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Abstract A 68-year-old man with cholangiocarcinoma
underwent percutaneous transhepatic portal embolization
to expand the indication for hepatic resection. Selective
right posterior portography revealed an intrahepatic por-
tosystemic venous shunt (IPSVS) connecting the segment
VI branch to the right hepatic venous branch. An infusion
of 50 % glucose solution was given to occlude the shunt.
This is novel management for IPSVSs when they are
numerous, small, or torturous, and makes the subsequent
procedures simpler, shorter, and less expensive.

Keywords Percutaneous transhepatic portal
embolization - Intrahepatic portovenous shunt -
Glucose solution

Introduction

Percutaneous transhepatic portal embolization (PTPE) is
performed to expand the indications for major hepatic
resection. Various embolic agents are used to achieve this
and include gelatin sponge, fibrin glue, polyvinyl alcohol
particles, cyanoacrylate and ethiodized oil, and absolute
ethanol [1, 2].

Intrahepatic portosystemic venous shunts (IPSVS) can
be congenital or may develop secondary to portal hyper-
tension or trauma [3, 4]. For patients with an IPSVS, the
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therapeutic effect of PTPE is insufficient because of
overflow of the embolic agent into the systemic circulation,
potentially resulting in non-targeted embolization of the
pulmonary artery. In this situation, blood flow through the
portosystemic shunt must be stopped. An IPSVS is usually
embolized with microcoils or particles [3, 5]; however, this
can be difficult when there are numerous shunts or the
shunt is small or torturous.

We report a case of PTPE coexisting with an IPSVS
which was successfully occluded with an infusion of 50 %
glucose solution.

Case report

A 68-year-old man with cholangiocarcinoma underwent
preoperative PVE to induce selective hypertrophy and
expand the indication for extended right hepatic resection.
Contrast-enhanced computed tomography of the abdomen
did not reveal an anomalous portovenous shunt. The right
anterior branch of portal vein was punctured percutane-
ously with a 21-gauze needle (Top, Tokyo, Japan) under
ultrasonographic guidance. A 5-French (F) sheath (Intro-
ducer set; Medikit, Tokyo, Japan) was advanced into the
portal vein using the Seldinger technique under fluoro-
scopic guidance. A reverse-curved 5-F balloon catheter
with a tip hole (Selecon balloon catheter; Terumo-Clinical
Supply, Gifu, Japan) was also inserted into the posterior
branch of the portal vein.

Selective right posterior portography was done with
balloon occlusion, revealing an IPSVS connecting the
segment VII branch to the right hepatic venous branch
(Fig. 1). We decided to embolize the portovenous shunt to
prevent overflow of the embolic agent into the systemic
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Fig. 1 Selective right posterior portogram with balloon occlusion
revealed an intrahepatic portovenous shunt connecting the segment
VII branches to the right hepatic venous branch (arrow)

Fig. 2 Right posterior portogram with balloon occlusion after the
infusion of 10 m! of 50 % glucose solution confirmed disappearance
of the intrahepatic portovenous shunt

circulation and to occupy the right posterior branch of the
portal vein with embolic agent exclusively.

First, we infused 10 ml of 50 % glucose solution from
the catheter, keeping the balloon inflated. Repeated selec-
tive right posterior portography showed disappearance of
the portovenous shunt (Fig. 2). We injected 5 ml of abso-
lute ethanol to embolize the right posterior branch of the
portal vein, and 6 ml of absolute ethanol with balloon
occlusion to embolize the right anterior branch of the portal
vein. Finally, post-embolization portography confirmed
complete occlusion of the right portal branches (Fig. 3).

He was followed-up for 20 days after the procedure
using computed tomography, and the left lobe of the liver
became hypertrophic with a hypertrophy rate of 151.7 %

@ Springer

Fig. 3 Direct portogram obtained after embolization of right portal
vein revealed no residual flow in the right portal venous branch or
intrahepatic portovenous shunt

Fig. 4 Coronal image of contrast-enhanced computed tomography
obtained 20 days after portal vein embolization shows sufficiently
thrombosed right portal branches without right hepatic vein
embolization

without recanalization of right portal vein, right hepatic
vein embolization, and unexpected pulmonary emboliza-
tion (Fig. 4). He underwent extended right hepatectomy
24 days after the procedure, and his postoperative course
was uneventful.

Discussion

Percutaneous transhepatic portal embolization (PTPE) is
widely accepted as an effective method for inducing
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atrophy of the embolized lobe to be resected and com-
pensatory hypertrophy of the contralateral lobe [1, 2]. The
technical considerations for PTPE are that the portal vein is
securely occluded, stagnating the embolic agents such as
liquid or microparticles, without recanalization and non-
target embolization [1, 6].

An IPSVS is a rare vascular anomaly which communi-
cates persistently between the portal vein and the hepatic
vein [3]. Two theories have been proposed to explain the
cause of IPSVSs: congenital origin, suggesting a persistent
embryonic venous anastomosis; and acquired origin, sug-
gesting the formation of a shunt following portal hyper-
tension or trauma [3, 4]. Typical contrast-enhanced CT
findings of IPSVS are a dilated portal branch directly
communicating with the hepatic vein through a dilated
venous aneurysm [7]. Treatment of IPSVSs should be
considered for patients with symptoms of hepatic enceph-
alopathy. However, the IPSVS must be occluded before the
PTPE, because it may cause insufficient occlusion of the
portal vein and unexpected embolization of the pulmonary
artery due to overflow of the embolic agent through the
shunt. The embolic agents used for IPSVS should be
selected according to the shunt size and morphology. Coils,
gelatin sponge, n-butyl cyanoacrylate, and an amplatzer
vascular plug have all been used [3, 5, §8].

We decided to use 50 % glucose solution to occlude
the small shunt in our patient. Previous reports proposed
the embolic mechanism of 50 % glucose for patients with
esophageal or gastric varices treated endoscopically, as
the endothelial cells of the vessel are injured by its high
osmolarity, blood flow stagnates, and thrombus formation
[9, 10]. Several investigators have also reported the
utility of hypertonic solution injected into the vessels
directly during balloon-occluded retrograde transvenous
obliteration and sclerotherapy of the varicose leg veins
[11, 12]. The advantages of 50 % glucose are that it is
easy to inject repeatedly without significant risk and it is
less expensive than other embolic materials. We aimed to
decrease the blood flow of the IPSVS, thereby allowing
the injected absolute ethanol to occupy the portal vein
sufficiently. This experiment was similar to that of the
50 % glucose solution infusion to occlude collateral
vessels before the injection of ethanolamine oleate to
treat gastric varices [11]. The shortcoming of 50 % glu-
cose solution infusion would be that a large IPSVS is not
occluded and remains after the injection, and emboliza-
tion using coils or an amplatzer vascular plug may be
required. An additional disadvantage is that injecting a
large amount of the agent may induce hyperglycemia.
Further experience or studies are warranted to clarify the
embolic efficacy of 50 % glucose infusion for IPSVS,

because this study is only case report and not fully
supported theoretically.

In summary, we reported a case of percutaneous tran-
shepatic portal embolization coexisting with an IPSVS,
which was successfully occluded with an infusion of 50 %
glucose solution. This is novel management for IPSVSs
that are numerous, small, or torturous, and makes the
accompanying procedures simpler, shorter, and less
expensive, reducing the need for coils or an amplatzer
vascular plug.
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Purpose: To evaluate the efficacy and outcome of a flow confirmation study (FCS) in oncologic outpa-
tients undergoing chemotherapy suspected of a central venous port (CVP) system-related mechanical
complication.

Materials and methods: A total of 66 patients (27 men, 39 women; mean age, 60 years) received FCS for
the following reasons: prolonged infusion time during chemotherapy (n=32), inability to inject saline
fluid (n=15), lateral neck and/or back pain (n =6), subcutaneous extravasation of anticancer drug (n=5),
arm swelling (n=4), and inability to puncture the port (n=4). FCS consisted of examining the position of
CVP, potential secondary shifts or fractures, and integrity of the system using contrast material through
the port.

Results: Of the 66 patients, 43 had an abnormal finding uncovered by FCS. The most frequent abnormal
findings was catheter kinking (n=22). Explantation and reimplantation of the CVP system was required
in 21 of the 66 patients. Remaining 45 patients were able continue using the CVP system after the FCS
without any system malfunction.

Conclusion: FCS was effective for evaluating CVP system-related mechanical complications and was useful

Keywords:

Central venous port

Oncologic patient

Mechanical complication
Fluoroscopy

Digital subtraction angiography

for deciding whether CVP system explantation and reimplantation was required.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Intreduction

The use of a central venous port (CVP) was first reported by
Niederhuber et al. {1] and has since become an essential system
for the management of outpatient chemotherapy for the treat-
ment of malignant tumors, which consist mainly of continuous and
repeated infusion regimens of anticancer drugs {2]. Recently, most
CVPs have been inserted by interventional radiologists using local
anesthesia and real-time ultrasound (US), or fluoroscopic guid-
ance, as reported by Morris et al. [3]. The advantage of radiological
CVP implantation is the higher rate of technical success, com-
pared with the landmark technique [4,5]. However, there were
no differences in the early or late occurrence of post-procedural
complications among US guidance, the landmark technique, and
surgical cut-down [5]. Therefore, post-procedural CVP system-
related complications remain a problematic issue.
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Complications following CVP implantation have been well
described in several publications {6-11], and post-procedural CVP
system-related complications can be approximately divided into
thirds as follows: infectious, venous thrombotic, and mechani-
cal complications [11]. Infectious complications, including local
infections and catheter-related blood stream infections, are diag-
nosed based on clinical findings and laboratory cultures {5,10].
Venous thrombotic complications mainly manifest as arm or facial
swelling, cyanosis, venous distension, and superficial venous collat-
erals [12]. Mechanical complications include catheter malposition,
catheter occlusion, catheter fragmentation, port damage, and fibrin
sheath formation. These complications lead to system malfunction,
and system explantation and reimplantation may occasionally be
required. On the other hand, other troubles, such as infusion pump
dysfunction or human error, can also occur and such difficulties
are occasionally difficult to distinguish from mechanical compli-
cations even if a double-check system is utilized during bedside
examinations [13].

At our institution, when a CVP system-related mechanical
complication is suspected, patients are examined using a flow
confirmation study (FCS) performed using fluoroscopy or digi-
tal subtraction angiography (DSA) in an angiographic suite, and
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Table 1
Clinical characteristics of patients.
Parameter Value
Age, year
Mean=+SD 6013
Range 15-79
Sex
Men:Women 27:39
Complaint leading to suspicion of CV-port dysfunction
Prolonged infusion time during chemotherapy 32
Inability to inject saline fluid 15
Lateral neck and/or back pain 6
Subcutaneous extravasation of anticancer drug 5
Arm swelling 4
Inability to puncture the port 4
Duration of CV-port implantation until complaint, days
Mean <+ SD 255+301
Range 7-1475

SD, standard deviation.

interventional radiologists are responsible for making a diagnosis
and deciding whether a system explantation and reimplantation
should be performed. Although there are quite a few reports dis-
cussing CVP complications as well as giving percentages [6-11},
no studies have elucidated the percentage of mechanical compli-
cations and defining them using FCS in large clinical experience.

The purpose of this study was to evaluate the efficacy and out-
come of an FCS in oncologic outpatients undergoing chemotherapy
who are suspected of having a CVP system-related mechanical com-
plication.

2. Materials and methods
2.1. Patient population

This study was conducted in accordance with the amended
Helsinki Declaration, and institutional Review Board approval was
obtained for this retrospective study. Between July 2007 and
December 2010, the continuous infusion of anticancer drugs was
performed via an implanted CVP on an outpatient basis in a total
of 1546 oncologic patients. Chemotherapy was started in the out-
patient chemotherapy room using a drip infusion of the anticancer
drug via a CVP after a physician and a nurse had checked the func-
tion of the CVP by flushing 10 mL of a saline solution through a
specific puncture needle.

In 66 of the 1546 patients (4.3%), a CVP system-related mechan-
ical complication was suspected and an FCS was subsequently
performed by interventional radiologists. These 66 patients were
analyzed and enrolled in the present retrospective study. The
patient populationincluded 27 men and 39 women withamean age
of 60 years (range, 15-79 years). The underlying cancers in these
66 patients were colorectal cancer in 41, gastric cancer in eight,
ovarian cancer in four, esophageal cancer in three, osteosarcoma
in three, pancreatic cancer in two, Ewing’s sarcoma in two, non-
Hodgkin’s lymphoma in one, and an unknown primary origin in
two. A CVP system-related mechanical complication was suspected
in these patients for the following reasons: prolonged infusion time
during chemotherapy (n=32), inability toinject saline fluid(n=15),
lateral neck and/or back pain (n = 6), subcutaneous extravasation of
anticancer drug (n=>5), arm swelling (n=4), and inability to punc-
ture the port (n=4). The period between CVP implantation and
the initial suspicion of a system-related mechanical complication
varied from 7 to 1475 days (mean, 254 days) (Table 1).

In all 1546 patients, the CVP was implanted via the left sub-
clavian vein (n=1083), the right subclavian vein (n=427), or the
right internal jugular vein (n=36) by interventional radiologists
using US and fluoroscopic guidance; the protocol that was used

(a)

OB

(c)

Fig. 1. Normal flow confirmation study findings in a 20-year-old woman with
osteosarcoma. (a) Chest fluoroscopy reveals the adjusted catheter course and tip.
(b) Chest fluoroscopy while the patient had raised her left arm shows a significant
secondary shift of the catheter course and tip but did not indicate secondary catheter
malfunction. (c) Digital subtraction angiography with the manual injection of con-
trast material through the port reveals excellent flow through the CVP system and
no CVP system-related mechanical complications.
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Fig. 2. Temporary catheter kinking in a 55-year-old woman with colon cancer (a), (b), and permanent catheter kinking in a 48-year-old woman with colon cancer (c), (d).
Saline could not be injected in these patients, and a CVP malfunction was suspected. (a) Chest fluoroscopy after the injection of contrast material shows catheter kinking in a
subcutaneous space (arrow). (b) The kinking was relieved when the patient raised her arm and was manually revised from the body surface. (¢) Chest fluoroscopy after the
injection of contrast material also revealed catheter kinking in a subcutaneous space (arrow). (d) The kinking was not relieved regardless of the patient’s breathing and arm
position, and the kink could not be revised from the body surface. The CVP system was explanted and reimplianted one day after the FCS.

was essentially identical to a previously described one [14]. The
CVP consisted of a 6-Fr IV catheter and Septum ports from Orca
CV kits (Sumitomo Bakelite, Tokyo, Japan) in 1278 patients, an
8-Fr Groshong catheter and MRI ports (Bard Inc., Salt Lake City,
UT, USA) in 242 patients, and a 6-Fr Anthron PU catheter (Toray
Medical, Tokyo, Japan) and CELSITE ports (B. Braun Medical Inc.,
Bethlehem, PA, USA) in 26 patients.

2.2. Flow confirmation study

FCS was performed in an angiographic suite (AXIOM Artis dta;
Siemens Medical Solutions, Erlangen, Germany) using fluoroscopy
and DSA after obtaining written informed consent from all the
patients prior to the procedures. Fluoroscopy was first performed
to confirm that the catheter and port were located in their original
positions while the patient was lying in a supine position (Fig. 1a);
significant secondary shifts or kinking of the catheter were then
examined while the patient took a deep breath and raised his or
her arm (Fig. 1b). Catheter kinking was categorized as temporary
or permanent. The former is a kink that was positional and/or
variable with breathing cycle and did not require explantation
and reimplantation, while permanent is a fixed finding requiring
replacement of port.

Finally, the possible occlusion or injury of the catheter or port,
and fibrin sheath formation were examined using fluoroscopy or
DSA with the manual injection of 10 ml of contrast material (lopam-
iron 370; Bayer Schering Pharma, Osaka, Japan) through the port
(Fig. 1c). The selective angiograms were obtained using a field of

view that is closely collimated around the CVP system. The tube
was positioned below the table and the input screen of the image
intensifier was almost in contact with the patient skin. The acquisi-
tion was made with a frame rate of six frames per second and two
second delay to obtain multiple masks for subtraction with breath-
holding. Image acquisition was stopped when opacification of the
CVP system and superior vena cava became apparent. The catheter
or port injury is defined that a contrast material leaked through the
catheter or port.

2.3. Follow-up

Based on the FCS results, the interventional radiologists deter-
mined whether the CVP system should be reimplanted. After
the FCS, the patients in whom CVP explantation was determined
unnecessary were followed until death or until they were lost to
follow-up. The deadline for data acquisition was December 31,
2011.

3. Results

Fourty-three (65.2%) of the patients had abnormal findings: per-
manent catheter kinking (n=11)(Fig. 2a and b), temporary catheter
kinking (n=11) (Fig. 2c¢ and d), fibrin sheath formation around
the catheter (n=6; Fig. 3a), inappropriate catheterization (n=3),
venous stenosis or occlusion (n=3; Fig. 3b), catheter malposition
into the azygos vein (n=2; Fig. 3¢), catheter occlusion (n=2), and
catheter injury (Fig. 3d), catheter fragmentation (Fig. 3e), catheter
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Fig. 3. Abnormal flow confirmation study findings. (a) A 71-year-old woman with gastric cancer complained of a prolonged infusion time during chemotherapy. Chest
fluoroscopy after the injection of contrast material revealed fibrin sheath formation around the catheter. The CVP system was explanted and reimplanted six days after the
FCS. (b) A 55-year-old man with esophageal cancer presented with right arm swelling. Digital subtraction angiography with manually injected contrast material through
the port showed severe stenosis of the subclavian vein and the development of collateral circulation. Note that an abnormal catheter loop and retraction is evident, and
the catheter tip is located too high in the SVC. (c) A 75-year-old man with colon cancer complained of a prolonged infusion time during chemotherapy. Digital subtraction
angiography with manually injected contrast material through the port revealed catheter malposition into the azygos vein. This malposition was corrected spontaneously. (d)
A 66-year-old man with colon cancer complained of the subcutaneous extravasation of the anticancer drug. Chest fluoroscopy after the injection of contrast material showed
catheter injury in the clavicle and first rib region (arrow). The CVP system was explanted and reimplanted on the day of the FCS. (e) A 52-year-old woman with pancreas cancer
presented with the subcutaneous extravasation of the anticancer drug. Chest fluoroscopy revealed a pinch-off catheter fragmentation (arrows). The embolized catheter was
successfully retrieved using a loop snare guidewire, and the CVP system was reimplanted one day after the FCS. (f) A 73-year-old man with colon cancer presented with right
lateral neck pain during chemotherapy. Chest fluoroscopy revealed catheter malposition into the right internal jugular vein. The CVP system was explanted and reimplanted
six days after the FCS, as this malposition had led to secondary venous thrombosis.

malposition into the internal jugular vein (Fig. 3f), manually repara-
ble port reversal, and manually irreparable port reversal (n=1
each). The relations between the incidence of suspected CVP system
malfunction and the FCS findings are summarized in Table 2. In the
remaining 23 (34.8%) of the 66 patients, an FCS did not reveal any
abnormal findings. The cause of the complaints in these patients
was judged to be non-CVP system-related troubles, and follow-up

observation was obtained resulting in continuing to use the CVP
system without any system malfunction thereafter with a range of
89-946 days.

In one of two patients, a catheter occlusion was successfully
relieved by strongly flushing the catheter with saline. Catheter mal-
position to the azygos vein spontaneously corrected itself in two
patients. In four of the six patients with fibrin sheath formation
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Table 2
Incidence of complaints leading to a suspicion of CV-port dysfunction and flow
confirmation study findings.

Complaints leading to a
suspicion of CV-port
dysfunction (number)

Flow confirmation study

Abnormal findings Number
Prolonged infusion time
during chemotherapy
(32)
Temporary catheter kinking 9
Permanent catheter kinking 5
Fibrin sheath formation 1+3
Catheter malposition into azygos vein 2
No abnormal findings 12
Inability to inject saline
fluid (15)
Permanent catheter kinking 6
Temporary catheter kinking 2
Catheter occlusion 1+1
Fibrin sheath formation 1
No abnormal findings 4
Lateral neck and/or back
pain (6)
Catheter malposition into [JV 1
Venous occlusion 1
Inappropriate catheterization 1
No abnormal findings 3
Subcutaneous
extravasation of
anticancer drug (5)
Inappropriate catheterization 2
Catheter injury 1
Catheter fragmentation 1
Fibrin sheath formation 1
Arm swelling (4)
Venous occlusion 1+1
No abnormal findings 2
Inability to puncture the
port (4)
Manually irreparable port reversal 1
Manually reparable port reversal 1
No abnormal findings 2

IV, internal jugular vein.
Bold type means the number of CV-port dysfunction requiring system explantation
and reimplantation.

Table 3
Outcomes of flow confirmation study and follow-up in 66 patients.

Reimplantation of CVP
21 patients (31.8%)

_| Abnormal findings (+)

43 patients (65.2%)
Reimplantation of CVP
TOTX.i] "! FCS] deemed unnecessary
66 patients - .
22 patients (33.4%)

21 patients (31.8%)

Abnormal findings (-)
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around the catheter, thrombolytic infusion of urokinase through
the port was performed, and CVP was able to use after the throm-
bolysis in three of the four patients.

Explantation and reimplantation of the CVP system was
required in 21 (31.8%) of the 66 patients for the following reasons:
permanent catheter kinking (n=11), fibrin sheath formation (n = 3),
venous occlusion (n=2), catheter occlusion (n=1), catheter injury
(n=1), catheter fragmentation (n = 1), catheter malposition into the
internal jugular vein (n=1), and manually irreparable port reversal
(n=1). Because catheter malposition into the internal jugular vein
led to secondary venous thrombosis, the CVP system was explanted
and was reimplanted after thrombolytic therapy using warfarin for
28 days. The mean duration from the confirmation of a problem to
system explantation and reimplantation was 12 days (range, 0-63
days). The remaining 45 patients (68.2%) were able continue using
the CVP system after the FCS without any system malfunction until
the death (n=21), removal of CVP at end of therapy (n=15), or the
loss of follow-up (n=9), with a range of 30-946 days (mean, 485
days) (Table 3).

4. Discussion

For the diagnosis of CVP system-related mechanical compli-
cations, chest radiography can evaluate the accurate positioning
or course of the catheter, enabling malposition, fragmentation, or
kinking of the catheter to be diagnosed. However, several mechan-
ical complications cannot be diagnosed using chest radiography
alone, including secondary catheter malposition or kinking, minor
catheter injury, catheter occlusion, and fibrin sheath formation
{9]. We hypothesized that FCS enables examination of all poten-
tial mechanical complications and their management by real-time
fluoroscopy and the injection of a contrast material through the
port.

The present study demonstrated that CVP system-related
mechanical complications could be detected during an FCS in 65.2%
of all the patients in whom a CVP malfunction was suspected,
and reimplantation of the CVP system was required in only 31.8%
of the patients. A prolonged infusion time and the inability to
inject saline fluid were the most common complaints, and they
mainly resulted from catheter kinking, catheter occlusion, and
fibrin sheath formation, which required interventions including
thrombolyticinfusion, catheter stripping, and reimplantation of the
CVPsystem [9,11,15-17]. These complaints have also been reported
for situations where the tip of the catheter is in contact with the
vein wall or the catheter is temporarily kinked [9,15]. Under these

Use of CVP continued

until;

_| Death of the patient
21 patients

Removal at the end
| of treatment

15 patients

23 patients (34.8%)

|| Lostto follow up
9 patients
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circumstances, having the patient change the position of his or her
arm or head or having him or her perform deep breathing may
correct the problem, and an FCS can thus prevent redundant inter-
ventions. These findings indicate that not all patients who are sus-
pected of having a malfunctioning CVP develop CVP system-related
mechanical complications, and only half of the patients in whom
an FCS produces abnormal findings require system reimplantation.

In this study, 34.8% of the patients did not have abnormal FCS
findings. We suspect that non-CVP system-related malfunction
including infusion pump dysfunction or human error may have
caused the complaints {8,13]. Moreover, these patients may have
experienced venous thrombotic complications, since such compli-
cations can occur around the catheter and are independent of CVP
functioning, resulting in normal FCS findings [15,18]. In cases of
arm swelling, both venography and FCS may be required to fully
evaluate the existence and extent of venous occlusion, because
FCS provides information only regarding the catheter tip and the
downstream vein.

On the other hand, 45 (68.2%) of all the patients in whom no
abnormal FCS findings were observed or in whom reimplantation
of the CVP system was deemed unnecessary despite the presence of
abnormal FCS findings were able to continue using the CVP with-
out any systemn malfunctions during the follow-up period. These
findings indicate that FCS is reliable in predicting CVP functionality.

The current study had some limitations. First, the study design
was retrospective in nature, and the study had a small sam-
ple size. Furthermore, 9 of 66 patients were lost to follow up,
which may have affected the results of this study. Second, the
CVPs were mainly implanted via a left subclavian vein. Subcla-
vian vein access has been used as a secondary option using US
guidance by interventional radiologists, and left-sided access may
increase the incidence of significant secondary shifts in the catheter
course [ 19]. These unusual accesses for the central vein may have
affected the rate of post-interventional CVP system-related com-
plications.

Interventional radiologists have the great advantage of expertise
with imaging and catheterization technology. Oncologic patients
who receive chemotherapy using CVP should benefit from the skills
of these experts not only for CVP implantation, but for the diagnosis
and management of post-procedural CVP system-related compli-
cations.

In conclusion, FCS was effective for evaluating post-procedural
CVP system-related mechanical complications and for distinguish-
ing non-CVP system-related complications in oncologic outpatients
undergoing chemotherapy. Moreover, FCS was useful for decid-
ing whether CVP system explantation and reimplantation was
required. FCS should be performed by interventional radiologists in
an angiographic suite for all patients who are suspected of having
a CVP system-related mechanical complication.
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Abstract

Purpose The objective of this study was to evaluate the
response rate, survival, and adverse effects of hepatic
arterial infusion chemotherapy (HAIC) using cisplatin in
patients with advanced hepatocellular carcinoma (HCC)
and portal vein tumor thrombosis (PVTT).

Methods Twenty-five patients of advanced HCC with
PVTT in the main or first branch, having no prior history of
chemotherapy, measurable lesions, adequate liver and renal
function, and adequate bone marrow reserve, were enrol-
led. Cisplatin was administered at the dose of 65 mg/m? via
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the proper hepatic artery. Treatment was repeated every
4-6 weeks for a maximum of six courses until the
appearance of evidence of tumor progression or unac-
ceptable toxicity.

Results The median number of treatments was 3 (range
1-6). Among the 25 enrolled patients, complete response
was achieved in 1 (4 %) patient and partial response in 6
(24 %), corresponding to a response rate of 28 % (95 % CI
1249 %). The median progression-free and overall sur-
vival times and the 1-, 2-, and 3-year survival rates in the
enrolled patients were 3.6 and 7.6 months and 40.3, 36.0,
20 %, respectively. Four of the seven patients who showed
complete or partial response survived for more than
3 years. The main grade 3/4 non-hematological adverse
events of this treatment were elevation of the serum
aspartate aminotransferase (44 %) and alanine amino-
transferase (24 %).

Conclusion HAIC with cisplatin exerts moderate activity
with mild toxicity in advanced HCC patients with PVTT.
Especially, markedly prolonged survival can be expected in
patients who respond to this treatment.

Keywords Hepatocellular carcinoma - Hepatic arterial
infusion chemotherapy - Tumor thrombosis - Cisplatin -
Clinical trial

Abbreviations
HCC Hepatocellular carcinoma

PVTT Portal vein tumor thrombosis

HAIC Hepatic arterial infusion chemotherapy

AFP Alpha-fetoprotein

PIVKA II Protein induced by vitamin K absence
or antagonist-1I

AST Aspartate aminotransferase

ALT Alanine aminotransferase
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Introduction

For advanced hepatocellular carcinoma (HCC) patients
with portal vein tumor thrombosis (PVTT), chemotherapy
remains one of the most important treatment modalities [1~
4]. Sorafenib, an oral multikinase inhibitor targeting Raf
kinase and receptor tyrosine kinases, has been acknowl-
edged as the standard agent for advanced HCC [5, 6].
However, it has yielded rather unsatisfactory results in
terms of the response and survival in patients with
advanced HCC [7, 8]. Hepatic arterial infusion chemo-
therapy (HAIC), which can increase the local concentration
of anticancer drugs with reduced systemic distribution,
may be expected to exert better antitumor efficacy and
lesser toxicity [9, 10]. Although promising results of HAIC
have been reported for advanced HCC with PVTT [11-20],
no chemotherapeutic agent or regimen has yet been shown
to confer a survival benefit sufficient for adoption as
standard therapy.

Cisplatin, which is a heavy metal (platinum) ion com-
plex compound that exerts cytotoxicity by binding to
double-stranded DNA, is widely used as one of the che-
motherapeutic agents in transcatheter arterial embolization
[21-23]. Cisplatin in the form of a fine powder suitable for
hepatic artery infusion (IA-call®, Nippon Kayaku Co.,
Ltd.) has been developed in Japan. Since the solubility of
this agent is 2.86 times higher than that of standard cis-
platin, the injection time can be shortened. In a phase II
trial, administration of this agent by intra-arterial injection
over 20-40 min at the dose of 65 mg/m” in repeated doses
at 4- to 6-week intervals was shown to yield favorable
results (response rate 33.8 %) [24]. However, the efficacy
of this regimen for advanced HCC with PVTT has not yet
been fully evaluated. Therefore, we conducted a multi-
center phase II trial to evaluate the efficacy and safety of
HAIC with cisplatin in HCC patients with PVTT in the
main and/or first branch.

Patients and methods
Eligibility

Patients eligible for study entry had advanced HCC with
PVTT. The eligibility criteria were as follows: HCC con-
firmed by histological examination or liver tumor with a
radiological hallmark of HCC and elevation of the serum
o-fetoprotein (AFP) levels to >400 ng/mL; tumor throm-
bosis in the main and/or first portal vein; unsuitable can-
didate for surgical resection; age 20 years or over; Eastern
Cooperative Oncology Group performance status of 0-2;
measurable disease; interval of 4 weeks or over between
the last treatment and the present therapy, and no influence
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of previous treatments; adequate hematological function
(hemoglobin >9.0 g/dL, leukocytes 23,000/mm3, and
platelets zSO,OOO/mm3), adequate hepatic function [Chi]dQ
Pugh classification of A or B, serum total bilirubin
<2.0 mg/dL, and serum aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) <150 U/L], adequate
renal function (serum creatinine <1.1 mg/dL); availability
of written informed consent.

The exclusion criteria were as follows: prior chemo-
therapy with cisplatin for HCC, prior radiotherapy, trans-
catheter arterial chemoembolization or intra-arterial
chemotherapy for PVTT, refractory pleural effusion or
ascites, no distant metastases, allergic reaction to iodine
contrast medium, severe renal, heart or mental disease,
active infection, excluding hepatitis B or C viral infection,
active concomitant malignancy, pregnant and lactating
females; females of childbearing age unless using effective
contraception.

The pretreatment evaluation consisted of a complete
history and physical examination and baseline assessments
of organ function. In addition, dynamic computed tomog-
raphy of the abdomen and chest radiography were per-
formed for pretreatment staging to assess the local extent of
the tumor and exclude the presence of distant metastasis.
The number of tumors and tumor distribution were exam-
ined by computed tomography and/or angiography. This
phase II study was conducted with the approval of each
institutional review board and conducted in accordance
with the Declaration of Helsinki.

Treatment procedure

Following conventional visceral angiography, HAIC was
performed by introducing a angiographic catheter into the
proper, right or left hepatic artery, or another feeding
artery, and injection of cisplatin at the dose of 65 mg/m?
over 20-40 min by Seldinger’s technique, not using
implanted port system for hepatic arterial infusion che-
motherapy. Until the appearance of evidence of tumor
progression and/or unacceptable toxicity, the treatment
was repeated every 4-6 weeks for a maximum of six
cycles. Neither lipiodol nor gelatin sponge was allowed in
the protocol treatments. Antiemetic prophylaxis with a
5-HT?3 antagonist (granisetron 1 mg) plus dexamethasone
8 mg was used at the attending physician’s discretion.
Patients received adequate hydration and/or diuretics for
protection against cisplatin-induced renal dysfunction,
and the urine output was carefully monitored, especially
during the first 3 days after intra-arterial administration of
cisplatin. The cisplatin dose was reduced in case of grade
4 hematological adverse events or serious events had
developed during the previous cycle. Patients who were
refractory to this treatment regimen were allowed to
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receive other anticancer treatments at the attending phy-
sician’s discretion.

Response and toxicity assessment

The antitumor effect was assessed by intravenous contrast
enhanced computed tomography or magnetic resonance
imaging every 4-6 weeks. Responses were evaluated
according to the WHO criteria [25]. The best overall
response was recorded for each patient. The duration of
response was defined as the interval from the onset of
partial response until the first evidence of disease pro-
gression or death. Basic laboratory tests, including a
complete blood count with differential leukocyte count,
and serum chemistry were performed at least once every
2 weeks during this treatment. The treatment-related
adverse events were assessed using the Common Termi-
nology Criteria for Adverse Events, v2.0. Serum levels of
AFP and protein induced by vitamin K absence or antag-
onist-II (PIVKA TI) were measured every 4-6 weeks. In
patients with a pretreatment AFP level of >100 ng/mL and
of PIVKAII of >100 mAU/mL, the AFP and PIVKAII
responses were assessed; a positive response was defined as
a >50 % reduction from the pretreatment level. Progres-
sion-free survival was defined as the time from the date of
initial treatment to the first documentation of progression
or death. Overall survival was measured from the date
of initial treatment to the date of death or the date of the
last follow-up. The progression-free survival and overall
survival curves were calculated by the Kaplan—Meier
method.

Statistical considerations

The primary endpoint of this trial was the response rate,
and the secondary endpoints were adverse events, pro-
gression-free survival, and overall survival. The number of
patients enrolled was planned using a two-step design [26]
based on an expected response rate of 30 %, a response rate
corresponding to no activity of 10 %, « error of 10 %, and
S error of 10 %. An interim analysis was planned after 15
patients had been enrolled. If zero or one of the first 15
patients showed a partial response or complete response,
the study was to be ended. If a response was detected in
more than one of the first 15 patients studied, an additional
10 patients were to be enrolled in a second stage of accrual
for more precise estimation of the actual response rate. If a
response was detected in more than five of the 25 patients
studied, this treatment was considered to be effective. This
population was defined as including any patients who
received at least one course of study medication. The trial
was registered at UMIN-CTR (http://www.umin.ac.jp/ctr/
index-j.htm), identification number (UMIN0O00000488).

Results
Patient characteristics

Twenty-five patients were enrolled in this trial between
January 2005 and April 2007 at 3 institutions in Japan,
because four patients showed partial response among the
first 15 patients in the interim analysis. The characteristics
of all the 25 patients are shown in Table 1. There were 20
males and five females, with a median age of 67 (range
47-79) years. Hepatitis B surface antigen and hepatitis C
virus antibody were positive in 4 patients (16 %) and 15
patients (60 %), respectively. There were 17 (68 %)
patients and 8 (32 %) patients with Child-Pugh class A and
B, respectively. Portal vein invasion was noted in the main
vein and the first branch in 19 patients (76 %) and 6 (24 %)
patients, respectively.

A total of 83 courses were given, with a median of three
courses (range 1-6) per patient. The median dose of cis-
platin per treatment was 100 mg (range 85-130 mg). The
reasons for treatment discontinuation were completion of
treatment (6 courses) in 5 patients (20 %), disease pro-
gression in 16 patients (64 %), rupture of esophageal var-
ices in 1 patient (4 %), hepatic failure in 1 patient (4 %),
and accidental perforation of the colon in 1 patient (4 %).
As subsequent treatments, 15 patients did not receive any
treatments and the remaining 10 patients received further
treatment: HAIC with epirubicin (4 patients), HAIC with
interferon plus 5-fluorouracil (5-FU) (1 patient), HAIC
with cisplatin (2 patients who had shown disease progres-
sion after the termination of 6 cycles of HAIC with cis-
platin), and transcatheter arterial chemoembolization with
epirubicin (2 patients).

Treatment efficacy

Of the 25 patients, 24 were evaluable for response; the
remaining one patient (4 %) could not be evaluated
because of early discontinuation of this protocol treatment.
One patient (4 %) showed complete response, and 6
(24 %) showed partial response, corresponding to an
overall response rate of 28 % (95 % CI 12-49 %); the
mean duration of the response was 7.9 months (range
1.4-19.5 months). Eleven patients (44 %) showed stable
disease and 5 patients (20 %) showed progressive disease.
During the treatment, the serum AFP level decreased by
more than 50 % in 7 (44 %) of the 16 patients with a
pretreatment level of >100 U/mL, and the serum PIVKA 1T
level decreased by more than 50 % in 15 (68 %) of the 22
patients with a pretreatment level of >100 mAU/mL.

At the time of the analysis, 21 patients developed tumor
progression; among the remaining 4 patients, the tumor
progression status could not be confirmed in 3 patients (on
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Table 1 Patient characteristics (n = 25)

Characteristics Number of patients %
Age (years)

Median 67

Range 47-79
Sex

Male 20 30

Female 5 20
Eastern Cooperative Oncology Group performance status

0 21 84

1 4 16
Hepatitis B surface antigen

Positive 4 16

Hepatitis C antibody

Positive 15 60
Child-Pugh classification

A 17 68

B 8 32
Prior treatments

Present 13 52

Resection 4 16

Local ablation 5 20

TACE 10 40
Portal vein invasion

Main 19 76

First branch 6 24
Tumor distribution

Unilateral 8 32

Bilateral 17 68
Ascites

Present 6 24
Alpha-fetoprotein (ng/mL)

Median 1,075

Range 11.3-386,300
PIVKAII (mAU/mL)

Median 1,600

Range 18-423,350

TACE transcatheter arterial chemoembolization, PIVKAII protein
induced by vitamin K absence or antagonist-II

account of death due to hepatic failure (1 patient), variceal
rupture (1 patient), or accidental perforation of the colon (1
patient)), and one patient remains alive without tumor
progression. The median progression-free survival was
3.6 months. All patients were included in the survival
assessment. Of the 25 patients, 21 died. The causes of death
were tumor progression (18 patients), hepatic failure
(1 patient), rupture of esophageal varices (1 patient), and
accidental perforation of the colon (1 patient). The median
survival time and 1-, 2-, and 3-year survival rates of the
patients were 7.1 months and 36, 20, and 20 %,
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respectively (Fig. 1). The median survival time was
45.4 months in the patients who showed complete or par-
tial response, and four of these patients survived for more
than 3 years; on the other hand, the median survival time in
the patients who showed stable or progressive disease was
5.8 months.

Adverse events

The adverse events occurring in the patients enrolled in this
study are summarized in Table 2. The adverse events
represent the maximum grade occurring in the patients
during the entire course of therapy. Grade 34 leukocyto-
penia, neutropenia, and thrombocytopenia occurred in 5
(20 %), 2 (8 %), and 4 (16 %) of the patients, respectively;
however, they were all transient and recovered fully
without treatment. The major non-hematological adverse
events were elevations of the serum AST and ALT levels.
Grade 3-4 AST and ALT elevations were observed in 11
(44 %) and 6 (24 %) of the patients, respectively. How-
ever, the levels returned to the initial levels within one
month without any additional treatment. No cumulative
adverse events were seen in this patient series. One patient
developed perforation of the colon on day 37 after the
commencement of the first cycle; however, this was judged
as an accidental event not causally related to the treatment.
There were no other serious non-hematological adverse
events.

Discussion

HAIC is widely undertaken in Japan for patients with
advanced HCC who are not suitable candidates for

1.0 +

Survival proportion

Years after enrolment

Fig. 1 Overall survival (black line) and progression-free survival
(gray line) curves of the 25 patients of advanced hepatocellular
carcinoma with tumor thrombosis in the main and/or first branch of
the portal vein treated by hepatic arterial infusion chemotherapy using
cisplatin. Tick marks indicate censored cases
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Table 2 Adverse events

Grade
1 2 3 4 3-4 (%)
Hemoglobin 6 7 0 0 0
Leukocytes 7 9 5 0 20
Neutrophils 6 7 2 0 8
Platelets 6 6 4 0 16
Nausea 10 5 0 0 0
Vomiting 9 i 0 0 0
Anorexia 13 6 0 0 0
Fatigue 8 3 0 0 0
Fever 3 0 0 0 0
Diarthea 0 0 0 0 0
Abdominal pain 2 0 0 0 0
Weight loss 2 1 0 0 0
Total bilirubin 10 5 0 0 0
Hypoalbuminemia 6 7 0 0 0
AST 1 3 10 1 44
ALT 3 5 S 1 24
Alkaline phosphatase 3 0 0 0 0
Creatinine 3 2 0 0 0

AST, aspartate aminotransferase; ALT, alanine aminotransferase

resection, local ablative therapies, or transcatheter arterial
chemoembolization, such as those with complicating
PVTT [3, 4]. HAIC is usually administered using one of
the following three well-reported regimens: cisplatin alone
[11, 24], 5-FU plus cisplatin [12-15], and 5-FU plus
interferon [16~20]. The efficacies of these regimens for
HCC patients with PVTT are shown in Table 3 [11-20].
The reported response rates and disease control rates are
approximately 20-40 % and 50-80 %, respectively, and
the reported median survival is in the range of
7-12 months. However, optimum regimen for patients of
advanced HCC with PVTT still remains controversial.
Recently, a randomized phase II trial comparing 5-FU and
interferon with best salvage therapy (BST), such as 5-FU
plus cisplatin or cisplatin alone, has been reported [27].
Although the response rate was quite similar in both
groups, the patients treated with 5-FU and interferon
seemed to show inferior disease control and overall sur-
vival rates as compared to those treated by BST. Thus, the
optimal regimen for HAIC has not yet been clarified.
Transarterial radioembolization with yttrium-90 micro-
spheres is one of the good options for HCC with PVTT,
and the treatment efficacy has been reported to be favorable
(Table 3) [28, 29]. However, this treatment has not been
established as standard therapy, because the survival ben-
efit has not been clarified by randomized trials.

In this study, cisplatin was selected as the trial chemo-
therapeutic agent for HAIC, because it is widely used in

Japan, it can be administered by short infusion, and it
requires no indwelling reservoir system for hepatic arterial
infusion, unlike 5-FU plus cisplatin or 5-FU plus inter-
feron. The response and disease control rates to HAIC with
cisplatin in this study were 28 and 76 %, respectively, and
the median overall survival time was 7.1 months. These
results are comparable to previous reports (Table 3).
Besides, in the patients who achieved complete or partial
response, the median survival time was 45.4 months and
four of them survived for more than 3 years. In previous
reports also, the prognoses in the responders to HAIC were
extremely favorable [11-13, 15-17, 19]. Thus, HAIC
sometimes causes favorable tumor shrinkage, and a
markedly prolonged survival time can be expected in such
patients. If the tumor response to HAIC can be predicted
prior to the start of the treatment, more appropriate selec-
tion of suitable candidates for HAIC may be possible.
Therefore, identification of reliable markers to predict a
favorable response to HAIC is warranted.

In comparison with systemic administration of antican-
cer agents, HAIC allows high local concentrations of
anticancer drugs to be achieved, with reduced systemic
distribution, thereby increasing the activity of the anti-
cancer drug and reducing the likelihood of systemic
adverse effects. With regard to the toxicity, the toxicity of
HAIC with cisplatin was very mild. The main grade 3-4
adverse events were leukocytopenia (27 %), neutropenia
(47 %), increased AST (40 %), and increased ALT (20 %).
These adverse events were transient and reversed without
any specific treatments. Furthermore, no cumulative or
serious adverse events were seen in this study. Therefore,
this treatment was considered to be well tolerated and even
patients with Child-Pugh B could be included as candidates
for this treatment.

HAIC is considered as one of the valid treatment options
for advanced HCC, because it has been shown to exert a
favorable effect with mild toxicities in advanced HCC
patients with PVTT. However, it has not been acknowl-
edged as a standard therapy for advanced HCC, because no
chemotherapeutic agent or regimen has yet been shown to
confer a survival benefit sufficient for adoption as a stan-
dard therapy [1-4]. On the other hand, sorafenib has been
acknowledged as a standard agent for the treatment of
patients with advanced HCC, including HCC with vascular
invasion and extrahepatic metastases, because two pivotal
phase III trials comparing sorafenib versus placebo have
shown the survival benefit afforded by sorafenib [7, 8].
Sorafenib has a limited tumor shrinkage effect, but is
capable of prolonging the time-to-progression and the
overall survival. In the comparison of the efficacy between
HAIC with cisplatin and sorafenib (Table 3), the efficacy
of cisplatin seemed to be equivalent to that of sorafenib [7,
30]; therefore, cisplatin may be one of the promising

@ Springer



468

Cancer Chemother Pharmacol (2013) 72:463-470

Table 3 Treatment efficacy of hepatic arterial infusion chemotherapy for hepatocellular carcinoma with portal vein tumor thrombosis

Regimen n RR DCR Median TTP/PFS Median l-year  2-year  3-year = Median OS References
(%) (%) (months) OS (months) OS (%) OS (%) OS (%) for responder
(months)

Yttrium 90 35 50 NA 5.6 10.4 NA NA NA NA Salem et al. [28]

(Child-Pugh A)
Yttrium 90 57 28 NA 5.9 5.6 NA NA NA NA Salem et al. [28]

(Child-Pugh B)
Yttrium 90 76 NA NA NA 10.0 NA NA NA NA Sangro et al. [29]
Sorafenib® 108 NA 389 4.1 8.1 NA NA NA NA Bruix et al. {7]
Sorafenib® 44 NA 24 NA 44 NA NA NA NA Kang et al. [30]
5-FU/Cisplatin 48 48 77 NA 10.2 45.0 31.0 25.0 31.6 Ando et al. [12]
5-FU/Cisplatin 38 8 66 NA 6.0 21.0 NA NA NA Cheong et al. [14]
5-FU/Cisplatin 18 33 72 NA NA 28.0 NA NA 15.0 Lai et al. [13]
5-FU/Cisplatin 52 39 65 4.1 159 53.3 34.8 26.1 40.7 Ueshima et al. [15]
5-FU/IENo 55 44 51 5.2 11.8 48.9 28.6 164 24.4 Ota et al. [16]
5-FU/IFNo. 116 52 54 NA NA 34.0 18.0 NA 59 % (2 years) Obi et al. [17]
5-FU/IFNo 31 29 55 5.8 7.5 29.0 5.6 NA NA Uka et al. [18]
5-FU/IFNo. 102 39 47 2.0 9.0 36.8 21.2 10.8 25.0 Nagano et al. [19]
5-FU/IFNa 57 25 58 33 10.5 NA NA NA NA Yamashita et al. [20]
Cisplatin 24 21 25 NA 7.0 38.0 16.0 NA 37.3 Kondo et al. [11]
Current study 25 27 72 3.6 7.1 36 20 20 454 Tkeda

(Cisplatin)

RR response rate, DCR disease control rate, TTP time to progression, PFS progression-free survival, OS overall survival, SFU 5-fluorouracil, JFN

interferon, NA not available
# The study included the patients with macrovascular invasion

regimens for advanced HCC with PVTT. In addition, so-
rafenib and cisplatin have different toxicity profiles, except
for causing liver dysfunction. Sorafenib and cisplatin have
been reported to exert a synergistic effect against liver
cancer in preclinical research [31, 32], and some clinical
trials of combined regimens of sorafenib and cisplatin have
been performed in patients with gastric cancer [33], naso-
pharyngeal carcinoma [34], and lung cancer [35]. There-
fore, combined use of the two drugs may yield superior
results. Furthermore, a randomized controlled trial com-
paring sorafenib plus HAIC with sorafenib could clarify the
additional effect of HAIC and establish HAIC as a standard
treatment for advanced HCC. Therefore, a phase I trial of
sorafenib plus HAIC with cisplatin has already been con-
ducted, and arandomized phase Il trial of sorafenib plus HAIC
with cisplatin versus sorafenib alone (UMINOC0005703) is
ongoing.

This study involved some limitations. First, the number of
enrolled patients was not so high, and the results should be
interpreted with some caution. Secondly, 10 patients received
chemoembolization as prior therapy. This might lead to resis-
tance to HAIC with cisplatin. Finally, as this was a single-arm
phase II trial, the survival benefit of HAIC with cisplatin could
not be clarified. All of these limitations argue for the conduct of
a randomized trial to further compare this treatment with
standard therapy in advanced HCC patients with PVTT.

@ Springer

In conclusion, HAIC with cisplatin exerts moderate
activity with mild toxicity in HCC patients with PVTT.
Especially, markedly prolonged survival can be expected in
patients who respond to this treatment. At present, a ran-
domized controlled trial of HAIC using a combination of
cisplatin and sorafenib is under way.
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Gastrointestinal obstruction caused by constriction of the
upper gastrointestinal tract by malignant tumor or carci-
nomatous peritonitis is a common symptom in terminal
cancer, reportedly occurring in 5%-42% of patients.
Vomiting caused by a malignant gastrointestinal tract
obstruction is typically treated with a nasogastric tube
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(NGT) or small-bowel intubation. However, this condi-
tion has a bad prognosis, and transnasal decompression
can add to the patient’s distress and reduce quality of life
(QOL) (1).

Gastric bypass or colostomy procedures may be per-
formed as surgical treatment; however, these procedures
are not possible for all patients because of the invasiveness
of laparotomy or the general condition or prognosis of
the patient (1,2). Pharmacotherapy may be given as
supportive care, and a somatostatin analogue (ie, octreo-
tide) has recently been often reported as useful (1-3).
Unfortunately, because the half-life of octreotide is only
1.5 hours, continuous subcutaneous injection is needed.

As another method, percutaneous gastrostomy or
percutaneous enterostomy can be performed for decom-
pression (1,2,4,5), and metallic stents are sometimes
inserted as a substitute for a gastric bypass or colostomy
procedure (1,2). However, patients may sometimes show
accumulation of ascitic fluid, carcinomatous peritonitis,
or other pathologic conditions following gastrectomy
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that may lead to peritonitis as a result of leakage from
the puncture site or tumor infiltration from the puncture
route.

The current reality is that, for patients with a gastro-
intestinal constriction caused by a malignant tumor, no
standard treatment exists that does not severely reduce
QOL. The establishment of minimally invasive treat-
ment methods for such patients to achieve bowel
decompression without reducing QOL is therefore an
essential challenge in palliative medicine for patients
with cancer.

In 1994, Oishi et al (6) developed a method called
percutaneous transesophageal gastrotubing (PTEG) that
involves percutaneous insertion of a tube through the
cervical esophagus so the patient feels little discomfort
after tube placement. PTEG is receiving attention as a
promising treatment for patients with malignant bowel
obstruction accompanying constriction of the upper
gastrointestinal tract or for patients with carcino-
matous peritonitis caused by a malignant tumor with a
poor prognosis (6). To our knowledge, no prospective
clinical studies have been performed on PTEG to date,
and clinical assessments have yet to be established. The
present multicenter, prospective study was therefore
conducted to evaluate the safety and clinical efficacy of
PTEG for patients with terminal cancer with malignant
bowel obstruction, such as constriction of the upper
gastrointestinal tract or carcinomatous peritonitis caused
by a malignant tumor.

MATERIALS AND METHODS
Study Design and Endpoints

The study design used was a nonrandomized, multi-
center, phase II trial. This study was approved by the
Japanese Society of Interventional Radiology and the
ethics committees of each of the participating institu-
tions, and was registered at the University Hospital
Medical Information Network Clinical Trials Registry
(study ID C000000249). The primary endpoint was
clinical efficacy, and the secondary endpoints were the
frequency of adverse events and the feasibility of the
procedure.

Patient Eligibility

Inclusion criteria consisted of the following: (i) placement
of an NGT or ileus tube as a result of malignant bowel
obstruction, such as constriction of the upper gastro-
intestinal tract or carcinomatous peritonitis, with no
improvement of symptoms expected; (ii) no obvious
pathologic conditions in or around the cervical esoph-
agus; (iii) adequate bone marrow, liver, renal, and
cardiac function (ie, platelet count > 50,000/mm?, pro-
thrombin time > 50%, total serum bilirubin level < 3.0
mg/dL, serum creatinine level < 2.0 mg/dL, no obvious
heart failure); (iv) Eastern Cooperative Oncology Group

performance status of 0-3; (v) expected survival of more
than 4 weeks; and (vi) written informed consent from the
patient.

Exclusion criteria consisted of the following:
(1) presence of a tracheal fistula from a tracheotomy,
(i) malignant bowel obstruction in which the lesion
located most orally was no higher than the transverse
colon, (iii) pregnancy or possible pregnancy, and
(iv) previous or scheduled local therapy for the neck
region (surgical treatment on the region from the
mandible to the clavicle, radiation therapy to soft tissue
in the region from the mandible to the clavicle, radiation
therapy to the neck, or intravenous hyperalimentation in
the jugular vein or via a supraclavicular approach).

Technique for PTEG

The PTEG was created as Ohishi et al (6) and Mackey
et al (8) described (6-8) with the use of a PTEG kit
(Sumitomo Bakelite, Tokyo, Japan; Figs 1-6) and the
following procedures. (i) A rupture-free balloon (RFB)
was inserted through the nose and positioned in the
cervical esophagus. (i) The RFB was inflated with
approximately 10-15 mL of 4x diluted water-soluble
contrast medium (Urografin; Bayer Yakuhin, Osaka,
Japan), and then the thyroid gland, carotid artery, and
trachea were separated, and the RFB was detected just
under the skin (Figs 2, 3). (iii) The RFB was punctured
percutaneously under ultrasound (US) guidance, and a
guide wire was inserted into the RFB through the needle
(Fig 4a). (iv) The puncture site was dilated by using a
dilator with a sheath (Fig 4b), and then an indwelling tube
was appropriately inserted into the esophagus (Fig 5).

Figure 1. PTEG kit including straight-type guide wire (7), RFB
{2), 18-gauge puncture needle with sheath (3), J-type guide wire
{4), 8-F dilator (5), 16-F peel-away sheath {6), and indwelling tube
with balloon (7). (Available in color online at www.jvir.org.)



