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Abstract

AIM: To evaluate the complications and clinical out-
comes of transcatheter arterial embolization (TAE)
for symptoms related to severe arterioportal fistulas
(APFs).

METHODS: Six patients (3 males, 3 females; mean
age, 63.8 years; age range, 60-71 years) with chronic
liver disease and severe APFs due to percutaneous
intrahepatic treatment (» = 5) and portal vein (PV)
tumor thrombosis of hepatocellular carcinoma (7 = 1)
underwent TAE for symptoms related to severe APFs
[refractory ascites (7 = 4), hemorrhoidal hemorrhage
(n = 1), and hepatic encephalopathy (7 = 1)]. Con-
trol of symptoms related to APFs and complications
were evaluated during the follow-up period (range,
4-57 mo).

RESULTS: In all patients, celiac angiography revealed
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immediate retrograde visualization of the main PV be-
fore TAE, indicating severe APF. Selective TAE for the
hepatic arteries was performed using metallic coils (MC,
n = 4) and both MCs and n-butyl cyanoacrylate (7 = 2).
Three patients underwent repeated TAEs for residual
APFs and ascites. Four patients developed PV throm-
bosis after TAE. During the follow-up period after TAE,
APF obliteration and symptomatic improvement were
obtained in all patients.

CONCLUSION: Although TAE for severe APFs may
sometimes be complicated by PV thrombosis, TAE can
be an effective treatment to improve clinical symptoms
related to severe APFs.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Arterioportal fistulas (APFs) are characterized by anom-
alous communication between arteries and the portal
vein (PV) system caused by congenital vascular malfor-
mations, blunt or penetrating trauma, rupture of the
hepatic artery, iatrogenic causes (especially liver biopsy),
hepatitis, liver cirrhosis, neoplasms, and infections' ™.
The clinical spectrum of presentation ranges from as-
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Table 1 Patients characteristics

Case Age (yr)/ Child-Pugh Etiology Clinical symptoms related to APF Admission from previous
No. gender class intrahepatic intervention (yr)
1 70/M C MCT for hepatocellular carcinoma  Hemorrhage from hemorrhoid refractory ascites 2

2 63/F A Liver biopsy Refractory ascites 5

3 71/M C PEIT for hepatocellular carcinoma  Refractory ascites 1

4 67/M A PVTT (hepatocellular carcinoma) Refractory ascites NA

5 70/F B MCT for hepatocellular carcinoma  Hepatic encephalopathy 1

6 60/F A Liver biopsy Refractory ascites 6

MCT: Microwave coagulation therapy; PEIT: Percutaneous ethanol injection therapy; PVTT: Portal venous tumor thrombosis; APF: Arterioportal fistula; M:

Male; F: Female; NA: Not Available.

ymptomatic individuals to patients with severe portal
hypertension. Patients with severe APFs can develop
various complications of portal hypertension, including
gastrointestinal bleeding, refractory ascites, and diar-
thea.

In the past, the majority of patients with symptoms
related to APFs required surgical treatment”. However,
some cases in which symptoms related to APF were con-
trolled by transcatheter arterial embolization (TAE) have
been sporadically reported. Still, no large series has been
well documented. The aim of this study was to evaluate
the complications and clinical outcomes of TAE for se-
vere APFs.

MATERIALS AND METHODS

Patients’ characteristics

Between April 2000 and March 2008, six patients (age
range, 60-71 years old; mean age, 63.8 years; three male
and three female patients) were treated with TAE for
symptoms related to severe APFs in our institution. Our
institution did not require institutional review board
approval for this type of retrospective study, and the
requirements for informed consent were waived because
it is a retrospective study. Clinical data recorded before
TAE are summarized in Table 1. All patients had chronic
liver disease, and hepatitis C viral antibodies were posi-
tive in all patients. The major symptoms of six patients
at presentation were refractory ascites (# = 4), hemor-
rhoidal hemorrhage (# = 1), and hepatic encephalopa-
thy (#» = 1). These clinical symptoms related to portal
hypertension could not be controlled with conservative
treatment before TAE. Severe APFs were diagnosed
on enhanced computed tomography (CT) and Doppler
ultrasound (US). Therefore, the clinical symptoms were
thought to be related mainly to severe APFs. The un-
derlying causes of the severe APFs were percutaneous
hepatic interventions (# = 5) and portal thrombosis of
hepatocellular carcinoma (HCC) (# = 1). Follow-up im-
aging using CT or US was performed (median follow-up
period, 12 mo; range, 4-57 mo).

TAE procedure
The potential risks and benefits were explained to the
patients, and their written, informed consent was ob-
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tained before treatment.

Under sterile technique and local anesthesia, all TAE
procedures were performed from the right common
femoral artery approach. A 4-F sheath (Supersheath; Me-
dikit, Tokyo, Japan) was placed in the femoral artery, fol-
lowed by a 4-F shepherd hook catheter (Clinical Supply,
Gifu, Japan) that was positioned in the celiac artery. By
celiac, proper hepatic, and selective arteriography using
a 4-F shepherd hook catheter and a coaxial microcath-
eter (Renegade ST'C-18, Boston Scientific, United States;
Sniper 2, Clinical Supply, Gifu, Japan; or Meistercath,
Medikit, Tokyo, Japan), the presence of an APF was de-
termined based on opacification of the PV during the
arterial phase of angiography, and the accurate anatomi-
cal location and the site of communication between he-
patic artery branches and PV branches were defined.

For embolization procedures, microcoils (Tornado
embolization microcoils; coil diameters = 3-4 mm, leng-
th of introducer = 40-60 mm, Cook, Bloomington,
IN, United States) were deployed at both the distal and
proximal sites of the APF. However, if the microcath-
eter could not be inserted into the distal sites of APFs,
microcoils were deployed only at the proximal site. A
mixture of lipiodol (Lipiodol Ultra-Fluide; TERUMO,
Tokyo, Japan) and n-butyl cyanoacrylate (NBCA: His-
toacryl-Blue; B. Braun, Melsungen, Germany) was used
when many minute feeders into the APF were involved.
An NBCA-lipiodol mixture was infused from the proxi-
mal portion of the APE. NBCA was diluted with lipiodol
at a ratio of 1:4-7 in order to delay the polymerization of
NBCA. The NBCA-Lipiodol mixture was infused until
delayed APF flow could be seen under fluoroscopy. The
procedure was continued until APF flow was decreased
or completely occluded on hepatic arteriography.

Assessment

Complications, TAE technique, control of symptoms re-
lated to APFs, and APF flow were evaluated with a re-
view of the patients” medical records and periodic CT or

US imaging,

RESULTS
Angiographic findings and TAE procedure

TAE procedure and clinical outcomes are summarized in
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Table 2 Summary of results

Case Location Embolic Isolation TAE Hepatopedal flow Complications Control Hepatopetal Follow Outcome
No. of agents of (n) after TAE on after of flow/arterial M)/
APF APF SMA portography TAE symptom pulse on last US outcome

1  AB-LPV MC - 2 + HE, PVT Resolved +/- 13/alive good Alive good
2 A7and A8-RPV MC iz 2 + PVT Resolved +/- 57/alive good Alive good
3  A3-LPV MC iz 1 + None Resolved +/- 14/alive good Alive good
4 A4-LPV A7-RPV A8-RPV MC - 3 + None Improved +/- 4/alive fair  Alive fair
5  A7-RPV A8-RPV MC + glue iz 1 + PVT Resolved +/- 12/alive good Alive good
6  A7-RPV MC + glue iz 1 + PVT Resolved +/- 5/alive good Alive good

APF: Arterioportal fistulas; LPV: Left branch of portal vein; RPV: Right branch of portal vein; MC: Microcoil; Glue: N-butyl-2-cyanoacrylate-lipiodol
mixed with lipiodol; Isolation of APF: Embolization of both proximal and distal to site of fistulas; TAE: Transcatheter arterial embolization; SMA: Superior
mesenteric artery; PVT: Portal venous thrombosis; HE: Hepatic encephalopathy; NA: Not applicable; US: Ultrasound.

Table 2. In all patients, immediate retrograde visualiza- Control of symptoms related to severe APFs and
tion of the main trunk of the PV and marked enlarged, complications
tortuous branches of the hepatic arteries were seen on In five of the six patients, the clinical symptoms resolved
celiac and selective hepatic arteriography before TAE. In during follow-up after the final TAE. In the one patient
all patients, superior mesenteric artery (SMA) portogra- who had severe APFs due to PVTT, the refractory as-
phy could not detect the main trunk of the PV. Further- cites and APFs improved, but they could not be com-
more, reflux to the gastric vein with extensive collateral pletely controlled by three TAEs.
circulation through the esophageal, superior mesenteric, Transient liver dysfunction after TAE was observed
and perisplenic vascular bed was prominent in all pa- in all patients, which was controlled gradually by conser-
tients before TAE. vative treatment.

TAE using microcoils alone was performed in four In four patients, a portal vein thrombosis (PVT) rec-

patients. TAE using both microcoils and NBCA was ognized on CT taken before TAE was observed to have
performed in two patients. In these two patients, the ~ deteriorated after TAE (Figures 1 and 2). In all four of
major feeders of the APFs could be embolized both these pat1en.ts, the 1n1t17?11 clinical symptoms were con-
proximal and distal to the sites of fistulas using mi- trolled despite progression of PVT (Case§ 1,25, agd
crocoils; however, many minute feeders into the APFs 0). In only one (Case 1) of these four patients, hepatic
were embolized using NBCA. Embolizations both prox- enc.ephalo.pathy dgveloped with deteriorated PVT. In the
imal and distal to the sites of fistulas were successfully patient with .hepatlc encephalop at.hy (Case 1), decreas.ed
performed in four paticnts. In the other two paticnts ascites and improved hemorrhoids were seen despite
. . . PVT progression; however, this patient experienced dis-
because of very tortuous hepatic arteries, superselective orientation and unconsciousness 2 mo after TAE. Fur-
insertion of a microcatheter into the distal site of the . . uniconsclousness . e R
fistula could not be performed. In three of the patients ther 1maging studies 1nclud1r}g abdominal US dlsclosed
additional TAEs were required because of residual APF PVT extending from the main PV to the superior mes-

. i . enteric vein. Anticoagulation therapy using warfarin was
flow and residual ascites. In two of these three patients, .9
started; the PVT, clinical symptoms, and laboratory data

improved gradually. Follow-up color Doppler US did not
show PVT and arterial pulsation, and it demonstrated a

complete occlusion of the APF was successfully obtained
with additional TAE using metallic coils (MC). In the other

pat'ient, complete occlusi.on of .the APF and cofltrol of hepatopetal flow signal in the PV, This patient was well
ascites could not be obtained with two TAEs using MC. with a normal serum ammonia level eight months after
In this patient, the etiology of APF was identified as id- TAE.

iopathic or iatrogenic before TAE; however, the etiology Though another three patients presenting with dete-

was diagnosed as portal vein tumor thrombosis (PVTT) riorated PVT had no symptoms telated to PVT or por-

of diffuse HCC on final follow-up imaging. In this patient, tal hypertension, two patients received anticoagulation
complete occlusion of the APF was successfully obtained therapy (Cases 5 and 6). In these three patients, PVT was
on angiography with embolization of both right and left not Controﬂed’ and final follow_up enhanced CT dem-
hepatic arteries using microcoils. In all patients, SMA pot- onstrated obliteration of the APF and hepatopetal flow
tography detected the main trunk of the PV after the fi- via hepatic hilar cavernous transformation. Gastric en-
nal TAE. There were no technical failures related to the doscopy demonstrated partial regression of the gastro-
migration of embolic agents. In all patients, hepatopetal esophageal varices in all patients.

portal flow was seen on color Doppler US two or three
days after the final TAE. Final follow-up imaging showed
complete APF obliteration in all but the one patient with DISCUSSION

APFs due to PVTT. APFs are a rare cause of portal hypertension[4’6]. Intra-
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Figure 1 Case 2: A 60-year-old woman with arterioportal fistula and refractory ascites related to liver biopsy performed 5 years earlier. A: Celiac arterio-
gram before transcatheter arterial embolization (TAE) shows enlarged, tortuous hepatic artery and immediate retrograde visualization of main portal vein (PV) trunk.
Note branches of the right hepatic artery (A7 and A8) supplying the fistulous connection to the right PV branch. A7 was superselectively embolized using microcoils;
B: Celiac arteriogram 10 d after the initial TAE shows a peripheral branch of the right PV (arrow). Additional TAE for A6 was performed using microcoils; C: Right
hepatic arteriogram after second TAE indicates obliteration of arterioportal fistula (APF); D: Follow-up celiac arteriogram 12 mo after TAE shows obliteration of APF
and improved enlarged hepatic artery; E: Qualifying computed tomography (CT) (hepatic arterial phase image) before TAE. CT shows simultaneous enhancement of
the aorta and right branch of PV (white arrow), indicating severe APF, PV thrombi in the umbilical portion (arrowhead) and moderate ascites; F: Follow-up CT (portal
venous phase image) 50 mo after TAE. CT shows the obliteration of APF, the disappearance of ascites and cavernous transformation (arrow).

hepatic APFs are mostly caused by abdominal trauma, symptoms 2.7 years (mean) after the hepatic interven-
iatrogenic injury, or congenital vascular malformations tion, and their APFs were centrally located. In the present
such as telangiectatic disorders™. study, because all patients had chronic liver disease and

In a large, multi-center, retrospective study, the fre- some patients had HCC, all patients underwent periodic

quency of APF following liver biopsy was 10% if angiog- enhanced CT. With the detetioration of APFs on petiodic
raphy was delayed to 3 wk after the biopsy"”. If the APF is enhanced CT, which shows simultaneous enhancement

small and peripherally located, it is likely to resolve spon- of the aorta and main PV in the hepatic arterial phase,
taneously within 3 mo"". If the APF is large and centrally the clinical symptoms related to APFs could not be con-
located, it is unlikely to resolve spontaneously and is likely trolled with conservative treatment. Therefore, we believe

to be a symptomatic fistula. Typically, 80% of cases with that the indications for TAE of APFs should include
intrahepatic APF is diagnosed within 2 years after blunt intractable symptoms related to portal hypertension and
hepatic trauma'’. The present patients with APFs due to enhanced CT showing severe APE

past petcutaneous hepatic intervention showed clinical The clinical presentation of intrahepatic APF, rang-
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Figure 2 Case 6: A 60-year-old woman with arterioportal fistula and refractory ascites related to liver biopsy performed 6 years earlier. A: Celiac arteriogram
before transcatheter arterial embolization (TAE) shows enlarged, tortuous hepatic artery and immediate retrograde visualization of the main portal vein (PV). Note the
right hepatic arteries (A7 and A6) supplying the fistulous connection to the right PV branch; B: Superselective hepatic arteriogram before TAE shows immediate retro-
grade visualization of the main PV trunk (arrow). The tip of the microcatheter was placed at the distal site of arterioportal fistula (APF) in A7. A7 was superselectively
embolized using microcoils and interlocking detachable coils; C: Right hepatic arteriogram after TAE for the main feeding artery, A7, still shows retrograde flow of the
right PV branch (arrow). An additional feeding artery from A6 was also detected (arrowhead). A6 was superselectively embolized using 0.5 mL of n-butyl-2-cyanoac-
rylate-lipiodol mixed with lipiodol at a 1:4 ratio (arrowhead); D: Right hepatic arteriogram after TAE illustrates complete obliteration of the APF; E: Superior mesenteric
artery (SMA) portogram before TAE shows an extrahepatic portosystemic shunt (arrow) and inferior vena cava (arrowhead). The main PV trunk is not visualized; F:
SMA portogram after TAE illustrates the main trunk and intrahepatic branches of PV. Note the disappearance of the extrahepatic portosystemic shunt; G: Computed
tomography (CT) on admission (hepatic arterial phase) shows simultaneous enhancement of the aorta and the right branch of PV (arrow), demonstrating severe APF.
Note prominent PV thrombi in the umbilical portion (arrowhead); H: CT 6 d after TAE (portal venous phase) shows deteriorated PV thrombi (curved arrow) and cavern-
ous transformation (arrows) while ascites have decreased. Note microcoils and glue in the right hepatic arteries (arrowheads). Hepatopetal flow signal in the main PV
without arterial pulsation was demonstrated on color-Doppler ultrasound (not shown).

ing from asymptomatic cases to syndromes variously TAE in all patients. These varices subsided following
combining portal hypertension and other changes in car- successful embolotherapy of the APE, which improved
diovascular hemodynamics, which cause massive variceal the portal hypertension.

bleeding, intestinal ischemia, refractory ascites, and even Symptomatic APFs have been reported to be occluded
heart failure, depends mainly on the size and location of using steel coils, microcoils, detachable coils, or a combi-
the fistula, shunt volume, and the resistance of the liver. nation with NBCA, polyvinyl alcohol, and/or microsph-
Except for one case that showed hemorrhaging from eres™ "™, The embolic agents should be chosen according
a hemorrhoid, no variceal bleeding occurred; however, to the size of the vascular communication. Proper selection
there were mild to moderate esophageal varices before of the embolic material is very important for the success
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of TAE. For high-flow APFs, MC are frequently selected
as the embolic agent; however, when a fistula develops in
a large vessel, arterial embolization with MC is controver-
sial due to the potential risk of migration of the metallic
coil into the portal venous system. This is especially true
if the fistula is larger than 8 mm and there is a high-flow

15,16
state[ ?

| In the literature, detachable balloons have been
shown to be the most efficient choice of embolic material
for especially large, high-flow fistulas, because they are able
to totally occlude the feeder and the fistula"”. However, the
detachable balloon is presently unavailable in Japan.

Controlled-release detachable coils, such as the intet-
locking detachable coil IDC) or guglielmi detachable
coil (GDC), can avoid the risk of coil migration to an un-
desirable distal site or PV in TAE for large APFs. However,
because the controlled-release detachable coils were not
able to cause thrombosis of the high-flow fistulous connec-
tion, the placement of other fibered coils proximal to the
initial controlled-release detachable coils may have caused
complete occlusion of the APFE. Ishigami ez a/' suggested
that TAE using classic stainless coils and IDCs under bal-
loon occlusion may be useful when the APF shunt flow is
too fast. In the present series, two patients had large, high-
flow APFs that were embolized with IDC as a first anchot-
ing coil at the proper distal and proximal sites of the fistula
and with subsequent fibered coils at the proximal site of
the APE This technique can avoid undesirable coil migra-
tion to the PV, and it successfully achieved complete occlu-
sion of the APFE. In these two patients, the main feeders of
the APFs were embolized superselectively with microcoils;
however, the considerably tortuous other feeders were also
present concurrently. Because superselective placement
of a microcatheter at the site of the APFs via tortuous
feeders was impossible, an NBCA-lipiodol mixture was
administered from the proximal site of the feeders. Finally,
complete occlusion of APFs was obtained without any mi-
gration of glue. Therefore, we believe that the combination
use of controlled-release detachable coils, fibered coils, and
glue can be very effective for the TAE of APFs.

In the literature, PVTT of HCC may cause severe
APF symptoms including ascites, hepatic encephalopa-
thy, or variceal bleeding from the fistula itself, and these
APFs and symptoms could be controlled with TAE us-
ing microcoils in most patients'”. However, APFs due to
PVTT should be embolized carefully, because TAE may
cause liver failure.

Some other large series reported that TAE using
microcoils for APF was useful for improving the symp-
toms related to APFs™*"”. In all of the present patients,
obliteration of APF flow and restoration of normal
hepatopetal portal flow were observed on radiological
examination during the follow-up period after APF clo-
sure. An objective improvement in clinical findings re-
lated to APFs was obtained in all patients. Therefore, we
also think that TAE using MC and glue is effective for
symptomatic APE

In the literature reporting on TAE for APFs, no severe
complications have been described, and the liver function
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has gradually returned to normal after embolization. Some
previous studies reported the migration of embolic agents
to the portal systernm. Coils and other embolic agents can
easily pass into the portal system because APFs are usually
in a high-flow state. Migration of embolic agents may cause
the blockage of PV branches, leading to subsequent throm-
bosis. Although no cases of failure related to migration oc-
curred, this should be considered when embolizing a large
or high-flow APE.

Chen ez al™ reported a patient presenting with PVT
observed on follow-up CT 2 d after TAE for APF using
GDC, Nester coils, and NBCA glue (50% concentration).
In this patient, three platinum coils inadvertently mi-
grated to the PV. Chen e/ al” proposed that the sequelae
of coil migration might cause portal thrombus formation
and its associated complications. However, the patient
remained in remission with no symptoms related to PVT
or portal hypertension at 3 mo after treatment. In the
present four patients, PVT deteriorated after TAE with-
out the migration of embolic agents to the portal system.
In only one of these four patients, hepatic encephalopa-
thy was likely to have been a result of portal hyperten-
sion related to the PV'T.

Factors contributing to PVT formation after TAE
include sluggish blood flow in the PV and the migration
of embolic agents to the PV. In the present study, hepa-
tofugal portal flow was recognized on angiography be-
fore TAE, while hepatopetal portal flow was shown after
TAE. Therefore, sluggish blood flow in the PV might
have occurred and caused deterioration of the PVT. In
the present study, migrated coils and glue were not seen;
however, tiny amounts of glue can migrate to the PV
and cause deterioration of the PV'T.

Three of the four patients who developed PVT after
TAE received anticoagulation therapy using warfarin;
however, PVT improved in only one patient. In the other
three patients who were treated with/without anticoagu-
lation therapy, a chronically thrombosed main trunk of
the native PV and a patent intrahepatic PV iz cavernous
transformation in the hepatic hilum were seen on follow-
up CT. These three patients maintained liver function,
and no recurrent findings related to APF were seen on
the final follow-up examinations.

Cavernous transformation is a sequela of long-term
PVT in which the etiology determines the outcome. The
formation of these vessels is necessary in order to drain
splenic and mesenteric venous flow into the intrahepatic
portal branches and to maintain sufficient hepatic blood
flow and normal hepatic function.

Although TAE for APF caused the deterioration of
PVT, portal hypertension related to APF was improved
if hepatopetal flow zia cavernous transformation could
be reconstituted. Anticoagulant therapy may be required
to prevent clot propagation in the intrahepatic PV; how-
ever, it may also prevent clot propagation of an embo-
lized APE. Anticoagulant therapy in this type of clinical
scenario should be performed carefully™,

The present study had a limitation. The long-term
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clinical outcomes of TAE for APFs were evaluated in
only a small number of patients. Therefore, no conclu-
sions about long-term outcomes could be drawn from
this study. Percutaneous hepatic intervention therapy,
such as radiofrequency ablation and percutaneous etha-
nol injection, is frequently undertaken today in patients

with liver tumors, and symptomatic APF may be on the
increase in the future! ',

In conclusion, although TAE for severe APF may
sometimes result in PV thrombosis, TAE is an effective
treatment for improving clinical symptoms related to
APE The proper technique and embolic materials should
be selected according to the flow velocity through the
fistula.
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