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Abstract

Endoscopic ultrasonography (EUS) is the most accurate
procedure for detecting and diagnosing subepithelial
tumors, due to its higher sensitivity and specificity than
other imaging modalities. EUS can characterize lesions
by providing information on echogenic origin, size,
borders, homogeneity, and the presence of echogenic
or anechoic foci. Linear echoendoscopes, and recently
also electronic radial echoendoscopes, can be used with
color Doppler or power Doppler to assess the vascular
signals from subepithelial masses, and thus permit the
differentiation of vascular structures from cysts, as well
as the assessment of the tumor blood supply. However,
the diagnostic accuracy of EUS imaging alone has been
shown to be low in subepithelial lesions with 3rd and 4th
layers. It is also difficult to differentiate exactly between
benign and malignant tumors and to gain an accurate
picture of histology using EUS. On the other hands, EUS
guided fine needle aspiration (EUS-FNA) can provide
samples for cytologic or histologic analysis. Hypoechoic
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lesions of the 3rd and the 4th EUS layers, more than in
1 cm diameter are recommended, and histologic confir-
mation using endoscopic submucosal resection or EUS-
FNA should be obtained when possible. Therefore, EUS-
FNA plays an important role in the clinical management
of subepithelial tumors. Furthermore improvements in
endoscopic technology are expected to be more useful
modalities in differential diagnosis and discrimination
between benign and malignant subepithelial tumors.

© 2010 Baishideng. All rights reserved.

Key words: Endoscopic ultrasonography; Submucosal
tumor; Subepithelial tumor

Peer reviewers: Alain Chapel, PhD, Institut de Radioprotec-
tion et de S reté Nucléaire, DPHD, IRSN. B.P. no 17, F-92262
Fontenay-Aux-Roses, France; Antonio Pinto, MD, PhD, De-
partment of Radiology, Cardarelli Hospital, Via Posillipo 168/D,
1-80123, Naples, Italy

Sakamoto H, Kitano M, Kudo M. Diagnosis of subepithe-
lial tumors in the upper gastrointestinal tract by endoscopic
ultrasonography. World J Radiol 2010; 2(8): 289-297 Available
from: URL: http://www.wjgnet.com/1949-8470/full/v2/i8/
289.htm DOIL: http://dx.doi.org/10.4329/wjr.v2.i8.289

INTRODUCTION

Submucosal masses or lesions often referred to as ‘submu-
cosal tumors’, represent a growth underneath the mucosa
of the gastrointestinal (GI) tract whose etiology cannot be
determined by GI endoscopy or barium studies'". Howev-
er, the term ‘submucosal tumor’ is inappropriate, because
many of these lesions do not arise from the submucosa
and many of them are not tumors” ™. Thus, ‘subepithelial’
is a more appropriate term than ‘submucosal’. Hence,
other authors call these abnormalities subepithelial lesions,
because they are covered by normal mucosa'. These can

August 28,2010 | Volume 2 | Issue 8 |
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be caused by external compression by the neighboring or-
gans or by intramural lesions. However, submucosal is still
recognized and used.

The majority of subepithelial tumors do not cause
symptoms and are discovered incidentally during endo-
scopic or radiologic examinations. The ovetlying mucosa
usually appears smooth and normal at endoscopy. If
symptoms do occut, they are nonspecific such as abdomi-
nal pain, obstruction, hemorrhage and intussusceptions'™.
Large submucosal neoplasms may outgrow their blood
supply, ulcerate through the mucosa, and present as GI
bleeding. Firm subepithelial tumors may also present with
obstructive symptoms, especially if they are located near
the cardia or the pylorus. Subepithelial tumors obstructing
the major or minor papilla may cause jaundice or pancre-
atitis. Pain and weight loss, often associated with large sub-
mucosal GI stromal tumors (GISTSs), are symptoms that
suggest ma]jgnancyp’g].

Endoscopic ultrasonography (EUS) is the most sensi-
tive imaging procedure for the characterization of sub-
epithelial tumors and it can also diagnose them, especially
small ones"""". Linear echoendoscopes and electronic
radial echoendoscopes can be used with color Doppler or
power Doppler to assess the vascular signals from sub-
epithelial masses, and thus permit the differentiation of
vascular structures from cysts, as well as the assessment
of the tumor blood supply""'*"”. Furthermore, Catheter
US (miniprobes), if available, may be particularly useful
for evaluating subepithelial tumors because they permit
sonographic examination of the tumor while the patient
is having a diagnostic endoscopy[w’m. In addition to being
convenient, catheter-type US probes are particularly use-
ful for imaging small subepithelial tumors that are difficult
to identify with dedicated echoendoscopes. They are also
useful in imaging subepithelial tumors in the colon"”, how-
ever, miniprobes are not useful if the subepithelial lesions
are over 2 cm in diameter because of the limited penetrat-
ing depths. Therefore, EUS is performed as the second in-
tervention following standard endoscopy!”. On the other
hand, it is difficult to differentiate exactly between benign
and malignant tumors and to gain an accurate picture of
histology using EUS. EUS guided fine needle aspiration
(EUS-FNA) can be used to provide samples for cytologic
or histologic analysis. Therefore, EUS-FINA plays an im-
portant role in the clinical management of subepithelial
tumors. This review will focus on EUS appearances of
common subepithelial GI tract tumors, the diagnostic
accuracy of EUS-FNA, and surveillance by EUS, high-
lighting their relative advantages and their complementary
roles in clinical practice.

EUS IMAGING

Optimal imaging of subepithelial lesions requires submer-
sion under water, which sometimes requites repositioning
of the patient after the GI lumen has been filled with wa-
ter. Endosonographically, the wall of the GI tract consists
of 5 layers of alternating echogenicity (Figure 1). The 1st
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Figure 1 Normal structure of the gastric wall with five endoscopic ultra-
sonography layers present.

layer is hyperechoic and represents the superficial layer of
the mucosa. The 2nd layer is hypoechoic and constitutes
of the deep layer of the mucosa, including the muscularis
mucosa. The 3rd, hyperechoic layer is the submucosa,
the 4th hypoechoic the muscularis propria and the 5th
hyperechoic is the serosa/ adventitia. For subepithelial
tumors that are intrinsic to the GI wall, it is important
to characterize the layer(s) of origin or involvement, the
echogenicity of the tumor, the smoothness of the border
and any internal feature (Table 1). Inflation of the balloon
covering the transducer with water may improve the ultra-
sonic contact. However, this may compress the GI tract
wall and distort the EUS image. This is the reason why
the esophagus and duodenum are sometimes visualized
with only three layers, with the first hyperechoic layer cot-
responding to the balloon-mucosa-submucosa together
with the submucosa-muscularis-propria interface.

Extrinsic compressions

An enlarged left atrium, left hepatic lobe, and spleen may
commonly masquerade as a subepithelial tumor of the
esophagus and stomach during endoscopy” . A recent
international multicenter study reported that the sensitiv-
ity and the specificity of extramural compression with
endoscopy alone were 87% and 29%, respectivelym. The
EUS characterization of these organs is useful in the
evaluation of extraluminal organs which compress the GI
tract lumen, 100% accurate for the differential diagnosis
and supetior to transabdominal ultrasound or CT scans
(Figure 2). Pancreatic pseudocysts or tumors can also be
identified when assessing subepithelial tumors by EUS.

Varices

Occasionally, large gastric varices may be polypoid” ™.
EUS imaging of gastric varices demonstrates characteristic
anechoic serpiginous structures in the third hyperechoic
layer. Flow within the vatix can be demonstrated by Dop-
pler examination.

Lipomas
Lipomas are generally soft, exhibiting a pillow sign when

August 28,2010 | Volume 2 | Issue 8 |
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EUS layer Organ EUS appearance
Varices 3rd Fundus Anechoic
Lipomas 3rd Stomach, duodenum, rectum  Hyperechoic, smooth margins
Ectopic pancreas 3rd, 4th (2nd, 5th)  Antrum Hypoechoic, heterogeneous (possible ductal structure)
Cysts 3rd Esophagus, stomach, Anechoic, compressible, round or oval (3rd or 5th layer are
duodenum suggestive of duplication cyst)
Inflammatory fibroid polyp 2nd Antrum, duodenum Polypoid, hypoechoic, covered by a thin mucosa
Granular cell tumor 2nd, 3rd, 4th Esophagus Hypoechoic, oval, heterogeneous,
Leiomyoma 4th (2nd) Esophagus, cardia Hypoechoic, round or oval, well demarcated
Schwannoma 4th (3rd ) Stomach Hypoechoic, round or oval, well demarcated

Gastrointestinal stromal

4th (2nd, 3rd, 5th)

Stomach, small intestine

tumor

Leiomyosarcoma 2nd, 4th Esophagus, stomach
Carcinod 2nd, 3rd Fundus, rectum
Lymphoma 2nd, 3rd, 4th Stomach

Metastases 1st-5th or all All

Hypoechoic, round (large tumors > 4 cm, homogeneous, irregular
border, cystic areas of echogenic foci: borderline or malignant )
Hypoechoic, heterogeneous, irregular extraluminal border or
invasiveness of the neighbouring organs

Hypoechoic

Hypoechoic

Hypoechoic, heterogeneous, irregular margin

EUS: Endoscopic ultrasonography.

Figure 2 Endoscopic and endoscopic ultrasonography finding of extrinsic compression. A: Endoscopic view of subepithelial lesion of the gastric angle; B: Endo-

scopic ultrasonography shows an extramural compression by a liver cyst.

Figure 3 Endoscopic and endoscopic ultrasonography finding of lipomas. A: Endoscopic view of 1.5 cm subepithelial lesion of the anterior part of the gastric
angle; B: Endoscopic ultrasonography shows an typical aspect of an 1.6 cm lipoma of the gastric angle (arrows).

probed, and have a yellowish hue. EUS demonstrates li-
pomas as hyperechoic, homogeneous, well-circumsctibed
ovoid masses in the 3rd layer (Figure 3)P,

Cysts/duplication cyst

Cysts typically appear as round or ovoid, smooth anechoic

1494

Jg;smmg WJR | www.wjgnet.com

compressible structures located within the 3rd layer. The
wall of the duplication cyst may appear as a three or a five
layer structure”",

Ectopic pancreas
Ectopic pancreas, also called heterotopic or aberrant pan-

August 28,2010 | Volume 2 | Issue 8 |
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Figure 4 Endoscopic and endoscopic ultrasonography finding of ectopic pancreas. A: Endoscopic view of a subepithelial lesion of the greater curvature of the gastric
antrum, covered with normal mucosa, with a central depression; B: Endoscopic ultrasonography shows indistinct margin, hypoechoic tumor developed within the 4th layer.

creas, is defined as pancteatic tissue lying outside its normal
location and lacking anatomic or vascular connection with
the pancreas. Ectopic pancreas, which usually does not
cause symptoms, is found incidentally in the stomach,
duodenum, and small intestine. Gastric lesions are discov-
ered in the antrum in 85%-90%, cither on the posterior
or anterior wall, being more common along the greater
curvature. The frequency of ectopic panctreas has been
estimated as 1 case per 500 explorations of the upper ab-
domen or 0.6% to 13.7% of autopsies. The endoscopic
appearance of a pancreatic rest is usually that of a firm,
slightly irregular nodule in the stomach or elsewhere in
the GI tract (Figure 4A). The mucosa over the nodule
may have a central depression or dimpling, and ducts may
empty into the lumen at this site. Usually, the character-
istic EUS demonstrates an indistinct margin, hypoechoic
or mixed echogenicity, a heterogeneous lesion, and most
locations are within either the 3rd or 4th layers or only in
the 3rd layer (Figure 4B)"7,

Granular cell tumor

Granular cell tumors are benign neoplasms. Typically they
are located in the distal part of the esophagus with a yel-
lowish appearance; EUS demonstrates a heterogeneous

mass with smooth borders located in the 3rd layer™*",

Submucosa cancer/metastases

Subepithelial primary carcinoma, lymphoma or metasta-
ses may rarely involve the submucosa. EUS show a hy-
poechoic, heterogeneous lesion in any or all of the EUS
layers'™". The most frequent primary tumors that result
in GI metastases are breast cancer, melanoma and lung

[18]
cancer

Gastric inflammatory fibroid polyp

Inflammatory fibroid polyp (IFP) appears as a 2 cm almost-
pedunculated polyp on the antrum when analysed using
endoscopy. The polyp is covered mostly by normal mu-
cosa, with whitish exudates. The appearance of IFPs on
EUS is characterized by an indistinct margin, hypoechoic
homogeneous lesion and location within the 2nd and/or
3td layer with an intact 4th layer”,
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Mesenchymal tumor

Mesenchymal tumors of the GI tract are classified in three
type tumors, GIST, leiomyoma, and schwannoma. Patho-
logically, most of these tumors are completely or partly
composed of spindle cells and have a light microscopic
appearance suggestive of smooth muscle or nerve sheath
differentiation. These tumors therefore have been pre-
sumed to be of smooth muscle origin and often labeled
as leiomyomatous or Schwann cell tumors™?’, In recent
years, with the advance of immunohistochemical®*" and
ultrastructural®™ studies, it has been shown that most gas-
tric and small intestinal mesenchymal tumors are neither
leiomyoma nor schwannoma but GIST derived from the
interstitial cells of Caja. GISTs are the most common
GI mesenchymal tumors, now defined as KIT-positive
mesenchymal tumors. Leiomyoma tumors demonstrate
a-smooth muscle actin, desmin protein on immunohisto-
chemistry, but not KIT expression. Schwannoma tumors
demonstrate S100 protein on immunohistochemistry, but
not KIT expression™ ™,

Leiomyoma

Leiomyomas are benign tumors without malignant poten-
tial which arise from the muscularis mucosa or the mus-
cularis propria. They are found in the esophagus, but are
rare in the stomach and small intestine. EUS demonstrates
a hypoechoic, well-circumscribed, homogeneous lesion,

developed in the 2nd or 4th layer (Figure 5A).

Schwannoma

The GI schwannoma to GISTs (the most frequent GI
SMTS) ratio is approximately 1:50-100"". Therefore, GI
schwannomas are rare. The schwannoma appearﬁaﬁﬁc}e is

similar to that of lelomyoma or GISTs (Figure 5B)" ™.

GIST

GISTs occur most frequently in the stomach (65%) and
in the small bowel (25%), rarely in the rectum and the
colon. They are exceptional in the esophagus (1%0) (13330,
Approximately 10%-30% of GISTs are clinically malig-
nant, although the fact that all GISTs are considered to
have some degree of malignant potential should be kept
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Figure 5 Hypoechoic tumor developed within the 4th layer. A: Leiomyoma
of the esophagus (30 mm); B: Schwannoma of the stomach (22 mm).

in mind. GISTs in the small intestine ate mote aggressive
that those located in the stomach”. EUS demonstrates a
hypoechoic tumor contiguous with the 4th layer and well-
delineated lesion (Figure 6). However recent reports also
indicate the presence of GISTs in the 3rd layer' ™ con-
tiguous with the muscularis mucosa® !,

Differentiation between leilomyomas, schwannomas and
GISTs is extremely difficult by imaging modalities, even
EUS. Recently, Okai ez al™ tried to differentiate between
19 GISTs, 3 leiomyomas, and 2 schwannomas by EUS.
A complete or incomplete marginal hypoechoic halo was
found in more than half of the patients with GISTs and
schwannomas, whereas a distinct marginal halo was not
seen in lelomyomas. It was also demonstrated that the
echogenicities of GISTs were generally low but slightly
higher than that of the normal surrounding proper muscle
layer, wheteas the level of leiomyomas was nearly equal to
that of the surrounding normal proper muscle layer and
that of schwannoma was extremely low. Accordingly, the
difference in echogenicities among the three mesenchymal
tumors might reflect the pathologic differences of cellular-
ity and structural components of the tumor. Although the
number of patients enrolled in their study was too small to
make a comparison, these EUS findings may be helpful for
differentiation between these gastric mesenchymal tumors.

DIFFERENTIAL DIAGNOSIS

We have described the EUS appearance of each subepi-
thelial tumor. Determination of the histologic layer and
the echotexture of the lesion can significantly narrow the

(44
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Figure 6 Endoscopic and endoscopic ultrasonography finding of gastroin-
testinal stromal tumor. A: Endoscopic view of subepithelial lesion of the poste-
rior side of the greater curvature of the gastric body; B: Endoscopic ultrasonogra-
phy shows hypoechoic, homogeneous 2 cm tumor developed within the 4th layer
(low risk gastrointestinal stromal tumor of the stomach); C: 35 mm hypoechoic,
heterogeneous, lobulated submucosal lesion with exogastric growth developed
within the 4th layer (high risk gastrointestinal stromal tumor of the stomach).

differential diagnosis. However, the differential diagnosis
of a hypoechoic 4th layer lesion is broad and includes be-
nign, premalignant, and malignant lesions™™. EUS performs
better than other modalities in evaluating GI subepithelial
lesion, but the diagnostic accuracy of EUS imaging alone
has been shown to be as low as 43% in subepithelial le-
sions with 3rd and 4th layers”. Hwang ez a/”! prospectively
evaluated the performance characteristics of EUS in
the diagnosis of GI subepithelial masses. Most incorrect
EUS diagnoses occurred with hypoechoic 3rd and 4th layer
masses with two of the cases demonstrating malignancies.
One case was an invasive squamous cell carcinoma invad-
ing the esophagus that on EUS coincided with the 4th
EUS layers and was hypoechoic with internal hyperechoic
foci, and had an irregular appearing margin. The 2nd case
was a gastric adenocarcinoma with EUS demonstrating
the lesion coincided with the 3rd EUS layers and was
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hypoechoic with internal hyperechoic foci, with smooth
margins. Therefore, hypoechoic lesions of the 3rd and the
4th EUS layer were considered. Histologic confirmation
by using endoscopic submucosal resection or EUS-FNA
should be obtained when possible.

DIFFERENTIAL DIAGNOSIS BETWEEN

BENIGN AND MALIGNANT TUMORS

In 1992, Résch ef al'” compared the EUS features of
benign with malignant tumors in SMT of the upper GI
tract, and concluded there was no single reliable criterion
that would enable a differential diagnosis. However, they
proposed larger, echo-inhomogeneous masses with irreg-
ular outer borders are suggestive of malignancy whereas
smaller (< 3 cm) echo-homogeneous subepithelial tumors
with a smooth margin are likely to be benign. Chak ez al"”
found that features predictive of malignant subepithelial
tumors were diameter > 4 cm, irregular extraluminal bor-
der, echogenic foci, and cystic space. When the presence
of at least two of the following three features were used
as malignancy determinants, sensitivity ranged from 80%
to 100%, depending on the endosonographer. Recently, it
has been considered that subepithelial tumors are mostly
gastric GISTSs, and there are some reports that assess EUS
characteristics for predicting the malignant potential of
GISTs™. Tumor size (more than 3 to 5 cm depending
on the study) was the most the important. The predictive
value of other features, such as irregular borders, echo-
genic foci, cystic spaces, ulcerated mucosae, lymph nodes
and exogastric growths with malignant pattern, is unclear
(Figure 6C) (1734369 However, those studies are retrospec-
tive and included small numbers of tumor samples, thus
somewhat conflicting results that have not been validated
in prospective series have been obtained. Therefore, larger
study numbers and prospective multicenter studies are
needed.

With the use of EUS, subepithelial lesions can be fur-
ther characterized by demonstrating the location of the
mass, size, and echogenicity®*!!. Furthermore, if a lesion
is intramural, EUS can demonstrate the histologic layer of
origin within the GI wall. Determination of the histologic
layer and the echotexture of the lesions can significantly
narrow the differential diagnosis and may be diagnostic in
some cases.

In addition, studies have shown interobserver agree-
ment to be poot, and the diagnostic accuracy to depend
heavily on the experience of the endosonographer™.

EUS-FNA

EUS-FNA is a safe and effective technique for obtaining
samples for cytologic or histologic examinations either as
a primary procedure or in cases where biopsy techniques
have failed (Figure 7). Williams ez al™ reported that the
overall sensitivity, specificity and accuracy of EUS-FNA
for the diagnosis of malignancy were 85%, 100% and
89%), respectively, for lymph nodes; 82%, 100%, and 85%,
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Figure 7 Endoscopic ultrasonography-guided fine needle aspiration of a
20 mm hypoechoic subepithelial tumor of the stomach, using a 25-gauge
(arrows).

respectively, for pancreatic lesions; 88%, 100%, and 90%,
respectively, for perirectal masses; and 50%, 25%, and
38%, respectively, for intramural lesions. They suggested
that when providing accurate diagnosis of pancreatic and
perirectal malignancies, the technique is less useful for in-
tramural lesions. Similarly, Wiersema ef al™” reported that
EUS-FNA sensitivity, specificity, and accuracy were 92%,
93%, and 92%, respectively, for lymph nodes, 88%, 95%,
and 90%, respectively, for extraluminal masses, and 61%,
79%, and 67%, respectively, for GI wall lesions. Therefore,
from those previous reports, EUS-FNA for subepithelial
tumors has not had high reliability and sufficient diag-
nostic accuracy. Recently, there are some reports that the
diagnostic yield of EUS-FNA depends on site, size and
characteristics of the tumor as well as technical and proce-
dural factors (type of needle, biopsy technique and mate-
rial processing). Other weighting factors include expertise,
training and interaction between the endosonographer
and cytopathologist'*!. Another factor that appears to af-
fect the accuracy of EUS-FNA is the presence of an on-
site pathologist since, in most studies that reported high
levels of EUS-FNA diagnostic accuracy, a cytopathologist
was present during the procedure to ensure that adequate
cytological specimens were obtained™", When a cytopa-
thologist is present during EUS-FNA, it appears that the
diagnostic yield increases by 10%°*". Vander Noot ez a/™
reported that the sensitivity, specificity, and diagnostic ac-
curacy of EUS-FNA on-site cytological evaluation during
FNA procedure in diagnosing GI tract neoplastic lesions
were 89%, 88%, and 89%, respectively. When specimens
with suspicious cytologic diagnoses were classified as be-
ing positive for malignancy the sensitivity and specificity
became 96% and 81%, respectively, and the diagnostic
accuracy improved to 92%. It is noteworthy that the re-
sults of this study were better than those reported in the
literature. They suggested that one possible explanation is
a cytopathologist is always present on site to assess speci-
men adequacy and to determine whether additional mate-
rial should be obtained for ancillary studies, such as flow
cytometric and immunocytochemical analyses. Klapman
et al®™ observed that an EUS center with on-site cytologic
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interpretation had significantly lower rates of unsatisfac-
tory specimens and a higher rate of positive or negative
cytologic diagnoses for malignancy compared with an
BUS center without on-site cytologic interpretation. False-
positive diagnosis of malignancy in EUS-guided biopsy is
also rare. Jenssen e a/ B reported that the high prognostic
and therapeutic relevance of the cytopathological diagno-
ses resulting from EUS-guided biopsy calls for a shared
responsibility of an endosonographer and a cytologist.

For EUS-guided biopsy predictors of malignancy
GIST, several factors have been studied in an effort to pro-
vide preoperative cytologic risk assessment. Ando ef a/”
reported that the presence of mitoses in specimens collect-
ed by fine-needle aspiration was associated with malignant
GISTs. However, mitoses are seldom seen on smears. The
same study also found that a high Ki-67 labeling index, a
protein marker of cell proliferation, was significantly as-
sociated with malignant lesion. Okubo e7 o/ reported that
the presence of an MIB-1 labeling index of more than
5% indicated a high-grade malignancy, with a diagnostic
accuracy of 85.7%. KIT and PDGFRA mutation analysis
has been proven possible using EUS-guided cell block
specimens” . As KIT mutation analysis has prognostic
importance and can be predictive of response to treat-
01 its preoperative determination may help to guide
the approach to treatment in locally advanced and meta-
static disease. The clinical role of such testing is currently
being investigated.

EUS-FNA is a safe and precise non-invasive proce-
dure for the diagnosis of subepithelial upper GI tract
tumors. Furthermore, utilization of sampling material
by EUS-FNA has been expected to improve treatment
and management in clinical practice. However, recently,
two cases of tumor seeding after percutaneous biopsy
for malignant GIST were reported ™", Although there
have been no reports of seeding after EUS-FNA for ma-
lignant subepithelial tumors, obtaining samples by EUS-
FNA from small tumors and from tumors with exogastric
growth may result in high peritoneal seeding risk because
the FNA needle may easily penetrate not only the tumor
but also the whole gastric wall, reaching the peritoneal side
and seeding tumor cells along the way. Therefore, during
sampling by EUS-FNA in such cases we must play atten-
tion to the needle in order not to penetrate the tumot.

ment

SURVEILLANCE BY EUS

For management of subepithelial tumors, EUS is rec-
ommended for subepithelial tumors more than 1 cm in
diameter, and histologic evaluation, such as EUS-FNA, is
recommended for hypoechoic subepithelial tumors less
than 3 cm in diameter. Surgery is recommended for sub-
epithelial tumors more than 3 cm in diameter®. Although
these procedures are helpful in a categorizing a lesion,
they cannot absolutely determine the type of lesion or de-
termine if a lesion is benign or malignantm. The American
Gastroenterological Association recommends periodic
endoscopic ot endosonographic follow-up or surgical re-
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section for small (less than 3 cm), hypoechoic, 3rd and 4th
layer masses, which are most likely GISTs™. GISTs are
most commonly identified intramural subepithelial tumors
in the upper GI tract”’. Small GISTS (less than 2 cm) have
very low malignant potential according to the classifica-
tion system proposed by the National Institutes of Health
Consensus Conference®. The recommended duration
of follow-up is very variable. Hwang ez al® suggested a
1 year follow-up interval and suggested that the interval
between surveillance examinations be extended if the
lesion remained unchanged for 2 consecutive follow-up
EUS. Guidelines in Japan recommended endoscopic ex-
amination once or twice per year for subepithelial lesions
less than 2 cm in diameter™™.

CONCLUSION

EUS imaging is essential for the evaluation of subepithelial
tumors, because EUS performs better than other modali-
ties in evaluating GI subepithelial lesions. However, the
diagnostic accuracy of EUS imaging alone has been shown
to be low in subepithelial lesions with a 3rd and 4th layer.
In the case of hypoechoic lesions of the 3rd and the 4th
EUS layers that are more than in 1 cm diameter, histologic
confirmation by using EUS-FNA should be obtained
when possible. Although EUS-FNA is a safer and more
accurate non-invasive method than other methods of get-
ting samples of the subepithelial tumor, even EUS-FNA
is not always accurate enough to determine malignancy,
especially determination of malignant GISTs. Furthermore
improvements in endoscopic technology are expected to
be more useful modalities in differential diagnosis and
discrimination between benign and malignant subepithelial
tumors.
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Abstract

Acute pancreatitis is characterized by acute chemical
injury of the pancreatic parenchyma and peripancre-
atic tissue. The increased frequency of death in acute
pancreatitis is directly correlated with the degree and
progress of pancreatic necrosis. Moreover, the occur-
rence of some local complications in acute pancreatitis,
such as pancreatic hemorrhage, peripancreatic abscess
or large pseudocyst, and pseudoaneurysm, could influ-
ence the choice of treatment for these patients. Mag-
netic resonance imaging (MRI) can be used to help
evaluate the presence and degree of pancreatic necro-
sis, and is crucial for identifying complications of acute
pancreatitis and predicting prognosis. The purpose
of this article is to describe MRI techniques for acute
pancreatitis, to review the spectrum of pancreatic and
peripancreatic patterns, as well as to survey various
complications secondary to acute pancreatitis on MRI.
The role of MRI in the initial evaluation and staging of
acute pancreatitis is emphasized.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis is caused by acute chemical injury of the
pancreas, and the leakage of activated pancreatic enzymes
leads to autodigestion of the pancreatic parenchyma and
petipancreatic tissues' . Alcoholism and choledocholi-
thiasis are the most common etiological factors for this
disease”. The clinical variety of mild acute pancreatitis
(70%-80% of patients), also called edematous interstitial
pancreatitis, exhibits a self-limiting disease with no or mini-
mal organ dysfunction, without complications, and with a
favorable prognosism. Severe acute pancreatitis (20%-30%0),
also called hemorrhagic necrotizing pancreatitis, is charac-
terized by conspicuous organ dysfunction, a high incidence
of local complications and a dramatic increase in mortality
rate (10%-23% in necrotizing pancreatitis)™”.

Increased levels of serum and/or urinary pancreatic
amylase and lipase have been detected in most individuals
with acute pancreatitis after the onset of symptoms. How-
ever, these pancreatic enzymes have no role in the assess-
ment of disease severity!™. Imaging for acute pancreatitis
has a significant role in confirming the diagnosis of this
disease, which helps to detect pancreatic necrosis and diag-
nose local complications”. Furthermore, imaging is useful
in the early assessment of disease severity™"'"),

Ultrasonography (US), a convenient and inexpensive
imaging technique, can help evaluate the presence of gall-
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bladder and/or common duct stones in acute pancteatitis.
However, visualization of the pancreas is often disturbed
by overlying gastrointestinal gas, which is an important
limitation for US applications in this disease™™.

Contrast-enhanced computerized tomography (CT) is
often used to aid the diagnosis of pancreatic necrosis and
help evaluate the presence and development of local com-
plications in acute pancreatitism]. CT severity index (CTSI),
a very good imaging grading system for disease severity, has
shown excellent correlation with the incidence of death in
patients with acute pancreatitis[4’8]. However, CT has the
potential aggravation of pancreatic injury that results from
the use of iodinated contrast media and an increased radia-
tion burden that can result from follow-up scans'"”

As with the development of high-field-strength mag-
netic resonance imaging (MRI), it has been established that
several techniques such as abdominal rapid gradient-echo
breath-hold, magnetic resonance cholangiopancreatog-
raphy (MRCP) and three-dimensional dynamic contrast-
enhanced sequences are performed to depict satisfactorily
the normal pancreas and pancreatic disorders' ',

Advantages for using MRI in patients with acute pan-
creatitis are as follows: (1) it is a diagnostic imaging method
without radiation hazard; (2) it is particularly useful in pa-
tients who cannot receive iodinated contrast material owing
to allergic reactions or other contraindications; (3) MRCP
has the unique capability of providing noninvasive images
of pancreatic parenchyma and pancreatic duct integtity, and
it has the advantage of demonstrating possible communi-
cation of a pancreatic pseudocyst with pancreatic ducts™";
(4) MRI has a potential advantage over CT in detecting bile
duct lithiasis and pancreatic hemorrhage of pseudocysts
or pseudoaneurysm, which can help plan surgery; (5) non-
enhanced MRI seems to be more accurate and reliable for
the early assessment of severity and prognosis of acute
pancreatitis than is contrast-enhanced CT"™'"*": and (6)
non-enhanced MRI is superior to CT for depiction and
confirmation of mild forms of acute pancreatitis“s].

Nevertheless, there are several limitations for using
MRI in this disease. (1) It requires patient cooperation and
breath holding, otherwise, there can be motion artifacts
that affect the visualization of the pancreas and its adja-
cent structures' ™. In our clinical practice, this requirement
is difficult for patients with severe pancreatitis, who are
too old or too weak to hold their breath for long enough;
(2) On MRCP, pancreatic duct visibility can be decreased
by the overlap of fluid-containing organs (e.g. stomach
and duodenum); (3) MRI is time-consuming and relatively
expensive with comparison to US or CT; and (4) MR
contrast media (e.g. gadolinium) have a potential risk of
developing nephrogenic systemic fibrosis in patients with
severe acute pancreatitis associated with renal insufficiency

after performing MR enhancement! .

MRI TECHNIQUE

For a comprehensive assessment of acute pancreatitis, it
1s necessary to evaluate the pancreatic parenchyma, the
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peripancreatic tissues and vasculature”. MRI for acute
pancreatitis requires the combined use of T1-weighted
imaging (e.g fast spin-echo imaging with multiple breath-
hold acquisitions or single-breath-hold gradient echo im-
aging); T2-weighted imaging [e.g. fast recovery fast spin-
echo or single-shot fast spin-echo (SSFSE) imaging]; and
MRCP (e.g. a thick-slab, SSFSE T2-weighted sequence).
The characteristics of these are as follows. (1) T1-weighted
imaging with fat suppression improves the delineation
of pancreatic borders and the pancreas itself, and it ad-
ditionally has important value in evaluation of pancreatic
hemorrhage and hemorrhagic complications of acute
pancreatitisW’S]; (2) T2-weighted imaging has significant ad-
vantage in demonstrating fluid-filled lesions in or around
the pancreas and the pancreatic ducts. Fat-suppressed T2-
weighted imaging is additionally helpful for evaluating the
mild forms of acute pancreatitis“g’zol; and (3) MRCP has
an excellent capability of allowing noninvasive evaluation
of pancreatic ducts, side-branches and the whole extrahe-
patic biliary tract, and it provides few respiratory artifacts
or susceptibility effects'”.

Furthermore, after the intravenous administration of
contrast agent, the dynamic contrast-enhanced MRI (e.g
T1-weighted imaging performed with liver acquisition
with volume acceleration is utilized, and magnetic reso-
nance angiography (MRA) is performed to provide infor-
mation for better visualization of the pancreatic vascular
network.

MRI FINDINGS OF ACUTE PANCREATITIS

In acute pancreatitis, the patterns of pancreas and peri-
pancreatic tissue involvement can be depicted very well
on MRI.

Pancreatic patterns

Morphology of the pancreas: MR T1-weighted with fat-
supptression images are particularly useful for defining
diffuse or a focal enlarged pancreatic gland. Lace-like
contours of the pancreas can disappear and pancreatic
boundaries are blurred (Figure 1). However, it should be
emphasized that a few patients with edematous pancre-
atitis have no morphological changes of the pancreas[s’zﬂ.
In such circumstances, the objective assessment of this
disease should be based on clinical manifestations and
several laboratory markers.

Signal intensity of pancreatic parenchyma: Due to in-
flammation and edema of the pancreas in acute pancreati-
tis, the signal intensity of the pancreatic parenchyma might
be hypointense relative to the liver on T1-weighted im-
ages, and hyperintense on T2-weighted images (Figure 2).
However, signal changes between the pancreas and liver
have been reported in a minority of patients with acute

. .. .. 22
interstitial edematous pancreatltls[ ].

Pancreatic intetlobular septa: Acute pancreatitis can re-
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Figure 1 Acute pancreatitis in a 37-year-old man. Axial non-enhanced
magnetic resonance T1-weighted with fat-suppression image obtained at the
time of hospital admission shows an edematous, homogeneously enlarged
pancreas (arrows). Pancreatic boundaries are blurred due to peripancreatic
fluid exudations. K: Kidney; P: Pancreas; Sp: Spleen.

Figure 2 Acute edematous pancreatitis in a 29-year-old man. Axial non-
enhanced magnetic resonance T1-weighted with fat-suppression image (A) and
axial T2-weighted with fat-suppression image (B) show that the parenchyma of
the pancreatic head, body and part of the tail is hypointense (arrows in A) and
hyperintense (arrows in B) relative to the liver.

sult in pancreatic interlobular septal inflammation, edema,
and fluid collections™. MR T2-weighted with fat-sup-
pression images can accurately depict subtle interlobular
septal abnormalities, such as threadlike hyperintense struc-

tures (Figure 3).

Pancreatic necrosis: Pancreatic necrosis refers to a patho-
logical collection of devitalized tissue in the pancreas, and it
can be focal or diffuse, or superficial or deep in the pancre-
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Figure 3 Acute pancreatitis in a 42-year-old man. Axial magnetic resonance
T2-weighted with fat-suppression image shows intrapancreatic threadlike
hyperintense structures consistent with interlobular septal inflammation (arrows).

atic gland[1’4’8]. Patients with pancreatic necrosis are routinely
monitored in the intensive care unit because the increased
mortality has been shown to cortelate directly with the pres-
ence and degree of pancreatic necrosis'”. Thus, the early
detection of pancreatic nectosis is a prognostic indicator in
these patients[sl. However, recognition of pancreatic necro-
sis by means of clinical examination is unreliable, therefore,
the importance of diagnostic imaging for that purpose is
clinically emphasized.

Accepted critetia for the diagnosis of pancreatic necro-
sis, similar to contrast-enhanced CT, have been defined as
areas of diminished or non-enhanced pancreatic paren-
chyma depicted on dynamic contrast-enhanced MRI""*?",
Furthermore, intravenous administration of contrast mate-
rial is essential to enable differentiation of real pancreatic
necrosis from transient pancreatic ischemia. The visualiza-
tion of non-enhanced pancreatic parenchyma during the
entire processes, including the arterial, venous and delayed
phases, supports the diagnosis of the real pancreatic ne-
crosis”. The diagnosis of pancreatic necrosis can be made
in the course of 2-3 d after onset of acute pancreatitis”

Focal pancreatic necrosis is characterized by spotted,
patchy non-enhanced areas (like “pepper”) on contrast-
enhanced MR images (Figure 4). The large, diffuse, non-
enhanced zones of the pancreas (like “black pancreas”) on
enhanced MR images reflect pancreatic diffuse necrosis
(Figure 5). A special type of the diffuse necrosis is gland-
liquefied necrosis. In this setting, the edge of the pancreas
becomes discontinuous or the pancreatic head is not con-
sistent with the body and/or tail, which exhibits “rupture
of the pancreas” (Figure 06).

The extent of necrosis can be further quantified to
less than 30% (mild), 30%-50% (moderate), and > 50%
(severe) of the pancreatic gland, which is based on Baltha-
zar’s criteria and grade points”. MR severity index (MRSI)
derived from CTSI, which combines a consideration of
both Balthazar grading scores and scores of the extent
of pancreatic necrosis, can also be tested. It has been re-
ported that MRSI is significantly correlated with CTSI,
Ranson score, C-reactive protein levels, appearance of
systemic complications, duration of hospitalization, and
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Figure 4 Pancreatic focal necrosis in a 43-year-old woman after an episode
of acute pancreatitis. A, B: Axial magnetic resonance T1-weighted images
obtained after intravenous contrast material reveal the spotted, patchy necrosis
(like “pepper”) (arrows) in the head and body of the pancreas. The extent of
necrosis is < 30% of the pancreatic gland.

clinical outcome'*”. Moteover, thete is an additional and
inevitable problem that infection cannot be excluded in
areas of gland necrosis (mentioned below).

Pancreatic hemorrhage: Pancreatic hemorrhage, also
called hemorrhagic pancreatitis, is seen in 2%-5% of pa-
tients with acute pancreatitis and commonly occurs in the
setting of severe forms of pancreatitis” ">, With conver-
sion of hemoglobin to methemalbumin in the hemot-
rhagic zones, MRI shows the spotted or patchy (like “salt”)
(Figure 7) or threadlike or girdle-shaped hyperintensity
(Figure 8) on T1-weighted images with fat suppression.
To the best of our knowledge, MRI is better than CT for
detecting hemorrhagic pancreatitis. This is because the
signal intensity changes of hemorrhage on MRI can be
sustained for a long time, and have different MR features
of hemorrhage at various times (e.g. serum methemalbu-
min with hyperintensity on T1-weighted images with fat
suppression, and hemosiderin with hypointensity on T2-
weighted images)"""**!. Other complications of acute
pancreatitis, such as pancreatic pseudocyst or pseudoan-
eurysm, also can show hemorrhage (mentioned below).

Peripancreatic changes

Pancreatic capsule: The pancreas is surrounded by the
formation of a capsule, which is actually loose connective
tissue ", Tn normal individuals, the pancreatic capsule is
not seen on CT and MR images, whereas, in patients with

144

Jg;smmg WJR | www.wjgnet.com

301

Xiao B et a/. MRI for acute pancreatitis

Figure 5 Pancreatic diffuse necrosis in a 65-year-old man after an episode
of acute pancreatitis. A, B: Axial magnetic resonance T1-weighted images
obtained in late arterial phase and venous phase reveal large necrotic areas
(arrows) (“black pancreas”) in the pancreatic head, neck and part of the body.
The extent of necrosis is up to 30-50% of the pancreatic gland. N: Necrosis; K:
Kidney; L: Liver; P: Pancreas; Sp: Spleen; St: Stomach.

acute pancreatitis, abnormalities of the covering of the
pancreas, such as edematous thickening of the pancreatic
capsule and subcapsular fluid collections, can be accu-
rately depicted on MR T2-weighted with fat-suppression
images™ (Figure 9). In our clinical practice, these pancre-
atic capsule changes might be the most common findings
in patients with edematous or interstitial pancreatitis, and
MRI is more helpful than CT to depict them.

Peripancreatic and retroperitoneal fat changes: The
pancreatic capsule almost forms no bartier to inflamma-
tory extension of acute pancreatitis, because of the previ-
ously mentioned anatomical characteristics. Extravasation
of activated pancreatic enzymes (such as pancreatic lipase)
after an episode of acute pancreatitis can induce the de-
velopment of peripancreatic fat edema and necrosis to
variable degrees; a common phenomenon that occurs in
patients with or without parenchymal necrosis™*". How-
ever, it is difficult to differentiate pathological changes of
peripancreatic fat edema from peripancreatic fat necrosis
because they are combined with each other and have
similar findings on MR images. Some patients with severe
pancreatitis have shown extensive fat edema and necrosis
located in omental and mesenteric zones and the extrapan-
creatic retroperitoneal fatty tissue regions (Figure 10). The
inflammatory involvement of retroperitoneal fat edema
and necrosis is often consistent with an anterior pararenal
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Figure 6 Gallstones, acute pancreatitis, and gland liquefied necrosis in a
33-year-old woman. Axial magnetic resonance T2-weighted with fat-suppression
image (A) shows hypointense gallstones (arrows), and axial T1-weighted images
obtained in late arterial phase (B) and venous phase (C) reveal two zones (arrows)
of pancreatic liquefied necrosis in the neck and body of the gland (like “rupture of
the pancreas”). The extent of necrosis is > 50% of the pancreatic gland. The head
and the tail of the pancreas are still enhancing (P). N: Liquefied gland necrosis; G:
Gallbladder; K: Kidney; L: Liver; P: Pancreas; Sp: Spleen.

space of the left kidney, the right kidney, or both. Cross-
sectional T2-weighted imaging and fat-suppressed T'1-
weighted imaging combined with MRCP might be helpful
for comprehensively assessing the range of peripancreatic
and retroperitoneal fat changes in acute pancreatitis, which
also has an advantage over transverse CT examinations.

Peripancreatic and retropetitoneal fluid collections: As
previously mentioned, extravasation of activated pancre-
atic enzymes results in extrapancreatic chemical injury and
multiple areas of fat edema and tissue necrosis, which fa-
vor secondary peripancreatic and retroperitoneal fat tissue
liquefaction and further develop fluid collections™". MRI,
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Figure 7 Acute pancreatitis in a 30-year-old man. Axial non-enhanced mag-
netic resonance T1-weighted with fat-suppression image obtained at the time of
hospital admission shows multiple patchy hemorrhagic foci (like “salt”) (arrows)
in the pancreas and in the fatty tissue behind the pancreas.

Figure 8 Acute pancreatitis in a 50-year-old man. Axial non-enhanced mag-
netic resonance T1-weighted with fat-suppression images (A, B) reveal areas of
pancreatic and peripancreatic hemorrhage. Hemorrhage involvement adjacent
to the pancreas exhibits threadlike, girdle-shaped hyperintense areas (arrows).

particularly fat-suppressed T2-weighted imaging, can ac-
curately depict simple or complex fluid collections. The
latter one includes: (1) areas of hemorrhage in fluid col-
lections; or (2) pancreatic and/or fat tissue necrosis pieces
or fragments in fluid collections (Figure 11). The sequelae
of fluid collections might: (1) be absorbed completely; (2)
progress to pseudocysts; or (3) be concomitant with infec-
tion to form pancreatic cellulitis or abscesses (mentioned
below).

Peritoneal and fascial changes: Acute pancreatitis can
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Figure 9 Acute pancreatitis and inflammatory extension to pancreatic
capsule in a 42-year-old man. Axial magnetic resonance T2-weighted with
fat-suppression image shows thickening of pancreatic capsule co-existing with
subcapsular fluid collections with threadlike or strip-line hyperintense (arrows).

Figure 10 Acute pancreatitis in a 34-year-old man. Axial magnetic resonance
(MR) T1-weighted with fat-suppression (A) and T2-weighted with fat-suppression
(B) images reveal peripancreatic inflammation extension co-existing with fat
necrosis (arrows) in mesenteric fat tissue regions and anterior pararenal space of
both kidneys. Extravasated fluid (arrows) is also present around the gland on MR
cholangiopancreatography (C). L: Liver; P: Pancreas; Sp: Spleen; G: Gallbladder.

144

Jg;sﬁ-ﬁmg WJR | www.wjgnet.com

303

Xiao B et a/. MRI for acute pancreatitis

Figure 11 Acute pancreatitis and peripancreatic and retroperitoneal fluid
collections in a 42-year-old man. A: Axial magnetic resonance T2-weighted with
fat-suppression image obtained at the time of hospital admission shows large
heterogeneous fluid collections (arrows) associated with areas of tissue liquified
necrosis in the pararenal space of the left kidney; B: Follow-up axial T2-weighted
with fat-suppression image reveals an encapsulated fluid collection (arrows) in the
process of the development of a pseudocyst. L: Liver; P: Pancreas; S: Stomach; d:
Duodenal bulb; Ps: Pseudocyst.

exhibit peritoneal and fascial abnormalities. Both of them
are secondaty to extrapancreatic inflammatory extension
and occur simultaneously in most patients with this dis-
ease™". Anterior fascia of the kidney is the most common
one that is invaded by petipancreatic inflammatory exten-
sion, due to its proximity to the pancreas. The inflamma-
tory extravasation also can involve one or several struc-
tures of the peritoneum such as omentum, mesentery, and
colic mesentery™”. With the development and progress
of this disease, these petitoneal structures develop edema
or swelling with/without fat necrosis or fluid collections.
Contrast-enhanced MRI can show the irregular thickening
and heterogeneous enhancement of the intestinal wall,
and MRCP can manifest the range of edematous mesen-
tery and fluid collections with hyperintensity (Figure 12).

MRI FINDINGS OF COMPLICATIONS IN
ACUTE PANCREATITIS

Pseudocyst

Pancreatic pseudocyst is a very common type of local
complications of acute pancreatitis, and it develops in
most patients who are already suffering from post-necrot-
ic pancreatitis”’g’m. It is defined as a localized collection
of pancreatic juices by a fibrous membrane without an
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Figure 12 Pancreatic focal necrosis in a 35-year-old man after an episode
of acute pancreatitis. A, B: Enhanced axial T1-weighted images reveal the
irregular thickening and heterogeneous enhancement of the intestinal wall
(white arrows in A), anterior fascia of the left kidney (black arrows in A), and
mesenteric edema associated with fat necrosis (arrows in B); C: Magnetic
resonance cholangiopancreatography reveals multiple edema and small fluid
collections (arrows) adjacent to small intestine and colon. P: Pancreas.

epithelium, and occurs approximately 4-6 wk after a first
episode of acute pancreatitism’zsj. According to spatial
locations, pancreatic pseudocysts are classified as intrapa-
renchymal (within the pancreatic tissue) or extrapancreatic
(surrounding the pancreas), or both. The intraparenchy-
mal pseudocyst might be communicating with pancreatic
ducts and associated with partial pancreatic ductal ob-
struction, whereas the extrapancreatic pseudocyst might
be related to the development of petipancreatic fluid col-
lections", The other classification is based on whether
the pseudocyst is accompanied by mucus, protein and
hemorrhage. The simple pseudocyst is present as a round
or oval fluid collection surrounded by a thin or thick wall
and homogenecous water-like signal intensity (Figure 13),
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Figure 13 A large peripancreatic pseudocyst in a 41-year-old man who pre-
sent as abdominal distension after acute post-necrotic pancreatitis. Axial
magnetic resonance (MR) T2-weighted with fat-suppression image (A) and MR
cholangiopancreatography (B) show a large pseudocyst (arrows) with homogeneous
hypersignal intensity around the pancreas. Axial T1-weighted image obtained with
intravenous contrast material (C) reveals the enhancement of the thick wall (arrows)
of the pseudocyst. The extrusion and displacement of the stomach (St) is seen due
to the tension of the pseudocyst. G: Gallbladder; P: Pancreas; Ps: Pseudocyst; K:
Kidney; Sp: Spleen; St: Stomach.

and the complex pseudocyst is present as a round or oval
heterogeneous lesion dominated by hyperintensity on T1-
weighted images with fat suppression (Figure 14). In our
expetience, when one or several pseudocysts ate suspected
of bleeding, MRI is more favorable than CT (previously

mentioned in pancreatic hemorrhage).

Infections

In acute pancreatitis, secondary bacterial contamination
can occur in the setting of: (1) pancreatic necrosis; (2) peri-
pancreatic fat necrosis; (3) retroperitoneal fat necrosis; (4)
peripancreatic fluid collections; or (5) pseudocysts. It has
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Figure 14 Multiple pseudocysts complicated hemorrhage in a 36-year-old
man who had previously suffered from acute pancreatitis. Axial non-enhanced
magnetic resonance T1-weighted with fat-suppression (A) and axial T2-weighted
with fat-suppression (B) images reveal multiple hemorrhagic pseudocysts (arrows)
with heterogeneous signal intensity.

been noted that 40%-70% of patients with pancreatic ne-
crosis have secondary necrosis or severe bacterial contami-
nation™”, Pancreatic liquefied necrosis with or without
multiple areas of fat necrosis might progtress to pancreatic
cellulitis, whereas peripancreatic fluid collections or pseu-
docysts might become infected to develop abscesses. Once
the infectious complications occur, whether pancreatic
cellulitis or abscesses, they constitute a major mortality risk
for patients with acute pancreatitis.

Pancreatic cellulitis, with an incidence that varies from
8.3% to 10.6%, is clinically difficult to differentiate from
pancreatic abscess™. Tt is an inflammatory entity that is
situated at the intraparenchymal region of the pancreas
and is associated with peripancreatic zones, as a result of
pathological pancreatic swelling and necrosis, inflamma-
tory cell infiltration and peripancreatic fat tissue necro-
sis™". After administration of contrast material, an ill-
defined multilocular mass (like “hornets’ nest”) exhibits
ring-like and separated enhanced areas with fragments of
post-necrotic gland and fat tissue, and non-enhanced tis-
sue liquefaction (Figure 15).

Pancreatic abscess, with an incidence that varies from
1% to 9% and a high mortality, occurs in the course of
2-5 wk after the onset of acute pancreatitis[31]. Unfortu-
nately, in our clinical practice, it is not easy to differentiate
pancreatic abscesses from pseudocysts due to the similar
MR findings. Thus, confirmed diagnosis often depends
on fine-needle aspiration biopsy of a lesion™!!, The
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Figure 15 Acute necrotic pancreatitis and peripancreatic cellulitis in a
39-year-old man. A, B: Axial magnetic resonance T1-weighted images obtained
with intravenous contrast material reveal an ill-defined, multilocular, inflammatory
mass (arrows) with ring-like and separated enhancement adjacent to the body
and tail of the pancreas. P: Pancreas.

Figure 16 Extrapancreatic abscess confirmed by a surgical operation in
a 33-year-old man after acute post-necrotic pancreatitis. Axial magnetic
resonance T1-weighted image with fat suppression obtained with intravenous
contrast material shows an encapsulated liquid collection (arrows) with a well-
defined, thickened and enhancing wall.

bubble or gas attenuation within a lesion could indicate
pancreatic abscess on non-enhanced CT images, however,
in our experience, bubble or gas in an abscess cannot be
easily identified on MR images. Therefore, we emphasize
that the pancreatic abscess should be suspected to occur
when patients have suffered from acute pancreatitis and
develop fever, tachycardia, abdominal distention or an
encapsulated liquid collection with an enhancing wall on
MRI (Figure 16).
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Figure 17 Artery involvement and vasculitis in a 30-year-old man after
an episode of acute pancreatitis. A: Axial magnetic resonance T2-weighted
with fat-suppression image shows the loss of vascular flow voiding effect of the
involved parts of the common hepatic artery (small arrows) and splenic artery
(large arrows); B, C: Axial contrast-enhanced T1-weighted images obtained in
arterial phase reveal the poor enhancement of the involved parts of these arteries
(arrows) associated with the obscure and rough edges.

Vascular involvement
Vascular involvement is a common but ignorable local
complication of acute pancreatitis””>*!, Intraparenchy-
mal and peripancreatic extravasation of activated diges-
tive enzymes is responsible for damage to the pancreatic
vascular network, including feeding arteries and draining
veins. A spectrum of vascular abnormalities includes:
(1) vasculitis; (2) artery bleeding or pseudoaneurysm; (3)
phlebothrombosis or vein occlusion; (4) pancreatic re-
gional portal hypertension; and (5) combination of these.
MRA can be performed to supplement the information
for visualization of vascular complications, besides com-
mon axial contrast-enhanced MRI.

The splenic, gastroduodenal and pancreaticoduodenal
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Figure 18 Splenic artery pseudoaneurysm in a 36-year-old man with a
history of acute pancreatitis. A: Axial magnetic resonance (MR) T2-weighted
with fat-suppression image shows the involved part of the splenic artery (large
arrows) and aneurysmal dilatation (small arrows); B: Axial T1-weighted image
obtained with intravenous contrast material reveals enhancement of the
pseudoaneurysm cavity (c) and a filling defect present as mural thrombosis (T),
and wedge-shape zones of infarction of the spleen (small arrows) due to the
involved parts of the splenic artery (large arrows); C: MR angiography further
depicts the visualization of the relationship between this pseudoaneurysm
(large arrow) and the involved splenic artery (small arrows). c: Cavity of the
pseudoaneurysm; T: Mural thrombosis in the pseudoaneurysm.

arteries are more frequently involved than other peripan-
creatic arteries””. The arterial invasion exhibits the loss
of the vascular flow voiding effect (“black blood”) on T2-
weighted images, and poor or no enhancement on MR
images during the contrast-enhanced arterial phase. The
obscure and rough edges of the involved arterial wall are
indicative of vasculitis (Figure 17). Vasculitis associated
with incomplete arterial occlusion might favor secondary
abdominal organ infarction, for example, of the spleen
(mentioned below).

Pseudoaneurysm, a relatively uncommon and delayed
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Figure 19 Acute pancreatitis with splenic venous thrombosis in a 30-year-
old man. Axial magnetic resonance T1-weighted image obtained with intravenous
contrast material during the venous phase reveals the involved parts of splenic
vein with intravenous filling defects (arrows).

Figure 20 Pancreatic regional portal hypertension in a 36-year-old man
with a history of acute pancreatitis. A: Axial T1-weighted image obtained with
intravenous contrast material reveals enhancement of numerous and circuitous
veins (white arrows) around the gastric fundus, and splenic veins (black arrows)
adjacent to the splenic hilum; B: Magnetic resonance angiography depicts the
establishment of numerous and conspicuous collateral vessels due to gastric
fundic varices (white arrows) and a pseudoaneurysm (black arrows). St:
Stomach.

complication of acute pancreatitis, can be a life-threatening
emergency if rupture occurs”. The cavity of pseudoaneu-
rysm communicates with the involved artery and can show
marked enhancement on MR images after the administra-
tion of contrast material, whereas the non-enhanced zones
reflect the mural thrombosis in the pseudoaneurysm (like
the Chinese “Yin-Yang” sign)”” (Figure 18).

The splenic vein is the most common of the veins that
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Figure 21 Subcutaneous and intermuscular involvement in a 38-year-old
woman after an episode of acute pancreatitis. A, B: Axial magnetic resonance
T2-weighted with fat-suppression images obtained at the time of hospital
admission show oval fluid collections (c) in the omental bursa, and bilateral
subcutaneous and intermuscular fat edema with hyperintensity (arrows). c: Fluid
collections.

are involved, by inflammatory extension due to its proxim-
ity to the pancreas[23’32]. The involved vein might be com-
plicated by local thrombosis and occlusion. MRI shows the
loss of the vascular flow voiding effect on T2-weighted
images. After administration of contrast agent, an intra-
venous asymmetrical filling defect can be seen on venous
phase images (Figure 19).

Additionally, venous thrombosis and occlusion, partic-
ularly of the splenic vein, can result in pancreatogenic re-
glonal portal hypertension[34’35]. It shows the establishment
of multiple, conspicuous collateral circulation, which usu-
ally involves gastric short veins around the fundus of the
stomach, gastroepiploic veins close to the greater curvature
of stomach, and splenic veins adjacent to the spleen hilum.
Contrast-enhanced MRI shows numerous and citcuitous
blood vessels with abnormal enhancement, and spleno-
megaly with or without splenic infarction (Figure 20).

Subcutaneous and intermuscular involvement
Pancreatic inflammatory extravasation in some patients
with severe pancreatitis can result in extrapancreatic mul-
tiple injury, and even present as subcutaneous and inter-
muscular soft tissue involvement such as fat edema, swell-
ing, necrosis, and small fluid collections (Figure 21).

CONCLUSION

The comprehensive assessment of acute pancreatitis is
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based on clinical, laboratory and imaging evaluation. MRI

is an excellent noninvasive modality of choice to help

stage the severity of inflammatory processes, and detect

the presence and extent of pancreatic necrosis. The pres-

ence and development of complications of acute pancre-

atitis such as hemorrhage, fluid collections, pseudocysts,

abscesses, pseudoaneurysm, and venous thrombosis are
well-demonstrated by MRI.
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Abstract

Magnetic resonance imaging (MRI) of the liver is slowly
transitioning from a problem solving imaging modality
to a first line imaging modality for many diseases of the
liver. The well established advantages of MRI over other
cross sectional imaging modalities may be the basis
for this transition. Technological advancements in MRI
that focus on producing high quality images and fast
imaging, increasing diagnostic accuracy and developing
newer function-specific contrast agents are essential
in ensuring that MRI succeeds as a first line imaging
modality. Newer imaging techniques, such as parallel
imaging, are widely utilized to shorten scanning time.
Diffusion weighted echo planar imaging, an adaptation
from neuroimaging, is fast becoming a routine part of
the MRI liver protocol to improve lesion detection and
characterization of focal liver lesions. Contrast enhanced
dynamic T1 weighted imaging is crucial in complete
evaluation of diseases and the merit of this dynamic
imaging relies heavily on the appropriate timing of the
contrast injection. Newer techniques that include fluoro-
triggered contrast enhanced MRI, an adaptation from
3D MRA imaging, are utilized to achieve good bolus tim-
ing that will allow for optimum scanning. For accurate
interpretation of liver diseases, good understanding of
the newer imaging techniques and familiarity with typi-
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cal imaging features of liver diseases are essential. In
this review, MR sequences for a time efficient liver MRI
protocol utilizing newer imaging techniques are dis-
cussed and an overview of imaging features of selected
common focal and diffuse liver diseases are presented.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Magnetic resonance imaging (MRI) of the abdomen has
been routinely performed to further characterize indeter-
minate lesions seen on other cross sectional imaging, such
as ultrasound (US) and computed tomography (CT). How-
ever, MRI is increasingly used as the principal diagnostic
modality, especially for staging and restaging of oncologic
patients. With advancement of technology and develop-
ment of newer imaging techniques, MRI of the abdomen
allows for near optimal evaluation of, not only the liver,
but also most of the other organs in the abdomen, retro-
peritoneal structures and even the peritoneum!”.

One of the obstacles to optimal MRI of the abdomen
is periodic motion associated with respiratory movement
and the historic long examinations. To overcome this
limitation, novel imaging techniques, such as parallel imag-
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ing (PI), have allowed for shorter breath hold sequences
without significant loss in the signal to noise ratio (SNR)*,
Although to a lesser degree than on CT or US, a limitation
of liver MRI has been the overlap of imaging features of
various disease processes that render them as indetermi-
nate findings. Incorporation of newer imaging techniques
(such as PI) and new contrast agents (such as hepatocyte
agents) have improved the diagnostic accuracy of MRI,
for example, the utilization of diffusion weighted echo
planar imaging (EPI), which had been standard practice
in neuroimaging. The enhancement pattern at different
phases after contrast administration can be crucial for the
detection and characterization of liver pathology. The ad-
dition of the hepatocyte phase after contrast administra-
tion has permitted increased discrimination between liver
and non-hepatocyte containing lesions. In this review, we
discuss the design of a time-efficient MR protocol and the
justification for various sequences and techniques for op-
timum liver imaging. We present the specific imaging fea-
tures of selected common focal and diffuse liver diseases
utilizing this model MR protocol technique!’.

MRI TECHNIQUES

Axial T1 weighted spoiled gradient echo in-phase and
opposed-phase

Historically, T1 weighted imaging (T1WI) of the liver have
been obtained with a spin-echo technique. Although this
technique provided exquisite SNR and minimum artifacts,
the scan time could be considered as prohibitive. Cur-
rently, routine T1WI evaluation is obtained with spoiled
gradient echo (SPGR) techniques (GE Medical Systems,
Milwaukee, WI; fast low-angle shot sequences, Siemens
Medical Systems, Erlangen, Germany). The imaging pa-
rameters for this sequence with a 1.5T magnet were TE
= 4.2 ms and 2.1 ms with TR = 100 ms. For the 3T mag-
nets, a TE of 2.1 ms and 4.2 ms correspond to in-phase
(IP) and out-of-phase (OP) imaging, respectively. The slice
thickness was 5 mm/0 mm gap. Utilizing a double echo
technique, IP and OP images were obtained in one TR. At
1.5T, an echo time of 4.2 ms resulted in a predominantly
IP image (water and fat signal are added), with a 2.1 ms
echo time, water and fat signal cancel each other resulting
in out of phase image. The addition of PI (see discussion
on PI below) to the image acquisition parameters resulted
in a scan time of 14-18 s, which was short enough for a
breath hold in most patients, to cover the entire abdo-
men®,

The normal signal of the liver on T1WI is slightly hy-
perintense to muscle and kidneys. The signal was variable
depending on the fat and iron content of the liver. In a
fatty liver, the signal of the liver in the IP T1WI is slightly
hyperintense. In a liver with high iron content, the signal
on the IP T1WI is slightly hypointense.

Axial T2 weighted imaging
The use of fast spin echo (FSE) techniques with a mul-

. . . . 6
tiple echo train has significantly shortened scan times'”.
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However, scan time reduction comes at the expense of
the contrast to noise ratio (CNR) and SNR!. To minimize
mis-registration, a respiratory triggered FSE (RT-FSE) T2
weighted imaging (T2WI) sequence is preferredm. A respi-
ratory triggered technique with an echo train length (ETL)
of 16-20 provides excellent T2WI. Longer ETL (> 20)
may result in loss of CNR between the lesion and liver.
A TE of 80-90 ms results in high quality images with an
optimal combination of high SNR and CNR". Modifica-
tion of the echo time to longer TE (150-250 ms) has been
used to discriminate between cysts (long T2 relaxation
masses) and solid lesions (telatively shorter T2 relaxation

[9,10]
masses .

The T2WI can also be obtained with breath hold tech-
niques. The fast recovery FSE techniques (FRFSE, GE
Medical Systems) can provide good breath hold T2WI
contrast with improved scan times". This pulse sequence
includes recovery of the compulsory longitudinal mag-
netization. The T2WI (RT-FSE or FRFSE) are obtained
with fat-saturation. The fat suppression is achieved with
frequency selective techniques.

The imaging parameters for T2 weighted RT-FSE
comprise TR = 4000-6000 ms and TE = 85 ms. The
number of excitations is 3-4. The slice thickness/gap is
6 mm/0 mm. The imaging parameters for FRFSE were
comprised of TE = 85 ms and TR = 2000 ms.

The normal signal of the liver on T2WI is hypointense
to the spleen, kidneys, and pancreas. In contrast, most of
the liver pathology is hyperintense to the liver parenchyma.
This has been very useful since the early days of liver MR.

Diffusion weighted imaging

Neuroimaging has used diffusion weighted imaging (DWI)
in the detection and charactetrization of brain lesions. This
has been successfully applied to the evaluation of the liver.
The principle is to apply two identical diffusion-sensitizing
gradient pulses separated by a 180° refocusing pulse to a
T2 weighted sequence. Stationary protons are unaffected
by the gradient pulses because the phase shift acquired on
the first pulse is reversed by the second pulse with an end
result of no phase shift, which means no signal is lost.
On the contrary, moving protons acquire a phase shift
from the first gradient, which is not completely reversed
by the second gradient pulse, which results in signal loss.
Diffusion of protons thus is visually perceived as signal
attenuation on the diffusion weighted images. EPI is used
to obtain the T2WI for DWI. The EPI can be obtained
with a breath hold, free-breathing, or respiratory triggered
techniques. The respiratory triggered EPI is preferred
over breath-hold EPI for SNR reasons. The diffusion
gradients are best obtained in three orthogonal planes but,
in the liver, adequate images can be obtained with only
one axis (z-axis) gradient. DWI of at least two b-values
are performed (b = 0 or 500 s/mm®). The higher b-value
image will result in the reduction of signal from moving
protons in the bile ducts, cysts, vessels, and fluid in the
bowel. This will result in an increased contrast between
the lesion and liver. Visual assessment is of value to distin-
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guish cystic from solid lesions, however, to distinguish be-
nign and malignant solid lesions is often difficult. Another
confounding factor in visual tumor assessment is that the
signal intensity of a lesion is dependent on both water
proton diffusion and the T2-relaxation time. Thus a le-
sion may have a high signal on DWI, suggesting diffusion
restriction, when in fact it is due to the tissue’s intrinsic
long T2 relaxation time; a phenomenon called T2 shine-
through effect. Since DWI is originally a T2 weighted
sequence, the DWI imaging should be interpreted, along
with other standard sequences and especially the standard
T2 weighted sequences, to avoid this potential error! ",
DWT at low b-value (50 s/mm? (yes) results in black
blood images of the liver that facilitates identification of
small focal liver lesions (< 10 mm) from the dark intrahe-
patic vessels"".

The imaging parameters for the DWI EPI using a
breath hold technique and PI with multi-channel phased
array coil are: TR/TE (1200-1800 s/50-60 s); FOV (38-
44 cm); matrix (200 X 160); number of excitations (NEX-06);
slice thickness (7 mm/0 mm); two acquisitions obtained for
b-values of 0 and 500 s/mm’ with a scan time of 21 s.

The normal signal of the liver on DWI is the same as
on other T2WI. The liver is hypointense to the kidneys
and pancreas.

Parallel imaging

PI is an accelerated imaging technique that combines
available MRI methods and newly developed multi-
channel phased array coils to significantly reduce scanning
time. In PI techniques, under sampled k-space, data in the
phase encoding direction are acquired to shorten scan-
ning time. These incomplete data are supplemented by the
spatial information encoded by the multi-channeled phase
array surface coils to complete the MRI. Theoretically, the
maximum acceleration factor is limited by the number of
coil elements. Practically, the acceleration factor is cur-
rently limited by a factor of 2 to 4, which results in high
quality imagesm.

Different parallel reconstruction algorithms, such as
ASSET (GEMS), SENSE (Phillips), and SMASH (Siemens),
are used to generate unaliased final imagesﬁ’ﬁ]. The PI tech-
nique improves breath hold imaging by eliminating petriodic
respiratory motion artifacts due to fast imaging with subse-
quent increased spatial resolution. Acceleration factors of 2
to 3 are commonly used. The important limiting factor of
Pl s loss of SNR with improving resolution'”

Dynamic axial T1 weighted FSPGR LAVA contrast
enhanced imaging
Dynamic contrast enhanced (DCE)-MRI of the liver is a
vital part of the liver imaging protocol due to its greater
diagnostic accuracy. Given the distinctive liver physiology
and its dual blood supply, dynamic enhancement patterns
for a particular disease on the different phases of liver en-
hancement can narrow the differential diagnosis.

Images are acquired in three phases following contrast
administration: a predominant arterial (or late arterial) phase,
portal phase, and a delayed (equilibrium) phase. The first
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phase is the most time sensitive phase. The timing for the
portal venous and delayed phases is less critical. To opti-
mize the capture of this first phase of enhancement, novel
techniques have been developed.

For example, a less preferred method uses a standard
delay of 20 s following the administration of contrast. This
method does not compensate for cardiac output or other
physiologic delays. A second method is to do a timing bo-
lus. This is performed with a small amount (1-2 mL) that is
injected while a single slice of the abdomen is monitored
during the entire injection to determine the appropri-
ate delay time for the contrast to artive to the liver. The
main limitations are longer scans and the introduction of
contrast prior to the complete exam. A third method is to
obtain two consecutive arterial phases following contrast
administration after a preset short delay”. This requires a
decrease in spatial resolution to shorten the scan time".
Finally, fluoro-triggered images provide an alternative
method to visualize the contrast injection and set a short
delay after the visualization of contrast in the aorta or pul-
monary arteries.

To calculate the optimum delay in these methods, it
is important to have knowledge of the k-space filling
method of the MR software. A platform with the first
echo at the center of k-space will be at a different stage of
enhancement compared to a method where the center of
k-space is obtained in the middle of the acquisition“s’w]
The image contrast relies mainly on data acquired near
the center of the k-space, while the image edge sharpness
depends on data from the petiphery of the k-space. The
development of a new method of imaging, such as the
key-hole method, allows for merging of high frequency
k-space data from a reference image acquired with a re-
duced matrix. This data merging method combines the
spatial resolution of full matrix images and the temporal
resolution of a set of rapidly acquired, reduced matrix im-
ages. The key-hole method thus yields images with high
temporal resolution without significantly compromised
spatial resolution™ .

DCE-MRI of the liver is performed using a 3D axial
T1 weighted fast SPGR LAVA (GEMS) sequence with the
following parameters: TE > 1.5 ms; FOV (34-44 cm), ma-
trix [320 X (160-192)], slice thickness (4-5 mm), Zerofill
interpolation processing 2 breath-hold technique with PI
used during triphasic acquisition of the entire abdomen
after contrast infusion at late arterial, portal venous, and
delayed phase of contrast administration.

Hepatocyte specific gadolinium based contrast agent
(Gd-EOB-DTPA)

Gd-EOB-DTPA (known as Eovist, Primovist and EOB-
Primovist, Bayer Pharmaceuticals) is a paramagnetic, highly
water soluble, hydrophilic compound that has a lipophilic
moiety, called an ethoxybenzyl group, covalently linked
to the Gd-DTPA to form Gd-EOB-DTPA. Gd-EOB-
DTPA is selectively taken up by hepatocytes 2z an anionic
transporter protein, which makes it the first tissue specific
gadolinium based contrast agent (GBCA). It is eliminated
unchanged ziaz two routes in equal quantities: one route
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is via biliary excretion of contrast selectively taken up by
hepatocytes and the other route is »iz utinary excretion of
contrast after glomerular filtration in the kidney™. The
recommended dose of Gd-EOB-DTPA is 0.025 mmol/kg
of body weight, which is about one quarter of the stan-
dard dose of nonspecific GBCA. The relaxivity of Gd-
EOB-DTPA is comparable to most nonspecific GBCA
due to non covalent weak transient binding with serum
albumin®**),

Gd-EOB-DTPA combines both features of extracel-
lular contrast agent and hepatocyte specific contrast, which
allows for DCE imaging due to its extracellular function
and delayed static hepatobiliary imaging due to its hepato-
cyte specific function™. Therefore, in addition to tumor
characterization based on perfusion in the dynamic phase,
Gd-EOB-DTPA offers concurrent assessment during the
hepatocyte phase for the presence of intralesional func-
tioning hepatocyteswq. The selective uptake by hepatocytes
increases lesion to liver contrast particularly in the hepato-
cyte phase, which is not attainable with nonspecific GBCA.
The peak liver enhancement using Gd-EOB-DTPA is best
observed after 20 min®”. A time delay of 20 min for the
hepatocyte phase is a widely accepted duration and has
been part of liver imaging protocols using Gd-EOB-DT-
PA. To shorten the overall examination time, a new sugges-
tion of a shorter delay of 10 min for the hepatocyte phase
with sufficient liver enhancement has been made in patients
with normal liver function™. In patients with chronic liver
disease, where suppressed and delayed liver enhancement
in the hepatocyte phase is routinely observed, a 20 min
delay for hepatocyte imaging is compulsory™*!. Another
recommendation to reduce the total examination time is to
acquire T2 weighted sequences (FSE, FRESE, and DWI)
after contrast administration™,

COMMON FOCAL LIVER LESIONS

Simple liver cysts

Simple liver cysts are common benign livers lesions that are
developmental in origin. They are usually incidental find-
ings that do not require further workup!"’. At MR imaging,
liver cysts are hypointense on T1WI and hyperintense on
T2WI. They do not show enhancement at dynamic imag-
ing or uptake of contrast in the hepatocyte phase. Most
liver cysts, including sub centimeter cysts, usually can be
diagnosed based on typical MRI features (Figure 1). How-
ever, when contraindicated, further characterization with
non-contrast MR1 is still possible. On T2WI, cysts tend to
remain hyperintense or become more hyperintense than
surrounding liver parenchyma at longer TE > 250 ms'"”,
At DWI, cysts usually have high signal at b = 0 with signal
attenuation at higher b-values. Unfortunately, due to the
T2 shine through effect, cysts can remain hyperintense at
higher b-values™. In this setting, an apparent diffusion
coefficient (ADC) map will be very useful. For a simple
cyst, an ADC of 2.61 X 1073/ mm’ per second will suggest
a cyst o5 2 mean ADC of 1.31 X 10°/mm’ per second for
hepatomas“z’zﬂ. Even though the use of ADC values has
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Figure 1 A 51-year-old male with colorectal cancer and liver cysts. A, B: The
short (A, TE = 85 ms) and long (B, TE = 160 ms) respiratory triggered fast spin
echo T2 weighted imaging demonstrates a stable contrast to noise ratio of lesion
to liver; C: The post-gadolinium image shows no enhancement.

been proven to be useful, there still is significant overlap
between different types of focal liver lesions.

Hemangiomas

Hemangiomas are the most common solid benign liver
lesions and are typically asymptomatic. At MR imaging,
hemangiomas are classically hypointense on TIWI and
hyperintense on T2WI. On T2WI with a longer echo time
(TE = 140 ms), hemangiomas, like cysts, will remain hy-
perintense relative to the liver””. The CNR will not suffer
as much with cysts and hemangiomas compated to other
masses (Figure 2). On DWI, similar to cysts, hemangio-
mas will have high signal at b = 0 with a lesser degree of
signal attenuation at higher b-values in the absence of the
T2 shine through effect””. For hemangiomas, the mean
ADC of 1.84 X 10”°/mm” pet second is between that of
cysts and the ADC for hepatomas"**’. There is some
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Figure 2 A 21-year-old female with right upper quadrant pain with a hemangioma. A, B: The short (A, TE = 85 ms) and long (B, TE = 160 ms) respiratory trig-
gered fast spin echo T2 weighted imaging demonstrates a stable contrast to noise ratio of lesion to liver; C, D: The diffusion weighted imaging (C, b =0, and D, b =
500) demonstrates high signal intensity of the hemangioma; E-G: The multiphasic post-Gd images demonstrate peripheral interrupted nodular enhancement with
delayed fill-in, in the late arterial (E), portal venous (F), and excretory phase (G) of post-Gd images.

ovetlap between the ADC value of malignant lesions and
hemangiomas' ",

Post-Gd imaging features of hemangiomas on DCE-
MRI depend on their size. Three distinct dynamic en-
hancement patterns have been described. Pattern 1 is seen
in small capillary hemangiomas < 1.5 cm and is typified by
homogenous enhancement in early arterial enhancement
with persistent enhancement on subsequent phases. Pat-
tern 2 is seen in hemangiomas > 1.5 cm and is typified by
classic peripheral nodular discontinuous enhancement in
the arterial and portal phases with persistent enhancement
peripherally with possible complete fill in on the delayed
images (Figure 2). The second pattern is the most com-
mon and classic enhancement pattern of hemangiomas.
Pattern 3 is seen in giant hemangiomas > 6 cm and is typi-
fied by peripheral nodular interrupted enhancement with
gradual partial filling in on the arterial and portal phases
but with a persistent hypointense center on delayed im-
ages. At the hepatocyte phase, no contrast is taken up by
hemangiomasm. This can be challenging in the setting of
hemangiomas and liver metastases, where both lesions will
appear hypointense on the hepatocyte phase of contrast
administration.
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Focal nodular hyperplasia

Focal nodular hyperplasia (FINH) is the second most com-
mon benign liver lesion after hemangioma. They are
thought to be a hyperplastic reaction to a congenital or
acquired vascular malformation. On histopathology, they
contain normal hepatocytes with malformed biliary tracts.
They tend to be hypervascular lesions that often are inci-
dental findings and are asymptomatic. FINH are grouped
into two subtypes based on histology-classic (80%) and
nonclassic (20%). At MR imaging, the classic imaging fea-
tures on standard sequences are isointense on T1WI and
T2WI with well formed central scars that are hyperintense
on T2WI and are hypointense TIWI*, At DWI, they
have variable signal intensity™. At DCE-MRI, they show
intense enhancement in the arterial phase that returns to
1sointense to surrounding liver parenchyma in subsequent
phases. The central scar has characteristic enhancement
on the delayed images (Figure 3). The nonclassic type
tends to lack the central scar, therefore, these FNH are
1sointense on TTWI and T2WI and show intense arterial
enhancement on DCE-MRI that become isointense to
background liver on subsequent phases[s’zs]. One of the
most common indications of liver MRI is to characterize
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Figure 3 A 22-year-old female with an focal nodular hyperplasia in the liver. A: Respiratory triggered fast spin echo T2 weighted imaging at TE = 85 ms. This
demonstrates a high signal in the center of the lesion; B: The late arterial phase of contrast administration shows hyperintense enhancement; C: The hepatocyte

phase of contrast administration shows hepatocyte contrast uptake.

Figure 4 A 58-year-old female with a hepatic adenoma. A, B: In phase (A) and out-of-phase (B) T1 weighted imaging shows a signal drop in the adenoma on the
out-of-phase image; C, D: Late arterial and delayed phase imaging demonstrates early enhancement (C) and delayed washout (D); E: The hepatocyte phase of con-

trast administration does not show uptake.

hypervascular lesions on CT or MRI that may represent
an FNH. Hepatocyte agents are useful in this application
of liver imaging. Given its hepatocellular origin, most
FNH will appear isointense to hyperintense relative to
surrounding liver at the hepatocyte phase (Figure 3). This
is due to retention of contrast in dysfunctional bile ducts
with poor drainage within the FNH'",

Adenoma

Adenomas are rare benign liver neoplasms that occur com-
monly in women who are on oral contraceptives and with
increased incidence in glycogen storage disease and with
anabolic steroid use. Adenomas are usually symptomatic,
however, they can be complicated by intralesional hemor-
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thage, rupture and rarely malignant transformation. Histo-
pathologically, adenoma consists of hepatocytes arranged
in plates that are sepatated by dilated sinusoids. A fibrous
capsule or pseudocapsule consisting of compressed liver
parenchyma is usually present. Portal triad and bile ducts
are absent with minimal to complete absence of Kupffer
cells. They contain variable amounts of glycogen and
lipids“”. At MR imaging, adenomas demonstrate variable
signal intensity depending on lipid content and presence
of hemorrhage. At T1WI, adenomas can be isointense to
hyperintense due to lipid content or hemorrhage. High
signals from lipid content drop out at T1WI OP imaging
(Figure 4), while high signals from hemorrhage persist.
They have variable signal intensity at T2WI and DWI. At
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Figure 5 A 65-year-old male with hepatocellular carcinoma. A: T1 weighted imaging in phase image shows a hypointense mass in the right lobe of the liver; B: T2
weighted imaging (TE = 85 ms) shows a hyperintense mass in the right lobe of the liver; C, D: Late arterial (C) and excretory phase (D) shows a hypervascular mass

in the liver that demonstrates an enhancing capsule on the delayed images.

DCE-MRI, they can have heterogeneous early enhance-
ment during the arterial phase with variable degrees of
washout on the venous and delayed phases (Figure 4). A
peripheral delayed enhancement of the pseudocapsule
can be seen. At the hepatocyte phase, even though an ad-
enoma takes up minimal to moderate amounts of contrast
relative to the surrounding liver, the adenoma will com-
monly appear hypointense due to the absence of biliary
ducts resulting in no contrast being excreted or accumu-
lated prior to drainage!”.

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy. HCC most commonly develops
in the background of chronic liver disease, ending in cir-
rhosis due to various etiologies including viral hepatitis,
alcohol, hematochromatosis and Wilson’s disease. HCC
typically develops in a stepwise manner that begins with re-
generative nodules (RN) (non-premalignant), to dysplastic
nodules (DN, pre-malignant), to DN with HCC, to HCC.
HCCs can be solitary (50%), multifocal (40%) or diffuse
(less than 10%)", MRI plays an important role in differen-
tiating these non malignant nodules from HCCP™, At MR
imaging, HCCs have variable appearances but usually they
are hypointense on TTWI and mild to moderately hyper-
intense on T2WI. Smaller HCCs (< 2.0 cm) are frequently
isointense on both TIWI and T2WI""*. At DCE-MRI,
HCCs demonstrate classic intense early arterial enhance-

ment that washes out in the equilibrium phase (Figure 5).
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The majority of HCCs have a capsule consisting of com-
pressed liver parenchyma that usually enhances on the
delayed images. Some DN can mimic HCCs with intense
carly arterial enhancement, however, they do not show
the typical washout in the equilibrium phase or increased
signal on T2WI. The hepatocyte phase has been evaluated
in the setting of HCC. Most hepatomas are hypointense
to liver in this phase of contrast administration. This is a
function of organic anion transport function rather than

stage of tumor differentiation™**,

Intrahepatic cholangiocarcinoma

Intrahepatic cholangiocarcinoma (IHCC) is the second
most common primary liver malignancy, after HCC. IHCCs
are part of a spectrum of cholangiocarcinoma tumors of
the biliary epithelium. Cholangiocarcinoma tumors are clas-
sified based on the site of origin: intrahepatic, gallbladder,
or extrahepatic biliary cancers. At MR imaging, IHCC is
iso- to hypointense on T1WI and mild to marked hyperin-
tense on T2WI (Figure 6). Appearance on T2WI and DWI
can vary depending on its content: amount of fibrous con-
tent (predominant central hypointensity) and mucin content
(hyperintense). On the DWI, IHCC that exhibits restric-
tive diffusion will have no signal drop on high b-value
imaging. At DCE-MRI, IHCC demonstrates incomplete
arterial enhancement (Figure 6). On delayed images, mild
progressive enhancement is usually observed™. During
the hepatocyte phase of contrast administration, IHCCs
are hypointense to liver (Figure 7).
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Figure 6 A 62-year-old male with intrahepatic cholangiocarcinoma. A: Short TE (85 ms) T2 weighted imaging shows a hyperintense mass in the right lobe of the
liver; B-D: Pre-contrast (B) late arterial (C), and 5 min delayed images (D) of the abdomen shows delayed enhancement.

Figure 7 A 54-year-old female with intrahepatic cholangiocarcinoma. The
hepatocyte phase of contrast administration shows no uptake of contrast.

Liver metastases

Metastases are the most common malignant liver lesions,
with colorectal cancer as the most common primary ma-
lignancy. All metastatic liver lesions, with the exception
of highly cystic or necrotic lesions, have variable degrees
of vascularity and can be classified into hypovascular and
hypervascular metastases. This refers to the vascularity of
the lesions relative to the vascularity of surrounding liver

parenchyma®?,

Hypervascular liver metastases

Metastases that are considered hypervascular typically arise
from thyroid carcinoma, carcinoid tumor, neuroendocrine
tumor, renal cell carcinoma, choriocarcinoma, melanoma
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and sarcomas. At MR imaging, these metastases generally
have variable appearances on both T1WI and T2WI. On
T1WI, metastases are usually mildly to moderately hypoin-
tense relative to liver parenchyma. Some intralesional sub-
stances such as hemorrhage, melanin, fat and protein can
cause shortening of T1 relaxation times resulting in hyper-
intense metastatic lesions on TTWI. On T2WI, liver me-
tastases are hyperintense relative to liver but generally less
hyperintense than cysts and hemangioma. The difference
in CNR between the metastases and these benign lesions
can be highlighted on longer TE where signal attenuation
is observed with metastases and hyperintensity accentua-
tion is observed with cysts and hemangioma. However, a
subset of metastases that include neuroendocrine tumots,
sarcomas and melanoma can appear cystic and markedly
hyperintense on T2WI without signal attenuation at longer
TE, thus mimicking simple cysts and hemangioma”". At
DWI, these cystic metastases are usually hyperintense on
low b-values with variable degrees of signal attenuation
at high b-values. On the contrary, solid metastatic lesions
will remain hyperintense at high b-values due to restrictive
diffusion (Figure 8)"”. Dynamic enhancement patterns
also play a critical role in distinguishing these lesions.
Variable eatly arterial enhancement at the DCE-MRI
has been observed that includes peripheral ring and ho-
mogenous and heterogeneous enhancement. The periph-
eral ring pattern is the most commonly described enhance-
ment pattern. Homogenous arterial enhancement is usually
seen in smaller hypervascular metastases (< 1.5 cm). Het-
erogencous enhancement can be seen in lesions larger than
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Figure 8 A 51-year-old female with metastatic liver lesions from a pancreatic primary. A: The diffusion weighted imaging at b = 500 shows two hyperintense
nodules in the liver, in keeping with solid lesions; B, C: The late arterial phase (B) shows hypervascular masses that washout on the excretory phase (C) of contrast
administration; D: The hepatocyte phase shows low signal lesions in the right lobe of the liver, corresponding to liver metastases.

3 cm that are complicated by intralesional hemorrhage, ne-
crosis and fibrotic tissue formation. On the delayed images,
most hypervascular metastases demonstrate incomplete en-
hancement due to poor central vascularity with simultane-
ous peripheral washout. The peripheral washout observed
on the delayed images is considered specific for liver
malignancies that include metastases and HCC (Figure 8).
Hepatocyte contrast agent provides increased conspicu-
ity on the 20 min hepatocyte phase images, while liver
metastases do not take up contrast (Figure 8)". In some
seties, there are reports of increased lesion detection that
affected decision making and the clinical approach to the
patient.

Hypovascular liver metastases

Metastases that are considered hypovascular are most com-
monly from colon carcinoma. Other less common primary
lesions include: bladder carcinoma, prostate carcinoma,
and pulmonary carcinoma™”. At MR imaging, hypovascu-
lar metastases have variable appearances on both T1WI
and T2WI, which are commonly mild to moderately
hypointense on T1WI and hyperintense on T2WI, with
variability in signal intensity due to the presence of intrale-
sional substances. At DCE MRI, hypovascular metastases
generally demonstrate variable enhancement in the arterial
phase with the most common pattern being peripheral
complete ring enhancement (Figure 9). Hypovascular me-
tastases generally demonstrate a lesser degree of enhance-
ment relative to the surrounding liver parenchyma. Oc-
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casionally, transient perilesional circumferential or wedge-
shaped enhancements are seen in the arterial phase, most
commonly with colorectal metastases”™ ™", Hypovascular
metastases are conspicuous on the portal venous phase as
hypointense lesions relative to the liver””. On the excre-
tory phase, peripheral washout is commonly observed
(Figure 9. The hepatocyte agents provide high CNR
and sensitivity for liver metastasis at 20 min™’, In this

phase, these masses will appear hypointense to liver.

Arterially enhancing nodules
Liver lesions ate typically classified as hypervascular and
hypovascular based on their enhancement pattern on the
arterial phase of DCE-MRI. The arterial phase is highly
sensitive in detecting hypervascular lesions but may have
a low specificity in lesion characterization. The arterial en-
hancing nodule (AEN) can be true masses with mass effect
and rounded/lobulated shapes. These are seen only during
the arterial phase of contrast administration. AEN can also
be pseudolesions that mimic masses without a mass effect.
To confidently distinguish between benign and malignant
processes and possibly arrive at a correct diagnosis, the
AEN enhancement characteristics should be evaluated in
conjunction with other MRI imaging features'",
Differential diagnoses of benign AEN include he-
patocellular adenoma, FNH, hemangiomas, transient
hepatic intensity differences, and arteriovenous shunts/
perfusion anomalies. The differential diagnosis includes
malignant processes such as HCC and hypervascular me-
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Figure 9 A 64-year-old with liver metastases from a primary sarcoma. A: The diffusion weighted imaging at b = 500 shows two solid lesions in the right lobe of the
liver; B-D: The pre-contrast (B), late arterial (C), and delayed phase (D) show late enhancement. The enhancement pattern is similar to intrahepatic cholangiocarcinoma.

tastasis'"”. Even in the setting of a cirrhotic liver, these
lesions are more likely to be benign in nature*"™*. Tm-
aging features that suggest a malignant process include
hyperintense signal on the T2WI and washout on the de-
layed phase of contrast administration. A smaller lesion
(< 5 mm) should be monitored at least at 6 mo intervals,
whereas a larger lesion (> 1 cm) should be monitored ev-
ery 3 mo for interval size change or signal changes on the

T2WL

DIFFUSE LIVER DISEASE

Fatty liver disease

In the United States, fatty liver disease (FLD) is the lead-
ing cause of chronic liver disease in the adult and pediat-
ric populations™. Two conditions commonly associated
with FLD are alcoholic abuse and non alcoholic FLD
(NAFLD)", NAFLD is expected to surpass chronic hep-
atitis C as the number one indication for liver transplanta-
tion™, NAFLD is closely linked to metabolic syndromes
that encompass constellations of metabolic abnormalities
that include type II diabetes mellitus, obesity, hyper-
lipidemia, and insulin resistance!®*. Other conditions
that can result in NAFLD include drug toxicity (such as
amiodarone, tamoxifen and antiretrovirals), viral hepatitis,
radiation therapy, and storage disease such as glycogen
storage disorder. Patterns of fatty deposition in FLD is
commonly diffuse deposition, and less commonly focal
fat deposition in normal liver and diffuse fat deposition
with focal sparing. NAFLD comprises a spectrum of liver
pathologies that range from simple steatosis to nonalco-
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holic steatohepatitis that may further progress to fibrosis
and cirrhosis with resultant increased risk for HCC devel-
opment and liver failure™*". Histopathologic hallmarks
of simple steatosis that represents 80%-90% of NAFLD
cases is fat accumulation within the liver cells. The current
standard of reference for detection and disease severity of
FLD assessment is liver biopsy, which is invasive, costly
and is associated with complications and high sampling er-
ror due to heterogeneous fat distribution that can be seen
with FLD. Noninvasive repeat evaluation of fatty liver for
monitoring of treatment response is often desired.

At MR imaging, areas of fat deposition in the liver
appear isointense or hyperintense to the liver on the IP
T1WI. On the opposed-phase T1WI, these areas dem-
onstrate signal loss (Figure 10). Diffuse liver steatosis will
demonstrate diffuse heterogeneous, or more commonly
homogenous signal loss, on the opposed phase. Wedged
shaped, geographic or nodular morphology of focal FLLD
allows for distinction from fat containing tumors, such
as HCC, adenoma, angiomyolipoma or lipoma. At DCE
MRI, focal FLLD will not demonstrate a mass effect on ad-
jacent vessels or biliary tract, or changes in CNR relative
to liver™. Patchy enhancement of the liver parenchyma,
sometimes seen on the arterial phase, that becomes isoin-
tense to surrounding liver parenchyma at delayed imaging
are considered indicators of areas with necro-inflammato-
ry activity™. Tt is important to note that accumulation of
iron (patients with hemochromatosis) or glycogen (patients
with glycogen storage disease) in the liver cells can alter
signal intensity or signal loss of fatty liver in patients with
concomitant FLD™,
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Figure 10 A 57-year-old female with breast cancer with focal fat deposition in the liver. The in-phase (A) and out-of-phase (B) images show a signal drop of the

area in segment V of the liver.

Figure 11 A 57-year-old female with hepatocellular carcinoma and liver
cirrhosis. The T2 weighted imaging shows enlargement of the lateral segment
of the left lobe of the liver and caudate lobe. There is a nodular contour of the
liver. All these findings are in keeping with cirrhosis. The spleen is enlarged in
keeping with portal hypertension.

Cirrhosis

Hepatic fibrosis is a dynamic process that is usually in-
duced by a nonspecific inflammatory response of hepato-
cytes to hepatocellular injury (hepatitis) due to numerous
etiologies such as hepatitis viruses (B and C), alcohol
abuse, autoimmune disease, drug toxicity, radiation therapy
and metabolic disorders such as NAFLD and hemochro-
matosis'™* . Cirrthosis progresses from chronic hepatitis
to eatly cirrhosis to advanced cirrhosis, which are initially
compensated, and later progresses to decompensated cit-
rhosis to finally end-stage cirrhosis.

The morphological changes seen on imaging in a patient
with cirrhosis include a nodular liver and enlargement of
the left lobe and caudate lobe (Figure 11). A right hepatic
notch and enlarged gallbladder fossa have been described
in patients with cirrhosis' "%,

Extrahepatic findings associated with decompensated
cirrhosis are mainly features associated with portal hy-
pertension that include splenomegaly (Figure 11), ascites,
portosystemic collateral vessels and nonspecific petiportal
and portocaval lymphadenopathy (greater than 1 cm in the
short axis). Findings related to hepatocellular dysfunction
with resultant metabolic abnormality, causing small bowel
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edema and gallbladder wall thickening, are also observed.
Spleen size greater than 13 cm in cephalocaudal indicates
splenomegaly. The presences of 3-8 mm hemosiderin con-
taining nodules called Gamna-Gandy are indirect signs of
portal hypertension. These nodules result from hyperten-
sive bleeding in the splenic follicles"**.

The current standard of reference for the diagnosis of
cirrhosis is liver biopsy, which has its inherent limitations
due to sampling error and post procedural complications.
MRI has emerged as a relatively safer, inexpensive and
comprehensive alternative method for the detection and
evaluation of cirrhosis”™. At MRI, liver fibrosis demon-
strates imaging patterns that range from an absent distinct
pattern, reticular, confluent or both reticular and conflu-
ent patterns' . The fibrous septa and bridges in cirrhosis
appear as hypointense on T1WI and hyperintense on
T2W1. These signal characteristics are due to inflammato-
ty changes, vascular dilation and and/or development of
pseudobile ducts. The RN typically appear intermediate to
hyperintense on T1WI and intermediate to hypointense
on T2WI. Some of these RNs accumulate iron (called sid-
erotic nodules) and will appear strikingly hypointense on
T2- and T2WI. There also RNs that accumulate fat (called
steatotic nodules) and tend to show signal loss on the OP
images. It is worth noting that the fibrous septa and bridg-
es lack iron or fat in either the patients with iron or fat
deposition because both diseases are an intracellular depo-
sition phenomenon™**, At DCE-MRI with nonspecific
GBCA, liver fibrosis demonstrates no significant enhance-
ment in the arterial and eatly venous phases. Delayed pro-
gressive enhancement with peaks in the late venous and
equilibrium phases is typically observed. This delayed en-
hancement pattern can be explained by the characteristic
accumulation of nonspecific GDBA in the extracellular
spaces that are abundant in the fibrous tissues. In contrast
to reticular fibrosis that is linear reticulations surround-
ing RN, confluent fibrosis is thicker fibrotic scars up to
several centimeters thick with masslike configurations.
Confluent fibrosis has signal intensity and an enhance-
ment pattern similar to reticular type liver fibrosis. Occa-
sionally, arterial enhancement is seen with confluent and
reticular type fibrosis that can be differentiated from other
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Figure 12 A 64-year-old male with a pancreatic mass and iron deposition
in the liver. A: Respiratory triggered fast spin echo T2 weighted imaging image
of the liver shows a darker liver relative to the muscles; B, C: In phase (B) and
out-of-phase (C) T1 weighted imaging shows a signal drop on the former in
keeping with iron deposition.

focal liver tumors based on the characteristic morphology
and persistent enhancement on subsequent phases. At the
hepatocyte phase, liver fibrosis has no contrast uptake and
therefore will appear hypointense™*”.

Hemochromatosis

Hemochromatosis can be categorized into primary or sec-
ondary disorders based on the causes. This disease results
in increased intestinal iron absorption with normal dietary
iron intake. The excess iron in primary hemochromatosis
is deposited in parenchymal cells in organs such as liver,
pancreas, heart, pituitary gland, thyroid and synovium”
Non genetic causes classified as secondary hemochro-
matosis include ineffective erythropoiesis disorders such
as thalassemia, myelodysplastic syndrome, anemia due
to chronic disease, cirrhosis related iron deposition and
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exogenous increase by multiple transfusions. In the liver,
excessive iron deposition results in cellular damage that
can lead to cirrhosis and its complication, such as portal
hypertension and the development of HCC. In secondary
hemochromatosis, excess iron is deposited in the reticulo-
endothelial system, such as spleen, bone marrow, and liver
with minimal cellular damage. Hence, hemochromatosis
can also be categorized into parenchymal and reticulo-
endothelial forms based of the distribution of the iron
deposition. In general, hemochromatosis is a clinically
silent disease. The laboratory values used to diagnosis this
disease have low sensitivity and specificity. Liver biopsy is
the standard of reference for diagnosis that comes with its
inherent sampling error and complications. MRI is a good
noninvasive alternative method for the detection, diagno-
sis and monitoring of treatment response’”

Utilizing a core MR-protocol with the axial T1 weight-
ed SPGR IP and OP imaging, liver parenchyma with
excess intracellular iron deposition shows signal loss on
the IP images with longer echo times. This signal loss due
to susceptibility effects of iron ate more pronounced at
longer echo times (Figure 12). A caveat of this technique
is that, in patients with both diffuse steatosis and hemo-
chromatosis diseases, theoretically no signal loss will be
detected on the IP and OP irnageslss]. The distribution of
iron deposition based on signal loss observed on the IP
images can help distinguish primary and secondary hemo-
chromatosis. In primary hemochromatosis, both the liver
and pancreas will show signal loss, while signal intensity in
the spleen and bone marrow will be unchanged. In second-
ary hemochromatosis, signal loss will be seen in the liver,
spleen and bone marrow, while the signal intensity of the
pancreas will preserved””. If there is a clinical suspicion of
hemochromatosis, multiple TEs can be obtained on GRE
sequences and the degree of iron ovetload can be calcu-
lated from the rate of signal loss as a function of TE"".

CONCLUSION

Liver MRI is rapidly becoming the first image modality of
choice for the clinician in the evaluation of liver masses
and diffused liver disease. We have presented a core imag-
ing protocol with a combination of T1, including in-and
out-of phase imaging, T2, DWI EPI and dynamic post-
Gd images with and without hepatocyte agents to evaluate
the liver. Utilizing this basic protocol, most of the benign
and malignant liver lesions can be characterized and, in
addition, underlying liver disease can be identified. In
the coming months, new innovative techniques will used
more expansively, such as elastography, and will improve
the role of MRI in liver imaging,
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Abstract

Tracheobronchial balloon dilation and stent placement
have been well used in the treatment of patients with
benign and/or malignant diseases. Balloon dilation is the
first option in the treatment of benign airway stenosis.
Although balloon dilation is simple and fast, recurrence
rate is high. Stent placement promptly relieves acute
airway distress from malignant extraluminal and intra-
luminal airway obstruction. Temporary stent placement
may be an alternative for benign airway strictures re-
fractory to balloon dilation. This article reviews the indi-
cations, pre-procedure evaluation, technique, outcomes
and complications of balloon dilation and stent place-
ment with regard to benign and malignant tracheobron-
chial stenoses.
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INTRODUCTION

Tracheobronchial obstructions arising from either be-
nign or malignant diseases result in dyspnea, stridor, and
obstructive pneumonia, and can occasionally be life-
threatening due to suffocation. Even in the absence of
parenchymal lung disease, ventilatory failure frequently
occurs if the obstruction is not relieved. Tracheobronchial
obstructions are challenging to manage, particularly in pa-
tients unsuitable for curative surgery, with endobronchial
intervention having an increasing role in their manage-
ment'"!. Endobronchial intervention can be performed
under local anesthesia by fluoroscopic guidance and/or fi-
beroptic bronchoscopy, or under general anesthesia using
rigid bronchoscopy. Although aggressive endobronchial
interventions for tissue destruction (Nd YAG laser, argon
plasma coagulation, cryotherapy, or electrocautery) can
be performed using rigid bronchoscopy, balloon dilation
and stent placement can be performed using fluoroscopic
guidance and/or flexible bronchoscopy.

TRACHEOBRONCHIAL BALLOON
DILATION

Bronchoscopically or fluoroscopically guided balloon dila-
tion is an accepted initial therapy for patients with benign
bronchial strictures, primarily because balloon dilation is
associated with lower morbidity and mortality rates than
corrective surgery. The balloon dilates the stenotic trachea
or bronchus by stretching and expanding the bronchial
wall, making balloon dilation appropriate for the treatment
of cicatric annular strictures. Balloon dilation has been
extended to the treatment of tracheobronchial stenoses
due to, for example, post-intubation tracheal stenosis,
postoperative anastomotic stenosis, granulomatous steno-
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Figure 1 A 43-year-old woman with left main bronchial stricture caused by tuberculosis. A: Radiograph shows irregular narrowing (arrows) of the left main
bronchus; B, C: Radiographs show waist formation (arrows in B) of the inflated balloon and subsequent full inflation; D: Radiograph shows marked improvement in
stricture (arrows); E, F: Bronchoscopic images before (E) and after (F) balloon dilation show substantial improvement in the stricture (arrows in E).

sis (tuberculosis, histoplasmosis), radiation therapy, medi-
astinal fibrosis, congenital stenosis, bronchial trauma and
bronchial artery embolization””. Before balloon dilation,
the site, severity, proximal and distal extent, and charactet-
istics of the stricture should be evaluated by conventional
radiography, computed tomography scans including three-
dimensional reconstructions, and/or bronchoscopy.

In our center, the pharynx and larynx are topically
anesthetized using an aerosol spray 3-5 min before the
procedure, followed by conscious sedation by intrave-
nous administration of midazolam. A 0.035-inch angled
exchange guide wire (Radifocus M; Terumo, Tokyo) is
inserted through the bronchoscope and positioned across
the stenosis. If a bronchoscope is not available, the guide
wire can be inserted across the stenosis under fluoroscopic
guidance. After removing the bronchoscope, the stricture
is measured by passing a graduated sizing catheter over
the guide wite to the distal part of the stricture. The de-
gree and length of the stricture are evaluated in detail by
selective tracheobronchography, by passing approximately
5 mL of water-soluble nonionic contrast medium mixed
1:1 with lidocaine through the sizing catheter (Figure 1).
An angioplasty balloon catheter is then passed over the
guide wite to dilate the stricture. In children, 6-mm diame-
ter balloon catheters are used in the bronchi and tracheae,
whereas in adults, 10-12-mm diameter balloon catheters
are used in bronchi and 14-20-mm diameter balloon cath-
eters are used in tracheae (Figure 1). If the stenosis is too
narrow to allow passage of a balloon catheter > 10 mm
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in diameter, a 6-mm diameter balloon catheter is used first
to provide a passage for the larger balloon catheter. Using
diluted water-soluble nonionic contrast medium, the bal-
loon is inflated at pressures up to 16 atm, as determined
by a pressure-gauge monitor. After the procedure, selec-
tive tracheobronchography is performed to evaluate lu-
men dilation.

A review of several representative studies, each includ-
ing 21-59 patients™”"), found that the technical success
rate was 100% and that all patients achieved initial symp-
tomatic improvement. In some of these studies, however,
up to 80% of patients required adjuvant treatment, in-
cluding stent placement and laser therapy™>".

Complications associated with balloon dilation include
chest pain during dilation, bronchospasm, atelectasis after
dilation, supetrficial or deep mucosal laceration, pneumo-
mediastinum, and massive bleeding have been report-
ed®". In one large series, bronchial lacerations occurred
during 64 of 124 (52%) tracheobronchial balloon dilation
procedutres, but none of these progressed to transmural
laceration"”. The median cumulative airway patency pe-
riod was significantly longer in patients with than in those
without lacerations (24 mo #s 4 mo), indicating that lacera-
tion secondary to balloon dilation may improve patency
outcomes'"”.

Recently, cutting balloon dilation has shown much
better patency, approximately 60% at 2 years, for the treat-
ment of benign bronchial strictures resistant to conven-
tional balloon dilation™. Endobronchial brachytherapy
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may be used to treat benign bronchial strictures resistant
to conventional balloon dilation or as an adjuvant treat-
ment to treat granulation tissue formation after airway
restoration™",

Tracheobronchial balloon dilation is a simple, rapid,
and safe method of restoring airway lumen, providing
immediate symptom relief. This simple procedure may be
a first option in the treatment of benign airway stenosis.
If restenosis occurs, however, adjuvant endobronchial
therapy, consisting of stent placement or laser treatment,
will be necessary.

TRACHEOBRONCHIAL STENT
PLACEMENT

Up to 30% of patients with lung cancer have been re-
ported to develop central airway obstruction secondary
to endoluminal disease or external compression by a hilar
tumor or bulky lymphadenopathy!?. Recent technological
advances have increased the popularity of tracheobronchi-
al stents with interventional radiologists and chest physi-
cians, particularly because stenting is effective for both ex-
traluminal and intraluminal lesions and promptly relieves
acute airway distress from airway obstruction. Expandable
metallic stents are better tolerated than, and preferred to,
non-expandable silicone stents because the former are
more flexible and can be used in smaller delivery systems.

Indications for stent placement

Stent placement is indicated for patients with submucosal
and extraluminal pathology or tracheobronchomalacia, as
well as for patients with intraluminal pathology (Table 1
and Figure 2). Tracheobronchomalacia is a special entity
denoting functional airway obstruction with destruction
of the surrounding airway cartilage. In patients with ma-
lignancies, the most common indication for stent place-
ment is bronchogenic carcinoma, which can present as
extraluminal compression with or without an intraluminal
lesion. Tracheobronchial stenting is the only immediate
treatment for unresectable extraluminal compression,
promptly stabilizing a threatened airway while the primary
tumor is treated with radiation or chemotherapy.

The only definitive contraindication for placement of
an airway stent is in patients with external compression of
the airway by a vessel. Stent placement in these patients
was associated with unacceptably high rates of erosion,
hemorrhage, and death!"”,

Types of stents

At present, two types of stents are available, silicone and
metallic. The advantages of metallic stents include their fa-
vorable ratios of wall to inner diameter and their ability to
be placed using flexible bronchoscopy and/or fluoroscopy.
Metallic stents can be classified as balloon-expandable and
covered and uncovered self-expandable metallic stents. Sili-
cone stents have been associated with high rates of migra-
tion, resulting in reocclusion, adherence of secretions due
to the impairment of mucociliary clearance, and unfavor-
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Figure 2 A 56-year-old woman with a left main bronchial obstruction
caused by cervical cancer metastasis. A, B: Coronal reconstructed computed
tomography (CT) scan (A) and 3D-reconstructed CT scan (B) showing com-
plete obstruction (arrows) of the left main bronchus with left lung atelectasis;
C: Radiograph taken 6 mo after left bronchial stent placement, showing good
expansion of the stent (arrows) and good aeration of the left lung.

Malignant intraluminal or extraluminal obstructive pathology
Benign inflammatory obstructive pathology such as tuberculosis
Benign post-intubation tracheal stenosis

Benign postoperative anastomotic stenosis
Tracheobronchomalacia

Compression by esophageal stents

Esophagorespiratory fistula

able wall to inner diameter ratios. Among the advantages
of silicone stents are their ability to be repositioned or re-
moved as many times as needed, which is especially impor-
tant for benign tracheobronchial stenoses and for slowly
growing, frequently recurring stenoses' . General anesthe-
sia and the use of a rigid bronchoscope are mandatory for
the placement of silicone stents. Among the advantages of
balloon-expandable stents, including Strecker and Palmaz
stents, and of uncovered self-expandable metallic stents,
including Gianturco Z, Ultraflex, and Polyflex stents, are
their lower rates of migration and interference with mu-
cociliary clearance. Among their disadvantages are difficult
removal and the growth of tumors or granulation tissue
through the stent meshes. Because balloon-expandable
metallic stents require an additional step, balloon dilation,
and sometimes require rigid bronchoscopes, they are less
commonly used. Uncovered and covered self-expandable
metallic stents have become increasingly popular due to
their relative ease of placement. These stents can be com-
pressed into a small delivery device, and once deployed,
are embedded into the surrounding tissue iz a radial force.
Whereas uncovered self-expandable metallic stents cannot
be removed or exchanged easily, covered self-expandable
metallic stents, such as Ultraflex, Wall, and Alveolus stents,
can be removed or exchanged relatively easily. Therefore,
temporarily placed retrievable, covered self-expandable me-
tallic stents can be used to treat benign airway strictures as
well as to treat malignant airway strictures in combination
with radiation therapy and/or chemotherapy (Figure 3)"*".
In addition, covered self-expandable metallic stents can
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Figure 3 A 67-year-old man with a left main bronchial stricture caused by
non-small-cell lung cancer. A, B: Axial computed tomography (CT) scan (A)
and anteroposterior view (B) of 3D surface-rendered reconstruction CT scan
performed 3 d before stent placement, showing a severe left main bronchial
stricture (arrows); C: Radiograph showing retrievable covered stent (arrows)
12 mm in diameter and 4 cm in length placed at the stricture. A sizing catheter
(arrowhead) is also shown; D: Radiograph showing the collapse of the proxi-
mal end (arrowhead) of the stent while the retrievable hookwire (arrow) was
withdrawn into the sheath; E, F: Axial CT scan (E) and anteroposterior view (F)
of 3D surface-rendered reconstruction CT obtained 6 mo after stent removal,
showing marked improvement in the stricture (arrows).

be used to seal esophagorespiratory fistulae. Recently in-
troduced barbed retrievable covered metallic stents have
shown particularly low migration rates'"”.

Technique

Expandable metallic stents can be inserted only under flu-
oroscopic guidance and only by radiologists with patients
under topical anesthesia. Due to the importance of bron-
choscopic evaluation immediately before and after stent
placement, bronchoscopic assistance is valuable. Moteovet,
it is relatively easy to insert a guide wire across the stricture
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into the distal portion of the trachea or bronchus through
the working channel of the bronchoscope.

The techniques for providing topical anesthesia, intro-
ducing the guide wire and catheter into the tracheobron-
chial tree, and obtaining selective tracheobronchography
are the same as for balloon dilation. Subsequently, the
location of the narrowed lumen can be marked on the
patient’s skin using radiopaque markers. With the patient
in a supine position and with the neck fully extended, the
delivery system, the proximal part of which is lubricated
with jelly, is passed over the guide wire into the trachea
and is advanced until the distal tip reaches beyond the
stricture. When the stricture is severe (i.e. more than two-
thirds of the lumen is narrowed), the stenotic portion is
dilated with an angioplasty balloon catheter. The stent
should be at least 10 mm longer than the stricture, so that
the proximal and distal parts of the stent rest on the up-
per and lower margins of the stricture, respectively.

Following stent placement, its patency and location
are evaluated by bronchoscopy. It is important to avoid
inexact stent deployment that results in partial obstruction
of a bronchial orifice or incomplete coverage of a tumor
stenosis. If this occurs, the stent should be repositioned
using bronchoscopic biopsy forceps or it should be re-
moved and its placement reattempted.

Early investigators used forceps/rotation techniques
to remove uncovered expandable metallic stents under
general anesthesia'*'". In patients in whom the stent was
tightly welded to the tracheobronchial wall, however,
this removal procedure carried potential risks of muco-
sal bleeding and airway occlusion during the procedure.
Our removal technique uses a hook-like device and has
been reported to be safe and easy to perform because
the stents (Song Airway Stent, S&G Biotech, Seongnam,
Korea) are completely covered and designed for optimal
removal™"*"™. 'To make the stent removable, a nylon loop
is hooked inside each bend of its proximal end and two
nylon threads are passed through each loop. To remove
these stents, a hooked wire is introduced into the sheath
and passed through it into the stent lumen. The sheath
containing the hook is then pulled out of the stent so that
the hook grasps the drawstring. When this occurs, the
hook wire is withdrawn through the sheath, collapsing the
proximal stent. The sheath, hook wire, and stent are then
pulled out of the trachea.

Outcomes and complications

In benign tracheobronchial stenosis, technical success
rates of 100% and clinical success rates of 88-100% have
been reported in 46 patients across three representative
studies using uncovered self-expandable stents'” . The
most common causes of stenosis in these patients wete
post-lung transplantation strictures and tuberculosis. Stent
fracture was the most commonly observed complication,
occurring in seven patients (15%), followed by granula-
tion tissue formation (7%) and stent migration (2%). Four
patients (9%) required stent removal due to stent fracture
or migration, but stent removal was difficult because the
wire mesh was embedded in the airway walls. These find-
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ings indicate that the placement of permanent stents may
not be ideal due to the formation of granulation tissue.
We have placed 30 covered retrievable expandable metallic
stents into 24 patientsm
term clinical success rates of 100%. All stents were suc-
cessfully removed electively, either 2 (# = 12) or 6 (n = 12)
months after placement or when complications occurred (
= 0). The 6-mo stenting group showed a lower recurrence
rate (41.7% vs 83.3%, P = 0.045) and a better mean main-
tained patency (39.7 £ 7.8 mo #5 9.4 * 5.4 mo, P = 0.001)
than the 2-mo stenting group. Although stent migration
and tissue hyperplasia at either end of the stent was ob-
served in 13% and 37% of these patients, respectively,
stent removal was easy and safe.

Four representative studies of stent placement, two us-
ing uncovered™” and two using covered"™¥ stents, in 133
patients with malignant tracheobronchial stenosis showed
technical success rates of 98%-100% and clinical success
rates of 82%0-92%. Covered metallic stents were associ-
ated with much higher rates of stent migration (12%-17%)
and sputum retention (20%-38%) than uncovered metal-
lic stents (0% and 9%, respectively). In contrast, tumor
ingrowth into the stent lumen occurred more often with
uncovered (21%-23%) than with covered (0%) metallic
stents because the former do not contain covering mate-
rial between the wire mesh. In patients with malignant
bronchial obstructions, involvement of the lowert-lobe
segmental bronchus has been associated with lower rates
of radiologic and clinical improvement following stent
placement™,

In patients with benign disease, stent migration is more
likely when there is no substantial extrinsic compression
maintaining the stents in place and when short stents are
placed in conical stenoses. In patients with malignancies,
migration can be expected after tumor shrinkage from
radiation or chemotherapy. Granulation tissue is more
likely to form at the proximal and distal ends of the stent,
and excessive granulation tissue can lead to obstruction
of the airway. This occurs more commonly with metallic
stents, especially uncovered stents (up to 7%), than with
silicone stents because metal stents are more rigid and
have multiple edges, therefore causing more irritation. The
incidence of tumor overgrowth at the tip of the covered
metallic stent depends on the follow-up period and extent
of the malignancy at the time of stent placement and has
been reported to occur in 6%-28% of patients“s’M. Be-
cause airway obstruction by tumor ingrowth/overgrowth
can be life-threatening, patients with new symptoms or
radiographic findings should undergo further diagnostic
evaluation. Sputum retention is more likely to occur after
placement of silicone and covered expandable metal-
lic stents than after placement of uncovered expandable
metallic stents due to impaired mucociliary clearance in
the former. Lack of mucociliary clearance can lead to ob-
struction and infection.

, resulting in technical and short-

CONCLUSION

In summary, balloon dilation is an accepted initial therapy
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for benign airway stricture. It is easy to perform, but is
plagued by a high recurrence rate. While, stent placement
can improve life quality by dramatic resolution of dyspnea
in malignant airway stricture. For benign airway strictures
refractory to balloon dilation, temporary placement of air-
way stent could be considered.
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Colorectal cancer is the second most common cancer in

the Western world". Adenocarcinoma represents more
than 90% of all colorectal cancers while other histologi-
cal subtypes, such as squamous cell carcinomas (SCC),

Abstract adenosquamous, carcinoid or lymphoid, are identified
In this report, we present a case of advanced squa- only occasionally. SCC of the rectum is an extremely rare
mous cell cancer located in the rectum of a 78-year-old ~ malignancy with an incidence of less than 1/10000 of all
woman treated with chemoradiation with curative in-  colorectal cancers”. It was described for the first time by
tent. The patient showed a complete clinical response Raiford” in 1933.

to chemoradiation; multiple biopsies were performed Diagnosis of a primary SCC of the rectum is neither

at the site of the p_reViOU_S mass 5_ mo after the end immediate nor simple. According to Williams e /¥, the
of treatment and histological examination showed no following criteria must be satisfied: (1) absence of me-

residual_tumour in the specimens. Surgica! intervention tastases from other sites (such as SCC of the lung); (2)
was avoided and the patient was free of disease 12 mo absence of fistulas between the rectum and adjacent af-

after the diagnosis of cancer. Primary chemoradiation fected organs, which could be the source of SCCs; and (3)
should be considered as the treatment of choice for
this rare malignancy.

absence of a SCC of the anus with cranial extension into
the lower rectum.

The natural history and therapeutic options for such a
rare tumour have not yet been clearly defined. Surgery is
still considered the gold standard of treatment, however,
several authors consider the association of radiotherapy
and chemotherapy as an effective alternative to resec-
Peer reviewers: Thomas J George, Jr., MD, FACP, Assistant tion". The scientific literature on SCC consists mainly of

Professor, Director, GI Oncology Program, Associate Director, case reports. Since 1933, only 73 cases of SCC have been
HemOnc Fellowship Program, University of Florida, Divi- reported, with the largest series on 12 patients being re-

© 2010 Baishideng. All rights reserved.
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ported by Nahas ¢z al”. In this paper, we present a case of
primary SCC of the rectum treated with chemoradiation
alone with curative intent.

CASE REPORT

In May 2009 an obese, non-smoking, 78-year-old woman,
with an ECOG performance status of 1, was referred to
the Department of Radiotherapy, University “Sapienza”
for a neoplasm located in the rectum. The first symptom
of the disease was rectal bleeding and, therefore, the pa-
tient underwent digital rectal examination (DRE), which
revealed the presence of a round and irregular mass locat-
ed in the antetior rectal wall. Subsequently, a colonoscopy
was performed. The exam registered a round and hard
consistent mass protruding into the lumen, located entirely
in the lower rectum at a distance of 5 cm from the anal
verge. Histological examination of the specimen revealed
a SCC of the large intestine. A total body computed to-
mogtaphy (CT) scan was performed, which confirmed the
presence of a round neoplasm with irregular margins of
30 mm X 20 mm X 21 mm (Figure 1A). The cranial limit
of the mass was located approximately 25 mm from the
anorectal junction along the anterior rectal wall. A small
lymph node was visible in the mesorectum 2 cm above the
lesion (Figure 1B). The perirectal fat was not involved and
neither were the elevator muscles of the anus.

The presence of metastatic disease was excluded. The
therapeutic strategy for such a case was discussed with
our surgery team. Operative risk was considered high due
to the patient’s age and comorbidities, and surgery was
excluded. The patient was referred for chemoradiation as
a curative treatment. An endorectal ultrasound (ERUS)
was also performed, which confirmed localization of the
lesion in the anterior wall of the rectum with no extension
in the anal canal (Figure 2). The exam revealed the pres-
ence of 2 round, 8 mm diameter, possibly involved lymph
nodes located in the mesorectum 8 cm and 7 cm from the
anal margin.

Given the squamous nature of the neoplasm and the
choice of treatment, the disease was staged as clinical
T2N1MO (stage IIA) according to the TNM classification
system for squamous cell cancer of the anus (AJCC Sixth
Edition).

Treatment

Chemotherapy: A medical and physical exam, with com-
plete laboratory tests, was performed before each cycle of
chemotherapy. Chemotherapy consisted of continuous in-
fusion of 5-FU 750 mg/mq die, days 1-4 and days 36-40,
plus 10 mg/mq mitomycin days 1 and 36.

Radiotherapy: Radiotherapy was delivered using a linear
accelerator with energy of 6-15 MV using a 3D conformal
technique. The planning target volume 2 (PTV2) included
the site of disease and pelvic nodal stations (internal iliac,
external iliac, obturator, mesorectal, presacral and inguinal
nodes).
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Figure 1 Pre-treatment computed tomography scans. A: The tumour mass
(white arrow) occupying the anterior rectal wall; B: A small, possibly involved
node on the left rectal wall (white dashed arrow).

Figure 2 Pre-treatment endorectal ultrasound scan showing the inferior
aspect of the mass located 4.5-5 cm from the anal margin (black arrow).

The PTV1 encompassed the site of disease with an iso-
tropic margin of 2 cm. The PTV2 received 45 Gy in 25 dai-
ly fractions of 1.8 Gy each. PTV1 was boosted to 59.4 Gy
with the addition of 8 fractions using a multiple field
technique. Toxicity was graded according the Common
Terminology Criteria for Adverse Events version 3.0,

There was no haematological toxicity; gastrointestinal
and skin toxicity adverse events were << G2. As expected,
skin toxicity, grade 2, occurred bilaterally in the inguinal
area and was controlled with proper topical treatment.

Results
The patient was revaluated 7 wk after the end of chemo-
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Figure 3 Computed tomography scan performed after chemoradiation
treatment. A: The anterior rectal wall appeared free of disease; B: The previously
detected node appeared greatly reduced in size (white arrow).

Figure 4 Endorectal ultrasound performed 12 wk after the end of chemo-
radiation. The tumour mass appeared reduced in size and hard to identify (white
arrow). MA: Margin from anal verge.

radiation by DRE and ERUS. The anterior wall of the
rectum appeared at DRE to be completely smooth with
difficult identification of the treated lesion. Transanal
ultrasound registered the presence of a hypoechoic scar
located antetiotly in the rectum with a craniocaudal exten-
sion of 1 cm. A total body CT scan was petformed 10 wk
after the end of treatment. The lesion appeared greatly
reduced in size and identifiable with difficulty, as was the
small lymph node detected at the first CT scan (Figute 3).

Three months after the end of chemoradiation, a new
ultrasound examination confirmed the reduction of the
lesion with no pathological nodes identified in the meso-
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Figure 5 Images of proctoscopy (A, B) conducted 4 mo after the end of
chemoradiation, which revealed the presence of a plain white scar at the
site of previous disease (black arrows).

rectum (Figure 4). Given the initial desirable clinical out-
come, a proctoscopy with possible biopsy was scheduled
4 mo after the end of treatment. Meanwhile, the patient
underwent anal brushing to search for sequences of papil-
lomavirus by means of PCR. The sample was negative for
the presence of HPV6, HPV11, HPV16 and HPV18.

In December 2009, the patient underwent a first proc-
toscopy, which showed no lesions protruding into the
intestinal lumen, but showed only the presence of a plain-
white area at the site of the previous injury and no biopsies
were performed (Figure 5A and B). One month later (5
mo after the end of treatment) a proctoscopy was executed
and multiple biopsies were performed up to 8 cm from the
anal margin. No residual cancer cells were found at the his-
tological examination of specimens. A total body CT scan
was also performed, which confirmed that the patient was
free of disease 12 mo after the diagnosis of cancer.

DISCUSSION

Squamous cell cancer of the rectum is an extremely rare
malignancy. It represents 0.1%-0.2% of all colorectal can-
cers. It seems to occur more frequently in women'. The
review of Frizelle e al”, conducted at the Mayo Clinic on
all cases of adenosquamous carcinoma of the colon and
rectum from 1907 to 1992, identified only 11 cases of
pure SCC.

The etiology of SCC of the rectum is uncertain. Brief-
ly, several theories have been proposed: (1) proliferation
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of stem cells capable of multidirectional differentiation”;

(2) differentiation of basal undifferentiated cells in squa-
mous cells with subsequent malignant transformation
(3) chronic irritation caused by conditions such as ulcer-
ative colitis"?, radiation exposure[m, and HPV infection
that can result in squamous metaplasia and subsequent
tumor development; and (4) squamous differentiation of
adenoma and adenocarcinoma’. Given the extreme rarity
of this cancer, its natural history is not well known. Conse-
quently, therapeutic strategy cannot be easily standardized.
Traditionally, surgery is considered the most appropriate
curative treatment. The surgical procedure depends on lo-
calization of the tumour mass and on TNM classification
of the disease. In the case of advanced tumour, a conser-
vative approach is not recommended. Total mesorectal
excision, performed by anterior resection of the rectum or
by abdominoperineal amputation with a definitive stoma,
must be considered the preferred surgical option. Each
type of surgery, however, is associated with a significant
tisk of morbidity (13%-46%) and mortality (1%-7%)".

Several authors suggested that chemoradiation could
play a role in the treatment of squamous cell cancer of
the rectum. Some researchers? investigated the effective-
ness of chemoradiation as a postoperative treatment of
this type of tumour, reporting a low profile of toxicity.
Multimodal treatment did not show any advantage in
terms of overall survival compared to surgery alone.

Other authors went even further, reporting their ex-
perience with chemoradiation as a definitive treatment for
squamous cell cancer of the rectum. The series of Clark
et al'” included 7 patients treated by primary chemoradia-
tion. Radiotherapy was administered at a dose of 30.6 Gy
delivered to the primary tumour and the regional nodes.
The tumour mass with a 2 cm margin was boosted to a
total dose of a 50.4 Gy. The multimodal treatment was
feasible; only one patient expetienced severe anal soreness
and had a 7 d break in the radiotherapy treatment.

Results of treatment were excellent; all patients but
one showed a complete clinical response to chemoradia-
tion. This patient, with a partial radiological response to
treatment, decided to undergo surgery and no residual
tumour was found at histological examination of the sur-
gical specimen.

These findings demonstrate that definitive chemo-
radiation should be considered as a feasible and effective
alternative to surgery. Acute toxicity of chemoradiation is
low and long term toxicity, with symptomatic rectal sttic-
ture due to the non operative approach, is possible but its
incidence is rarely reported in the literature!™. A prospec-
tive comparison between the two therapeutic options is
impossible, due to the rarity of this tumour. Nevertheless,
some considerations are offered. First of all, the historical
standard treatment for SCC of the anus was demolitive
surgery by means of abdominoperineal amputation (Miles’
intervention). It was only after the revolutionary work of
Nigro'”, dated 1974, when chemoradiation was shown as
effective as a primary treatment of epidermoid anal can-
cer. Currently, the latest update of the results of the ACT
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I trial™, which compared chemoradiation to radiotherapy
alone in the treatment of squamous anal cancer, showed
that the superiority of chemoradiation is present even
12 years after treatment, confirming the association of
radiotherapy and chemotherapy as the gold standard for
anal cancer treatment.

In the case of rectal cancer, a different therapeutic strat-
egy is required. Adenocarcinoma represents more than
90% of all rectal tumors and surgery, i.c. total mesorectal
excision™! must be considered as the milestone of a mul-
timodal treatment, including radiotherapy and chemother-
apy. Neoadjuvant chemoradiation has been demonstrated
to reduce the rate of local recurrence compared to post-
operative chemoradiation™ The use of standard, 5-FU
based preoperative chemoradiation in the case of adeno-
carcinoma of the rectum leads to a percentage of patho-
logical complete response (pCR), which varies from 5%
to 16%"” in randomized phase Il studies. Several phase
I studies of intensified neoadjuvant treatment reported
rates of pCR up to 30%"Y. The work of Habr-Gama
et al” represents the first, successful, non operative ap-
proach to rectal cancer. This paper reported similar curves
of survival between patients who avoided surgery and
showed a clinical complete response, and operated pa-
tients registering a pathological complete response at his-
tological examination.

In summary, non operative management represents
the standard approach for anal cancer. In the case of
squamous cell cancer of the rectum, a complete response
to chemoradiation can be expected in the majority of pa-
tients, and surgery should be reserved for cases of treat-
ment failure. The assessment of response to conservative
therapy should be done 4-6 mo after the end of chemora-
diation treatment.

In our paper, we described the case of a 78-year-old
woman affected by squamous cell cancer of the rectum,
successfully managed by chemoradiation as a definitive
treatment. Chemoradiation was feasible, with a low profile
of toxicity. It must be noted that, unlike other reports, in
our case, radiotherapy was delivered with the use of 3D
conformal technique, which permitted delivering high dos-
es of radiation both to PTV2 and PTV1 (45 and 59.4 Gy,
respectively) without exceeding nearby normal tissue toler-
ance. A further evolution of radiotherapy could be repre-
sented by the use of more sophisticated techniques, such
as helical tomotherapy and intensity modulated radiation
therapy, whose first experiences in the treatment of anal
cancer were extremely promising in terms of local control
and toxicity**”", Squamous rectal cancer could also benefit
from new radiotherapy techniques associated with well
established protocols of chemotherapy, with the goal of
making chemoradiation with radical intent the treatment
of choice for this rare malignancy.
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immunocompetent patient is very rare!
imaging findings of esophageal lymphoma are nonspe-
cific, thus posing a diagnostic dilemma'”. We report two
Abstract histopathologically confirmed cases of diffuse large B-cell
non-Hodgkin lymphomas, describe their radiological and

3-5
!, Furthermore,

Primary lymphoma that involves the esophagus is very : ) - )
rare, with fewer than 30 cases reported in the English- endoscopic features, and briefly review the literature.
language literature. Non-Hodgkin lymphoma accounts

for_most (_)f th_e cases. Esophageal' Iymphoma_s have CASE REPORT

varied radiological appearances, which poses diagnos-

tic difficulty. We report two cases of histopathologi- Case 1

cally confirmed primary diffuse large B-cell esophageal A 41-yeat-old man came to our hospital in April 2009 for
lymphoma and describe their radiological features, and evaluation of progtessive dysphagia that was present only
briefly review the literature. with solid food ingestion over the previous 1 mo. He had
no other complaint and no evidence of any immunosup-
pressive disease, and physical examination, laboratory
findings, chest radiography, and abdominal ultrasonogra-
phy were unremarkable. Barium esophagogtraphy revealed
an irregular wavy outline as a filling defect, with evidence
of significant short segment narrowing of the distal

Peer reviewer: Yasunori Minami, MD, PhD, Division of Gastro- esop hrflgu s that involved mainly the right side posterolater-
enterology and Hepatology, Department of Internal Medicine, ally (Figure 1). Esophagogastroduodenoscopy revealed an
377-2, Ohno-higashi, Osaka-sayama 589-8511, Japan esophageal ulcer starting at 32 cm of incisor teeth which

measured approximately 1.8 cm X 1.4 cm. The remaining
Ghimire P, Wu GY, Zhu L. Primary esophageal lymphoma in im- esophagus was irregular and erythematous. The stomach
munocompetent patients: Two case reports and literature review. and duodenum were normal in appearance. Biopsy speci-
World J Radiol 2010; 2(8): 334-338 Available from: URL: mens were taken from multiple sites of the esophagus,
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Figure 1 Barium esophagogram shows irregular outline and multiple filling
defects (arrow), with short segment narrowing of the distal segment of the
esophagus involving right side posterolaterally.

and revealed fibrin necrotic exudates with no evidence of
dysplasia or neoplastic cells. Computed tomography (CT)
of the thorax demonstrated asymmetric circumferential
thickening of the esophageal wall that extended from the
level of the carina to the diaphragm, which resulted in
narrowing of the esophageal lumen. The gastroesopha-
geal junction appeared normal. The fat plane between
the thickened esophageal wall and surrounding structures
was well maintained (Figure 2). There was no cervical
or mediastinal lymphadenopathy. CT of the abdomen
and pelvis was normal. The patient underwent subtotal
esophagectomy with gastric pull-up reconstruction, along
with radical thoracic and abdominal lymphadenectomy.
Histological examination of the biopsy specimen from
the mass was suggestive of diffuse large B-cell lymphoma
(Figure 3). An immunohistochemical study confirmed an
LCA-positive B-cell phenotype that stained positively for
B-cell markers CD20 and CD79, and negatively for T-cell
markers CD3 and CD5. Bone marrow biopsy specimens
from the iliac crest were negative for lymphoma cells. In
accordance with the Ann Arbor classification system, this
was a stage IEA lymphoma of the esophagus. The patient
recovered well from surgery. Postoperatively, he was treat-
ed with six cycles of immunochemotherapy in the form
of R-CHOP (anti-CD20 monoclonal antibody rituximab,
with cyclophosphamide, doxorubicin, vincristine sulfate
and prednisolone) followed by irradiation. The patient
achieved complete remission. Follow-up investigations
ruled out any relapse and he was disease free until this ar-
ticle was written.

Case 2

A 77-year-old man was referred from another hospital
for further workup and management of his illness. He
had complained of dysphagia for solid food with loss
of appetite for the past 2 mo. His past medical history
was unremarkable except for hypertension, for which
he had been taking antihypertensive drugs. His physical
examination was not significant and did not reveal any
signs that were suggestive of immune suppression. Blood
parameters and serum chemistry were all within normal
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limits. The investigations performed in the other hospital
included barium esophagography that showed multiple
filling defects in the distal segment of the esophagus.
Esophagogastroduodenoscopy showed multiple solid,
irregular and firm nodular lesions starting at 27-31 cm
from the incisor teeth, and the rest of the esophagus,
stomach and duodenum was normal. Endoscopic bi-
opsy specimens from the lesion were inconclusive for a
diagnosis. Chest CT demonstrated concentric thickening
of the esophageal wall, with slight enlargement of the
subcarinal lymph nodes. The remaining thoracic CT and
abdominal and pelvic CT were normal. Repeat esopha-
gogastroduodenoscopy performed in our institution also
demonstrated similar endoscopic findings (Figure 4). Mul-
tiple endoscopic biopsies were required from the lesion
before pathological evaluation revealed the diagnosis of
diffuse large B-cell lymphoma, which was confirmed by
immunohistochemistry. A bone marrow biopsy was done
from the iliac crest, which did not show any evidence of
malignancy. After disclosure of the diagnosis, the patient
refused further investigation and declined treatment, and
was discharged on request.

DISCUSSION

The GI tract is the most common extranodal site for
non-Hodgkin lymphoma, and accounts for 5%-20% of
all cases, whereas some autopsy studies have revealed
almost 50% involvement'”. The stomach is the most
common of the GI sites to be involved (48%-50%), fol-
lowed by small intestine (30%-37%), and ileocecal region
(12%-13%). The esophagus is a distinctly rare site to be
involved and accounts for < 1% of all GI lymphomas".
Esophageal involvement usually results from metastasis
from cervical or mediastinal lymph nodes or extension
from gastric lymphoma. Primary esophageal lymphoma
is an extremely rare occurrence, with fewer than 30 cases
reported in the literature, with the majority being diffuse
large B-cell type non-Hodgkin lymphomas. The age of
presentation of the disease is highly variable. The etiol-
ogy of the disease is unknown, with the role of Epstein-
Barr virus being controversial. It has been noticed that it
is most common in immunocompromised patients, with
HIV infection as a probable risk factor”, Radiological
and endoscopic findings of esophageal lymphoma are
very varied and are nonspecific, which poses diagnostic
challenges when differentiating it from other benign and
malignant lesions®”.

Ann Arbor (AA) staging with Cotswold modification
is now universally adopted for Hodgkin’s as well as non-
Hodgkin lymphoma. However, this staging has a number
of shortcomings that are related to the different pattern
of disease presentation in non-Hodgkin lymphoma, its
inability to incorporate the grade of the tumor, as well as
disease prognosis. Many types of lymphoma, particularly
the indolent B-cell non-Hodgkin’ lymphoma have bone
marrow involvement in most cases, thus characterizing
them as stage [V by AA staging. As bone matrow involve-
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Figure 2 Computed tomography scan of the thorax. A: Plain computed tomography (CT) showing asymmetrical thickening of the esophageal wall (white arrow)
with maintenance of the surrounding fat plane. No mediastinal lymphadenopathy is seen; B: Contrast-enhanced CT shows moderate enhancement of the lesion (white
arrow); C: Coronal multiplanar reconstructed (MPR) CT image demonstrating the thickened esophagus (white arrow); D: Sagittal MPR CT image showing extension of

the lesion (between two arrows).
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Figure 3 Photomicrograph of the biopsy specimen demonstrating large
transformed lymphoid cells with vesicular nuclei and prominent nucleoli,
which was suggestive of diffuse large B-cell lymphoma (hematoxylin and
eosin, x 200).

ment does not independently confer a worse prognosis,
this staging has a limited predictive value, thus warranting
further workup'”.

The various radiographic patterns that have been de-
scribed in the literature for esophageal lymphoma include
stricture, ulcerated mass, multiple submucosal nodules,
varicoid pattern, achalasia-like pattern, progressive aneu-
rysmal dilatation, and tracheoesophageal fistula formation,
with none being diagnosticp'm. Endoscopic ultrasound
(EUS) has gained clinical acceptance for assessment of
lymphoma and preoperative staging, because it can ac-
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curately depict the structural abnormalities and depth of
invasion of the lesions. EUS appearance however is not
pathognomonic, with presentation varying as anechoic,
hypoechoic or even as hyperechoic masses . CT find-
ings of esophageal lymphoma are nonspecific and not
diagnostic, with features such as thickening of the wall
mimicking other common tumors, such as esophageal
carcinoma. CT, however, is valuable for the evaluation of
the extraluminal component of an esophageal mass, its
mediastinal extension, any fistula formation, and status
of lymph nodes, therefore, it has a role in discase stag-
ing, assisting in stratification of various available treat-
ments, evaluating treatment responses, monitoring patient
progress, as well as detection of any relapses. Recently,
incorporation of positron emission tomography with CT
(PET/CT) has emerged as an indispensable tool in the
staging and follow-up of patients with extranodal involve-
ment in Hodgkin’s and non-Hodgkin lymphoma, with
increased sensitivity and specificity. Diffuse large B-cell
non-Hodgkin lymphoma of the esophagus has been
shown to manifest as circumferential thickening of the
wall, with diffuse increased fluorodeoxyglucose (FDG)
uptake. However, intensity of FDG uptake in lymphoma
is influenced by various intrinsic tumor factors such as
histological features and grade, as well as vatious extrinsic
factors. With proper cortelation, FDG PET/CT has also
significantly increased the detection of indolent lesions
that \me]re undetected by conventional cross-sectional im-

aging’ .
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Figure 4 Esophagogastroduodenoscopy (A and B) showing multiple solid,
firm nodular lesions in the lower esophagus. Overlying mucosa appearing
relatively normal (black arrows).

In our first patient, the radiological findings were non-
specific to lymphoma. The presence of asymmetric cit-
cumferential thickening of esophageal wall is also evident
in other malignant lesions such as carcinoma or metas-
tases, or even in some benign lesions®”. Preservation of
the fat plane despite the size of the lesion and extent of
infiltration was supportive of the diagnosis of lymphoma.
Endoscopic features of the lesion preferentially suggested
a diagnosis of carcinoma rather than lymphoma. Besides,
repeated endoscopic biopsies of the lesion also did not
yield a definite diagnosis. This posed a diagnostic difficulty
that required further investigation. As management of
the case depended on accurate diagnosis, further workup
was mandatory to rule out the various possibilities. The
definite diagnosis of lymphoma was made by histopathol-
ogy and immunohistochemistry of the surgically removed
specimen. Our patient fulfilled all of Dawson’s critetia for
making a retrospective clinical diagnosis of primary lym-
phoma, which include lesions that are localized to the GI
tract with or without regional lymphadenopathy, and the
absence of: (1) peripheral lymphadenopathy; (2) medias-
tinal adenopathy; (3) liver or spleen involvement; and (4)
normal petipheral blood counts'”.

In the second patient, radiological findings were too
inconclusive for the diagnosis of esophageal lymphoma.
The finding of a non-ulcerative submucosal mass by
esophagogastroduodenoscopy prompted suspicion of
lymphoma, although this feature is also nonspecific and
can even be seen in carcinoma as well as other benign sub-
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mucosal lesions such as leiomyoma. Repeated endoscopic
biopsies were required for the final pathological diagnosis,
thus emphasizing the difficulty in diagnosis of primary
esophageal lymphoma. It has been questioned whether
the application of Dawson’s criteria for the diagnosis
of primary GI lymphoma holds true for the esophagus.
Modifications as exclusion of mediastinal lymphadenopa-
thy in the criteria for primary esophageal lymphoma have
been suggested"”. Of particular interest in our second
patient was the finding of a mildly enlarged subcarinal
lymph node. We believe that Dawson’s criteria is not ap-
propriate for diagnosis of esophageal lymphoma, because
the esophagus is mostly a mediastinal structure that has
an extensive lymphatic network with rich mucosal and
submucosal lymphatics in the wall, which results in wide
lymph node basins. Therefore, based on the predominant
lesion in the esophagus of the patient with no involve-
ment of liver, spleen, peripheral lymph nodes and with
normal blood parameters we did not consider absence of
mediastinal lymphadenopathy as a strict criterion of pri-
mary esophageal lymphoma.

To conclude, we have presented two cases of primary
esophageal lymphoma in immunocompetent patients
highlighting the difficulty in the accurate diagnosis radio-
logically requiring a tissue diagnosis. Even in immuno-
competent patients with dysphagia, in whom radiological
findings are equivocal, a high index of suspicion for lym-
phoma should also be borne in mind, because accurate di-
agnosis is pivotal to prognosis and deciding on treatment.
We also briefly reviewed the literature, with an emphasis
on the radiological spectrum of disease presentation.
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it indicates statistical significance).
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Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
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To ensure the quality of the articles published in IWJR, reviewers of
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Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 + 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
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Instructions to authors

DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editotial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/1949-8470/¢_info_20100313183720.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
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necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D Bl Fr o Ge e It ds our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.
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sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Statistical data
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Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
XZ (in Greek), related coefficient as 7 (in italics), degree of freedom
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italics).

Units
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blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
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Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
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and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

August 28,2010 | Volume 2 | Issue 8 |



Italics

Quantities: 7 ime or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.
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Case teport: http://www.wjgnet.com/1949-8470/g_info_2010
0313184149.htm

Lettets to the editor: http://wwwwjgnet.com/1949-8470/¢_info_
20100313184410.htm
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0313185047 htm
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needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
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wignet.com/1949-8470/g_info_20100313185522.htm.
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Please tevise your article according to the comments/suggestions
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comments can be found at: http://www.wignet.com/1949-8470/
g_info_20100313185358.htm.
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IVJR will be initiating a platform to promote dynamic interactions be-
tween the editors, peer reviewers, readers and authors. After a manu-
script is published online, links to the PDF version of the submitted
manuscript, the peer-reviewers’ report and the revised manuscript will
be put on-line. Readers can make comments on the peer reviewer’s
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be
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Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurckalert.org). The title for
news items should be less than 90 characters; the summary should
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