
1, 22 subjects with stage 2, 16 subjects with stage 3 and 9
subjects with stage 4, respectively), for subjects with two
lymph nodes or more (1 subjects with stage 0, 9 subjects
with stage 1, 19 subjects with stage 2, 14 subjects with
stage 3 and 8 subjects with stage 4, respectively), and for
subjects with three lymph nodes or more (5 subjects with
stage 1, 14 subjects with stage 2, 11 subjects with stage 3
and 7 subjects with stage 4, respectively) (all three P value
= 0.000, Fischer’s exact test for R X C table). However,
there was no statistically significant difference between
fibrosis groups (stages 1-4) (P = 0.305, 0.779 and 0.432,
respectively, Fischer’s exact test for R X C table), which
indicates that the presence of the lymph nodes could be
not correlated with hepatic fibrosis and the difference
between normal (stage 0) and fibrosis groups could come
from differences in inflammatory activity of the liver.

DISCUSSION

In our study, we retrospectively reviewed the appearances
of lymph nodes on axial fat suppressed FRFSE T>W1
in patients with CHB, measured the presence, number,
size, and SI of perihepatic lymph node, and assessed the
relationship of these MR findings with liver histology for
patients with CHB. We found that the number and size
indexes of lymph nodes greater than 5 mm in shortest
diameter in hepatic hilum suggested inflammatory activity
for subjects with grade 2 or higher, with a high accuracy
of diagnosis (the area under the curves > 0.9, P < 0.001).
The number of lymph nodes was 2 or more with a sensi-
tivity of 87.27%, a specificity of 90.00%, an accuracy of
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88.24%, a positive predictive value of 94.12%, and a nega-
tive predictive value of 79.41% in patients with grade 2
or higher, and the size indexes were no less than 180 mm’
with a sensitivity of 83.64%, a specificity of 100%, an ac-
curacy of 89.41%, a positive predictive value of 100%,
and a negative predictive value of 76.92%. The number
and size indexes of lymph nodes were not correlated with
hepatic fibrosis. The SI indexes of lymph nodes were not
significantly correlated with histological grading or staging
of liver.

Lymph nodes are well known to exist in the hepato-
duodenal ligament. They can consistently be detected in
the dorsal part of the hepatoduodenal ligament adjacent
to the cystic duct and common bile duct, and in the ven-
tral hepatoduodenal ligament close to the orifice of the
foramen epiploicumlzzj. Enlarged lymph nodes in the hep-
atoduodenal ligament were prevalent in chronic viral hep-
atitis, especially CHC and CHB™"™ In ultrasound study,
enlarged lymph nodes could be demonstrated in the
hilus hepatis of almost all patients with CHB or CHC™,
Lymph nodes in the hepatoduodenal ligament, especially
those wider than 5 mm, suggested chronic HBV or HCV
infection instead of only chronic hepatitism, and there
was no significant difference in lymph node volume be-
tween patients with hepatitis B and those with hepatitis
c", Enlarged lymph nodes within the dorsal portion of
the hepatoduodenal ligament can easily be identified on
sonography, although it may be more difficult to detect
lymph nodes in the ventral portion of the hepatoduode-
nal ligament because of surrounding fat deposition and
connective tissue™. There was generally higher SI for
enlarged perihepatic lymph nodes on magnetic resonance
fat suppressed T2WI and better contrast between the
lymph nodes and adjacent tissue than that on sonography
or CT, which was supetior to sonography for visualizing
enlarged lymph nodes in the porta hepaticam’m.

In patients with CHC, enlargement of perihepatic
lymph nodes was associated with viremia and was predic-
tive for the presence of severe inflammatory activity on
sonographyp’zz’m. Total perihepatic lymph node volume
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changed according to the antiviral response: patients with
CHC without response to antiviral therapy did not nor-
malize the size of perihepatic lymph nodes, but success-
ful antiviral therapy with histological improvement was
reflected in a decline in perihepatic lymph node size!™?,

In patients with CHB, the sonographically determined
lymph node volume showed a significant correlation
with serum aspartate transaminase, alanine transaminase,
gamma-glutamyl-transpeptidase, histologic activity index,
and necroinflammatory score, but not with fibrosis score
and serum hepatitis B viremia!"”

Zhang et al"¥ studied the magnetic resonance appeat-
ance of lymph nodes in relation to activity of CHC. They
found that MRI could depict perihepatic lymph nodes in
most patients with CHC, and that the number, size, and
hyperintensity of lymph nodes were related to the activity
of CHC while the results of liver function tests were not.
Mitchell ez 2/*" found that the size index of lymph nodes
was correlated with inflammatory activity of CHC but
there was no correlation between Lymph node SI and
any pathology using unenhanced MRI.

In our study, perihepatic lymph nodes in the patients
with CHB were evaluated with MRI, especially fat sup-
pressed FRFSE T>WI. Our results indicated that the
number and size indexes of lymph nodes greater than
5 mm in shortest diameter in hepatic hilum correlated
with inflammatory activity of CHB and did not correlate
with fibrosis, in accordance with previous research for
CHC or CHB™'"*"*?!. The SI indexes of lymph nodes
were not significantly correlated with histological grading
or staging of liver, in accordance with research on CHC
by Mitchell ¢ 2/*". Tn our study, we also found that the
number and size indexes of lymph nodes greater than 5
mm in shortest diameter suggested inflammatory activity
for subjects with grade 2 or higher, with a high accuracy
of diagnosis at a cutoff value of 2 for the numbers or
180 mm” for the size indexes of lymph nodes. The find-
ings suggest that MRI may reduce or displace liver biopsy
for assessing liver inflammation in patients with CHB.
Moreover, other liver diseases, such as CHC, may lead to
perihepatic lymphadenectasis. The etiology diagnosis of
this lymphadenectasis was difficult when depending only
on MRI. In such cases, other tools such as serological ex-
amination, were available™.

One limitation of our study is the relatively small
sample size of groups. However, this should not signifi-
cantly affect our results because appropriate statistical
methods were applied. Additionally, in our study sequence
one slice was obtained every 9 mm , with a slice-thickness
of 8 mm and a gap of 1 mm. So, effect of partial volume
cannot be ignored in the size index of lymph nodes for
each subject. In addition, the size of the lymph nodes ob-
tained as the product of the long and short axes could be
slightly different from the true size. However, these would
be only random errors without directionality in measure-
ments, could not significantly affect our overall results.

In conclusion, enlarged perihepatic lymph nodes for
the patients with CHB can be sensitively demonstrated by
MR, especially fat suppressed FRFSE T2WI. The number
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and size indexes of lymph nodes greater than 5 mm in
shortest diameter suggest inflammatory activity for sub-
jects with grade 2 or higher, with a high accuracy of diag-
nosis at a cutoff value of 2 for the numbers or 180 mm’
for the size indexes of lymph nodes.

COMMENTS

Background

Hepatitis B virus (HBV) is one of the most common causes of chronic hepatitis,
and the infected individuals are at an increased risk of developing cirrhosis,
liver failure, and hepatocellular carcinoma. Several effective medications are
available to inhibit HBV replication with liver fibrosis regression by reducing
liver inflammation and cellular damage in most patients with chronic hepatitis B
(CHB). So, the assessment of liver necroinflammatory activity and fibrosis for
patients with CHB is helpful for determining prognosis and treatment strategy.

Research frontiers

CHB is frequently associated with hyperplasia of lymph nodes in the hepatic
hilum, and these enlarged lymph nodes can be a good indicator for inflamma-
tory activity of the liver in patients with CHB. Magnetic resonance imaging (MRI)
can provide better contrast between the lymph nodes and adjacent tissue,
especially T>-weighted imaging (T2WI). This has been reported for the magnetic
resonance appearance of perihepatic lymph nodes in patients with chronic
hepatitis C. However, there are no previous studies using MRI that reveal the
significance of lymph nodes in the porta hepatis for patients with CHB.

Innovations and breakthroughs

Enlarged perihepatic lymph nodes in patients with CHB can be sensitively dem-
onstrated by MR, especially fat suppressed fast recovery fast spin echo T2WI.
The number and size indexes of lymph nodes greater than 5 mm in shortest
diameter suggest inflammatory activity for subjects with grade 2 or higher, with
a high accuracy of diagnosis at a cutoff value of 2 for the numbers or 180 mm?
forthe size indexes of lymph nodes.

Applications

The results support the suitability of MRI for assessment of liver inflammation in
patients with CHB. Liver biopsy for assessment of inflammation can be reduced
or displaced in patients with CHB. The study was performed directly on clinical
subjects, and the findings can be readily applied to patient care

Peer review

The authors attempt to validate the potential of using magnetic resonance fat
suppressed T2WI in diagnosing inflammatory lymph nodes that lead to CHB. The
study is a systematic and well thought out approach which, clearly shows the
added advantages of magnetic resonance fat suppressed T2WI. Being a non-in-
vasive tool for diagnosing the nodal inflammation, and the study was performed
directly on clinical subjects; the findings can be readily applied to patient care.
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Incidental meandering right pulmonary vein, literature
review and proposed nomenclature revision
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Core tip: This case highlights the chest X-ray features
of scimitar syndrome are not diagnostic and a mean-
dering right pulmonary vein (MRPV) should be consid-
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monary angiography and cardiac catheterization as the
investigation of choice for MRPV.

Abstract Rodrigues MA, Ritchie G, Murchison JT. Incidental meandering

We report a case of an anomalous pulmonary vein on right pulmonary vein, literature review and proposed nomen-
chest X-ray resembling a scimitar sign in an 80-year-old clature revision. World J Radiol 2013; 5(5): 215-219 Available
female undergoing investigation of syncope. Multislice from: URL: http://www.wjgnet.com/1949-8470/full/v5/i5/215.
computed tomography (CT) with multiplanar reformat- htm DOI: http://dx.doi.org/10.4329/wjr.v5.i5.215

ting and maximum intensity projections demonstrated
an aberrant right inferior pulmonary vein coursing
inferomedially towards the diaphragm before turning
superiorly and draining normally into the left atrium. INTRODUCTION
The diagnosis of an incidental meandering right pulmo-
nary vein was established. The case is used to review
the literature on this rare pulmonary anomaly, including
pathogenesis, its relationship with scimitar syndrome
and scimitar variant, and diagnosis, with an emphasis

Meandering right pulmonary vein (MRPV) is a rare pul-
monary vascular anomaly. Cases are often confused with
the more common scimitar syndrome as both conditions
consist of an anomalous right pulmonary vein, taking a

on the role modern CT techniques can play in non- circuitous route through the lung, which usually results
invasive diagnosis. A revision to the nomenclature of ~ in a scimitar sign on chest X-ray. However in contrast to
pulmonary vascular anomalies is proposed to help re- scimitar syndrome, the MRPV terminates normally in
duce confusion in the literature. the left atrium, rather than the inferior vena cava (IVC).

We report a case of an 80-year-old female in which a
© 2013 Baishideng. All rights reserved. MRPV coincided with other features of scimitar syn-

drome. Only a few cases of its type have been reported
Key words: Incidental findings; Pulmonary veins/abnor- in the English literature.
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CASE REPORT

An 80-year-old female was referred to the geriatric clinic
for investigation of recurrent syncope. Her past medical
history included mild postural hypotension, temporal
arteritis, osteoarthritis and osteoporosis. Clinical exami-
nation revealed a small postural drop in blood pressure
and an ejection systolic murmur, but was otherwise un-
remarkable.

A routine chest X-ray demonstrated a curvilinear struc-
ture running from the right mid zone towards the right
cardiophrenic recess before curving superiorly (Figure 1),
resembling a scimitar sign. In addition there was volume
loss in the right hemithorax with mediastinal shift to the
right suggesting cardiac dextroposition. An anomalous
pulmonary vein, such as that seen in scimitar syndrome,
was suspected. Contrast-enhanced computed tomogra-
phy (CT) revealed a dilated right inferior pulmonaty vein
with an aberrant circuitous route, coursing inferomedi-
ally towards the diaphragm before turning upwards and
draining normally into the left atrium (Figure 2). There
was no connection to the IVC. It also confirmed the
X-ray findings of right lung hypoplasia (right lung vol-
ume 1.17 L, left lung 1.66 L) and cardiac dextroposition.
The right main pulmonary artery was smaller than the
left in keeping with mild pulmonary artery hypoplasia.
There was no evidence of anomalous systemic arterial
supply to the lung. The diagnosis of an incidental MRPV
was established and no further investigation or treatment
of this was required.

Other investigations did not reveal any significant
abnormality; routine blood tests showed an isolated mild
hyponatremia (133 mmol/L). Twenty-four-hour elec-
trocardiography monitoring demonstrated sinus rhythm
throughout. Echocardiography was limited due to the
abnormal positioning of the heart, but revealed mild
aortic stenosis and good left ventricular function.

Neurally mediated syncope was deemed the most
likely diagnosis and she was managed conservatively with
advice on increasing fluid intake and taking care with
postural changes.

Interestingly on questioning, the patient explained
she had had an abnormal chest X-ray at the age of 5
years that showed “partial collapse” of the right lung;
Having worked in the mining industry, she underwent
several chest X-rays during her adult life but was told to
stop having them because the appearances “always woz-
ried the doctors!”

DISCUSSION

The scimitar sign describes a curved vascular shadow on
a chest X-ray, which courses along the right cardiac boz-
der towards the right cardiophrenic angle. It is so-called
because the appearance resembles a Turkish sword or
scimitar.

Scimitar syndrome is a rare pulmonary anomaly which
consists of anomalous pulmonary venous drainage of
the right lung to the IVC (giving rise to the scimitar
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Figure 1 Posteroanterior chest X-ray demonstrating an anomalous
curvilinear vessel (white arrows) running from the right mid zone infero-
medially before turning superiorly. There is loss of volume within the right
hemithorax and mediastinal shift to the right suggesting cardiac dextroposition.
L: Left; R: Right.

Figure 2 Contrast-enhanced maximum intensity projection multiplanar
reformatted coronal image of the computed tomography chest demon-
strating the path of the anomalous pulmonary vein (white arrows) and its
connection to the left atrium (black arrow). R: Right.

sign), anomalous systemic arterial supply of the right
lower lobe from either the thoracic or abdominal aorta,
hypoplasia of the right lung, with resultant cardiac dex-
troposition and right pulmonary artery hypoplasia’. The
scimitar sign was originally thought to be diagnostic of
scimitar syndromeml, however, a false positive scimitar
sign is a rare possibility. Morgan ez al” described the first
case in which the scimitar sign and features of scimitar
syndrome were present but the aberrant pulmonary vein
ultimately drained normally into the left atrium. Other re-
ported causes of the scimitar sign include an anomalous
intrapulmonary venous connection to superior vena cava,
obstruction of a major pulmonary vein with development
of a distended intrapulmonary collateral and an anoma-
lous IVC with normal pulmonary venous drainage[s’é].
The term “meandering right pulmonary vein” was
subsequently coined by Goodman e7 al” to describe the
presence of the scimitar sign and an anomalous right
pulmonary vein that drains normally into the left atrium.
In contrast to scimitar syndrome, there have only been
a handful of cases of MRPV reported in the literature
(Table 1). MRPV can occur with or without other fea-
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Table 1 Published cases of meandering pulmonary vein

Ref. Gender Age Symptoms  Scimitar Features of scimitar Investigations (in  Anomalous pulmonary Orriginal Proposed
(yr) sign syndrome addition to CXR) venous drainage diagnosis diagnosis
Morgan M 22 Incidental Y Thoracic aorta supply, Pulmonary Single right Scimitar syndrome AUSPV
et al® right lung hypoplasia, angiography pulmonary vein to with normal
dextroposition and cardiac left atrium pulmonary venous
catheterization drainage
Goodman F 51 Haemoptysis Y Dextroposition, right Pulmonary Single right MRPV AUSPV
et al” pulmonary artery angiography pulmonary vein to
hypoplasia and cardiac left atrium
catheterization
Kanemoto F 48 Orthopnea and Y Right lung Lung perfusion, CT, Single right Pseudo-scimitar ~ AUSPV
et al™ productive hypoplasia, ECHO, Pulmonary  pulmonary vein to sign
cough dextroposition angiography left atrium
Cukier F 27  Haemoptysis Y Abdominal aorta Pulmonary Inferior right Scimitar syndrome MRPV
et al® supply, right lung angiography pulmonary vein to
hypoplasia and cardiac left atrium
catheterization
Holt M 2 Murmur and Y Systemic supply, ECHO, cardiac Superior and inferior Scimitar syndrome MPVs
et al™ failure to right lung hypoplasia,  catheterization right pulmonary variant
thrive dextroposition veins to left atrium
Tsitouridis M 41 Incidental Y Right lung CT Single right MPV AUSPV
et al™ hypoplasia, pulmonary vein to
dextroposition left atrium
Yoo F 1  Respiratory Y Right lung CT Single right MRPV AUSPV
et al™ distress hypoplasia, pulmonary vein to
dextroposition left atrium
Siu F 43 Incidental Y Dextroposition ECHO, CT Single right Scimitar variant ~ AUSPV
et al® pulmonary vein to
left atrium
Current F 80 Incidental Y Right lung CT Inferior right MRPV MRPV
case hypoplasia, pulmonary vein to
dextroposition, left atrium
Hypoplasia right
pulmonary artery
Collins M 20 Incidental Y - ECHO, cardiac All 4 pulmonary Idiopathic MPVs
et al® catheterization, veins to left atrium prominence of
pulmonary pulmonary veins
angiography
Takeda F 28 Incidental Y - Pulmonary NS Scimitar variant -
et al™ angiography
Kriss F 12 Incidental Y - CT, cardiac Right superior and MPV MPVs
et al®” catheterization, inferior and left
pulmonary inferior pulmonary
angiography veins to left atrium
Salazar- F 15 Incidental Y - Pulmonary Right inferior MRPV MRPV
Mena angiography pulmonary vein to
et al™ and cardiac left atrium
catheterization
Al-Naami M 2/ Failure to N* - ECHO, CT, cardiac Right inferior MPV MRPV
et al™ 12 thrive, ASD, catheterization pulmonary vein to
VSD left atrium

'"Unable to name due to lack of details in article. °Chest X-ray demonstrated cardiomegaly and congested lung fields which may have masked the scimitar

sign. M: Male; F: Female; NS: Not stated in article; ASD: Atrial septal defect; AUSPV: Anomalous unilateral single pulmonary vein; CT: Computed tomog-
raphy; CXR: Chest X-ray; ECHO: Echocardiogram; MPV: Meandering pulmonary vein; MRPV: Meandering right pulmonary vein; VSD: Ventricular septal

defect; N: No; Y: Yes.

tures of the classic scimitar syndrome. Whilst most cases
involve the right pulmonary veins, cases of anomalous
right and left pulmonary veins have been described®”.
The scimitar sign is not always present“oj.

A further anomaly, termed scimitar variant, describes
the connection of an anomalous right pulmonary vein to
both the IVC and left atrium"".

A lack of consistency in the literature regarding no-
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menclature can lead to confusion. Some authors have
treated MRPV and scimitar variant as synonymousm]
Pseudo-scimitar sign has also been used to describe ap-
pearances of MRPV"™. Anomalous unilateral single pul-
monary vein (AUSPV) has been used to describe a single
anomalous pulmonary vein draining the entire ipsilateral,
lung regardless of whether it terminates normally in the

left atrium"®'” or elsewhere!™
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To avoid confusion we advocate using the term
MRPV to describe cases in which the anomalous vein
draining part of right lung terminates normally into the
left atrium, reserving the scimitar variant for those with
a dual connection to IVC and the left atrium. Meander-
ing pulmonary veins (MPV) is suggested for cases that
have more than one anomalous pulmonary vein draining
into the left atrium. AUSPV should be used to describe
cases where there is a single anomalous vein draining the
entire ipsilateral lung to the left atrium or IVC.

Table 1 compares reported cases of MRPYV, scimitar
variant and pseudo-scimitar sign. Employing our pro-
posed nomenclature, 2 of these cases would be classi-
fied as MRPV with features of scimitar syndrome, 1 as
MPVs with features of scimitar syndrome, 2 as MRPV
without features of scimitar syndrome, 2 as MPVs with-
out features of scimitar syndrome, with 6 being reclassi-
fied as AUSPV.

Scimitar syndrome, scimitar variant and MRPV can be
considered as a spectrum of pulmonary anomalies having
a common embryological basis, with scimitar syndrome
at one extreme, MRPV at the other, and scimitar variant
somewhere in between!™""?. Tt is likely that the stage of
embryogenesis at which the anomaly occurs determines
which condition develops. For example, persistence of
the primitive communications between the pulmonaty
and systemic vascular supplies may lead to scimitar syn-
drome if the connection between the right pulmonary
vein and left atrium is obstructed, or scimitar variant if
this connection is patentm’M’WJ. Abnormally delayed oblit-
eration of the pulmonary and systemic connections may
result in a MRPV with an anomalous route in the lungs
but ultimately draining normally into the left atrium.

It is important to distinguish between scimitar syn-
drome and MRPV. Scimitar syndrome results in a left-to-
right shunt, which can lead to cyanosis and may require
surgical correction. Consequently the patients are often
symptomatic and present at a young age. In contrast, there
is no left-to-right shunt in MRPV. As in this case, patients
are usually asymptomatic, with the diagnosis made inci-
dentally. Treatment has not been requited in any reported
case of MRPV.

The diagnosis of MRPV has changed drastically thanks
to advances in CT technology. Several of the reported cases
of MRPV ate from the pre-CT era and were investigated
with pulmonary angiography and cardiac catheterization,
potentially hazardous invasive investigations, particularly
considering MRPV is a benign condition requiring no
treatment. Of those cases which underwent CT, the older
CT technology at the time often did not allow detailed
multiplanar reformatting (MPR), limiting the assessment
of the anatomy, and therefore necessitating invasive im-
aging to confirm the diagnosis. This case highlights that
non-invasive diagnosis is possible with modern multislice
CT technology through the use of detailed MPR and
maximum intensity projections, which clearly demon-
strate vessel anatomy (Figure 2). Additionally, accurate
assessment of lung volumes is possible with modern CT
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software, allowing assessment of associated lung hypo-
plasia.

In conclusion, this case highlights that the chest X-ray
features of scimitar syndrome are not diagnostic and a
MRPYV should be considered in their presence. Differ-
entiation between these conditions is required to help
decide whether treatment is necessary. Modern multislice
CT technology allows clear depiction of the vascular
connections and associated anatomy, and has superseded
invasive pulmonary angiography and cardiac catheteriza-
tion as the investigation of choice for MRPV.
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CASE REPORT

Sonographic assessment of a suspected biloma: A case
report and review of the literature
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We conclude that ultrasound plays a key role in the as-

sessment of a suspected biloma in patients with appro-

priate history and clinical features and provides valu-
Abstract able diagnostic clues even in the absence of these.

A biloma is a rare disease characterized by an abnormal
intra- or extrahepatic bile collection due to a traumatic Tana C, D’Alessandro P, Tartaro A, Tana M, Mezzetti A,
or spontaneous rupture of the biliary system. Labora- Schiavone C. Sonographic assessment of a suspected biloma:
tory findings are nonspecific. The diagnosis is usually A case report and review of the literature. World J Radiol
suspected on the basis of a typical history (right upper 2013; 5(5): 220-225 Available from: URL: http://www.wjg-
quadrant abdominal pain, chills, fever and recent ab- net.com/1949-8470/full/v5/i5/220.htm DOTI: http://dx.doi.
dominal trauma or surgery) and is confirmed by detec- org/10.4329/wjr.v5.i5.220

tion of typical radiologic features. We report the case
of a patient with a history of previous cholecystectomy
for lithiasis who presented with clinical symptoms and
laboratory data suggestive of acute pancreatitis. Imag- INTRODUCTION
ing studies also revealed the presence of a chronic and
asymptomatic biloma, which could be mistaken for a A biloma is a rare disease characterized by an abnor-
pseudocyst. The atypical location and ultrasound find- mal intra- or extrahepatic bile collection secondary to a
ings suggested an alternative diagnosis. We therefore traumatic or spontaneous rupture of the biliary system.
reviewed the known literature for bilomas, focusing on Post-traumatic cases were first reported by Whipple!",
the role of ultrasonography, which can reveal some typ- who described the case of a patient kicked by a horse,
ical aspects, such as location and imaging features. We ~ but the term “biloma” was coined by Gould ez 2/, who
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described a subject with extrahepatic bile leakage in the
upper right quadrant of the abdomen after trauma from
fighting. In the past, the common bile duct damage after
open cholecystectomy was rated about 0.1%. Nowa-
days, with the laparoscopic technique, rates range from
0.3%-0.6%"". In a retrospective study that identified 18
patients with one or more documented intra-abdominal
bilomas, the most frequent causes were iatrogenic (7 =
106), in particular after cholecystectomy, partial hepatec-
tomy and bile-duct catheter drainage; only two were post-
traumatic'”. After laparoscopic cholecystectomy, most
of the lesions occur within 7 d”. The majority of minor
bilomas resolve spontaneously without further complica-
tions'”. Occasionally, spontaneous rupture of the biliary
duct is reported, sometimes associated with choledocho-
lithiasis. Other possible causes are cholangiocarcinomas,
acute cholecystitis, tuberculosis, hepatic abscesses or in-
farctions. Rarely, an association with pancreatic cancer is
described™”. Biloma can complicate sickle cell disease™".
The clinical features consist primatily of pain or abdomi-
nal distension, malaise, anorexia, nausea, chills and fever.
If associated with choledocholithiasis, the bilomas may
occur with jaundice, dark urine and acholic stools. Less
frequently they are asymptomatic. Usually the lesions are
diagnosed in an average time of 1-2 wk!''

Laboratory exams may document the presence of
neutrophilic leucocytosis and increased values of eryth-
rocyte sedimentation rate and C-reactive protein (CRP),
and these may suggest a concomitant cholangitism. Oc-
casionally, abnormal values of aspartate aminotransferase
and alanine aminotransferase may be detected™. In the
presence of jaundice, laboratory tests may show signs of
cholestasis (elevation of serum alkaline phosphatase, total
and direct bilirubin) as the result of biliary obstruction by
gallstones or, less frequently, of extrahepatic biliary duc-
tal compression caused by the biloma'>"".

The diagnosis is suspected on the basis of the clini-
cal history (e.g., recent cholecystectomy or abdominal
trauma), location of the lesion, ultrasound and computed
tomography (CT) appearance and can be confirmed by
magnetic resonance (MR) cholangiopancreatography
and by the features of the material obtained by ultraso-
nography-guided percutancous aspiration. The bilomas
must be differentiated from other similar findings, such
as lymphocele, abscesses, hematomas, pseudocysts, liver
cysts and seroma'”, Gallbladder scintigraphy with tech-
netium-99 may help to differentiate the biloma from
hematomas or liver abscesses. Endoscopic retrograde
cholangiography may provide not only further diagnostic
confirmation but also a therapeutic option, allowing de-
compression of the bile duct and biliary drainage of the

collection™ "’

| In the case of recurrence or persistence
of the biloma, more invasive treatment strategies may be
considered. In one study, surgical treatment was found
to be associated with a higher complication rate!' . If the
collection is well confined or if there are small residual
gallstones, surgical access by subcostal laparotomy is ap-
propriate{zo’zﬂ. In case of bile leakage arising after hepa-

tectomy, percutaneous transhepatic biliary drainage is the
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treatment of choice™. Kyoden ez al™ evaluated the use

of prophylactic abdominal drainage performed in 1269
consecutive cases of elective liver resection in order to
reduce the frequency of the development of subphrenic
fluid collections and bile leakage. Placement of drains
was effective in a significant number of patients undergo-
ing hepatectomy.

CASE REPORT

A 72-year-old woman was admitted to our Hospital for
the persistence, from the day before, of acute and stab-

bing epigastric pain, not associated with nausea, vomiting,
diarrhea or fever. The patient did not report unusual food
intake or recent travel. She reported a history of ischemic
heart disease, previous multiple pulmonary infarctions
treated with oral anticoagulants, type 2 diabetes mellitus
in good metabolic control, Hashimoto’s thyroiditis and
a past history of cholecystectomy for lithiasis (12 years
before). The physical examination revealed the presence
of evoked pain by deep palpation in the epigastrium and
torpid peristalsis. The remaining examination was not-
mal. Laboratory tests documented fasting hyperglycemia
(> 200 mg/dL), hyperamylasemia (3420 U/L), increased
values of lipase (24667 U/L), CRP (8.3 mg/dL) and leu-
kocytosis (14000/mL) with neutrophilia. Hemoglobin, se-
rum electrolytes, indices of cholestasis, liver enzymes and
cardiac markers were normal. An electrocardiogram, per-
formed in the emergency room, showed signs of previ-
ous myocardial infarction. Abdominal X-ray showed poor
distension of the bowel loops in the absence of other
findings. An ultrasound examination of the upper abdo-
men revealed, in the [V hepatic segment and in proximity
of the site of previous cholecystectomy, the presence of
a heterogeneous hypo-anechoic rounded lesion, with a
maximum size of 3.89 cm X 3.42 cm and hyperechoic,
calcified walls; it was equipped with numerous hypere-
choic debris generating acoustic shadow (Figure 1A). The
lesion did not demonstrate an increase in color Doppler
signal (Figure 1B). The pancreas showed a normal size
with heterogeneous echotexture and blurred margins.
The clinical, laboratory and pancreatic ultrasound find-
ings were suggestive for acute pancreatitis. These data
were confirmed by a contrast-enhanced abdominal CT,
which showed inflammation of the pancreatic tissue and
peritoneal effusion. The focal lesion localized in the IV
hepatic segment had a hypodense appearance and did
not enhance after intravenous administration of contrast
agent (Figure 2). It was bounded by a wall thickening of a
few mm and showed a thin septum in its lateral portion.
The lesion’s appearance was not specific and was not
supported by the clinical and laboratory findings, which
strongly indicated a diagnosis of acute pancreatitis.

With the establishment of fasting and appropriate
supportive cate, the patient became asymptomatic again
with optimal values of pancreatic function. However, the
hepatic lesion persisted despite adequate treatment and
was not due to simple pseudocyst, because of the atypical
location and appearance. At magnetic resonance imaging
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Figure 1 Chronic biloma in a 72-year-old woman: ultrasound findings. A:
Oblique view shows a heterogeneous hypo-anechoic rounded lesion with hyper-
echoic, calcified walls (arrows), numerous hyperechoic debris generating acustic
shadow (arrow heads) and maximum size of 3.89 cm (caliper 1) x 3.42 cm (caliper
2); B: Color Doppler sonogram shows absence of vascularity inside the lesion (ar-
rows). pv: Portal vein; ivc: Inferior vena cava.

Figure 2 Computed tomography shows the biloma as a hypodense lesion
in the IV hepatic segment, characterized by absence of enhancement af-
ter administration of intravenous contrast agent (arrow). RL: Right hepatic
lobe; LL: Left hepatic lobe; IV: Fourth hepatic segment; k: Kidney; ivc: Inferior
vena cava; ao: Aorta; sc: Spinal column.

(MRI) the lesion appeared intense on Ti-weighted images
and hyperintense on Tz2-weighted images (Figure 3A). In
addition, because of its location in proximity of the site
of the previous cholecystectomy, a contrast-enhanced
MR cholangiopancreatography was performed, which re-
vealed a close proximity between the lesion and the stump
of the remnant cystic duct. The lesion seemed to arise
postetiotly to the confluence of the right and left hepatic
ducts into the common hepatic duct (Figure 3B).

K
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Figure 3 Biloma features on magnetic resonance imaging. A: On Tz-weighted
images, the biloma appeared as a hyperintense lesion located in the IV hepatic
segment (arrow); B: Contrast enhanced magnetic resonance cholangiopancrea-
tography shows the biloma as a well-defined, rounded lesion (arrow) arising pos-
teriorly to the confluence of right and left hepatic ducts into the common hepatic
duct (arrowhead) in proximity to the stump of the remnant cystic duct (star). RL:
Right hepatic lobe; LL: Left hepatic lobe; IV: Fourth hepatic segment; ivc: Inferior
vena cava; ao: Aorta; pv: Portal vein; sc: Spinal column; sp: Spleen; chd: Com-
mon hepatic duct; cbd: Common bile duct.

Biloma was diagnosed. Considering the surgical risk
of the patient and the fact that the lesion was found
many years after cholecystectomy, the surgeon did not
advise intervention. The patient is undergoing follow-up
with ultrasonography every 6 mo to confirm the stability
of the lesion over time.

DISCUSSION

Role of ultrasonography in the assessment of bilomas
Vazquez et a* identified 21 bilomas in eighteen patients,
using ultrasound, CT or both. A solitary bile collection
was found in fifteen patients, while two distinct bilomas
were detected in three patients each. Width, depth, and
axial length ranged from 2 cm X 2 ¢cm X 3 cm to 10 cm
X 19 cm X 25 cm, respectively. The maximal transverse
diameter was < 5 c¢m, between 6 and 10 cm and greater
than 10 cm in four, eight and eight bilomas, respectively.
Sixteen of these were located in the right upper quadrant
of the abdomen, four of which were intrahepatic, six
subhepatic, and six subphrenic. The last five were located
in the left upper quadrant of the abdomen'. Therefore,
the right quadrant is more frequently affected””.
Ultrasound plays a key role in diagnosis of bilomas,

. . . LT 3152324 .
representing the first instance investigation™****, with
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the advantage of being a non-invasive and rapidly ex-
ecutable exam. This factor is particularly important in
post-traumatic cases, where a rapid diagnosis is essential
for subsequent therapeutic intervention. Focused assess-
ment with sonography for trauma (FAST) is indicated
for screening hemodynamically stable patients with blunt
abdominal trauma; in low-grade injuries it may disclose
or exclude a potentially unknown pathology, such as bile
leaks, free peritoneal fluid and hematomas with a posi-
tive cost-to-benefit ratio and high negative predictive
value®?. Tn high-grade injuries, ultrasound may be use-
ful in association with CT for definitive interval assess-
ment””,

This method is able to show the presence of single or
multiple well circumscribed anechoic lesions with promi-
nent distal sonic enhancement”. These may contain a
small amount of debris or have few septa but are usually
devoid of capsules. They are sometimes surrounded by
a thin rim which is thicker in the case of longer duration
bilomas. The accuracy of ultrasonographic findings in the
diagnosis of biloma is enhanced by the clinical pre-test
probability, based on a thorough clinical-anamnestic as-
sessment” . In the presence of a history of recent trauma
or interventions such as cholecystectomy and hepatec-
tomy, usually associated with clinical features (pain or ab-
dominal distension, jaundice, chills, fever) and laboratory
abnormalities, the ultrasound finding of well-delimited
anechoic lesions in typical locations (sub- or intrahepatic
or subphrenic) may suggest the presence of biloma. In
this context, ultrasonography-guided percutaneous as-
piration can attain a significant diagnostic value; a high
aspirated fluid/serum bilirubin ratio is strongly suggestive
of bile leakage and can confirm the diagnosism. It may
also be useful as a therapeutic option but is associated
with discomfort and infection, whereas surgery, which
is usually limited to refractory cases, has high morbid-
ity and mortality rates. Therefore, Shami ez a/™” recently
suggested the use of endoscopic ultrasound (EUS) to
drain bilomas, obtaining promising results. In this study,
a total of five patients underwent EUS-guided transen-
teric drainage of symptomatic bilomas adjacent to the
gastrointestinal lumen. The method included transenteric
EUS-guided puncture, placement of a guidewire into the
biloma and creation of an enteral-biloma fistula with po-
sitioning of a plastic endoprosthesis. This technique was
successfully performed, resolving the biloma in all five
patients, in the absence of significant morbidity. Recently,
contrast-enhanced ultrasound (CEUS) has been applied
to detect bile leakage by showing the passage of contrast
agent into the perihepatic spaceml. The usefulness of this
technique has recently been confirmed by Mao ef al™ in
the diagnosis of biliary leakage following T-tube removal,
but further studies with a larger number of patients are
necessary to evaluate this new application of CEUS.

Finally, ultrasonography can be useful in the follow-
up of patients undergoing drainage or surgery, to evaluate
biloma resolution, and in those conservatively treated in
otrder to document lesion stability without further com-

plicationsm.
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Other imaging studies

CT can confirm the presence of bilomas, which appear
as well-confined collections with low intraparenchymal
or perihepatic attenuation values™". Bilomas are usually
clearly delineated by liver margins, diaphragm, mesenter-
ies and other adjacent structures; however, they have no
identifiable capsule. Occasionally, they may have a thin
rim of 1-2 mm which can be larger in the case of older
biloma; it may be enhanced after administration of in-
travenous contrast agentm. CT cannot show bile duct
injuriesm. Sometimes the lesions are associated with the
presence of ascitic fluid in the peritoneal cavity'.

In doubtful cases and/or in the presence of CT con-
traindications (severe renal insufficiency ot iodinated con-
trast sensitivity), MRI can be a valuable tool to diagnose
and differentiate the biloma from other focal liver lesions,
such as subacute hematoma: the biloma can appear het-
erogeneously intense on Ti-weighted images and homo-
geneously hyperintense on Ta-weighted images, while the
hematoma usually appears hyperintense on both Ti- and
T2-weighted MR sequences[‘m. Unlike CT, MR cholangiog-
raphy enhanced with hepatocyte-specific contrast agents
can accurately delineate the anatomy of the biliary system
and its relationship with a suspected biloma. This method
has proved of high diagnostic accuracy in differentiating
biliary from nobiliary lesions™. Pecchi ¢z a/™" have recently
found that MR cholangiography can attain sensitivity,
specificity, positive and negative predictive values and
diagnostic accuracy of 93.5%, 94.4%, 96.7%, 89.5% and
93.9%, respectively, in the diagnosis of biliary complica-
tions (e.g., bilomas) after orthotopic liver transplantation.
After the administration of gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA),
MR cholangiography can reveal an intrahepatic biloma as
a liver fluid accumulation with delayed filling of the con-
trast agent. Furthermore, by demonstrating the passage of
contrast material, such as mangafodipir trisodium or Gd-
EOB-DTPA, MR cholangiography can clearly outline an
extrahepatic biloma**. Tn our case, MR cholangiography
confirmed the presence of bile leakage, suspected on the
basis of ultrasound findings, in the absence of typical his-
tory and clinical features.

In an ecarly stage, the gallbladder scintigraphy with
technetium-99 can highlight one or more areas of re-
duced uptake of the radioactive substance, while in the
late phase, 2 h after administration, it can document an
uptake area. This examination helps to differentiate the
biloma from hematomas or liver abscesses but is cur-
rently litde used™.

Endoscopic retrograde cholangiography accurately
diagnoses the cause of postcholecystectomy bile leakage
and biloma formation, at the same time allowing a defini-
tive treatment determining decompression of the bile duct
(through a sphincterotomy or nasobiliary endoprosthesis
placement) and biliary drainage of the collection"™'™",

In conclusion, ultrasonography plays a key role in the
assessment of suspected biloma: in patients with a histo-
ry of recent trauma or hepatobiliary surgery, who present
with right upper quadrant abdominal pain, chills, fever or

May 28,2013 | Volume 5 | Issue5 |



Tana C et a/. Sonographic assessment of a suspected biloma

other symptoms, the finding of single or multiple well cit-

cumscribed anechoic lesions with prominent distal sonic

enhancement, debris or few septations, located in typical

sites (more often subphrenic, subhepatic or intrahepatic)

can orient toward the diagnosis, which can be confirmed
by second level imaging and/or ultrasonography-guided
percutaneous aspiration or endoscopic drainage. The
latter can reveal a high aspirated fluid/serum bilirubin
ratio, strongly suggestive of bile leakage, also allowing a
rapid resolution of the lesion. In doubtful cases, like our
patient, sonography may raise the suspicion of biloma,

providing precious diagnostic clues, but confirmation
with second level imaging, such as MR cholangiography,
is needed. Finally, ultrasonography can be a valuable tool

to

follow-up untreated lesions in order to document their

stability or any increase over time.
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Abstract

Intracranial arterial occlusion is rarely encountered in
association with head injury. Only six cases of traumat-
ic occlusion of the anterior cerebral artery (ACA) have
previously been reported. In this paper, the authors
describe a case of a posttraumatic occlusion of ACA.
A 35-year-old male presented to the emergency room
with severe head injury. Computed tomography (CT)
scan displayed diffuse brain swelling with multiple skull
fractures. Follow up CT scan showed extensive cere-
bral infarction in the territory of ACA. The patient un-
derwent CT angiography that demonstrated occlusion
of the ACA by a fracture of the anterior fossa. He died
after 3 d. ACA traumatic occlusion is a rare condition,
with poor prognosis. In this case, fracture was respon-
sible for dissection and direct obstruction of the artery.

© 2013 Baishideng. All rights reserved.

Key words: Anterior cerebral artery; Brain vascular trau-
ma; Arterial occlusion; Computed tomography; Neuro-
logical diagnostic techniques; Brain injury
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INTRODUCTION

Intracranial arterial occlusion is rare associated with head
injury”. The incidence of this condition with cerebral
ischemia in the literature range from 0.2% to 1.6%"".
Most injuries occur in the internal carotid artery, followed
by the middle cerebral artery and the vertebrobasilar ves-
sels’™. Occlusion of the antetior cerebral artery (ACA)
from head trauma is extremely uncommon. Six cases of
traumatic occlusion of the ACA have been reported in
literature! **™. In this paper the authors describe a case of
severe head injury associated with traumatic occlusion of

the ACA.

CASE REPORT

A 35-year-old male was admitted to the emergency
room following a motorcycle accident. On admission his
Glasgow Coma Score was 4, and he presented isochoric
pupils, without systemic lesion. Immediate head mul-
tislice computed tomography (CT) scan was performed
and showed diffuse brain swelling with multiple skull
fractures, included one in the skull base (Figure 1).

The patient developed mydriatic pupils after 24 h and
an extensive cerebral infarction in the territory of ACA
was found in the CT scan (Figure 2). Patient underwent
CT angiography that demonstrated occlusion of the ACA
caused by a fracture of the anterior fossa, with partial
obstruction of the right and left branches, indicating a
traumatic occlusion (Figure 3). Patient deceased after 3 d
despite of medical management and intracranial pressure
monitoring,
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Figure 1 Computed tomography scan showed diffuse brain swelling with
multiple skull fractures, including one in the anterior fossa.

Figure 3 Multislice computed tomography angiography showed occlusion
of the anterior cerebral artery adjacent to a fracture in the anterior fossa.
AF: Anterior Fossa; A1: First segment of anterior cerebral artery; A2: Second
segment of anterior cerebral artery; SS: Sphenoid sinus.

DISCUSSION

Fatal ACA infarct was encountered in half of the report-
ed cases. Only one patient survived without neurological
deficits. All patients except one sustained their injury in
a road accident. In our patients a severe trauma follow-

ing motorcycle accident indicates a high energy trauma
mechanism.

The initial diagnosis is often delayed because of the
low incidence of traumatic ACA occlusion'. Lucid in-
tervals are common in patients with traumatic arterial
obstruction™. However in this case, the authors believe
that axonal diffuse injury associated with arterial lesion
were responsible for the coma, with no lucid interval.

Outcome is generally poor. Three patients died, and
one remained in persistent vegetative state. Mechanisms
such as direct injury, dissecting aneurysm, thrombosis,
and embolism have been reported as cause for intracra-
nial vessel occlusion in association with head injuryﬂ"ﬂ.
In this case, occlusion probably was caused by dissection
and direct obstruction of artery by fracture. We believe
that the extensive line of fracture at the base of the
anterior fossa and sella resulted in partial traumatic oc-
clusion by clamping of both anterior cerebral arteries in
Al and A2 segment. The ACA and the terminal branch
of internal carotid artery, its first segment, designated
Al presents length ranging from 10 to 20 mm, an aver-
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Figure 2 Follow up computed tomography scan showed extensive cere-
bral infarction in the territory of anterior cerebral artery.

age of 15 mm", This segment goes on the optic chiasm
in 17% and on the nerve in 83%, while the A2 segment
goes hand in hand in 26%'", as we believe occurred in
our patient, which allowed bilateral compression with
elevation of bone the fracture and thus clamping these
vessels.

Vasospasm is another factor in the pathogenesis of
intracranial artery occlusion . Spasm following traumatic
subarachnoid hemorrhage is most common in the distal
portion of the internal carotid artery and the proximal
portion of the middle cerebral artery and ACA"™!". The
reported incidence of intracranial arterial spasm follow-
ing %oderate to severe head injury range from 5% to
10% . In this patient, presence of eatly hypodensity on
CT skull do not favor spasm as the primary mechanism,
nonetheless one may not totally exclude it, mainly in the
terminal branches of the anterior cerebral arteries.
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