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Jejunogastric Intussusception: Life-Threatening
Complication Occuring 55 Years after Gastrojejunostomy

Hiroyuki Tokue', Yoshito Tsushima®, Yasuaki Arai' and Keigo Endo®
y

Abstract

An 80-year-old man presented with acute abdominal pain and hematemesis. He had a history of gastroje-
junostomy 55 years previously. Ultrasonography (US) showed intragastric tublar images with peristalsis. En-
hanced computed tomography (CT) demonstrated a dilated stomach with an intragastric filling by bowel
loops suggestive of jejunogastric intussusception (JGI). Reduction of the JGI was immediately performed
without resection of the intussuscepted intestine, and the patient was well postoperatively.

JGI is a rare life-threatening complication after gastric surgery. This complication may occur even 55 years
after gastric surgery, and preoperative diagnosis is possibie by US and CT findings.

Key words: jejunogastric intussusception, invagination, gastric surgery, computed tomography, ultrasonogra-

phy
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(DOI: 10.2169/internalmedicine.48.2115)

Introduction

Jejunogastric  intussusception (JGI) is a rare life-
threatening complication of gastrectomy or gastrojejunos-
tomy. It usually occurs with abdominal pain, nausea, vomit-
ing, and hematemesis. Diagnosis of this condition has been
reported to be difficult in most of the cases, although a his-
tory of gastric surgery can help in making a diagnosis. An
early diagnosis and urgent surgical intervention are essential.
We present a case of the characteristic US and CT findings
of this entity.

Case Report

An 80-year-old man presented with acute abdominal pain
and hematemesis. He had undergone gastrojejunostomy
(Billroth II reconstruction) for a bleeding duodenal ulcer 55
years previously. Physical examinations disclosed epigastric
tenderness and a soft non-distended abdomen. His vital
signs were normal and blood counts and laboratory exami-
nations were unremarkable. Ultrasonography (US) showed
intragastric tublar images with peristalsis (Fig. 1), and en-

hanced computed tomography (CT) demonstrated a dilated
stomach with an intragastric filling by bowel loops (Fig. 2).
We suspected JGI based on imaging findings, and endo-
scopy confirmed it with petechial hemorrhage (Fig. 3).
Emergent surgery revealed a severely dilated stomach stump
and a 40 cm-long efferent intestinal loop which had intus-
suscepted in a retrograde direction into the remnant gastric
lumen, passing over the Braun’s anastomosis (Fig. 4). His
operative findings were Billroth II retrocolic loop gastroje-
junostomy. The efferent loop was edematous with serosal
petechiae but absolutely viable. No abnormalities such as a
tumor, ulcer, diverticulum, or stenosis were identified that
could have acted as a point for the intussusception. Reduc-
tion of the JGI was performed by Hutchinson’s procedure
without resection of the intussuscepted intestine. He was
well postoperatively and discharged nine days after opera-
tion. On follow-up, his postoperative course was uneventful.

Discussion

JGI was first described by Bozzi (1) in a patient after gas-
trojejunostomy, and it was also reported in patients after
Billroth I reconstruction, Billroth II reconstruction, total gas-
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Figure L.

A 80-year-old man presented with abdominal pain and hematemesis. (a) Sagittal US

demonstrated intragastric tubular images with peristalsis. (b) Transverse US revealed a sandwich-
like appearance (arrows) of the alternating loops of bowel with a loop-within-loop appearance.

Figure 2. (a) Enhanced CT showed a distended stomach with an intragastric filling by bowel
loops (arrow). (b) Mesenteric fat and vessels were followed into the intussusception with central

area of fat density and vessels (arrow).

Figure 3. Gastric endoscopy showed a lobulated congestive
mass which was consistant with jejunogastric intussusception.

trectomy, Roux-en-Y gastric bypass, and a pancreaticojejun-
ostomy (2-4). The incidence of JGI has been estimated to be
three in 2000 gastrojejunostomies (0.15%) (5). Although
there have been many cases reports about JGI in the surgical
literature (6-8), it has been rarely reported in the field of in-
ternal medicine. A possible race difference has not been in-
vestigated, however, the incidence may be extremely low in

¥igure 4. The operative findings: (a) retrograde jejunogas-
tric intussusception (b) Braun’s anastomosis (¢) dilated effer-
ent loop (d) afferent loop.

Asia; there have only been a few case reports from Asian
countries (9, 10). Physician should be aware of the US and
CT findings of this life-threatening complication after gastric
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surgery.

The etiology of JGI is unclear. Two major theories are
functional and mechanical. The most widely accepted func-
tional theory is the disordered motility with functional hy-
perperistalsis triggered by spasm or hyperacidity (11). Me-
chanical factors include adhesions, a long mesentery, gastric
derangements, and a sudden increase in abdominal pres-
sure (12). An acute and a chronic form of JGI have been
clinically recognized (5). Incarceration and strangulation of
the intussuscepted loop generally occur in the acute form.
On the other hand, spontaneous reduction is typical in the
chronic type. Thus, the acute form like the present case is
characterized by acute severe colicky epigastric pain, vomit-
ing and, subsequently, hematemesis. JGI is classified into
three anatomic types according to the invaginated loop (13),
type L. afferent loop invagination, type II: efferent loop in-
vagination, type III: the intussusception of both. A type Il
invagination is observed in 80% of cases (3) and our case
was classified type II.

Shiffman and Rappaport (6) emphasized that loose mu-
cosa at the anatomotic site may prolapse into the gastric
pouch during normal peristalsis. This could explain the less
comummon afferent loop intussusception. Karlstrom and
Kelly (14) suggested that ectopic pacemakers present in the
Roux limb after vagotomy and Roux gastrectomy drive the
limb in the reverse direction and slow emptying of liquids
after operation. The defect can be corrected by pacing the
Roux limb in the forward direction. In the present case, the
efferent loop was found intussuscepted in a retrograde way
into the gastric lumen. These reports may explain the cause
of the present case. JGI has occurred between five days to
35 years after surgery (5). The present case occurred 55
years after surgery and as far as we know this case is the
longest period from operation in past reports.

US is the method of first choice because it can be per-
formed at bedside without ionizing radiation and is cost-
effective. CT allows the differentiation of the distinct stages
of the disease and the views given by CT are often more
easily accepted by the surgeons. It is important to under-
stand the typical imaging findings of JGI. In most cases, US
shows intragastric tubular images with peristalsis and CT
shows a dilated stomach with intragastric filling by bowel
loops (3, 15). Most reported cases of JGI were diagnosed at
surgery (16), but we suspected that the typical findings en-
able us to make preoperative diagnosis. Although spontane-
ous reduction was reported, in most cases surgical manage-
ment should be performed as soon as possible to avoid the
additional risk of severe complications. Surgical options in-
clude reduction, resection of the compromised bowel, revi-
sion of the anastomosis, and the takedown of the anastomo-
sis, depending on the conditions found during the opera-
tion (3). When there is ischemic change of the invaginated
loop, resection is the only treatment option. In the acute set-
ting, the morbidity and mortality figures vary considerably, -
with mortality rates rising significantly from 10 to 50% with
48 hours delay in surgical correction (17). The fixation of
the jejunum to the adjacent tissue, mesocolon, colon, or
stomach may obviate the recurrence (18).

Conclusion

JGI is a rare life-threatening complication of gastric sur-
gery which is often diagnosed at surgery. There is a wide
variation in the lapse time between the gastric surgery and
the occurrence of JGI. This complication may occur even 55
years after gastric surgery; preoperative diagnosis is possible
by US and CT findings. We should be aware of these imag-
ing findings to avoid mortality.
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Abstract

Purpose The present study was conducted to clarify the
role of carbon-11 choline (*'C-choline) positron emission
tomography (PET)/computed tomography (CT) in the
management of uterine carcinoma.

Materials and methods Twenty-two patients who under-
went ''C-choline PET/CT and pelvic MRI were evaluated
retrospectively. The images were reviewed by a board-cer-
tified radiologist and a nuclear medicine specialist who were
unaware of any clinical information, and a consensus was
reached. Diagnostic accuracy of PET/CT was evaluated for
staging. The reference standard consisted of histological
examination (n = 17) and follow-up conventional CT
(n = 5). In five patients with cervical carcinoma, ¢ cho-
line PET/CT was performed before and after treatment that
consisted of cisplatin infusion and subsequent radiotherapy.
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Standardized uptake value (SUV) was compared with uni-
dimensional and volumetric measurements that were made
on magnetic resonance images (MRI) before and after
treatment.

Results Based on PET/CT interpretations, the reviewers
correctly classified T stage in 8 patients (47%), N stage in
21 patients (96%), M stage in 20 patients (91%), and TNM
stage in 15 patients (88%). Tumor size, volume, and SUV
decreased after treatment in five patients with cervical
carcinoma. Using the Pearson correlation test, a significant
correlation was found between the reduction rate of SUV
and reduction rate of tumor volume.

Conclusions ''C-choline PET/CT is an accurate means
for the management of patients with uterine carcinoma.
The combination of ''C-choline PET/CT and MRI
increases the accuracy of staging in patients with uterine
carcinoma.

Keywords PET/CT - Choline - Uterine

Introduction

Positron emission tomography (PET) with carbon-11 cho-
line (*'C-choline) has been used to evaluate patients with a
variety of malignant tumors [1-7]. Most studies have
revealed that ''C-choline PET is useful in the assessment of
tumor stage [3-7]. More recently, PET studies using
C.choline as a tracer have been reported in patients with
prostate cancer because of the minimal background activity
in the pelvis due to the low level of excretion via the urinary
tract which interferes with image evaluation [8]. ! C-choline
PET is also a feasible means of imaging uterine carcinomas
[9], but the role of }'C-choline PET scans in the preoperative
staging of uterine carcinoma has not been clarified.
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In the response evaluation criteria in solid tumors
(RECIST), CT and magnetic resonance imaging (MRI) are
considered the best currently available and the most useful
tools for assessing the therapeutic effect on the target
lesions, and the maximum diameter for the target lesions
used as the reference to the objective tumor response [10].
However, the limited value of the RECIST criteria has
been pointed out. PET with ['®F]-fluoro-2-deoxy-glucose
(18F-FDG) has been used in the evaluation of patients with
solid tumors, because the metabolic reduction precedes
morphological changes [11]. Most studies on therapeutic
response reveal that 18F-FDG-PET is superior in the
assessment of therapeutic monitoring compared with
conventional imaging {12-15]. PET has the potential to
therapy monitoring in patients with cervical carcinoma.
However, the exact role of " choline PET scan in the
assessment of tumor response for cervical carcinomas has
not been elucidated fully.

Positron emission tomography/computed tomography
can improve tumor localization and staging accuracy
because the anatomic and molecular information can be
precisely co-registered [16]. The aim of the current study
was to clarify the exact role of ''C-choline PET/CT in the
management of uterine carcinoma.

Materials and methods
Patients

We retrospectively reviewed the results of "'C-choline
PET/CT from January 2006 to December 2006 in patients
with uterine carcinoma who either underwent radical hys-
terectomy and pelvic lymphadenectomy or were started on
chemotherapy within a week. ''C-choline PET/CT had
been performed only for patients who had provided written
informed consent to participate in the study and to a review
of their records and images. A total of 22 patients with
uterine carcinoma (cervical carcinoma, n = 11; corpus
carcinoma, n = 11), which included preoperative studies
for initial staging in ail 22 patients, were enrolled into this
study. In five patients with cervical carcinoma, both initial
and follow-up examinations after chemotherapy in five
patients were performed. The mean age was 51 years
(range 31-73 years). The clinical records of all 22 patients
were available for review. This study was conducted in
accordance with the amended Helsinki declaration, and the
protocol was approved by the Institutional Review Board.

PET/CT

Studies were performed with the LSO-based whole-body
PET/CT scanner (Aquiduo;Toshiba). The CT component

@ Springer

of the scanner was the same as that of Aquillion 16, which
has 16-rows detector. The PET component of the scanner
has a transaxial field of view of 68.3 cm and an axial field
of view of 16.2 cm without septa and rotating rod source.
The scanner was used in 3D mode with image resolution of
4.0 mm in full width at half maximum (FWHM). Prior to
the ''C-choline PET/CT study, the patients fasted for at
least 6 h. CT was performed from the head to the mid-thigh
according to a standardized protocol with the following
settings: axial 2.0-mm collimation x 16 modes; 120 kVp;
Auto-Exposure Control (SD10); and a 0.5-s tube rotation, a
table speed of 11.0 mm/s. Patients maintained normal
shallow respiration during the acquisition of CT scans. No
iodinated contrast material was administered. ''C-choline
was synthesized with a commercial module described by
Hara and co-workers [17]. Acquisition of emission scans
from the head to the mid-thigh was started 5 min after
intravenous administration of a mean ''C-choline dose of
464 MBq (range, 409-560 MBq). Second emission scans
of the pelvis were subsequently obtained starting 17 min of
uptake time. The acquisition time for PET was 2 min per
table position. Images were reconstructed with attenuation-
corrected ordered-subset expectation maximization with 4
iterations and 14 subsets using emission scans and CT data.

Magnetic resonance imaging

MRI was performed within 2 weeks of ''C-choline PET/
CT, both before and after treatment. MRI was performed
using a 1.5 T system (Signa Horizon LX, GE Medical
Systems, Milwaukee). Pulse sequences comprised
T1-weighted spin echo (SE) images (TR (repetition time)/
TE (echo time): 500-600 ms/7-10 ms), T2-weighted fast
spin echo (FSE) images (TR/TE: 3,750-4,400 ms/
98-105 ms), as well as post-contrast T1-weighted SE
images (TR/TE: 580-645 ms/6-10 ms) with fat suppres-
sion after injection of contrast material. All images were
acquired in the transverse plane with a slice thickness of
5.0 mm, and a 1.0 mm intersection gap. The contrast
material used was gadopentetate dimeglumine (Magnevist,
Bayer Schering Pharma, Osaka, Japan) at a dose of
0.1 mmol/kg body weight. Pulse sequence parameters and
slice orientation varied with the examined anatomic site.
The images were reviewed and a consensus was reached by
two board-certified radiologists who were unaware of any
clinical or radiological information using multimodality
computer platform.

Image interpretation
The images were reviewed by a board-certified tadiologist

and a nuclear medicine specialist who were unaware of any
clinical information and a consensus was reached. PET,



-Ann Nucl Med (2009) 23:235-243

237

CT, MR], and co-registered PET/CT images were analyzed
with dedicated software (e-soft; Siemens). PET, CT, and
MRI were interpreted separately and co-registered PET/CT
was read 6 months after the initial review. ''C-choline
uptake was considered abnormal when substantially greater
than that of the surrounding normal tissue. A region of
interest (ROI) of 1 x 1-3 x 3 pixels was manually out-
lined within regions of increased ''C-choline uptake and
measured on each slice. For quantitative interpretations, the
standardized uptake value (SUV) was determined accord-
ing to the standard formula, with activity in the ROI
recorded as Bq per ml/injected dose in Bq per weight (kg),
but time decay correction for whole-body image acquisi-
tion was not performed. The maximum SUV (SUV max)
was recorded using the maximum pixel activity within the
ROI. We obtained 40% of maximum counts as the activity
threshold. Both SUV max at a mean uptake time of 5 and
17 min were recorded as SUV,; and SUV,, respectively.
The change in SUV was also calculated according to the
formula: 6 SUV (%) = (SUV,; — SUV,)/SUV, x 100.
Uni-dimensional and volumetric measurements were con-
ducted on MRI by the single radiologist. On the uni-
dimensional measurement; tumor size was defined as the
maximuom diameter. On the volumetric measurement,
tumor volume was calculated by a slice-by-slice evalua-
tion. The area of the tumor was manually measured slice-
by-slice on the transaxial post-contrast T1-weighted SE
images with fat suppression, using manual segmentation
with the multimodality computer platform. The measured
area (cm?) per slice was multiplied by the factor 0.6 cm.
The factor of 0.6 cm is based on the slice thickness of
5 mm and a distance factor of 1 mm. The volume of all
measured slices containing tumor was summed up for total
tumor volume.

Staging in cervical carcinoma

Tumor size by ''C-choline PET/CT was determined based
on the CT portion of the PET/CT. In tumors with unclear
contour, tumor size was determined as the diameter of the
cervix. T1 was considered when localized tumor with
"'C-choline uptake was depicted in the cervix. T2 was
considered when tumor invaded the parametrium with
"'C-choline uptake for cervical carcinoma. T3 was con-
sidered when tumor with ''C-choline uptake involved the
serosa, adnexa, vagina, or peritoneal dissemination. Lymph
" nodes with abnormal uptake were recorded as positive for
metastasis even when their short-axis diameter was less
than 10 mm. N stage in six patients was confirmed by
pathologic examination of specimens obtained by sampling
of regional nodes. Nodal status of extraregional lymph
nodes was confirmed in five patients by obvious regression
in size of the lesions on follow-up MR examinations after

treatment. M stage was determined when paraaortic lymph
node was involved or distant metastasis was found on
contrast-enhanced CT during follow-up.

Staging in corpus carcinoma

Tumor size was also determined based on the CT portion of
the PET/CT. In tumors with unclear contour, tumor size
was determined as the diameter of the corpus. T1 was
considered when localized tumor with '*C-choline uptake
was depicted in the corpus. T2 was considered when tumor
involved the cervix with ''C-choline uptake. T3 was con-
sidered when tumor with ''C-choline uptake involved the
serosa, adnexa, vagina, or peritoneal dissemination. Lymph
nodes were classified similarly to those of cervical carci-
noma. N stage was confirmed by pathologic examination of
specimens obtained by sampling of regional nodes in all
patients. M stage was determined when distant metastasis
was found on contrast-enhanced CT during follow-up.

Treatment

In five patients with cervical carcinoma, treatment con-
sisted of cisplatin infusion and subsequent radiotherapy.
All but one of the patients, except one, were received
chemotherapy consisting of cisplatin. One patient who had
renal dysfunction did not receive chemotherapy. Radio-
therapy comprised external beam radiotherapy (EBRT)
50 Gy and .intra-cavitary radiotherapy (ICRT) 18-24 Gy.
EBRT of the whole pelvis was performed and a total dose
of 50 Gy was delivered at the rate of 2 Gy per fraction in
5 weeks. ICRT was performed and a total dose of
18-24 Gy was delivered at the rate of 8 Gy per fraction
once a week. Four patients underwent chemotherapy with
cisplatin (range 56—63 mg; mean 60.3 mg) once a week
during EBRT. !'C-choline PET/CT scans were performed
before the start of treatment and after treatment.

Assessment of therapeutic response

The tumor size and volume from MRI after treatment were
compared with those from the baseline study. The per-
centage of size reduction rate (%Size-RR) was calculated
by the following formula; [Size (baseline) — Size (after
treatment)]/Size (baseline) x 100 (%). The percentage of
volume reduction rate (%Volume-RR) was calculated by
the following formula; [Volume (baseline) — Volume
(after treatment)]/Volume (baseline) x 100 (%).
Evaluation of metabolic response was accomplished by
comparing the relative change in SUV, the percentage of
SUV reduction rate (%SUV-RR). The'SUV, and the SUV,
from ''C-choline PET/CT after treatment were compared
with the baseline study. The percentage SUV, reduction
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rate (%SUV -RR) was defined as the following formula;
[SUV, (baseline) — SUV, (after treatment)]/SUV, (base-
line) x 100 (%). The percentage SUV, reduction rate
(%SUV,-RR) was defined as the following formula;
[SUV, (baseline) — SUV, (after treatment)}/SUV, (base-
line) x 100 (%).

Statistical analysis

Each tumor was staged according to the TNM classification
of the International Union Against Cancer (UICC) and the
International Federation of Gynecology and Obstetrics
(FIGO) Committee on Gynecologic Oncology [18, 19].
The mean follow-up period was 240 days (range
53-425 days). All variables were assessed on a patient-by-
patient basis. Student’s ¢ test was used for paired compar-
isons of SUV. The McNemar test with Bonferroni’s
correction was used for paired comparisons between the
results obtained by staging of "C-choline PET/CT. Ther-
apeutic response was compared with imaging parameters
using the Pearson correlation test. Correlation at a P value
of less than 0.05 was considered to indicate a statistically
significant difference. All data analysis was performed
using software package SPSS 16.0J (SPSS, Chicago, IL,
USA).

Results
Staging in cervical carcinoma

There were 11 cervical carcinomas (Table 1). Their his-
tologic diagnoses were squamous cell carcinoma (n = 8),
small cell carcinoma (n = 2), and adenosquamous carci-
noma (n = 1). The tumor size of cervical carcinomas was
35 4 14 mm. T stage was T1 in 2 patients (18%), T2 in 4
patients (36%), T3 in 3 patients (27%), and T4 in 1 patient
(6%). The patient with T4 disease had rectal invasion
microscopically. T stage was correctly classified by MRI
alone in 6 patients (100%), by PET/CT alone in 3 patients
(50%), and by PET/CT plus MRI in 6 patients (100%). Six
(55%) of the 11 patients had N1 disease (Table 2). The
accuracy of N staging was 73% by MRI alone, 91% by
PET/CT alone, and 91% by PET/CT plus MRI One patient
had MI disease with involvement of a paraaortic lymph
node. The accuracy of M staging was 100% by PET/CT
plus MRI as well as by PET/CT alone.

Staging in corpu$ carcinoma

The histologic diagnoses of 11 corpus carcinomas (Fig. 1)

were endometrioid adepocarcinoma (n = 9), carcinosar- -

coma (n = 1), and serous adenocarcinoma (n = 1). The
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Table 1 Demographic data of patients with cervical and corpus
carcinomas

Parameter Cervical Corpus Total

carcinoma carcinoma
No. of patients 11 11 22
Age
Mean + SD 49+12° 53+ 12 St4+12
Range 33-68 31-73 31-73
Suv,
Mean + SD 483 £ 1.87 592 £ 1230 537 £2.12
Range 2.06-9.42 2.71-9.31 2.06-9.42
SUV,
Mean * SD 498 + 1.97 5.82 +£2.10 5.40 £ 2.04
Range 2.30-10.01 3.00-9.31 2.30-10.01
dSUV (%) .
Mean + SD —4.05 + 1401 040 £ 6.28 -1.82 £+ 10.84
Range -39.67-14.25 -10.70-14.00 --39.67-14.25
Final stage IB (n=12) IAn=1)

IIB(n=4) IB(n=4)

B (n = 3) HA(n=1)

IVB(n=1) A (n=2)

B (n = 1)
HoIC (n = 2)

SD standard deviation, SUV,; SUV at a mean uptake time of 5 min,
SUV; SUV at a mean uptake time of 18 min

Table 2 Location of metastatic

lymph nodes in all patients Lymph node No: of
patients
Obturator 8 (36.3)
Common iliac 3 (13.6)

Paraaortic 2(9.0)

External iliac 2 (9.0

Internal iliac 2(9.0)

The numbers in parentheses Suprainguinal 1 (4.5)

are percentages

histologic grades of the corpus carcinomas were Grade 1
(n = 6), Grade 2 (n = 3), and Grade 3 (n = 2). No sig-
nificant differences in SUV; (p =0.236) or SUV,
(P = 0.348) of the primary lesion were found between
cervical carcinoma and corpus carcinoma (Fig. 1). The
oSUV in each type of tumor was similar at both primary
sites (P = 0.347). The tumor size of the corpus carcinomas
was 36 £ 21 mm. T stage was T1 in 5 patients (45%), T2 in
1 patient (6%), and T3 in 5 patients (45%). T stage was
correctly classified by MRI alone in 9 patients (82%), by
PET/CT alone in 5 patients (45%), and by PET/CT plus
MRI in 10 patients (91%). One patient with corpus carci-

‘noma who had developed a vaginal metastasis was

understaged by MRI alone. After adding interpretation of
PET/CT which showed discrete uptakes in the corpus and
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Fig. 1 A 52-year-old woman
with corpus carcinoma.

a, b Transverse T2-weighted
MR image (TR/TE¢s:

4,000 ms/100 ms) shows a
primary tumor of the isthmus
and enlargement of the right
obturator lymph node (arrow).
¢, @ Transverse ¢.choline
PET image reveals a
hypermetabolic focus in the
primary tumor and right
obturator region (arrow).

e, f Transverse 1 ¢-choline
PET/CT image reveals a
hypermetabolic focus in the
primary tumor and right
obturator lymph node (arrow).
PET/CT findings were verified
by histopathologic analysis

vagina, this patient was correctly diagnosed as having a
vaginal metastasis. A patient with corpus carcinoma and
peritoneal dissemination was understaged by MRI alone,
whereas staging by PET/CT alone or PET/CT plus MRI was
correct. Three (27%) of the 11 patients had N1 disease. The
accuracy of N staging was 64% by MRI alone, 82% by PET/
CT alone, and 100% by PET/CT plus MRI. All patients had
MO disease. The accuracy of M staging was 91% by PET/
CT plus MRI and 82% by PET/CT alone. PET/CT alone
overstaged two patients with corpus carcinoma as having
distant metastasis, and their definitive diagnosis was vaginal
metastasis and normal paraaortic lymph node, respectively.
One patient with corpus carcinoma was overstaged by PET/
CT plus MRI as having M1 disease.

Staging performance in uterine carcinomas
T stage (Table 3) was correctly classified by MRI alone in

15 patients (88%), by PET/CT alone in 8 patients (47%),
and by PET/CT plus MRI in 16 patients (94%). MRI alone

or PET/CT plus MRI was superior to PET/CT alone in
determining T stage (P = 0.039 or P = 0.008, respec-
tively). PET/CT alone understaged four patients and
overstaged five patients. The accuracy of N staging
(Table 3) was 68% by MRI alone, 86% by PET/CT alone,
and 96% by PET/CT plus MRI. PET/CT plus MRI was
superior to MRI alone in assigning N stage (P = 0.031).
MRI alone understaged four patients with subcentimetric
lymph node and overstdged three patients with reactive
lymph nodes. However, PET/CT alone understaged two
patients with lymph node fewer than 10 mm in diameter
and overstaged one patient with reactive lymph node. One
patient with a lymph node was understaged by PET/CT
plus MRI. The accuracy of M staging (Table 3) was 96%
by PET/CT plus MRI and 91% by PET/CT alone. The
overall stage (Table 3) was correctly diagnosed by PET/CT
in 47%, and by PET/CT plus MRI in 88% (P = 0.039).
PET/CT alone led to assignment of an incorrect TNM stage
in nine patients due to misdiagnosis of T stage. Two
patients were incorrectly diagnosed by PET/CT plus MRL
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Consequently, the misdiagnoses were in a patient with
corpus carcinoma who had vaginal metastasis and a patient
with a lymph node that measured fewer than 10 mm in
diameter.

Table 3 Comparison of the diagnostic accuracy of staging by MRI,
PET/CT, and combining PET/CT and MRI (PET/CT-+MRI)

Diagnosis MRI ‘PET/CT PET/CT+MRI
T stage (n = 17)

Correct 15 (88.2)* 8 (47.1)*t 16 (94.1)1
Overstaged 0 5(29.4) 0
Understaged 2 (11.8) 4 (23.5) 1(5.9

N stage (n = 22)

Correct 15 (68.2)" 19 (86.4) 21 (95.5)"
Overstaged 3(13.6) 1 (4.5) 0
Understaged 4 (18.2) 2.1 1 4.5

M stage (n = 22)

Correct NA 20 (90.9) 21 (95.5)
Overstaged NA 2 (9.0) 1 (4.5)
Understaged NA 0 0

Overall stage (n = 17)

Correct NA 8 (47.1)f 15 (88.2)°
Overstaged NA 5(29.4) 159
Understaged NA 4 (23.5) 1(5.9)

The numbers in parentheses are percentages. The diagnostic accuracy
of two modalities was compared by the McNemar test. Significant
differences were found between two groups: * P <0.01 and
TP <005 :

NA not applicable

Fig. 2 A 60-year-old woman
with cervical carcinoma:
Transverse T2-weighted MR
image on the baseline study

(a) shows an isointense tumor of
" uterine cervix. The tumor size
and volume are 32.6 mm and
12.59 cm®, respectively. After
treatment (b), the tumor is
reduced in size. The tumor size
and volume are 16.4 mm and
5.63 cm’, respectively.
Transverse ''C-choline PET/CT
image on the baseline study
(¢) shows an increased
metabolic uptake in primary
tumor. After treatment
(d), metabolic uptake in the
primary tumor decreases. The
SUV, and SUV, decrease from
4.61 and 4.61 to 2:10 and 1.90,
respectively
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Evaluation of therapeutic effect

Four (80%) of the five patients had IIb disease and one
patient (20%) had IVa disease. One patient with [Va dis-
ease had bladder invasion and suffered from secondary
bilateral hydronephrosis. Three patients (60%) had pelvic
lymph node enlargement. Two of them were detected in
bilateral obuturator enlarged lymph nodes, and the other in
right obuturator enlarged lymph node. Distant metastases
were not detected in any patients.

Baseline MRI showed that tumor size was 36.5 &
8.7 mm. After treatment, the mean size was reduced to
21.8 &+ 8.2 mm. Baseline MRI showed a tumor volume of
20.2 + 12.6 cm®. After treatment, the mean volume was
reduced to 12.2 + 8.4 cm® (Fig. 2). The %Size-RR was
40.7 £ 12.8% and the %Volume-RR was 56.5 + 10.3%
(Table 4).

All five patients had abnormal ''C-choline uptake of the
primary lesion on initial PET/CT. SUV, and SUV, after
chemoradiotherapy decreased compared with that before
chemoradiotherapy. Baseline PET/CT showed a mean
SUV, of 5.3 &+ 2.4, and a mean SUV, of 5.2 £ 2.7. After
treatment, the SUV, decreased to 2.6 + 1.2, and the

SUV; decreased to 2.0 &£ 1.0 (Fig. 2). The %SUV,-RR

was 48.0 £ 20.0% and %SUV,;-RR was 60.3 & 14.4%
(Table 5).

The correlation between %SUV-RR and %Size-RR
was not significant (r = 0.698, P = 0.19), while there
was a significant correlation between %SUV-RR and
%Volume-RR (r = 0.892, P = 0.042). Indeed, there was
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Table 4 Clinical characteristics in five patients with cervical carcinoma

Pt Age Chief complaint  Histology Chemo RT Recurrence Treatment after Follow-up
time (months) recurrence time (months)

Dose (img) Cycle EBRT ICRT

1 60  Vaginal bleeding Squamous 56 1 50 Gy/25fr 18 Gy/3fr 3 Chemo 13

2 68  Vaginal bleeding Squamous 0 0 50 Gy/25fr 18 Gy/3fr 8 None | 14

3 55  Vaginal bleeding Squamous 56 5 50 Gy/25fr 18 Gy/3fr 7 RT 16

4 35  Vaginal bleeding Squamous 62.2 4 50 Gy/25fr 24 Gy/4fr None None 15

5 57  Vaginal bleeding Squamous 63.4 4 50 Gy/25fr 18 Gy/3fr None None 13

P patient, Chemo chemotherapy, RT radiotherapy, EBRT extra body radiotherapy, /CRT intra cervical radiotherapy, squamous squamous cell

carcinoma, fi fraction

Table 5 Assessment of MRI and 11C-choline PET results in five patients with cervical carcinoma

Pt MRI

Diameter (mm)

Volume (cm3)

Baseline After 8 RR (%) Baseline After B " RR (%)
1 32.6 16.4 162 49.7 12.59 5.63 6.96 55.3
2 40.7 28.4 12.3 30.2 31.64 1478 16.86 533
3 455 327 12.8 28.1 21.37 8.57 12.81 59.9
4 233 14.5 8.8 37.8 2.99 1.71 1.28 429
5 40.6 17.1 235 57.9 32.27 9.27 23.01 713
Pt !'C-choline PET '
SuVv, SUV,
Baseline After - é RR (%) Baseline After é RR (%)
1 9.42 4.29 513 54.5 10.01 3.6 641 64
2 3.57 2.6 0.97 272 3.57 1.51 2.06 577
3 4.61 2.1 251 54.4 4.61 1.9 2.71 58.8
4 428 3.04 124 29 3.67 2.19 1.48 403
5 44 1.1 33 75 4.1 0.8 3.3 80.5

P1 patient, Baseline baseline study, After study after treatment, & difference between baseline study and study after treatment, RR reduction rate

no significant correlation between %SUV,-RR and %Size-
RR (r = 0.660, P = 0.226), while there was a signi-
ficant correlation between %SUV,-RR and %Volume-RR
(r = 0.956, P = 0.011). During a mean follow-up time of
14.2 £ 1.0 months, two patients developed disease recur-
rence. One patient had a local recurrence three months after
the treatment, and received additional chemotherapy using
cisplatin and paclitaxel. The other patient developed
metastasis of a paraaortic lymph node seven months after
the treatment, and received radiotherapy of the abdomen.
No patients died before disease recurrence.

Discussion

The results of the present study show that ''C-choline PET/
CT contributes to accurate staging in patients with uterine

carcinoma. Specifically, the combination of ''C-choline
PET/CT and MRI has potential implications for deter-
mining T and N stage at the preoperative evaluation. The
results of the present study also indicate that ''C-choline
PET/CT may be feasible as a method of evaluating the
therapeutic response after chemoradiotherapy in patients
with cervical carcinoma.

Clinically, requirements for an acceptable method of
preoperative staging of uterine carcinoma are that it allows
determination of appropriate indications for surgery.
Measured by this criterion, MRI has long been recognized
as the most accurate modality, with high sensitivity [20,
21]. Howeyver, the limitation in MR evaluation for preop-
erative staging of uterine carcinoma is low specificity for
N staging. In our study the interpretation of N staging
by combining ''C-choline PET/CT and MRI yielded an
accuracy of 96%. The results of the present study suggest
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that it will be feasible to diagnose preoperative nodal status
in patients with uterine carcinoma. ''C-choline PET/CT
may complement MRI for diagnosing nodal status prior to
operation in uterine carcinoma.

Physiological distribution of ''C-choline uptake in vivo
can affect signal-to-background ratio for imaging in
malignant tumors. After intravenous administration of
“C-choline, blood clearance is rapid and radioactive dis-
tribution in tissues reaches a'steady state within five minutes.
Normal uptake of ''C-choline is observed in the liver,
pancreas, kidney, duodenum, bone marrow, and secretion
into phospholipid-rich pancreatic juice is also found in the
non-fasting state. The physiological background level of
!C-choline in the urinary tract is lower than that of
18-fluorodeoxyglucose (18F-FDG) because of incomplete
tubular reabsorption of the intact tracer [22, 23] and
enhanced excretion of labeled oxidative metabolites.
Although we found one false-positive case for N staging by
C-choline PET/CT, this was attributable to a reactive
lymph node on microscopic observation, not to ' 'C-choline
uptake in the urinary tract. Thus, accumulation of ''C-cho-
line in the pelvis is hardly affected by urinary uptake.

The limited spatial resolution and partial volume effect
of PET/CT often result in failure to detect small lesions. In
our study, two patients were understaged due to the pres-
ence of a metastatic lymph node fewer than 10 mm in
diameter that was visualized by the CT portion of PET/CT
or by MRI. Slight increases in tracer uptake and motion
artifacts caused by respiration will give rise to false-neg-
ative results. On the other hand, the false-positive results
were observed in one patient-by PET/CT and in three
patients by MRI because of reactive lymph nodes. The
advantage of the combining PET/CT and MRI was that it
decreased the number of understaged and overstaged cases
by correlating the morphologic and metabolic findings.

Evaluating the therapeutic response after chemoradio-
therapy requires imaging modalities, such as CT or MRI
that are generally standard. However, these anatomical
imaging modalities have limitations, because it takes weeks
or months to evaluate therapeutic response and it is difficult
to distinguish residual tumor from fibrotic and necrotic
tissue. Some investigators showed the efficacy of 18F-FDG-
PET in monitoring therapeutic response in patients with
cervical carcinoma [12-15]. Similar to the results of
18F-FDG-PET studies, all five patients had abnormal
''C-choline uptake of cervical carcinoma on the baseline
study, and had decreased ''C-choline uptake compared with
the baseline study after chemoradiotherapy in our study.

18F-FDG-PET-derived parameters including SUV and
the percent change value may have the potential to predict
the therapeutic response in patients with advanced gyne-
cological cancer. Yoshida and colleagues reported that the
decrease in SUV of 18F-FDG-PET was better correlated
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with histological response than was MRI in three patients
with advanced cervical carcinoma after neoadjuvant che-
motherapy. Similarly, the present study demonstrates that
%SUV-RR and %SUV,-RR calculated from !'C-choline
PET/CT correlated well with %volume-RR calculated from
MRL

Some limitations as to setup must be resolved before the
results can be transposed to routine clinical settings. Our
retrospective study included only a small population with
uterine carcinomas which included not only cervical car-
cinoma but also corpus carcinoma. Moreover, the number
of patients in whom the therapeutic response to chemora-
diotherapy was monitored was also small. Since our study
was designed to assess staging prior to surgery, the results
from this patient population with uterine carcinoma will not
explain the staging accuracy of advanced disease. Long
term follow-up is needed as to whether therapeutic response
evaluated by ''C-choline PET/CT can accurately reflect
prognosis or not. ''C-choline seems to be a sensitive PET
tracer for the management of uterine carcinoma. However,
the short half-life of ''C-choline is the main cause of
practical restriction. '®F-choline has a longer half-life than
'1C-choline and has been used to diagnose prostate carci-
noma {24, 25]. The sensitivity values may be affected by
differences in urinary secretion, because there is no other
reason why these differences between '‘®F-choline and
' C-choline should lead to improved accuracy of PET/CT.

The total numbers of patients were small and hetero-
geneous, and our present study is retrospective and reflects
our initial experience. Further studies involving a larger
number of patients and histological correlation are required
to determine the clinical usefulness of ''C-choline PET/CT
in monitoring the therapeutic response to chemoradiother-
apy in patients with cervical carcinoma.

In conclusion, combining ''C-choline PET/CT and MRI
increases the accuracy of staging in patients with uterine
carcinoma. ''C-choline PET/CT may be feasible as a
method of evaluating therapeutic response after chemora-
diotherapy in patients with cervical carcinoma. The results
demonstrated its advantages and potential in ''C-choline
PET/CT, but clinical evaluation in a large patient popula-
tion is warranted before applying it as an optional approach
for the management of uterine carcinoma.
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Abstract

An aneurysm of the middle-colic artery, associated with
segmental arterial mediolysis (SAM), is a rare condi-
tion. This report describes a case of a middle-colic artery
aneurysm that was associated with SAM. A 57-year-old
man was admitted to our hospital because of severe
abdominal pain. A rupture of a middle-colic artery
aneurysm was diagnosed by computed tomography, and
angiography showed that it may have been associated
with SAM. The ruptured aneurysm was successfully
treated with transcatheter arterial embolization. Trans-
catheter arterial embolization might be one of the best

‘treatments for such a complicated aneurysm occurring

in a visceral artery.

Key words Middle-colic artery aneurysm - Segmental
arterial  mediolysis Transcatheter  arterial
embolization

Introduction

The most frequent site of a visceral artery aneurysm is
the splenic artery, but it is a rare occurrence. Therefore,
an aneurysm of the middle-colic artery is even more
uncommon.! An aneurysm that may be caused by seg-
mental arterial mediolysis (SAM) is also a rare condi-
tion. This report documents a case of a SAM-associated,
ruptured, middle-colic artery aneurysm that was suc-
cessfully managed by transcatheter arterial emboliza-
tion (TAE).

Reprint requests to: T. Hirokawa (address 3)
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Case Report

A 57-year-old man with no previous medical history was
admitted to a local hospital because of severe abdomi-
nal pain and diarrhea. Contrast-enhanced computed
tomography (CT) showed ascites throughout the
abdomen and higher CT-value ascites rather than serous
ascites in the upper abdomen. Abdominocentesis
revealed the presence of hemoperitoneum. Angiogra-
phy located the aneurysm within the left branch of
middle-colic artery, but no extravagation was seen. The
CT scan revealed a hematoma around the transverse
mesocolon (Fig. 1) indicating a rupture of this aneu-
rysm. Therefore the patient was transferred to this
hospital. When he arrived, his vital signs included a low
grade fever (37.5°C), hypertension (184/86 mmHpg), and
a slight tachycardia (102 beats/min). He was not pale
and had clear consciousness. A physical examination
revealed only slight abdominal tenderness. The labora-
tory findings showed anemia (red blood cell count: 2.5
million/pl; hemoglobin: 8.4 g/dl; hematocrit: 24.3%)
and inflammation (white blood cell count: 7200/ul,
C-reactive protein: 4.58 mg/dl).

Angiography detected a middle-colic artery aneu-
rysm, a wide and narrow irregularity in the distal artery
of the aneurysm, but no extravagation (Fig. 2a). The
results also indicated that this aneurysm was ruptured
and it had a risk of further bleeding. Transcatheter arte-
rial embolization was applied initially because it was
less invasive treatment than surgery. Using a right
femoral artery approach, a 4-Fr C2 catheter (Clinical
Supply, Hashima, Japan) was placed in the superior
raesenteric artery, and the proximal middle-colic artery
was selected with micro-catheter (Renegade; Boston
Scientific Japan, Tokyo, Japan). However, because of
the meandering of the middle-colic artery, the micro-
catheter could not be inserted at the aneurysm. There-
fore, microcoils could not be used. Then approximately
0.3 ml of iodized oil (Lipiodol) mixed with N-butyl-2-
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cyanoacrylate (NBCA) (Lipiodol:NBCA = 3:2) was
injected into the root of the distal branch via the aneu-
rysm. Postembolization angiography demonstrated no
filling of the aneurysm. On delayed images, the distal
arteries of the aneurysm were barely evident, thus the
risk of ischemic colitis was low (Fig. 2b), and surgical
treatment was avoided. In addition, further arterial
examinations were conducted. Celiac angiography
revealed two other aneurysms. One was at the root of
the celiac artery and the other at the left hepatic artery.
Inferior mesenteric arterial angiography found no aneu-
rysm, but a wide and narrow irregularity was seen.
These observations suggested that these abnormal
angiographic findings and aneurysms might therefore
be related to SAM.

The patient’s post-TAE course was uneventful and
his anemia improved. A contrast-enhanced CT scan
obtained 2 days later showed that the size of the hema-

Fig. 1. Contrast-enhanced computed tomography (CT) scan
shows extensive ascites in the omental bursa and around the
transverse mesocolon (arrow)
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toma had decreased and the aneurysm had been embo-
lized (Fig. 3). The patient was discharged 1 week after
TAE. Colonoscopy 3 months later showed no evidence
of bowel ischemia, and he is currently doing well without
symptoms.

Discussion

Visceral aneurysms arerelatively rare. The most common
sites of visceral arterial aneurysms are the splenic artery
(60%), hepatic artery (20%), superior mesenteric
artery (5.5%), celiac artery, gastric and gastroepiploic
arteries (4%), and jejunal, ileal, and colonic arteries and
their tributaries (3%).' Aneurysms of the superior mes-
enteric arterial branch, particularly the middle-colic
artery, are very uncommon. These are generally asymp-
tomatic and are usually found incidentally.

Fig. 3. The successful embolization of the aneurysm of the
middle-colic artery is shown on contrast-enhanced CT scan at
2 days after TAE (arrow)

Fig. 2. a Angiography of the superior
mesenteric artery shows that the aneu-
rysm is in the left branch of middle-colic
artery (arrow), but no extravasations are
seen. b The left branch of the middle-
colic artery was successfully embolized
by transcatheter arterial embolization
(TAE); there is no filling of the aneurysm.
On delayed images, the distal arteries of
the aneurysm are barely evident, indicat-
ing that the risk of ischemic colitis was
low (arrowheads)
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Table 1. Cases of middle colic artery aneurysms (7 cases after Sarcina et al.” reviewed in 2000)

First Age Past history/ Other
author™* Year (years) Sex Chief symptoms present illness Diagnosis Treatment aneurysms
LaBerge® 1999 52 M  Abdominal pain, Hypertension Angiography Resection Yes
nausea,
vomiting
Sarcina® 2000 72 F  Dyspepsia, Hypertension Angiography Resection No
epigastric
discomfort
Matsuo* 2001 68 M  Anemia Not described Angiography Resection Not described
Sato® 2001 68 M  Abdominal pain None Surgery Resection No
Toyonaga® 2002 73 M  Abdominal pain, Acute pancreatitis Angiography Embolization No
vomiting
Chino’ 2004 78 M  Abdominal pain, Renal stones, gout Surgery Bowel-resection No
nausea
Present case 57 M Abdominal pain None Angiography Embolization Yes

Sarcina et al.” reviewed the literature of the 28 cases
of middle-colic artery aneurysms reported between
1937 and 1995, and Medline was searched using the
keywords “Middle-colic artery” and “aneurysm,” and
another 5 cases of middle-colic artery aneurysm were
found (Table 1).”” The data from the 35 reported cases,
including the current case, were analyzed. The mean
age and age range were 59.3 + 13.3 years and 19-78
years, respectively. The ratio of males to females was
19:16; thus, there appears to be no significant gender
difference. In almost all cases, the chief complaint was
abdominal pain. In total, 45.7% of the cases (16/35) had
multiple aneurysms. Most cases were treated surgically.
An aneurysm ligation was performed in 11 cases, resec-
tion was performed in 8 cases, and a bowel resection
was required in 9 cases. Transcatheter arterial emboli-
zation was chosen in only 3 cases. Embolization was
performed using particles of gelatin sponge inserted in
one case,” using microcoils in one case,’ and in the
present case, a mixed emulsion of Lipiodol and NBCA
was used. Using this embolic agent, it was possible to
embolize the aneurysm root and its proximal and distal
feeders in one step. However, this procedure is associ-
ated with risks including bowel ischemia, and aneurysm
rupture using this agent for the treatment of lower
bowel hemorrhage or aneurysm is still controversial.
Most mesenteric artery embolizations are performed
using microcoils.” But in the present case, NBCA was
used with Lipiodol because distal catheterization of the
aneurysm could not be achieved. NBCA is a liquid
embolic agent whose time to coagulation after injection
can be controlled by diluting it with Lipiodol. It might
be possible to embolize an aneurysm, feeding vessels,
and efferent vessels using an NBCA-Lipiodol mixture
of an appropriate concentration, even if the catheter
cannot reach the aneurysm. The aneurysm in the present
case was successfully embolized using this method.

Tulsyan et al.'’ studied 90 cases of visceral artery

aneurysms and pseudoaneurysms and found that endo-
vascular treatment was technically successful in 98% of
the cases. In the review of 9 cases of visceral artery
aneurysm by Kasirajan et al.," aneurysm exclusion was
achieved in 75% cases by coil embolization. They con-
cluded that percutaneous transcatheter coil embolo-
therapy is an effective alternative to open surgery and
that therapy may decrease the morbidity and mortality
associated with open surgical procedures. There have
been very few reported cases of NBCA embolization
for visceral artery, but there are no reports of complica-
tions including ischemia.'” This report suggested the
embolization with NBCA is a safe method. Above all,
because this endovascular method is at least as safe as
open surgery and less invasive, it is one of the best treat-
ments for a visceral artery aneurysm.

The association of the aneurysms in this case to SAM
was indicated by the presence of multiple aneurysms
and luminal irregularities of the artery walls. The patho-
genesis of SAM is poorly understood and was first
described by Slavin and Gonzalez-Vitale in 1976, and at
first the name “segmental mediolytic arteritis (SMA)”
was coined.” They described unique vascular lesions,
so-called mediolytic lesions, in three autopsy cases of
SMA, which were characterized by lytic degeneration
of the arterial media. Based on their later observations,
together with the inconstanl association of inflamma-
tion in the involved arteries and the general absence of
clinical and laboratory evidence of vasculitis, the term
SMA was changed to “segmental arterial mediolysis
(SAM)” in 1995." From this etiology, this disease is also
called “segmental mediolytic arteriopathy,” but now
the name “SAM?” is the most frequently used. Accord-
ing to a review of 20 cases of SAM involving abdominal
splanchnic arteries by Takagi et al,” SMA occurs in
middle-aged to elderly people (range, 39-87 years) of
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both sexes, usually involves more than one visceral
artery, and most frequently, branches of the celiac axis.
The current case was compatible with these cases. Gen-
erally the visceral aneurysms are related to an infection
represented by subacute bacterial endocarditis, polyar-
teritis nodosa, and others. In the present case, there had
been no previous infectious disease. Following the TAE,
the patient is doing well and there have been no signs
of inflammation, and thus no need for any steroid or
immunosuppressive drug therapies. One limitation to
this study is that no pathological examination was
carried out, but the clinical and radiographical findings
strongly suggested SAM. In conclusion, this was a rare
case of a ruptured middle-colic artery aneurysm associ-
ated with SMA, which is the first case to be treated by
Lipiodol and NBCA embolization.
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