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Figure 3. Fiffy-one-year-old female with cancer of the gall bladder involving the liver.

SL.D-CTHA images with balloon occlusion of the right portal vein. The catheter tip is located in the ’
common hepatic artery. The white arrowhead indicates a balloon. Black amowheads indicate the right
hepatic artery. The SLD-CTHA images were taken just before the onset of injection of contrast medium,
and 5, 10, 15, 20 and 30 s after the onset of injection of contrast medium. The right lobe is shown a well-
demarcated, hyperattenuated area from 10 s after the onset of injection, and the enhancement contined
until 30 5 after injection. The right portal vein (arrows) is obviously enhanced in the images at 10 s and 15§
in spite of occlusion of the same portal vein.
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Figure 4, Time-density curve between occluded and non-occluded area

Absolute CT number evaluation (table 2) that the peak of contrast enhancement in the occluded
CT number in the occluded area was significantly  and non-occluded areas was 14.3 £4.7 sand 15.2 =
higher than that in the non-occluded area from 4— 5.6 5, respectively; this difference was not statistically

30 s in all cases. A time density curve (Fig. 4) showed  sjgnificant. The difference in CT number between that
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Figure 5. Fifty-five-ycar-old female with common bile duct cancer. - 1
Proper hepatic arteriography withont () and with (b) occlusion of the right portal vein branch,

Proper hepatic arteriography (b) with occlusion of the right portal vein branch shows increase opacity of the right lobe and decrease
opacity of the left lobe in the liver compared with (a). Arrowheads (a) indicate bile duct cancer and arrow (b) indicates an inflated

halloon with contrast medium.

at (-x and at peak enhancement was 103.4 + 51.0 HU
tn the occluded area and 21.8 x 11.8 HU in the non-
ocytuded area; this difference was statistically significant
{P<0.01). The difference in CT pumber between that at
peuk and at 30 s was 49.8 £ 59.4 HU in the occluded area
and 8.9 x 5.9 HU in the non-occluded area; once again
this difference was statistically significant (P<0.05).
The contiast enhancement effect was very high in the
eecluded area and very low in the non-occluded area,
Therapy after SLD-CTHA

After examination, 13 of the 16 patients, who all had
gastric varices, underwent embolization of the extra-
hepatic hepatofugal circulation for the pastric varicose
vein and balloon-occluded retrograde transvenous
obliteration. Additionally, the left gastric artery was
embolized using coils to decrease bloed flow into
the gastric vein in 10 of 13 patients. The remaining
three patients with hepato-biliary cancer underwent
embolization of the adeguate intra-hepatic portal branch
{Fig.5) in preparation for extended hepatic resection.

[ ‘Table 2 ] The difference in CT number of the liver parenchyma

Peak 1ime Maximium Dilference between Diiference between
{Av/SD) {Av/SD) Minimum and Maximum  Maximum and 30 s (Av/SD)
Qccluded Area 14.3/ 4.7 (s) 176.3 / 90.5 (HU)y** 103.4 / 51.0 (HU)** 49.8 / 59.4 (HU)*
Non-occluded Area 15.2/ 5.6 (s) 94.4/17.9 (HU) 21.8/11.8 (HU) 8.9/ 5.9 (HIN)

Av:average, SD:standard deviation, HU:Hounsfield Unit, * p<0.05, ** p<0.01,
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Discussion

‘The liver is an unusual organ from the point of view
of its blood supply because of the dual blood supply of
the portal vein and hepatic artery. Knowledge of this dual
blood supply plays an important role in the diagnosis
and treatment of liver tumors. Many researchers have
investigated the correlation between the portal vein and
the hepatic artery, especially communication systems
including transvasal and transplexal routes (18-20), and
the hemodynamic changes of dual blood flow. There are
several communication systems between both vessels.
Among them, the most prominent system is transplexal
via the peribiliary plexus in the rormal liver. On the
other hand, changes in portal venous blood flow produce
inverse changes in flow in the hepatic artery. It is
considered that a decrease in portal vein blood flow (less
washout of adenosine) leads to an increased concentration
of adenosine, which in turn causes hepatic arterial
dilation and hepatic arterial blood flow increases in the
corresponding area (21-23).

‘When portal venous flow stoppage occurs chronically
in various conditions, including portal vein obstruction
due to tumor thrombus and portal vein compression by
intra- and extrahepatic tumors, hepatic arterial blood
flow is increased mainly through the peribiliary plexus
{18-20). The present study showed a corresponding
hyperattennated area with portal vein occlusion in all
patients. This suggests that when portal venous flow
stoppage occurs chronically or acutely, hepatic arterial
blood fiow is increased as well as adenosine washout (21
—23).

The most interesting result of the current study was
that SLD-CTHA with portal vein occlusion resulted in
contrast enhancement of the balloon-occluded portal
branch in all 10 cases with contrast material injection
via the proper hepatic artery. While the non-occluded
portal branches in these 10 cases were never enhanced.
Before starting this study, it was considered that contrast
enhancement of the balloon-occluded portal branch
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would not be demonstrated in the proximal site of the
portal branch by arterio-portal communications because
arterio-portal communications occur in the distal site
of the portal vein, namely the terminal portal venules.
Arterial blood supply in the normal liver parenchyma
is provided by four different types of arterio-portal
communications (24—26): the first type is the peﬁbiiiary
plexus, which is the most abundant type of arterial blood
supply to the liver parenchyma. These plexuses drain into
the portal venules (the most common pathway) or into
the periportal sinusoids. The second type is the terminal
arterio-portal twigs, which also drain into the periportal
sinusoids. The third is the vasa vasorum, which only has
a limited contribution, and the fourth are direct arterio-
portal communications, which are either few or non-
existent (14). The phenomenon of contrast enhancement
of the balloon-occluded portal branch in the present
study could be explained as follows: first is that contrast
medium flowed into the portal venules via the arterio-
portal communications and then flowed backwards to the
proximal site of the occluded portal vein because blood
pressure in the occluded portal vein was lower than that
in the non-occluded veins; second is that under special
circumstances such as acute portal vein occlusion, direct
arterio-portal communications, which are either few
or non-existent, might be forced open. Indeed, portal
vein parallel to scanning slice (three of 16 cases) was
clearly enhanced from proximal to distal in the portal
vein branch. This result suggested the latter explanation.
In addition, experimental studies with rats using in vivo
microscopy and angiography show the same phenomenon
(27). To our best knowledge, this is the first report to
demonstrate this phenomenon in clinical cases. However,
there is currently no other evidence to support this latter
explanation.

The present study revealed that arterial blood flowed
into the corresponding liver parenchyma via the portal
vein site as well as via the ordinary arterial site under
temporary portal vein occlusion. Unlike the hepatic veins,
there are few anatomical variations in the portal veins
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and porto-portal venous anastomoses. This suggests
that TACE under temporary occlusion of the portal
vein could embolize an nnresectable liver tumor in the
corresponding area. With these results in mind, we have
started to perform TACE under temporary occlusion of
the portal vein for nnresectable HCC, It consists of two
procedures. First, we insert a 5-Fr. balloon catheter into
the intrahapatic portal branch corresponding to localized
tumor using percutanous transhepatic portography
technique. Secondly, we insert a 4-Fr. Cobra-shaped
catheter or a microcatheter into the feeding artery of
the tumor and carry out injection of an emulsion of
Lipiodol and anticancer agents, and also gelatin sponge
via the feeding artery under temporary occlusion of the
corresponding portal vein branch.

In conclusion, we have demonstrated significant
enhancement of liver parenchyma and portal veins in the
distribution of occluded portal vein branches following
hepatic arteriography.
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OBJECTIVE. The purpose of our study was to assess the efficacy of transcatheter arterial

embolization for pancreaticeduodenal artery aneurysms.
CONCLUSION. We concluded that transcatheter arterial embolization is the initial and
definitive therapeutic choice for pancreaticoduodenal artery aneurysms, with a possible option

to perform surgery after embolization.

neurysms of the pancreaticodnode-
nal arteries are rare and make up
only 2% of all splanchnic anen-
3N rvsns [1]. Pancreaticoduodenal ar-
tery aneurysms may have ar increased propen-
sity for rupture: 64% of patients secking
medical advice from symptoms related to the
aneurysm have had a rupture [2]. Pancreati-
coduodenal artery aneurysm ruptures can be life
threatening because they result in bleeding into
the retroperitoneal space, abdominal cavity, the
gastrointzstinal tract, or a combination of these.
Before 1980, surgery was the only treatment for
pancreaticoduodenal artery aneurysm, and its
mortality rate was 26% [3]. However, the in-
hospital mortality rate for patients who received
no surgical treatment was 80% [31.

Recently, the rapid development of inter-
ventional radiology has made it possible to
perform transcatheter arterial embolization of
visceral aneurysms safely and effectively. In
addition to surgery, transcatheter arterial em-
bolization has been performed since 1980,
and the mortality rate has significantly im-
proved [3-4]. Despite these facts, the choice
of initial therapy remains controversial.

During the last decade, the pumber of case re-
ports of pancreaticodnodenal artery aneuryse
has increased because of improved detection
rates with advances in noninvasive diagnostic
techniques, such as CT and sonography. There-
fore, it is important to choose a therapy—tran-
scatheter arterial embolization or surgery—for
inidal treatment. The purposes of this article are
to evaluate the resuits of transcatheter arterial
embolization therapy and to discuss which treat-
ment should be chosen for pancreaticoduodenal
artery anenrysms in various cases.

Subjects and Methods
Patients

Between January 1992 and December 2602, 10
patients with pancreaticoduodenal artery aneu-
rysms were admitted to Nippon Medical School
Hospital. The clinical findings of these patients
are summarized in Table 1. One woman and nine
men, with a median age of 57 years {range, 45 to
72 years) were identified. All patients underwent
transcatheter arterial embolization. Three pa-
tients had a history of hypertension and three
were alcoholics, Two patients had a history of
partial gastrectorny for gastric ufcer, and one of
them showed signs of ileus. One patient had ad-
vanced comrmon bile duct cancer. One patient had
no history of any particular disease. Nine of the
10 patients had ruptured pancreaticoduodenal ar-
tery aneurysis, Five of these nine had gas-
trointestinal bleeding, and two also had hemate-
mesis. Six patients were hemodynamically stable
during and after volemic resuscitation, but three
were hemodynamically unstable (shock index:
heart ratefsystolic blood pressure > 1} despite
volemic resuscitation. One of those with shock
received emergency laparotomy, and the other
two underwent clipping by endoscopy with the
intention of stopping the bleeding before embo-
lization; however, in these three patients the
bleeding could not be stopped. They therefore re-
quired immediate embolization. The patient
whose aneurysm had not ruptured was symptom
free. She was followed up by her family physi-
cian, and CT revealed that the angurysm in-
creased in diameter from 2 to 2.8 cm within 1
year, She rejected surgical resection after the sur-
geons explained the potential complications of
surgery, and she decided to undergo transcatheter
arterial embolization.

AJR:187, September 2006
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TABLE I: Summary of Patient Data

Diametar Embolizatien Technique
Patient of 30-Day
No/Age Clinical Medical | Llocationof | Aneurysm Approach Technical | Clinical
{y)/Sex Symptom History Aneurysm {mm} Rupture | Route | Afferent | Packing [ Efferent| Success | Saceess | Qutcome
172/ None CAS iPDA 28 No Both® Done None | Bone Yes Yes Survival
2/54/M2 | Abdominal CAS IPDA 3 Yes SMA Done § Done | None Yes Yes Survival
pain IFDA 7 Done Bone | None Yes
3/58/M8 Abdominal CAD IPDA 32 Yes SMA Done | None | None Yes No Susvival
pain MALS
Shock
448/mb Abdominal | Pancreatitis 1PDA 23 Yes Sha Done | None | Done Yes Yes Survival
pain
5/53/M Abdeminal Unknown IPDA 9 Yes Both® Done { None! | Done Yes Yes Survival
pain IPDA 7 Yes Done | Nonef | Done Yes
ASPDA ] Yos Dose | Nong' | Done Yes
istjejunal 4 No Done | Done | None
6/45/M° Shock PG IPDA 7 Yes SMA {one Done { None Yes Yes Survival
Hematemesis | Gastric ulcer
7/53/m4 Shock PG ASPDA 5 Yes Celiac Pone | Done | None Yes Nod Death
llens Gastric ulcer artery
Peritonitis
870/M% | Hematemesis | CBD cancer IPDA 5 Yes Celiac Dong Done | Nona Yas Yes Survival
Melena artery
9a2Mb Malana Pancreatitis [ IPDA 8 Yes Both® | Done | None [ Dore Yes Yes Survival
Hy51/Mb Mefena Pancreatitis IPDA 6 Yes Celiac Done | None | Done Yas Yos Survival
artery

Note—CAS = celiac axis stenosis, IPDA = inferior pancreaticoduodenal artery, SMA = superior mesenteric artery, CAD = cefiac axis occlusion, MALS = median arcuate
ligament syndrome, ASPDA = anterior superior pancreaticodundenal artery, PG = partial gastrectomy, CBD = common bile duct.

2Hypertension.
¥Aleoholism,

‘Emargency laparotomy before franscatheter arterial embokization.
9Endoscopic treatment before transcatheter arterial embelization.

Both the SMA and celiac artery routes were used.

FTranscatheter arterial embolization using gelatin sponge.
$Patient had surgery after embolization for failure of sutures and then suffered disseminated intarvascular coagulation.

Embolizetion Technique

After diagnostic angiography with a 5-French
catheter, a 3-French microcatheter was inserted as
close as possible to the aneurysm. Artediography
was then performed.

The method of embolization of the pancreati-
coducdenal artery aneurysm was as follows: The
basic procedure involved isolation and exclusion
of the afferent and efferent arteries close to the an-
eurysm, using microcoils with a coaxial system to
exclude and occlude the anearysm becouse of the
presence of anastomotic branches around the pan-
creas. If a microcatheter could not be edvanced
into the efferent aneries, we first tried to pack the
anewrysm and then embolized tie afferent arteries
with microcoils. If a microcatheter could not be
advanced into the apeuvrysm (i.e., if we could not
even pack the ansurysm), we embolized the affer-
ent arteries and recommended surgical treatment.

Informed consent for embolization was ob-
tained from conscious patients as far as the emer-
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gency permitied. Otherwise, the immediate family
was informed.

Data Analysis

Technical success reflects immediate results
and is typically evaluated by completion angiog-
raphy [5]. The technical success of our series was
defined as nonvisualization of aneurysms and
nonvisualization of bleeding, as verified by
postembolization angiography. Chinical success
reflects the results in the 30 days immediately af-
ter the embolization procedure and is typically as-
sessed by close patient follow-up [5]. Clinical
success in our series was defined by the patients’
condition {the 30-day ontcome)—that is, whether
patients were hemodynamically stable without
blood transfusion, Cases in which additional sur-
gery or endoscopic treatment for the aneurysm
were performed after the embolization procedure
were excluded from the clinical successes, For
follow-up, contrast-enhanced CT or sonography
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was performed in each patient 1 week to 2 months
after embolization to assess the stoppage of
bleeding or thrombosis of the aneurysms or both.
In particular, putients with celiac trunk stenosis
(n=2) were given an additional follow-up con-
trast-enhanced CT every 3 months for 1 year, and
every 6 months after 1 year (range, 21 months to
34 months; mean, 27.5 months) to check for the
pr esence of recurrent or new aneurysms.

Results

The causes of these pancreaticoduodenal
artery aneurysms were arteriosclerosis, in as-
sociation with celiac axis stenosis or occlu-
sion (n = 2}); compression of the median arc-
vate ligament of the diaphragm (n=1);
pancreatitis {n = 3); postsuzgery (n=2); ad-
vanced common bile duct cancer (n = 1); and
unknown (n=1) (patient had no history of
systemic vascular disease, abdominal trauma,
or chronic pancreatitis).
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Fig. 1—72-year-nld woman with embolization of nonruptured pancreaticoduodenal artery anaurysm caused by celiac axis stenosis.

A, Contrast-enhanced CT scan reveals anewrysm {2.8 cm in diameter) located behind pancreas head.

B, Angiography of suparior mesenteric artery shows pancreaticoduodenal artery aneurysm of inferior pancreaticoduodenal artery, Hepatic arteries and splenic artery are
opacified through dilated dorsal pancreas artery as main feeder. Afferent artery of aneurysm is emholized through superior mesenteric artery route, and efferent artery is
alse emholized through cebiac artery routa.

C, Superior mesenteric arteriography after embotization of aneurysm shows no visualized aneurysm.

D, Contrast-enhanced CT scan 1 week after ranscatheter arterial embolization shows complete thrombosis of the aneurysm,

Wwag2 AJR:187, September 2008
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Fig. 2—53-year-old man with embolization of multiple ruptured panereaticoduodenal

artery angurysms.

A, Superior mesenteric arteriegram shaws four angurysms,
B, Selective inferior pancreaticoduodenal arteriogram clearly shows aneurysms,
three an the pancreaticoduodenal artery {arrows) and one on fizst jejunum artery

{arrowhaad).

€, Gastroduodenal artery arteciogram after embolization with micreeoils {arrows)
and gelatin spange particles shows no extravasation and no visualized aneusysms,

Angiographic and CT Findings

Angiography revealed 13 pancreaticoduode-
nal artery aneurysms ranging from one to three
in each patient, and the sizes of the aneurysms
ranged from 3 to 33 mm (median, 13.5 mm).
Eleven of the 13 aneurysms were located in the
inferior pancreaticoducdenal artery, and the re-
maining two were in the anterior superior pan-
creaticoduodenel artery. Bleeding from the an-
eurysm was recognized in four patients on
angiography, and true anearysms were recog-
nized in four patients (celiac stenosis or occlu-
sion, n=3; unknown, » = I) by angiographic
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findings. Evaluation by CT was performed in
¢ight of 10 patients before angiography, which
showed intraabdominal hematoma in six pa-
tients. One of the remaining two patients who
did not undergo CT was found by angiography
to have intraabdominal bleeding.

Technical Success

Nine of the 10 patients with pancreati-
coduodenal artery aneurysms were success-
fully embolized by transcatheter arterial embo-
lization alone wsing only microcoils (eight
patients) or using microcoils combined with
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gelatin sponge (one patient). In five of the 10
patients, isolation was obtained with microcoils
using the coaxial system to exclude both affer-
ent and efferent arteries close to the aneurysm.
Of these five patients, one had an unruptured
aneurysm, seen with CT and Doppler sonogra-
phy, 1 week after embolization. The patient was
found to have complete thrombosis of the aneu-
rysm (Fig. 1). In another patient, we had in-
tended to perform the isolation using only mi-
croceils, but we did not have enough microcoils
on hand. Consequently, we first embolized the
inferior pancreaticoduodenal artery and a small

W293
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Fig. 3—5¢-year-old man with embelization of rupturad pancreaticoduadenal artery aneurysms caused by celiac axis stanosis.
A, Unenhanced CT scan shows retroperitoneal hematoma.
B, Selactive superior mesentaric arteriegram shows twa aneurysms, 3.3 ¢m and 0.5 cm in dizmeter, arising from anterior inferior pancreaticoduadenal artery.
¢, Selective superior masenteric arteriagram afier embaolization with microcoils {arrows} shows no visualized aneurysms.

D. Contrast-enhanced CT scan 4 weeks after embolization shows no hematoma in abdeminal cavity.

aneurysm of the first jejunal ariery with micre-
coils, and then embolized the superior pancre-
aticoduodenal artery with patticles of gelatin

Wasd

sponge. After these procedures, the superior
pancreaticoduodenal artery was embolized
with microcoils (Fig. 2). Four patients under-

448

went packing of their aneurysms and emboliza-
ton of the afferent arteries with microcoils
(Fig. 3). In the remaining patient, who had rup-
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ture of the pancreaticoduodenal artery aneun-
rysm caused by compression of the median ar-
cuate ligament, although we managed to
advance a microguidewire into the aneurysm, a
microcatheter could not be advanced along
with the microguidewire because of the torm-
ous nature of the afferent artery and the use of
an initial coaxial catheter system. Therefore,
we embolized only the afferent artery with mi-
croceils (Fig. 4). Superior mesenteric arteriog-
raphy immediately after embolization showed
no visible aneurysm, and the patent became
hemodynamically stable. We recommended
surgery because we considered him to be at
high risk for re-rupture, but he rejected surgery.

The technical success rate of emboliza-
tion as an immediate resuit was 100% (10 of
10 patients).

AJR:187, September 2006

retropetitoneal space.

Clinfcal Success

There were no complications directly re-
sulting from the embolization procedures and
no cases of re-rupture. We observed two in-
stances in which we did not obtain clinical
success between days 8 and 14. One patient
was successfully treated by embolization of
the ruptured pancreaticoduodenal artery an-
eurysm (Fig. 5) and became hemodynarmi-
cally stable. He thep received repeat surgery
for suture failure 3 days after embolization
but developed disseminated intervascular co-
agulation and died 5 days after the repeat sur-
gery. The other patient was treated by embo-
lization of only the afferent artery with
microcoils (Fig. 4); he was hemodynamically
stable after franscatheter arterial emboliza-
tion and rejected surgery. A follow-up con-
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Fiy. 4—58-yeaz-old man with pan‘creéﬁcoduodenal aneurysm rupture caused by
median arcuate ligament syndrome.
A, Contrast-enhanced CT scan shows hematoma surrounding duodenum i in

B, Selective superior mesentaric arteripgra shows saccular aneurysm {arrow}, 3.2
cm in diameter, arising from antarrorinierror “pancresticoducdenal artery. Celiac axis
is completely occluded and blood flow to Hiver and spleen is supplied by way of
enlarged pancreaticotuodenal artery.

C. Contrast-enhanced CT scan obteined 2 weeks'atter embolization of only afferent
artery shows well-enhanced ansurysm with mural t.hrombus {arrows},

trast-enhanced CT at 14 days after transcath-
eter arterial embolization, however, showed a
well-enhanced pancreaticoduodenal artery
aneurysm. Therefore, he agreed to undergo
surgery, and surgical treatment was success-
fully performed.

The other eight patients were stable after
transcatheter arterial embolization and were
discharged from the hospital. Use of CT at 1
or 2 months after embolization showed di-
minished intraabdominal hematoma in five of
five patients, As we could not obtain clinical
success in two patients, the clinical success
ate was 80% (8 of 10 patients). The mortality
1aie with transcatheter arterial embolization
for pancreaticoduodenal artery aneurysms
was 0%. Two patients with celiac trunk steno-
sis had no recurrent or new aneurysms (fol-
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low-up range, 21 months to 34 months; mean,
27.5 months), and their liver function tests
were within the normal range.

Discussion
Pancreaticoduodenal ariery aneurysms ace
uncommon but clinically important forms of
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vascular discase. Slightly more than 100 cases
have been reported in the English-language lit-
erature. Mosl of these are isolated case reposts.
There have been only a few small series. Man-
agement of pancreaticoduodenal artery aneu-
rysms in these reports has varied from surgery
io transcatheter arterial embolization to no
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Fig. 5—53-year-old man with embolization of ruptured pancreaticoduodenal artery
aneurysm caused after surgery. .

A, Anteriogram via gastroduodenal artery shows extravasation arrows) from
posterior superior pancreaticoduodenal artery. Metallic coils {arrewheads) were
placed in patient at another hospital.

B, Selective pasterior superior pancreaticaduodenal arteriography reveals ruptured
aneurysm {arrowt and contrast media flow into abdominal cavity

€, Selective posterior superior panereaticoduodenal arteriogram after embolization
with coil {arrow] shows no visualized aneurysm or bleeding.

teatment. In our series, we performed tran-
scatheter arterial embolization in all 10 pa-
tients. The purpose of this series was to deter-
mine which treatment for these aneurysms
should be chosen in various cases.

Some researchers have reported-that trans-
catheter arterial embolization is effective in
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the treatment of visceral aneurysms, has few
complications, and results in low recurrence
rates [3-4, 6-91. Colt et al. [3] reported that,
since 1980, the mortality rate asscciated with
surgery has been 19%, whereas that associ-
ated with iranscatheter arterjal embolization
has been 0%; they reported no significant dif-
ference in the risk of recumrent hemorrhage,
with rates between 0% and 5%. Despite these
results, surgery is stll considered by many
physicians to be the initial and only definitive
treatment of aneurysms involving the pancre-
aticoducdenal artery.

There are three major reasons for this treat-
ment path, One is that embolization is not al-
ways technically feasible because of the diffi-
culty of selective catheterization of the vessel
feeding the aneurysm [10-14], The second is
that embolization may be associated with aneu-
rysmal rupture during the procedure {11-12,
15]. The third is that, in the case of celiac axis
stenosis or occlusion in which pancreati-
coduodenal artery aneurysms are observed,
transcatheter arterial embolization without by-
pass may lead to recurrence of pancreati-
coduodenal artery aneurystn or ischemic injury
as a result of the absence of major collateral
vessels—that is, embolization without bypass-
ing may be ill advised [11-12, 14, 16-193.

Catheterization of the vessels requires a
proficient interventional technigue; how-
ever, the advent of newer coaxial catheter-
jzation techniques has greatly improved the
embolization of small, tortious vessels.
Therefore, we obtained complete emboliza-
tion of all pancreaticoducdenal artery aneu-
rysms except one, and we managed to stop
the bleading in all ruptured aneurysms. In
contrast, the detection of parcreaticoduode-
nal artery aneurysms during surgery may fail
in approximately 70% of cases [12, 20] be-
cause of their localization behind or within
the parenchyma of the pancreas. Surgery
may be questionable because arterial liga-
tion (with or without anenrysm resection) is
not always feasible, and partial pancreatec-
tomy can be necessary [17-19]. In one pa-
tient in whom we tried to perform transcath-
eter arterial embolization 12 years ago, we
could not even pack the anenrysm (i.e., we
embolized only the afferent artery with mi-
crocoils). Use of the current, new coaxial
catheter system or N-butyl cyancacrylate in-
jection technique [21] might be considered if
we were able to do packing of or isolate the
pancreaticoduodenal artery aneurysm.

Tn 1979, Lina et al. [15] reported aneurysm
rupture secondary to ranscatheter emboliza-
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tion. However, they did not have a coaxial
catheter system at that time, To our knowl-
edge, there have been no xeports of pancreat-
icoduodenal aneurysm rupture sceondary to
transcatheter embolization since the develop-
ment of the coaxial catheter sysiem. There-
fore, aneurysm rupture during the procedure
should be excluded as a disadvantage of trans-
catheter arterial embolization.

Pancreaticoduodenal artery aneurysms can
be differentiated into trug and false ancurysms;
the latter resnlt from pancreatitis. abdominal
trauma, surgery, or septic emboli. They often
rupture into the gastrointestinal riet, whereas
true anenrysms are frequently associated with
stenosis or occlusion of the celiac axis and vup-
ture into the retroperitoneal space. In patients
with false pancreaticoduodenal ariery aneu-
tysms, transcatheter arterial embolizalion pre-
serves vascularization of the celiae lerritory be-
cawse false aneurysms arc not  usually
associated with celiac artery stenusis, With re-
gard to the third disadvantage of transcutheter
arterial embolization, the controversy renins
whether transcatheter arterial cmbuolizition
should be done in patieats wilh culine artery
stenosis or occlusion because runscatheter ar-
terial embolization in vessels without major
collaterals should have a higher recuwrrence of
pancreaticoduodenal artery ancurysm or is-
chemic injury. Sutton and Liswton ]22] postu-
lated that stenosis of the celiae axis resulting in
an increased flow through the pancreati-
coduodenal artery favors lhe development of
pancreaticeduodenal artery ancurysms. Some
suzgeans emphasize that the hasic treutment 18
revascularization of the celine tunk stenosis or
occlusion [11-12, 16-19). Twu patients with
celiac trunk steposis in owr scries, however,
had a goed course without ischemic dysfunc-
tion of the liver, spleen, or duodenum, and also
no recurrence of pancreaticoduodenal artery
aneurysm. Some patients in ather reports have
had good courses without ischemic dysfunc-
tion of the liver, spleen, or duodenum [23-26].
Savastano et al. [23] reported that, although
they performed embolization of pancreati-
coduodenal artery anetrysms in two patients
with celiac trunk steniosis and ocelusion caused
by compression of the median arcuate liga-
ment, there was no recurrence of aneurysm
seen at follow-ups of more than 3 years. To our
knowledge, there have been no reports of the
recurrence of pancreaticoduodenal artery an-
eurysm caused by celiac trunk stenosis or oc-
clusion after embolization [23-27].

With regard to embolization technique of
pancreaticoduodenal artery aneurysms, the
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best embolization technique is thought to be
isolation with coils, N-butyl cyanoacrylate, or
both, regardless of true or pseudoaneurysms.
However, isolation may be absclutely impos-
sible in half of cases. The second feasible
technique, especially in the cases with
pseudoaneurysm, may be embolization of the
afferent artery after packing of the aneurysm.
Though our sample size of the patient popu-
lation was small, we have no cases in which
the secend feasible method resulted in failure.
If a microcatheter cannot be advanced close
to the aneurysm, transcatheter arterial embo-
lization may be an insufficient method re-
gardless of decreasing bloed flow. In such a
case, direct percutanecus embolization tech-
nigue can be useful in selected patients. In
this method, N-butyl cyanoacrylate, not coils,
should be used as embolization materials.

Preoperative angiography has played an
important role in facilitating surgical manage-
ment [12]. Coil embolization is useful to de-
crease blood flow and to temporarily stop
bleeding, even if embolization of the efferent
artery cannot be achieved. The less invasive
transcatheter arterial embolization, by which
dizgnosis and treatment can be performed si-
multarieously, should be performed as an inl-
tial treatment.

In conclusion, transcatheter arterial embo-
lization should be an initial treatment for rup-
tured or unsuptured pancreaticoduodenal ar-
tery aneurysms regardless of whether surgery
nseds to be performed, and itis an initial safe
and effective method of therapy in both elec-
tive and ernergency cases.
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Abstract

AIM: To observe the dynamic changes of liver
microcirculation /7 vive after arterial embolization with
degradable starch microspheres (DSM}.

METHODS: DSM were injected into the proper hepatic
artery through a silastic tube inserted retrogradely in
gastroduodenal artery (GDA) of SD rats. Fluorescent
microscopy was used to evaluate the dynamic changes
of blood flow through the terminal portal venules
(TPVs), sinusolds and terminal hepatic venules (THVs),
The movements of DSM debris were also recorded. Six
hours after injaction of DSM, percentages of THVs with
completely stagnant blood flow were recorded.

RESULTS: Two phases of blood flow change were
recorded. In phase one: after intra-arterial injection
of DSM, slow or stagnant blood flow was immediately
recorded in TPVs, sinuscids and THVs. This change was
reversible, and blood flow resumed completely. In phase
two: after phase one, blood flow in TPVs changed again
and three patterns of blood flow were recorded. Six
hours after DSM injection, 36.9% £ 9.2% of THVs were
found with completely stagnant blood flow.

CONCLUSION: DSM can stop the microcirculatory
blocd flow in some areas of liver parenchyma, Liver
parenchyma supplied by arteries with larger A-P shunt is
considered at a higher risk of total microcirculatory blood
stagnation after injection of DSM through hepatic artery.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

It has been accepted that transarterial chemoembolization
(TACE) is an effective method to treat the unresectable
hepatocellular carcinoma (HCC). With the characteristics
of long retention time in the tumor tissue, iodinated
poppyseed oil (Lipiodol) has been frequently used as
the embolization material ia clinical practice™. Anitnal
experiments demonstrated that after injection of iodized
oil into the hepatic artery, small Lipiodol drops could
be found in the terminal portal venules (TPVs), which
was assumed passing through the pathway of artedal-
portal anastomosis such as the peribiliary pluxes®”.
When Lipiodol drops flow into the sinusoids, they can
severely occlude the blood flow, cause the stagnation of
local microcirculation, and futther lead to ischemie liver
parenchyma injury™. Super-selective technique with
wderocatheter and guidewires has been considered as a safe
and effective way to treat HCC. Under some conditions in
which liver fupction is severely damaged or blood supply
of HCC is so complex that it is impossible to super-select
the tumor feeding atteries, TACE is developed. Degradable
starch microspheres (DSM)}, a temporary artery embolizer
has been increasingly used as an alternative to Lipiodol in
some particular situations"®", Tt has also been suggested
that, when the tumor feeding artery cannot be super-
selected by microcatheter and guidewire, one-shot igjection
of DSM before TACE can be regarded as a practical
method to protect the tumor free liver tissue from the
injury caused by Lipicdol inflow following TAE. To fully
understand its effects on liver microctreulation, we injected
DSM through proper hepatic artery of rats, and the
dynamic changes of liver microcirculation were evaluated
by én vize fluorescent microscopic observations.

MATERIALS AND METHODS

Animal model
Ten Sprague-Dawley rats weighing 300 to 450 g were used
in compliance with the regulations and the Guide for the
Care and Use of Laboratory Animals. The animals were
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; _

Start of blood Time of conplate
flow stagnation recovery of blood flow
1 11 10.%
2 14 13.1
3 26 15
4 1 14.9
5 1.6 a.82
3 23 11.5
7 28 13.2
8 3 14.5
9 28 143
10 16 547
meantSD 20+0.38 127421

0.03508

Live Afocus -

Figure 1 Normal microclreulation of the rat liver. Amow: TPV, Opened arow: THY.

fed with standard food pellets and tap water od Fbisum.
They were deprived of food but obtained free access to
water for 12 h before the experiments. Anesthesia was
petformed by intra-peritoneal injection of 50 mg/kg so-
divm pentobarbital. The left femoral vein was cannulated
with a 1F silastic tabe (Natsume Corp. Tokyo, Japan) for
additional anesthesia and liquid transfusion during the
procedure, After 2 midline abdominal incision, the liver
was carefully retracted to expose the gastroduodenal artery
(GDA), which was catheterized by another 1F silastic tube
(WNatsume Corp., Tokyo, Japan) with its dp placed before
the bifurcation that leads to the proper hepatic artery. The
left lobe of liver was gently exteriorized and positioned
over the window of the microscope stage. The liver paren-
chyma was covered with a small plece of plastic vwrap; its
surface was constantly irrigated with Ringer’s solution at
the body temperature.

Fluorescence microscopy

The exteriorzed left liver lobe was transilluminated with
monochromatic light generated by a prism monochroma-
tor equipped with 2 xenon lamp. Microscopic images of
the microvasculatures were obtained with objective lenses
(magnification, X 10, X 20) and an ocular lens {magnifica-
ton, X 10). DSM (Yakult Honsha Ce., Ltd., Tokyo, Japan)
12 mg in 0.2 mL was prepared in a 1 ml syringe and the
solution was made uniform before injection. After infusion
of 1 g/L fluorescent sodium 0.1 mL into the cannulated
GDA, DSM wras injected gently in one minute. The in ivo

A fotus LLERS Livet

A fotus

Figure 2 Afler infusion of fluorescent sodium from lhe GDA to proper hepalic
artery, blood flow from TPVs to THVS fhrough sinuscids can be cleardy visualized.

microscopic images of the following procedure were re-
corded on videotapes.

In vivo evaluation

For each rat, areas with best visualization were selected for
evaluation. Six houts later, 1 g/L fluorescent sodium 0.1
ml. was infused through. the cannulated left femoral vein
to check the whole surface of liver lobe for a complete
confirmation of the liver microcirculation. One hundred
THVs were randomly selected during the horizontal and
vertical movements of the microscope. THVs with com-
pletely stopped blood flow were statistically counted.

Statistical analysis

Data analysis was performed employing the Statistical
Package for the Socdial Sciences Version 12,0 for Windows
(SPSS™ Inc., Chicago IL, USA). Results of the descriptive
statistical analysis were presented as mean & SD.

RESULTS
Clear images of the liver microcirculation (IPVs, siau-
soids, and THVS) could be seen under # #o fluorescent
microscope (Figure 1). Blood flow from one TPV was
drained through the sinuseids into several THVS; similasly,
one particular THV provided vemiar drainage for several
TPVs. Hepatic arterioles, the other afferent vessels in the
liver, usually could not be visualized (Figure 2).

Blood flow in TPVs affer DSM injection

Blood flow through TPVs demonsirated an immediate
response after DSM injection, The speed of blood flow
dropped dramatically at once. In 2.0 £ 0.8 min (Max 3
mign), the blood flow in the observed area completely
stopped. Aftet that, blood flow through TPVs resumed
gradually; 12.7 £ 2.1 min (Max 15 min) after injection of
the DSM, blood flow through TPVs completely recovered
(Table 1). No evideace of DSM or its disaggregated deburis
could be recorded within this time interval. For convenient
explanation, we named this period as “phase one”, and the
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blood flow changes afierward as “phase two”. In phase
two, three different types of blood flow changes in TPVs
could be recorded.

"Type one: The speed of blood flow slowed down agzin,
and then completely stopped. This phenomenon could be
found as early as 25 min after DSM injection and last for
the whole procedure. The TPVs could pever resume their
blood flow during the observational petiod. DSM or its
debris could be hardly found in TPVs in this type.

Type two: The speed of blood flow in TPVs decreased
at different level, either slightly striking or some tmes
intermittent, however the stagnation was not recorded
during the whole observation time. Numerous small pieces
of debris with irregular shapes could be found to flow
through and drain into the distal sinusoids Figure 3A and B).

Type three: In particular areas, TPVs kept 2 constant
flow after phase one. The blood flow did not change
during the whole procedure. DSM or its debsis could not
be recorded in these TPVs.

Biood fiow in sinusoids and THVs

The blood flow through sinusoids and THVs followed the
changes of TPVs in phase one. They also demonstrated
a dramatic decrease of blood flow speed after DSM
injection. Some even completely stopped. Nevertheless, it
could be fully recovered.

During the following petiod, three kinds of blood flow,
similar to that of the TPVs could alsa be recorded in
sinusoids and TEIVs, ie, completely stagnant blood flow;
intermittent and slow flow; normal flow.

www.wignet.com
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Figure 3 A: Small debris can enter
sinusoids through TPV (arrow);
B: The same TPV as image 3,
debris of DSM continuously enter
sinusoids trough TPV, blood flow in
TPV is intermittent but not stagnant.

. 00as0e

Figure 4 Percentage of the completely stagnant
THVs 6 h after DSM injection in 10 rats. The
minimal percentage is 22%, and the maximal is
53%.

DSM debris in the hepafic microvasculature

Twenty minutes (the eatliest time) after injection of
DS8M, small pieces of debtis could be found in some
sinusoids. Some of the debtis, with a relatively small size,
could directly pass through the sinusoids and flow into
THVs. Some debds, with larger size, could occlude the
corresponding simisoids. This occlusion was temporary,
recanalization could be achieved by opening of collaterals
or further distal movement of the disaggregated debris.
The number of DSM debris reached a peak value 1 h
after DSM injection. No DSM particles with the original
size and shape could be found in sinusoids and THVs.
Numerous disaggregated debris with small diameter
entered the THVS,

Hepatic microcirculation after DSM injection

Six hours after DSM injection, the brightness of the liver
surface was not uniform after infusion of fluorescent
sodium through the femoral vein, suggesting the
heterogeneous nature of the liver blood flow Areas with
completely stagnant blood flow in TPVs, THVs and
sinusoids could be found spatsely distrdbuted among the
areas with normal or sluggish blood flow. Approximately
36.9% * 9.2% of randomly selected THVs were found
with completely stagnant blood flow (Figure 4).

DISCUSSION

DSM is a kind of embolization material that can
tempotarily occlude the vessels. The degradation of
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DSM is considered to be caused by a combination of the
chemical effects of amylase and the stdking force of the
vortexial arterial flow. Hepatic arterial perfusion is essential
for an optimal sinusoidal function because it maintains
transinusoidal pressure”. After intra-artery injection of
DSM, immediately slow down or even stop of the blood
flow in TPVs, sinusoids, and THVs could be found. It
is considered that a sudden reduction of artedal blood
flow is caused by numerous DSM casts embolization.
The blocked blood flow could soon be resumed due to 2
compensatory increase of portal blood flow as a buffer
response. This can explain the phenomencn of phase one
which happened after the DSM injection. After a complete
recovery of blood flow in phase one, presinusoidal A-P
shunt"*'® should be the reason for the appearance of three
types of blood flow in phase two, We have found in oux
previous study that after intra-arterial injection of DSM,
various sizes of DSM casts are formed inside the arterioles
which can block the arterial blood flow. The proximal
end of DSM casts will disaggregate under the pumping
force of vortexial arterial blood flow. Debris with different
sizes will be discharged at the proximal end aad further
occlude the branch of the original artery. We presume
that A-P shunts have various size, some larger debrs
of the disaggregated DSM can pass through larger A-P
shuats and reach the portal side that is proximal to TPVs.
Debris accumulated at the portal side form a number
of emboli. These emboli, if big enough, will completely
shut the pottal blood flow to distal TPVs and be harder
to disaggregate because the pumping force of portal
blood stream is much weaker than that of the arterial one.
This means, at certain areas of liver parenchyma, both
arterial and portal blood flows are stopped by DSM casts
and the debris emboli. Few debrs could be found in the
distal TPVs because the proximal portion of TPVs was
completely occluded by the debris emboli. This explains
the type one phenomenon, For some small A-P shunt,
only small-sized debris can pass through; and these
saller debris could partially occlude portal branch and
was easily to be pushed distally. Some could reach TPVs
and flow through sinusoids to THVs. This caused type
two phenomenon. As for the type three phenomenon, it
is considered that no debris of DSM entered portal site
through A-P shunt.

After entering sinusoids, debrds could occlude sinusoids.
For a single sinusoid, the blood flow can be resumed either
by further disaggregation of the debris or by opening
of the smail collaterals. Small DSM debsis, when passing
through sinusoid, will flow freely into THVs, Six hours
after injection of DSM, we found 22%-53% (mean:
36.9% X 9.2%) of THVs with totally stagnant blood flow:
That means all sinusoids draining blood to these THVs
had been stagnant in blood flow. The cortesponding
liver parenchyma received no fresh blood supply during
this time. The cause of stagnant blood flow in stnusoids
surrounding THVS is presumed at the presinusoidal level.
We assume that the occlusion site was the presinusoidal
portal vein with relatively larger diameter. After arterial
embolization by DSM casts, the moze bigger debris of
DSM entered this portion through larger A-P shunt
and accumulation of these debris formed intravascular

emboli. Weak pumping force of portal blood flow could
not disapgregate these emboli, and the amylase could take
effects mote slowly because litfle fresh blood fow could
reach those emboli, With all those factors, the emboli
could maintain stable during 2 fairly long period of time.
Thus, 2 simoultaneous blockade of the arterial and portal
blood flow could lead to a completely stagnant blood flow
in distal sinusoids. Because the amylase in blood fow will
chemically disaggregate the DSM and its debris, whether
the TPVs, sinusoids and THVs can resume their blood
flow later needs to be further studied.

It is preliminarily confirmed in this study that DSM,
with its degradation products, can enter portal vein
through hepatic arteral injection. It can completely stop
the microcirculatory blood flow in some areas of liver
parenchyma. A-P shunt is considered to be 2 determining
factor during the procedure. Liver parenchyma supplied
by arteries with larger A-F shunt is presumed to have
higher risk of total microcirculatory blood stagnation after
injection of DSM through hepatic artery. Whether the
use of DSM can provide protective effects duting TACE
awaits further evalnation,
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Pulmonary Artery Perforation Repair During Thrombectomy Using

Microcoil Embolization
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Abstract

A distal pulmonary artery pevforation was successfully occluded by
percutancous microcoil embolization via a microcatheter. Micro-
coil embolization is a reasonable altemative therapeuntic approach
for this rare complication of pulmonary interventional procedures.

Key words: Catheters and catheterization—Embolism, pulmo-
nary—Interventional procedure, complications—Perforation—
Pulmonary artery

Pulmonary artery (PA) perforation is a rare but serions complica-
tion of percutancous pulmonary intervention, We describe a case of
PA perforation treated successfully by microcoil embolization.

Case Report

A 78-ycar-old woman with sudden onset of hypotensive shock was trans-
femed to the coronary care unit, receiving mechanical ventilation, intra-
aortic balloon pumping, and positive inotropic support with high-dose
cawecholamines. Baseline cineangiography depicted total occlusion of
segment 4 AV {postero-lateral artery, American Heart Association Classi-
fication), which failed catheter intervention. Swan-Ganz catheterization
revealed pulmonary hypertension (56/21(31) muHg), which raised the
suspicion of pulmonary thromboembolism.

Pulmonary angiography was performed the next day using a combina-
tion of digital subtraction angiography and a rotational digital angiography
system [1], and showed bilateral massive pulmonary thromboembolism.
The groin hematoma dae to the initial high-dose beparin administration was
very severe. Thrombolytic therapy was contmindicated: manual thrombo-
aspiration was planmed {2, 3]. Approval for this procedure was obtained
from the local umiversity cthics cornmittee, and written informed consent
was obtained from the patient.

First, an § Fr long sheath complete with a hemostatic valve (Medi-kit,
Japan) is placed in the main PA. Then, the PTCA guiding catheter (8 Fr
Guider RI-5, Cordis, USA) is advanced into the thrombus. A 10 ml syringe
with a luer lock conmector is used to apply suction while the catheter is
moved slowly to and fro over several centimeters within the PA. If blood
readily enters the syringe, the clot has cleared the catheter. The syringe is
then removed and its contents are expressed over a ganze-draped basin.

Multiple aspirations were performed, and a lacge amount of thrombus
was aspirated. Slightly bloody sputum was aspirated from the endotracheal
tube during the procedure. The patient remained hemodynamically stable.
Confirmative pulmonary angiography revealed contrast material leaking
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from the midportion of the left lower-posterior branch {segment 10 artery,
A-10) (Fig. 1). A 2.3 Fr Rapid-Transit infusion catheter (Cordis Neuro-
vascular, FL, USA) was introduced over the guidewire (Transend-Ex, 0.014
inch, Boston Scientific Target, CA, USA) m the midportion of A-10.
Through the microcatheter, & 0.018-inch platinum coil (Tormade, Cook, IN,
USA) was advanced using a guidewire. Five coils (two tapered 2 mm to 5
mm; three tapered 2 mm fo 4 mm) were placed in the left A-10 just
proximal to the perforation gite. Repeat pulmonary angiography demon-
strated occlusion of the injured artery with no evidence of extravasation of
contrast material (Fig. 2). The embolization procedure took 14 min.

The patient remained hemodynamically stable, and received heparin/
urckinase therapy gradually in the coropary care unit. Repeat pulmonary
angiopraphy 7 days after the procedure showed no perforation and excel-
lent recovery of the pulmonary circulation. The patient’s postoperative
course was uneventful, and she went to the general ward 14 days after
admission.

Discussion

Acute massive pulmonary thromboeerabolism is & severe condition
creating hemodynamic instability that has been shown to have a
mortality rate of more than 30%. Rapid recovery of pulmonary
flow is essential for preventing mortality, and simultanecusly
causes significant hemodynamic improvement. Intravenons
administration of thrombolytic agents is the mainstay of thera-
peatic managemment in such cases [4]. When thrombolytic dierapy
fails or is contraindicated, percataneous catheter treatment may
represent an additional option [5].

Percutaneous aspiration thrombectomy has evolved from & very
simple concept that has been used previously in many fields [6-8].
The use of a large-lumen PTCA guiding catheter for paimonary
clot aspiration has been reported [2, 31. The advantages of this
technique are that it is less invasive for the vessels, it is convenient
(because it uses an § Fr, small introducer sheath and a conventional
PTCA guiding catheter it may be performed in a standard angi-
ography laboratory), and it incurs a low cost.

Pulmonary artery perforation associated with this procedure has
not yet been reported. Tight connection of the organized thrombus
to the native arterial wall and rough catheter management must be
the leading cause of the perforation in this case.

Cotonary artery perforation is a relatively umcommon but
morbid complication of percutaneous coronary intervention. Per-
cutaneous embolizations with microcoils, gelfoam, polyvinyl
alcohol, autogenous clots, and thrombin are reported with high
success [9-13]. We selected microcoils because of their daily
usage in our department.






