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Myxoinflammatory Fibroblastic
Sarcoma: MR Appearance and
Pathologic Correlation

OBJECTIVE. The purpose of our study was to define the MR appearance of myxoinflamma-
tory fibroblastic sarcoma of the soft tissues and to make correlations with the histopathologic features.
CONCLUSION. Myxoinflammatory fibroblastic sarcoma is an uncommon malignancy that
typically affects adult subjects, who present with painless swelling. This lesion manifests on MR ino-
ages as a poorly circumscribed mass involving theunderlying tendon sheath in the distal extremities.

yxoinflammatory fibroblastic sar-
% coma of the soft tissues is a rare low-
B grade tumor of uncertain origin that
8 usually arises in the hands and feet.
Myxomﬂammatory fibroblastic sarcoma was
first described in 1998 by Meis-Kindblom and
Kindblom [1]. Montgomery et al. [2] named the
tumor “inflammatory myxohyaline tumor”’ of the
distal extremities with virocyte or Reed-Stem-
berg-like cells. Histologic characteristics are the
spindle to epithelioid neoplastic cells as the man-
ifestation of malignancy admixed with the myx-
oid and hyalinized matrix, the inflammatory
infiltrate, and bizarre virocyte or Reed-Sternberg-
like cells with enlarged vesicular nuclei [1--3].

More than 100 cases of myxoinflammatory
fibroblastic sarcoma have been reported, with a
large series identified intwo articles {1-6]. How-
ever, MR findings of myxoinflammatory fibro-
blastic sarcoma have rarely been docurnented.
The purpose of this study was to characterize the
MR appearance of myxoinflammatory fibro-
blastic sarcoma and to correlate that appearance
with the histopathologic features.

Materials and Methods

MR images of all patients with pathologically
proven myxoinflammatary fibroblastic sarcoma at our
institution were retrospectively reviewed. Our institu-
tional review board gave its approval for a review of pa-
tientrecards and images. The patients were identified by

review of our institution’s pathology database for a 2-
year period. The affected patients included three males
and one female who ranged in age from 15 to 62 years
old (meanage. 35 years). All histopathologic specimens
werereviewed by an experienced pathologist to confirm
the diagnosis. Histopathologic examination in all pa-
tients showed spindle and epithelioid tumor cells with
mild miclear atypia. Ganglionlike cells and Reed-Stern-
berg-like cells were also prominent in all cases. Inflam-
matory cells, including neutrophils, lymphocytes, and
eosinophils. were densely present in all cases. Imnm-
nohistochemistry was performed in all patients, and
all tamars displayed immunoreactivity to vimentin,
smooth-nscle actin. and CD34. These histopathologic
characteristics were compatible with the diagnosis of
myxoinflammatory fibroblastic sarcoma [7]. Medical
recards were reviewed by one of the authors for present-
ing complaints, discase progression, and outcome. Ra-
diographs. available for all patients. were also evaluated
by two radiologists for the presence of soft-tissue
masses or nodules. mineralization. and bone destruc-
tion. The findings were recarded by consensus.

T1- and T2-weighted MR images were obtained in
the sagjttal and coronal planes using a surface coil T1-
weighted conventional spin-echo MR images were ob-
tained using a 20-cm field of view, 3.5- to 5-mum section
thickness. TR range/TE of 450-520/15, 160 x 256 ma-
trix. and 2 signals acquired. T2-weighted fast spin-echo
acquisitions with (n = 3) or without (n = 1) fat suppression
were performed using a 20-cm field of view, 3.5- to 5-
mm section thickness. 3.600-4.000/120. 160 x 256 mia-
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trix. and 2 signals acquired. After the IV administration of
0.1 mmol of gadopentetate dimeghmine (Magnevist
Schering) per kilogram of body weight transverse T1-
weighted images with (n = 3) or without (n = 1) fat sup-
pression were obtained in the sagittal and coronal planes.
MR images were reviewed by two radiologists and
findings were recarded by consensus. Images were eval-
uated for lesion location and size. depth (superficial or
deep). shape of margin (well or ill defined). and the pres-
ence or sbsence of extracompartmental extension. To
define depth. superficial lesions did not involve the su-
perficial fascia. and deep lesions were deep inrelationto
or invaded the superficial fascia. The relationship be-
tween tumor and the underlying tendon sheath was also
evaluated. MR images were evaluated for predominant
signal intensity characteristics (low. intermediate, high).
signal homogeneity or heterogeneity. and enhancement
characteristics. On T1-weighted images. low signal in-
tensity was defined as signal intensity less than that of
nuscle: intermediate signal intensity. similar to that of
muscle: and high signal intensity. similar to that of fat
On T2-weighted images, low signal intensity was de-
fined as signal intensity similar to that of muscle: inter-
mediate signal intensity. greater than that of muscle but
less than that of fat: and high signal mtensity. equal to or
greater than that of fat. Tumor enhancemeit was visually
graded as greater than. less than. or equatl to that of sur-
rounding muscle and vessels.
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Results
Cinical Features

All patients were symptomatic at presentation.
Presenting complaints were paimless swelling of
the distal extremities. The mean symptom dura-
tion was 4.8 months. Tumors arose from the feet
(n=2), hands (n = 1), and fingers (: = 1). All pa-
tients received excisional biopsy for defmitive di-
agnosis and primary therapy. Surgical margins
were adequate in three patients and inadequate in
one patient The one patient with an inadequate
surgical margin underwent subsequent wide re-
section. Chemotherapy and radiation therapy were
not included in the treatment regimen in any pa-
tient. Local recurrence occurred 26.5 months after
the initial surgery in two patients. These patients
received wide resection At the latest follow-up
(27-82 months; mean, 45 months), no patients
had developed further recurrence or metastasis.

MRI Findings and Pathologic Correlations

The gross characteristics of the resected spec-
imens feamred mmltinodular architecture corre-
sponding to MRI features. The mean tumor
diameter was 2.4 cm (range, 1.2-3.0 cm). Tu-
mors were located along the tendon sheathin all
patients. Findings of extensive involvement sur-
rounding the tendon sheath by the tumor were

mass in finger.

enhancement (arrows).

Fig. 1.—Myxoinflammatory fibroblastic sarcoma in 62-year-old man with painless

seen. In two patients, the tumor existed beneath
the tendon sheath (Fig. 1), and in two it involved
the surrounding tendon sheath diffusely and fo-
cally infiltrated the dermis (Fig. 2). One patient
had an ill-defined, iregularly marginated mass
involving the ulnar nerve and the tendon sheath
of the flexor carpi ulnaris (Fg. 2).

Cortical invasion was not identified in any pa-
tient on radiographs. All tumors showed predom-
inantly low signal intensity relative to nmscle on
T1-weighted MR images (Fig. 3). Two lesions
showed moderate and homogeneous enhance-
ment after the IV administration of contrast ma-
terial (Figs. 1 and 3). The cut surface of resected
specimens showed solid nests of ncoplastic cells
that featured spindle and epithelioid cells with
higher cellularity, which comresponded to homo-
geneous enhancement on contrast-enhanced MR
images. Two lesions showed heterogeneous en-
hancement of the tumor that correlated with geo-
graphic areas of the myxoid stromal matrix on
microscopic observations (Fig. 4). On T2-
weighted MR images, all lesions had intermedi-
ate signal intensity greater than that of nmscle but
less than that of fat (Fig. 2). In all cases, the cut
surface of specimens revealed solid nests of cel-
lular areas with foci of hyatinized collagen fibers
and hypocellular areas with a myxoid stromal

A, Sagittal T1-weighted MR image (TR/TE, 450/15) shows poorly circumscribed mass
beneath tendon sheath of flexor hallucis longus {arrows). )
B, Sagittal contrast-enhanced T1-weighted MR image (450/15) shows homogeneous

C, Photograph of histopathologic specimen shows solid nests of spindle and epithe-
lioid tumor cells with foci of inflammatory cell infiltrate (arrows).
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MRI of Myxoinflammatory Fibroblastic Sarcoma

matrix, which comesponded to the imaging ap-
pearance of infermediate signal intensity on T2-
weighted MR images.

Two patients developed recurrent tumors and
underwent follow-up MRI after treatment. One
patient developed a mass of sheetlike appear-
ance beneath the dorsal portion of the underly-
ing tendon sheath (Fig. 3). Signal characteristics
and homogeneous enhancement patterns were
similar to those of the primary tumors. Histo-
pathologic examination of this patient showed
an infiltrate of lymphoid cells and a marked pro-
liferation of spindle-shaped tumor cells sur-
rounding the tendon sheaths.

In the second patient, a mass of branching
pattemn occurred along the extensor digitorum

Fig. 2—Myxoinfl tory fibrob
cutaneous soft tissue of wrist.

A, Coronal contrast-enhanced T1-weighted MR image (TR/TE, 520/15) shows poorly circum-
scribed mass with ill-defined border. Tumor involves surrounding tendon sheath diffusely and

focally infiltrates dermis (arrow}.

B, Axial contrast-enhanced T1-weighted MR image (520/15) shows mass involving ulnar nerve
(arrow) and tendon sheath of flexar carpi ulnaris (arowhead).
C. Photograph of histopathologic specimen reveals that numerous small nodules consisting of

tumor cells infiltrate along ulnar nerve (arrows).

AJR:184, June 2005

ic sarcoma in 31-year-old man with painless mass in sub-

longus tendon sheaths of the second and fourth
toes without distortion of the architecture of the
tendon sheaths (Fig. 4). This patient had also
MRI findings suggesting capsular involvement
in the metatarsophalangeal joint of the second
toe. Histopathologic examination revealed that
the tumor arose from the extensor digitoram
longus tendon sheaths and also involved the ex-
tensor digitorum brevis tendon sheath, cutane-
ous nerve, and dermis.

Discussion

Myxoinflammatory fibroblastic sarcoma is a
rare tumor of the subcutaneous soft tissue that can
arise on the trunk but most commonly occurs in
the distant extremities [1, 2). According to the lit-

erature and our experience, myxoinflammatory fi-
broblastic sarcoma is a tumor that most conmonly
affects adults who are symptomatic at presentation
[1,2]. All patients in our series were symptomatic,
with common complaints of a painless mass.
Myxoinflammatory fibroblastic sarcoma has a
relatively good prognosis with a long life expect-
ancy despite frequent local recurrence {1-3]. Two
of our patients developed local recumrence, with
an average duration of 26.5 months. According to
the literature, the local recurrence rate in patients
with myxoinflammatory fibroblastic sarcoma
ranges from 22% to 67% [1, 2). The metastasis
rate in patients with myxoinflammatory fibro-
blastic sarcoma is uncertain. Metastases have
been reported to develop in only a few cases [1).




In all of our patients, excisional biopsy for
definitive diagnosis and primary therapy was
performed. However, tumor margins in one of
our patients were inadequate and the patient un-
derwent subsequent wide resection. Tumors are
often removed piecemeal by surgical proce-
dures, with curative wide resection considered
to be the adequate treatment of choice [1].

Grossly, myxoinflammatory fibroblastic sar-
coma forms a poody circumscribed mass sur-
rounding the tendon sheath that may extend into
the dermis and skeletal mmscle. Microscopically,
the tamor is characterized by solid nests of atypi-
cal spindle and epithelioid cells in a myxoid
stroma and dense inflammatory infiltrates. The tu-
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mor cells often have large vesicular miclei simlar
to those of virocytes or Reed-Stemberg cells. The
imrmmophenotype is positive for vimentin, with
variable immunoreactivity for CD34, CD68, cy-
tokeratin, and smooth-nmscle actin [1-6).

On MR images, myxoinflammatory fibro-
blastic sarcoma typically manifests as a poordy
circumscribed mass with a multinodular ap-
pearance. Extensive involvement sumrounding
the tendon sheath is also a common feature.

The appearance of the extension along the
tendon sheath in this tamor is similar to that seen
in tenosynovitis. Differentiating tenosynovitis
from myxoinflammatory fibroblastic sarcoma
solely on MRI findings is difficult. Tenosynovi-

local recurrence.

Fig. 3.—Myxoinflammatory fibroblastic sarcoma in foot of 32-year-old woman with

tis also canlead to anill-defined soft-tissue mass
or enlargement of its sheath. However, this con-
dition typically manifests as the accunmlation
of fluid with increased signal intensity of the af-
fected tendon on T2-weighted MR images [8].
Clinical characteristics can allow the differenti-
ation of tenosynovitis from myxoinflammatory
fibroblastic sarcoma becanse tenosynovitis of-
ten decreases in size during the course of dis-
ease, whereas myxainflammatory fibroblastic
sarcorna usually grows with infiltration [1).
MRI findings of myxoinflammatory fibro-
blastic sarcoma also closely resemble those of
giant cell tumors of the tendon sheath, prolif-
erative fasciitis, acral fibromyxoma, myxoid

A, Sagittal T2-weighted MR image {TR/TE, 3,600/120) shows mass of sheetlike
appearance beneath dorsal portion of tendon sheath. Tumor shows intermediate sig-
nal intensity, greater than that of muscle (amowj.

B, Sagittal contrast-enhanced fat-saturated T1-weighted MR image (520/15) shows
homogeneous enhancement of tumor {arrows).

C, Photograph of histopathologic specimen shows sheetlike proliferation of spindle-
shaped tumor ceils (arrows) with ganglionlike cells, Reed-Sternberg-like cells, and
lymphoid cells surrounding tendon sheaths.
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MRI! of Myxoinflammatory Fibroblastic Sarcoma

local recurrence.

A, Coronal fat-saturated T2-weighted MR image (TR/TE, 3,500/105) shows mass of
branching pattern that occurred along extensor digitorum longus tendon sheaths of
second and fourthtoes {(arrows). Tumor shows intermediate signalintensity, greater

than that of muscle.

B, Coronal contrast-enhanced T1-weighted MR image (520/15) shows heteroge-

neous enhancement of tumar (arows).

C, Photograph of histopathologic specimens shows proliferation of spindle-shaped
tumor cells {arrows) with prominent nucleoli in abundant myxoid stromal matrix.

liposarcoma, and myxofibrosarcoma [9-13].
These conditions could not be distingnished ra-
diologically from myxoinflammatory fibroblas-
tic sarcoma on the basis of our study results.
Signal characteristics and enhancement patterns
were nonspecific. However, heterogeneous en-
hancement on contrast-enhanced MR images
corresponded to geographic areas of the myxoid
stromal matrix in the pathologic specimens. In
two of our patients, MRI findings of recuirent
tumors were ill defined and the tumors had
sheetlike appearances involving the tendon
sheath. A significant association may exist be-
tween recurrent tumors and the tendon sheath.
In summary, myxoinflammatory fibroblastic
sarcoma typically affects adult subjects as a
painiess mass of the distal extremities at presen-
tation. Myxoinflammatory fibroblastic sarcoma
usually manifests on MR images as a rmiltinod-
ular and poorly circumscribed mass involving
the surrounding tendon sheath. Although it is
unlikely that such a rare condition could reason-
ably be diagnosed on the basis of MRI findings
alone, the condition should be considered in the

AJR:184, June 2005

Fig. —Myxoinflammatory fibroblastic sarcoma in foot of 24-year-old man with

differential diagnosis of a soft-tissue mass in the
distal extremities of adult patients.
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Abstract. Celiac axis stenosis is found at an incidence of 2%—-24% in the
general population. During pancreatoduodenectomy in patients with ce-
liac axis stenosis, division of the gastroduodenal artery from the common
hepatic artery may cause acute ischemia of the upper abdominal organs,
such as the liver, stomach, or spleen. Under -these circumstances, the
clinical indications of arterial reconstruction remain controversial. Be-
tween 1994 and 2003, seven patients with celiac axis stenosis (n = 4) or
occlusion (7 = 3) underwent pancreatoduodenectomy at our hospital.
Arterial reconstruction, including division of the median arcuate liga-
ment, was conducted in two patients; the replaced right hepatic artery was
preserved in one patient, and no vascalar refinement was undertaken in
the remaining four of the seven patients. In two of the four patients
without arterial reconstruction or preservation, the serum levels of liver
enzymes were markedly elevated (> 800 IU/1) on postoperative day 1, and
these patients subsequently developed liver abscesses. Two patients who
underwent arterial reconstruction and three patients who showed no
decrease in intrahepatic arterial flow under Doppler ultrasonography
after clamping of the gastroduodenal artery developed mo ischemic
complications. Although our experience is limited, when intraoperative
Doppler ultrasonography indicates a decrease in the hepatic arterial
signals, we believe that reconstruction of the hepatic artery will be nec-
essary to minimize ischemic complications in the liver in patients with
celiac axis stenosis.

Celiac axis stenosis (CAS) is not a too rarely encountered con-
dition. The reported incidence of CAS on angiographic exami-
nation is in the range of 12%-24% in European countries, and
2%-7% in Asian countries [1].

During pancreatoduodenectomy (PD) in patients with CAS,
division of the gastroduodenal artery (GDA) from the common
hepatic artery may cause abrupt ischemia of the upper abdominal
organs, such as the liver, stomach, or spleen, especially if the
collateral pathways from the superior mesenteric artery (SMA)
are inadequate. To prevent ischemic complications in these or-
gans, especially the liver, a variety of methods for arterial
reconstruction [2-7] and preservation of the collateral pathways

Correspondence to: Yoshihiro Sakamoto, M.D., e-mail: yosakamo@

ncc.go.jp

[8] have been reported. Some investigators argue, however, that
the incidence of ischemic complications is low and that arterial
reconstruction is seldom needed [9-11]. Thus, until now, the
surgical indications for arterial reconstruction during PD for pa-
tients with CAS have not been established.

We review our experience of PD to assess the clinical indica-
tions for arterial reconstruction in patients with CAS, to avoid
ischemic complications in the upper abdominal organs.

Patients and Methods
Patients and Diagnosis

Between 1994 and 2003, 357 patients underwent PD or pylorus-
preserving PD (PPPD) at our hospital for the treatment of pan-
creatic cancer (n = 233), bile duct cancer (n = 55), duodenal
cancer (n = 51), gallbladder cancer (n = 13), or other tumors of
the pancreas head (n = 5). Whenever possible, the patients
underwent preoperative angiography as part of the routine work-
up. Among these, preoperative diagnosis of CA stenosis (n = 4)
and occlusion (n = 3) was made in seven patients (2.0%). Celiac
axis stenosis was suspected when the celiac tributaries were
visualized through dilated collaterals on SMA angiography. The
diagnosis of CAS was confirmed when the root of the celiac artery
was stenotic on the angiographic images or in sagittal reformatted
computed tomographic (CT) images. The diagnosis of celiac axis
obstruction was confirmed when the root of CA could not be
catheterized.

Treatments

Two patients underwent arterial revascularization. In one patient,
division of the median arcuate ligament (MAL) was carried out
(case 1, Table 1). The other patient in whom marked decrease of
the intrahepatic arterial flow was visualized on Doppler ultraso-
nography (US) after the division of GDA, anastomosis between
the middle colic artery (MCA) and the right gastroepiploic artery
(RGEA) was performed (case 2). In another patient, the replaced
right hepatic artery was preserved to maintain arterial flow into
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the liver (case 3). The remaining four patients did not undergo
any arterial reconstruction or preservation, based on the respec-
tive surgeons judgment.

Discharge
(POD)

31

a5

128

60

12

k)|
52

Results

There was no postoperative mortality. In two out of the four
patients (Cases 6 and 7) who did not undergo arterial recon-
struction or preservation, the serum levels of the hepatic trans-
aminases became markedly elevated (> 800 IU/L) on
postoperative day 1, and these patients subsequently developed
liver abscesses on postoperative days 30 and 52, respectively. The
two patients (cases 1 and 2) who underwent arterial reconstruc-
tion and three patients (cases 3-5) who showed no decrease of
intrahepatic arterial flow in on Doppler US after clamping of the
GDA did not develop any ischemic complications. One patient
(case 3) in whom the replaced right hepatic artery was preserved
developed leakage of the pancreatojejunostomy, which was not
attributed to ischemia (Table 1).

of the intrahepatoc arterial flow;

Ischemic complications
Liver abscess (POD 30)

Liver abscess (POD 52)

None
None
None
None
None

GOT/GPT
(1POD) (TU/D)
119/117
1166/1221
73/87

121/131
1396/1261
867/1019

118/95
Duo Ca: duodenal cancer; MAL: median arcuate ligament;

Case 1

reconstruction

After

A 65-year-old man presented with obstructive jaundice. Contrast-
enhanced abdominal CT revealed a low-attenuation mass, 20 x 15
mm in size, located in the pancreatic head. On SMA angiography,
the hepatic and splenic arteries were visualized serially via the
GDA (Fig. 1A). Severe stenosis of the celiac artery at its root was
demonstrated on sagittal reformatted CT imaging (Fig. 1B), and
the CT image showed that some fibrous tissue connecting with
bilateral curs covered the supraceliac aorta. Thus, a diagnosis of
pancreatic cancer with CAS caused by compression of the MAL
was made. The proposed operation was PPPD with possible
arterial reconstruction.

After occlusion of the GDA, intraoperative Doppler US re-
vealed an apparent decrease in the intrahepatic arterial flow
(Fig. 2B), and thick fibrous tissue (MAL) was found to be masking
the CA (Fig. 2A). The MAL was divided longitudinally and the
root of the CA was fully exposed (Fig. 3 A). After division of the
MAL, a marked increase in the intrahepatic arterial signals was
observed, even with clamping of the GDA (Fig. 3B). Thereafter,
the GDA was ligated and divided and PPPD was performed in the -
usual manner. The patient’s postoperative course was uneventful
and he was discharged on postoperative day 31.

1111

Doppler Us
Not done

GDA
clamp

NN B BN

Preservation of replaced RHA

MCA-RGEA anastomosis
None

Adopted procedure
Cutting of MAL

None
None
None

Unknown

CHA injury
during angiography

MAL compression
Atherosclerosis
Atherosclerosis
Unknown

Etiology
Unknown

Discussion

The surgical indications for hepatic arterial reconstruction during
PD in patients with CAS remain unclear. Two of the four patients
(50%) in our experience who did not undergo arterial recon-
struction or preservation developed liver abscesses, whereas none
of the three who underwent arterial reconstruction or preserva-
tion developed any ischemic complications. Even though our
experience is limited, these results indicate that some form of
arterial reconstruction may be necessary to avoid or minimize
ischemic complications, when intraoperative Doppler US reveals
a decrease in intrahepatic arterial signals. The preservation of
collateral pathways from SMA to CA tributaries may be pre-
ferred, provided the collaterals are free from tumor invasion.

In the series reported until now, division of the GDA during
PD in patients with CAS did not always result in ischemic

CA status
Stenosis
Stenosis
Stenosis
Occlusion
Stenosis

Duo Ca  Occlusion
Duo Ca  Occlusion

Disease
Ph Ca

Ph Ca
Ph Ca

Ph Ca
Ph Ca

Patient
65M
5TM

86M
48M
55M

61F
64F
CA: celiac axis; GOT: glutamic oxaloacetic transaminase; GPT: glumatic pyruvic transaminase; Ph Ca: pancreatic head cancer;

MCA: middle colic artery; RGEA: right gastroepiploic artery; CHA: common hepatic artery; RHA: right hepatic artery; POD: postoperative day; 4: decrease

— : no remarkable change; T: increase of the intrahepatic arterial flow; US: ultrasound

Table 1.
Case no

— 0l N TV \D ~
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Fig. 1. A. On superior mesenteric arteriography, the common hepatic
artery and splenic artery were visualized serially via the gastroduodenal
artery. The arrow shows the root of the celiac axis. B. Sagittal reformatted
CT image reveals severe stenosis (arrow) of the celiac axis.

complications of the upper abdominal organs. Both Trede [9] and
Bemney et al. [10] reported that only 13%-17% of patients with
CAS required arterial reconstruction during PD attributed to the
abundant collateral anastomosis between the CA tributaries and
SMA tributaries other than the pancreatic head arcade. Among
94 Korean patients with CAS, collateral pathways, such as from
the dorsal pancreatic artery or replaced right hepatic artery, ex-
isted in about 80% of the patients [12]). With these collaterals,
hepatic arterial flow can be maintained even after division of the
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Fig. 2. A. The median arcuate ligament (arrow) masking the root of the
celiac axis. B. After clamping of the gastroduodenal artery, intraoperative
Doppler ultrasonography revealed an apparent decrease in the intrahe-
patic arterial flow.

GDA, as in our case 3. However, in patients with malignant tu-
mors, preservation of these collaterals during PD is often
impossible, or it may be undesirable on account of the need to
ensure surgical curability, and arterial restoration may become
imperative.

We believe that intraoperative Doppler US is highly useful for
informing the decision for or against arterial reconstruction, as
shown in cases 1 and 2. The usefulness of intraoperative Doppler
US has been demonstrated during liver transplantation [13],
and this practical and convenient modality has now become
indispensable for the confirmation of arterial flow during hepato-
biliary-pancreatic surgery. We propose that a final decision on
arterial reconstruction before the division of GDA be made using
intraoperative Doppler US.
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Fig. 3. A. The root of celiac axis (arrow) is exposed. B. Doppler
ultrasonography shows a dramatic increase in the intrahepatic arterial
signal.

The etiology of CAS can be divided into three categories;(1)
extrinsic stenosis from compression by the MAL or the celiac
ganglion. (2) intrinsic stenosis from atherosclerosis, (3) other
causes, including congenital causes, tumor invasion, compression
by a swollen pancreas in cases of pancreatitis, or injury during
angiography [10, 14]). In a Korean report, among 400 consecutive
angiographic examinations in patients with liver tumors, 7:3%
showed CAS, and the etiology was determined to be extrinsic
compression in 55% of patients, intrinsic stenosis in 10%, and
other causes, in 35% [14]). In contrast, in Western studies, the
most frequent etiology was atherosclerosis [10].

Revascularization procedures must be chosen according to the
etiology of CAS. When CA stenosis is caused by extrinsic com-
pression, division of the MAL or the fibrous celiac ganglion is a
simple and effective method, as in case 1. Preoperative stenting of

World J. Surg. Vol. 29, No. 7, July 2005

Intraoperative Doppler US before GDA clamping
(baseline mesurement of velocity of the hepatic artery)

l

After GDA clamping, intrahepatic arterial flow shows...

P

Marked decrease No change

l l

Arterial reconstruction No reconstruction
Fig. 4. Recommended steps for the decision on arterial reconstruction.

the CA, although reported to be successful in one reported case
[15], was avoided by us, because of the risk of stent-crushing due
to persistent external compression, as described by Sharafuddin et
al. [16]. For patients with an atherosclerotic etiology, there are
many reports of successful endovascular treatments [16, 17)].
While the immediate success rate has been reported to be 81%—
96%, the long-term success rate still remains unknown.

As for surgical reconstruction, a variety of methods have been
reported, such as bypass between the aorta and the CA [4], be-
tween the splenic artery and the SMA [5], or between the aorta
and the common hepatic artery, occasionally using a venous graft
[2, 3]. Machado et al. reported successful reconstruction by means
of anastomosis of the MCA to the GDA stump [6]. Okamoto et
al. advocate a venous graft bypass between the iliac artery and the
splenic artery, because the vascular anastomosis is away from the
pancreatojejunostomy and the risk of exposure to pancreatic juice
is minimal [7). Thus, there is no single best procedure, and the
method of arterial reconstruction used must be selected according
to the surgical condition of the individual patient:

In our series, all three patients (Cases 3-5) who showed no
decrease of hepatic inflow after GDA clamping developed no
ischemic complication, possibly because there were enough hep-
atopetal collateral arteries. We therefore suppose that sustained
hepatic flow after the GDA clamping indicates no need for arterial
reconstruction if collaterals can be preserved. Nevertheless we
believe that any patient who demonstrates a decrease in hepatic
arterial flow after GDA clamping has the possibility of suffering
from ischemic complications. We recommend arterial recon-
struction when a moderate or severe decrease in hepatic arterial
inflow is observed with Doppler US (Fig. 4). But this is a small
number of patients. To establish definitive criteria for hepatic
arterial reconstruction during PD for patients with CAS, a large
number of patients should be studied based on the precise eval-
uation of the velocity of hepatic arterial inflow using Doppler US.

In conclusion, we performed PD in seven patients with CAS
and encountered ischemic complications in two who underwent
no arterial reconstruction. Another two patients underwent
arterial reconstruction based because we observed a decrease in
intrahepatic arterial flow, and neither of them developed ischemic
complications. Three other patients who showed no decrease
intrahepatic arterial flow on Doppler US after clamping of the
GDA had an uncomplicated postopuative course. We therefore
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consider that hepatic arterial reconstruction is necessary during
PD in patients with CAS when intraoperative Doppler US shows
a significant decrease in intrahepatic arterial signal after clamping
of the GDA.
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Letters to the Editor

complications of cyberknife have been
reported (Table 1). Our patient developed
a colonic apple-core lesion second-
ary to inflammatory changes after the
cyberknife intervention. The presence
of such a lesion proven to be nonma-
lignant has not been reported previ-
ously. It can be predicted that as more
patients’ with unresectable abdominal
malignancies, such as pancreatic car-
cinoma, are treated with cyberknife
technology, more intra-abdominal radi-
ation-induced complications will be
recognized.

Although colonic apple-core le-
sions seen on radiology are considered
to represent carcinoma unless proven
otherwise, it is important to recognize
that it may be caused by radiosurgery
consequences. Although the future of cy-
berknife is promising, its complications
should be considered when trying to
minimize injury to the adjacent tissues.
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Imaging. Features
of Large Intraductal
Papillary Mucinous

Carcinoma of the

Pancreatic Tail

Abbreviations: IPMT, intraductal papillary
mucinous tumor, MCT, mucinous cystic
tumor, US, ultrasound, CT, computed
tomography, MPD, main pancreatic duct,
MRCP, magnetic resonance
cholangiopancreatography

To the Editor:

Pancreatic mucin-producing tu-
mors, such as intraductal papillary mucin-
ous tumor (IPMT) and mucinous cystic
tumor (MCT),"? are good candidates for
surgical resection because of their low-
grade malignant potential. It is some-
times difficult to differentiate between
IPMT and MCT on imaging studies
because the 2 entities sometimes show
similar cystic findings. We encountered
2 patients with a large malignant IPMT
in the pancreatic tail, which showed
common impressive imaging features
and similar pathological findings.

CASE 1

A 68-year-old man with no symptom
was admitted to our department with the
diagnosis of a pancreatic tumor. Ultrasound
(US) showed a large, pear-shaped, low-

echoic lesion between the stomach and
spleen. In the cystic lesion, numerous echo-
genic lines with spontaneous wavelike move-
ments were seen (Fig. 1A). Dynamic
computed tomography (CT) scan demon-
strated a large, pear-shaped cystic tumor, 13
cm in diameter, with multilocular margins on
its caudal part in the tail of the pancreas. The
edge of the pancreatic parenchyma was
deformed into a beak shape (“beak sign™),?
which represented a firm continuity of the
tumor with the main pancreatic duct
(MPD) (Fig. 1B). Magnetic resonance
cholangiopancreatography (MRCP) demon-
strated a very high-intensity mass with
numerous streaks along the major axis,
referred hereafter as a “brushing sign,”
which was thought to represent the mucinous
component of the tumor. Several cystic
dilatations of the branch duct in the head
and body of the pancreas were also found
(Fig. 1C). The preoperative diagnosis was
multicentric IPMTs, one of which exhibited
a tremendous growth in the tail of the pan-
creas. Distal pancreatectomy was performed.
The histological finding was intraductal
papillary mucinous carcinoma with invasion
slightly beyond the duct wall, that is, with
minimal invasion ** (Fig. 1D). In the mucus
pool of the markedly dilated MPD, the tu-
mor cells were peeled off and floating with
their corpses.

CASE 2

A 6]-year-old woman who had re-
peated pancreatitis was referred to our
department for the treatment of a large
cystic tumor in the tail of the pancreas. On
US, a large low-echoic lesion was visual-
ized in a spindle form, and numerous
echogenic streaming patterns were seen
therein. A CT scan revealed a large low-
attenuating tumor, 13 X 5 cm in size, in the
tail of the pancreas. A beak sign was also
found in the tail of the pancreas. Several
mural nodules suggested the presence of
malignant component. On MRCP, the
brushing signs were also observed within
the cystic tumor. Distal pancreatectomy was
performed. The pathological diagnosis was
intraductal papillary mucinous carcinoma
with minimal invasion.

A differential diagnosis between
IPMT and MCT is sometimes difficult. Both
tumors can contain mucinous components
and have malignant potentials, especially
when the tumor has mural nodules or solid
components.® IPMT is located in the pan-
creatic head in 60% of patients and some-
times exhibits intraductal spread’ or
multicentric occurrence along MPD?® and is
continuous with the MPD.% On the other
hand, MCT arises from the pancreatic tail in

333
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FIGURE 1. A, Abdominal US
shows numerous streaming lines
that spontaneously move in a
wavelike manner inside the cystic
tumor in a sagittal direction.

B, Coronal reformatted CT scan
reveals ““a beak sign’’ (arrow)
between the cystic tumor of the
pancreatic tail and the MPD.

C, MRCP shows a very high-
intensity mass with “a brushing
sign’ inside the tumor of the
pancreatic tail. Several cystic
lesions are also present in the head
and body of the pancreas. D, The
irregular papillary projections are
composed of tall columnar cells
with nuclear atypia, and part of the
tumor has collapsed, forming the
streaked structures in the mucous
pool with epithelial corpses (upper
feft, hematoxylin-eosin,
magnification x200).
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