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OB]ECTIVE Thzs rnulm:emer phase I/II study evaluated the safety and the efficacy of
shunt (PVS), a new palliative treatment for malig-

t peril
nant refractory ascites.

SUBJECTS AND METHODS. Patients with refractory malignant ascites and patent
hepatic veins and vena cava were included in this study. Eligible patients underwent the place-
ment of transjugular transhepatic PVS catheter via the jugular vein into the abdominal cavity
through the hepatic vein. In phase I, a step-by-step analysis of the safety was performed. The
safety and the efficacy were determined through phases I and II.

RESULTS. Thirty-three patients were emered in this study, mne in phase I and 24 in
phase II. Transj hepatic PVS was 1 in all patients. No severe
adverse events were observed during the p p d After the 22 ad-
verse events (grade 2 or higher) occurred. Frequent adverse events were hypoalbuminemia
(24%) and decrease in hemoglobin (18%), which resolved within 1 week without additional
treatment. The clinical efficacy rate at 1 week after the procedure was 67%. Occlusion of the
catheter due to fibrin sheath was observed in seven patients, and the revision of the system
was performed.

CONCLUSION. Transjugular transhepatic PVS is a safe and feasible procedure for
managing refractory ascites in patients with cancer. Sufficient efficacy was observed in our

initial experience, but a larger clinical trial is warranted.

lignant ascites is defined as ab-
i normal accumulation of intra-
eritoneal fluid as a consequence
: of advanced cancer [1-3]. It is
often refractory to medical therapies and is
associated with a decline in patients” quality
of life [1-3]. Management of malignant as-
cites is still a major unsolved problem in the
palliative care of patients with cancer.

The causes of refractory (i.e., resistant to
various medical treatments) ascites include
dissemination of malignant tumor, portal
hypertension, and obstruction of the inferi-
or vena cava or portal vein. In patients with

The Denver shunt has been widely used for
PVS, and favorable clinical outcomes have
been reported [1, 7, 10-12]. An implantable
shunt tube with a one-way valve allows as-
cites to drain into the systemic circulation.
The shunt tube can be implanted either surgi-
cally or percutaneously. Recent studies have
shown the feasibility of the percutaneous im-
plantation, which is less invasive than surgi-
cal implantation [7, 11-13]; however, exten-
sive subcutaneous tunneling is very invasive

d with other interventi radiolo-
gy procedures. In addition, removing or ex-
changmg the system in cases of infectious or

venous

portal hypertension or 1
b ion, a jugular i patic por-

is not easy. Conse-
quemly, the dcvelopmem of less invasive and

tosystemic shunt.(TIPS) or stent pl
in the obstructed vein may be the treatment
of choice for reducing production of asci-
tes [4-6]. However, patients for whom these
procedures are not appropriate or for whom
these definitive treatments fail require pallia-
tive treatment, such as paracentesis or perito-
neovenous shunt (PVS) [1, 7-9].

—-17—

ble PVS is desirabl

Arai et al. [14] have described a nov-
el PVS, transjugular transhepatic PVS, in
10 patients with malignant ascites. This is
a PVS through the hepatic vein with minor
of hepatic h using a
TIPS needle. With this technique, transjugular

access to the abdominal cavity is possible, and
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the long subcutaneous tunneling required for
the Denver shunt is not necessary. Transjug-
ular transhepatic PVS may be less invasive

Araietal.

patic veins and vena cava on contrast-enhanced CT;
Eastern Cooperative Oncology Group performance
status of 0-3; adequate organ function as defined

section containing the valve is 10-French. The pres-
sure-activated one-way valve opens when the inter-
nal pressure is greater than 2cm H,O pressure, thus

and more if catheter exch bya lobin level of 8.0 g/dL or higher, WBC  allowing fluid to flow one way from the abdominal
is needed; however, a p linical tri-  count of 3/dL or higher, platelet count of  cavity to the vein.
alis datory for evaluating this 3/dL or higher, in time of 50% ic IV antibiotics were

ly new interventional technique. Thus, we
conducted a phase I/II clinical trial (Japan
Interventional Radiology in Oncology Study
Group [JIVROSG] 0201) that aimed to de-
termine the safety and the efficacy of trans-
jugular transhepatic PVS, a new palliative
treatment for malignant refractory ascites.

Subjects and Methods
Study Design
This study is a prosp

or more, bilirubin level of 2.0 mg/dL or lower, serum

creatinine level of 2.0 mg/dL or lower, normal ECG,

PaOzkvelmmmHgmhghﬂllmomm,anda

lifeexp of at Jeast 4 weeks. Exclusi

were as follows: manageable ascites with standard
planned drug

administration; ascites caused by liver cirrhosis,

or
tumors; hemorrhagic or chylous ascites; active in-
fectious disease; varices or ulcers in upper gastro-

single-arm noncomparative phase I/II study for
evaluating the safety and efficacy of transjugular
transhepatic PVS for the treatment of malignant
refractory ascites. The study design of the phase I
portion consisted of the JIVROSG 3 x 3 method,
which has been described in detail elsewhere [15].

In brief, this is a step-by-step safety ion in

tract; a history of implant-

just before the procedure. Each patient under-
went conscious sedation with analgeslcs, and sed-
atives were init wi

needs. The patient was placed in the supme po-
sition on an table. After

tion of local anesthesia, the internal jugular vein
‘was punctured under ultrasound guidance and an
11-French hemostatic sheath was placed into the
inferior vena cava. A 5-French selective angio-
graphic catheter was inserted through the sheath
into a peripheral branch of the hepatic vein, and

ed cardiac pacemaker; or pregnant or nursing.

The study protocol was approved by the in-
stitutional review board at each institution be-
fore patient enrollment. Written informed con-
sent was obtained from all patients. This study is
registered under Clinical Trials Registry number

the first nine patients: a cohort of three patients is
treated with transjugular transhepatic PVS, and if
no severe adverse events occur during the obser-
vation period of 4 weeks, the next cohort of three
patients is treated followed by the next observa-
tion period, and finally the third cohort of three
patients is treated. The phase II portion was de-
signed to enroll an additional 24 patients. To de-
termine study outcomes, all enrolled patients were
included in the intention-to-treat analysis.

Patients

Patients with refractory malignant ascites inter-
fering with their daily life were eligible for partic-
ipation in this study. Additional inclusion criteria
were as follows: clear and serous ascites; patent he-

A
Fig. 1 shunt (PVS) catheter.

000000040 (www.umin.ac.j htm).
Technique of ji Transhepatic PVS
ic PVS were
using a d ji transhe-

patic PVS catheter and a TIPS system (Rdsch-
‘Uchida Transjugular Liver Access Kit, Cook Med-
ical). The transjugular transhepatic PVS catheter
is a urethane catheter with a hydrophilic coating,
8.2-French in diameter and 120 cm in length, ac-
commodating a 0.035- or 0.038-inch gutdcwnre at
pered tip (Fig. 1). 5
tail-shaped tip, five side holes along the 8. Z—Flench
section 14—40 cm from the tip, and a one-way valve
located 70-80 cm from the tip. We designed a ta-
pered pigtail catheter to soften its tip so as to avoid
injury to the abdominal organs. The diameter of the

digital subtraction angiography was performed to
confirm the shape of the hepatic vein and the posi-
tion of the catheter tip. The 11-French sheath was
advanced deeper into the hepatic vein by the over-
the-wire technique. The choice of hepatic venous
branch depended on its shape to fit the curve of
the Rosch-Uchida needle of TIPS system. An in-
ner catheter of the TIPS system was inserted into
the tip of the sheath, and a Rosch-Uchida needle
with a 5-French catheter was passed through the
liver parenchyma to access the abdominal cav-
ity. A stiff 0.035-inch Amplatz guidewire (Cook
Medical) was inserted into the abdominal cavity
through the catheter connecting to the abdominal
cavity. The 11-French hemostatic sheath without a
curved guiding cannula was advanced to the ab-
dominal cavity, and the backward flow of ascites
from the sheath was confirmed.

a 3] ic PVS
catheter was inserted into the abdominal cavity
through the 11-French hemostatic sheath, and then
the sheath and guidewire were removed. The posi-
tion of the transjugular transhepatic PVS catheter

A, Image shows tapered (5-10-French) trunswqulartranshepatlc PVS catheter.
B, Image shows one-way valve designed to be positioned in right atrium.
€, Image shows pigtail-shaped catheter tip in abdominal portion. Side holes (arrows) to collect ascites are seen along 8.2-French section.
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Fig.2- of positioning of (PVS) catheter.
A, Radi shows chest afteri ion of ic PVS catheter.

B, Radiograph shows abdomen after i { ic PVS catheter.

[ p of ic PVS catheter.

was adjusted so that the tip and side holes were in as-
cites, and the one-way valve was in the superior vena
cava. After the backward flow of ascites from the
transjugular transhepatic PVS catheter was con-
firmed and the position of the transjugular trans-
hepatic PVS catheter was verified by fluoroscopy,
the catheter was sutured to the skin of the neck. The
external section of the catheter was cut at 2-3 cm
from the insertion site and capped with a small sili-
cone cap. We did not totally implant the proximal
tip of the catheter subcutaneously because we as-
sumed that adverse events resulting from i

dure and was followed up until death or the time of
termination of the study. Because established stan-
dard criteria for symptom evaluation for ascites did
not exist, we defined the efficacy criteria (Table 1).

Statistical Methods
This study was designed to detect the incidence of
adverse events, which was the primary endpoint. The
required number of patients was calculated to be 33,
which included 4 dropout rate of 10%, and was based
on the following variables: a, 0.05; power, 0.8; unac-
l f ady 30%; estimated lowest

proximal tip, such as bleeding or infection, might
be considerable and confound the safety assess-
ment of the “transhepatic” PVS, which is unique for
the transjugular transhepatic PVS. The position of
the catheter was recorded by radiography (Fig. 2).
Abdominal and central venous pressure were mea-
sured and recorded during the procedure.

After the procedure was completed, vital signs
of the patient were monitored, and continuous IV
low-dose catecholamine was administered until
lhc next day Monitoring and catecholamine ad-

were on the day ing
the procedure if there were no problems.

Safety and Efficacy Evaluation

The primary endpoint through the phase I to
phase II portion was to characterize the safety of
transjugular transhepatic PVS within a 4-week
period after the procedure. Adverse events were
evalvated using National Cancer Institute Com-
mon Toxicity Criteria (version 2.0) {16], which
were the standard criteria for evaluating cancer
treatments at the time of initiation of this study.

Secondary endpoints were the rate of technical
success of the procedure and clinical efficacy. Clini-
cal efficacy was evaluated at 1 week after the proce-

AJR:196, May 2011

meofadvasecvems 10%; and predicted rate of ad-
verse events, 10%. Statistical analyses for patient de-
‘mographics and adverse events were descriptive. The
statistical significance level was set at 0.05 using a

Shunt

marized in Table 2. The median follow-up
period was 34 days (range, 8-144 days). Eight
patients died within 30 days after undergo-
ing the transjugular transhepatic PVS proce-
dure. In all subjects, the cause of deaths was
judged to be disease progression, and the
judgments were approved by the safety and
efficacy evaluation committee, which is inde-
pendent from this clinical trial group.

Results of Procedures

The transjugular transhepatic PVS catheter
was successfully implanted in all patients. The
access site was the right internal jugular vein
in 28 patients (85%) and the left internal jugu-
lar vein in five patients (15%). Peritoneal ac-

two-sided test. All statistical
with PASW software (version 18, SPSS).
Results

Patient Characteristics and Follow-Up Period
There were 33 eligible patients enrolled be-
tween February 2003 and April 2007 from
seven tertiary centers in Japan. All patients
underwent transjugular transhepatic PVS and
were evaluable for the primary of ad-
verse events. Patient characteristics are sum-

cess was established through the right hepatic
vein in 32 patients (97%) and the middle hepat-
ic vein in one patient (3%). The mean (x SD)
pressure gradient between the abdominal cavi-
ty and central vein was 17 + 6 cm H,0. The du-
ration of the procedure was 53 = 30 minutes.

Safety

Table 3 lists the observed adverse events of
grade 2 or higher that were considered possibly,
probably, or definitely related to the transjugu-

TABLE I: Criteria for P Impr of Ascites
Criteria Definition
effective ofthe symptom for> 1 week with 2 1 of the following

uh;ectrve findings of improvement: decrease in body weight to < 95% from
pretreatment weight, decrease in abdominal girth to < 90%, and decrease in
dose of diuretics

Moderately effective Improvement of the subjective symptom for > 1 week without objective
findings of improvement

Not effective Notsi effective and not effective

—19—
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TABLE 2: Patient Demographics

Arai et al.

Characteristic

Value (n= 33 Patients)

Age y), median (range)
Sex

Male

Female

Performance status (Eastern Cooperative
Oncology Group score)

0
1
2
3

Primary site
Stomach
Pancreas
Lung
Colon
Breast
Other

Use of diuretics
Yes
No

5§3.2(33-77)

1(33)
22(67)

1(3)
1(33)
6(18)
15 (45)

13(39)
4012)
3(9)
2(6)
21(6)
8(27)

26(79)
7(21)

Note—Except for age, all data are no. (%) of patients.

lar uanshepanc PVS procedure. Overall, the

ic PVS procedure was
well tolerated, wnh no severe adverse events
d during the i ‘The most

frequent adverse events were hy

function was caused by fibrin sheath forma-
tion around the one-way valve in all patients,
‘which was via the

vious studies [15] by our group, was used for
the phase I portion of this study. Because the
concept of “dose escalation” in a phase I drug
study is not applicable, the same transjugular
transhepatic PVS intervention was performed
throughout the study, and clinical efficacy
was evaluated in all enrolled patients.

The inclusion criteria of this study were es-

blished ding to the indications for the
Denver shunt. In addition, patency of the vena
cava, no history of cardiac pacemaker, no his-
tory of hepatic lobectomy, and no dilated in-
testine were included to secure a safe access
route for transjugular transhepatic PVS. The
exclusion criteria (i.e., cirrhosis and high risk
for gastrointestinal bleeding) were added be-
cause of previous reports of severe adverse
events resulting from PVS placement in cir-
rhotic patients [7, 11, 17, 18]. Won and cowork-
ers [7] reported that 63% of 55 patients with
refractory ascites developed variceal bleeding
after Denver shunt placement. The character-
istics of patients in this study, such as primary
tumor, age, performance status, and the use of
diuretics, may be consistent with typical pa-
tients with malignant refractory ascites.

For most of our study patients, the access
site and the hepatic vein penetration site were
the right internal jugular vein and the right he-
patic vein, respectively, most likely because of
the familiarity with right internal jugular ac-
cess and the selection of the right hepatic vein

by
transjugular transhcpanc PVS catheter (Fig.
3). such

mia (24%) and decrease in hemoglobin (18%),
both of which occurred within 1-2 days after
the procedure and resolved within 1 week. No

as catheter exchange or stripping of the fibrin
sheath using a catheter and a guidewire, were
undmakcn These procedures corrected the

grade 4 adverse events were d. No

catheter in all how-

malf

bleeding event related to the penetration of he-
patic partnchyma was observed, and dissemi-~

ever, in five patients, reocclusion occurred
within 10 days.

This phase I/II study was performed as the
initial step in the evaluation of transjugular
ic PVS. The JIVROSG 3 x 3 meth-

nated i d did
not occur in any of the patients. Discussion
Clinical Efficacy

The efficacy of jugul

PVS is summarized in Table 4. The clinical
efficacy rate (significantly effective or mod-
erately effective) 1 week after the proce-
dure was 67%. In seven patients for whom
the procedure was initially effective (signifi-
cantly or moderately effective), an increase
in ascites volume and progression of subjec-
tive symptoms was again observed 19-51
days (median, 25 days) after the transjugu-
lar transhepatic PVS procedure. The cause
of the reincrease in ascites was catheter dys-
function in all seven patients. Catheter dys-
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od, which was developed and validated in pre-

from with TIPS place-

ment or other interventional procedures. In a
few patients, however, the left internal jugu-
lar vein and middle or left hepatic vein were
used, and the feasibility of these access sites
was shown. Technical success was achieved
in all patients from seven participating insti-
tutions, and the procedure time was approx-
imately 1 hour. Thus, this technique is pre-
sumed to be feasible and can be generalized.

Concerning the safety of transjugular
transhepatic PVS, it is significant that eight
patients died within 30 days after transjug-
ular transhepatic PVS placement, because
patients considered to have 4 or more weeks

TABLE 3: Summary of Adverse Events Occurring in 33 Patients

Adverse Events Grade 2 Grade3 Grade 4 Total (%)
Decrease in hemoglobin 3 3 0 6(18)
Hypoalbuminemia 8 0 0 8(24)
Skinirritation at the access site 3 0 0 3(9)
Pieural effusion 3 0 0 3(9)
Congestive heart failure 0 1 0 13)
Fever 1 0 0 1(3)
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TABLE 4: Clinical Efficacy of Transj

Tr Per

Shunt for Malignant Refrnctory Ascites

Efficacy Parameter No. (%) (n=33 Patients)
Significantly effective 11(33)
Moderately effective 11(33)
Not effective 11(33)

Fig. 3—Fibrin sheath formation around transjugular
transhepatic pnrllunsuvenous shunt (PVS)

catheter. shows tip of

served. Therefore, on the basis of these safe-
ty results, the transjugular transhepatic PVS
procedure is thought to be sufficiently safe
to apply future clinical usage and evaluation.

Concermng efﬁcacy, 67% of patients
(signifi-
cantly effecuve or moderately effective). The
efficacy of PVS in previous studies is con-
troversial because the evaluation criteria,
including objective findings, varied and the
comparability was uncertain [1, 3]. Given that
the goal of this treatment is to palliate subjec-
tive symptoms, precise and consistent evalua-
tion of the efficacy of transjugular transhepat-
ic PVS in comparison with previous reports
of PVS is impossible. However, in most of the
prevmus repons efficacy rates based on the

Shunt

less, improvement of the device may be the
key for better clinical outcome in transjugu-
lar transhepatic PVS, particularly in the sur-
face of the catheter where the fibrin sheath
is formed. Antithrombogenic coating on the
catheter would be one of the solutions. Other
possibilities for refining the transjugular trans-
hepatic PVS system include improvement of
the function of the one-way valve and enlarge-
‘ment of the inner diameter of the catheter.

The following study limitations should be
noted. The first is that the sample size was
limited to 33 patients. Thus, there is a possi-
bility that uncommon adverse events of trans-
jugular transhepatic PVS were not detected.
The second limitation is that this study was
a single-arm and noncomparative study. Al-
though the reported clinical efficacy of Den-
ver PVS is 77.95% according to a systematic
review by Becker et al. [1], which is higher
than our results of 67%, we cannot determine
the superiority in efficacy without direct com-
parison by randomized controlled trial.

With this clinical ma] we conclude that
the newly
ic P'VS is feaslble and a safe procedure for

transhepatic PVS catheter at right internal jugular
vein. Contrast material stagnated within and

around catheter (armows), which is with

were e
ly 70% Themfore, the efficacy cf transjugu-

fibrin sheath, is seen.

of life expectancy were enrolled. However,
previous reports on PVS have also described
early patient deaths independent from the

lar patic PVS with regard to symptom
improvement is equivalent to that in previous
reports of other types of PVS.

The reason for fibrin sheath formation in
seven of the 22 patients in whom the proce-

y ascites in patients with

cancer, and transjugular transhepatic PVS

has sufficient efficacy to be evaluated by a

]arger clinical trial in the future. In addmon.
of the

ic PVS catheter is needed to reduce fibrin

sheath formation and to obtain better clini-

procedure [1-3, 19, 20]. Thus, this
non can be understood as a general tendency
in patients with malignant refractory ascites
who are candid: for PVS. Dx in se-

dure was Judged as si ffe or cal
may be that the intra-
vascular catheter used in trans-  Ach led;

hepatic PVS is longer than the intravascular

rum albumin and hemoglobin have been re-
ported in previous studies of PVS and were
explained as the results of transient dilu-
tion caused by the inflow of ascites into the
blood circulation [3]. Transient pleural effu-
sion and congestive heart failure have also
been reported as adverse events after PVS
and could be also explained by the increased
blood volume caused by the inflow of asci-
tes. Thus, these adverse events in our study
are not thought to be specific to transjugular
transhepatic PVS but to be the general results
of PVS. Skin inflammation around the trans-
jugular transhepatic PVS catheter insertion
site was an adverse event unique to this pro-
cedure, although it was not a severe adverse
event. Bleeding events related to the pen-
etration of hepatic parenchyma, which was
considered as an adverse event specific to
transjugular transhepatic PVS, were not ob-

AJR:186, May 2011

i used in other types of PVS or that
the transjugular transhepatic PVS catheter
has a one-way valve in the central vein. If
these atplanmons are oorrect, they are in-
trinsic drawb: of
ic PVS and cannot be avoided. However. no
increase in ascites was seen in the other 15
patients. There have also been quite a few re-
ports of fibrin sheath formation in previous
PVS procedures [21]. The device of trans-
jugular transhepatic PVS is developing and
can be improved. Thus, the efficacy of trans-
jugular transhepatic PVS should not be de-
nied on the basis of this rate of fibrin sheath
formation. In cases of fibrin sheath forma-
tion, exchanging the transjugular transhe-
patic PVS catheter is much easier compared
with exchanging catheters of other implant-
ed shunt systems, such as Denver shunts.
This attribute seems to be a great advantage
of transjugular transhepatic PVS. Neverthe-
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