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Abstract

Polyvinyl alcohol (PVA) particles are used for the em-
bolization of various vascular tumors. They are also
used before hepatic resection to embolize the ipsilateral
portal vein, causing hypertrophy of the remaining liver.
We report our first experience with portal vein embo-
lization (PVE) with PVA particles to treat gastric can-
cer metastasis to the liver. PVE with PVA is a safe
interventional radiologic procedure, which does not
cause problems during surgery and can improve the
outcome of hepatic resection.

Key words Portal vein embolization - Polyvinyl alco-
hol - Liver - Metastasis

Introduction

Mortality after major hepatectomy has decreased re-
markably as a result of advances in surgery, but the
morbidity related to the size and function of the remain-
ing liver is still a major problem. Portal vein emboliza-
tion (PVE) has been shown to be an effective way of
promoting contralateral hypertrophy of the remnant
liver to prevent complications resulting from hepatec-
tomy.!? Percutaneous transhepatic portal embolization
(PTPE) is an important interventional radiologic proce-
dure to overcome these problems. We report a case of
gastric cancer metastasis to the right lobe of the liver,
which was treated with PTPE with polyvinyl alcohol
(PVA) before right hemihepatectomy.
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Case Report

A 48-year-old man underwent an upper gastrointestinal
endoscopy for stomach pain and weight loss, which re-
vealed infiltration of the antrum, angulus, and pylorus
by a hard, irregular, and ulcerated mass. Endoscopic
biopsy showed well-differentiated intestinal-type ad-
enocarcinoma. The patient was referred to our surgical
clinic and underwent a subtotal gastrectomy with gas-
troenterostomy, Braun anastomosis, and appendec-
tomy. He was discharged on postoperative day 10 after
an uneventful postoperative course. He also received
six cycles of ELF (Etoposide 200mg + leucoverin
500mg + 5-FU 900mg) chemotherapy. About 9 months
later, an abdominal ultrasonography (USG) showed
multiple metastases in the right lobe of the liver, the
largest one being 8cm in diameter. Doppler examina-
tion showed that the blood volume flow (ml/min) values
of the main, right, and left portal veins were 645, 287,
and 343, respectively. Computed tomography during
arterial portography (CTAP) examination through the
superior mesenteric artery injection revealed multiple
metastases in the liver, the largest ones being located in
the sixth and seventh segments, but there were also
metastases in the fourth segment (Fig. 1). A right
hemihepatectomy was considered, and volume calcula-
tions were made on a separate GE workstation (Gen-
eral Electric Medical Systems, Milwaukee, WI, USA)
by manually tracing the liver contours of each slice. The
measured areas were multiplied by slice thickness, to
calculate the volume of each slice. The total liver vol-
ume (TLV) was calculated as 1720cm? by summing all
the slice volumes. The volumes of the right and left
lobes were 1393 and 327 cm?, respectively. We decided
that the volume of the remaining left lobe would not be
sufficient for liver function; therefore, we performed
embolization of the right portal vein to promote hyper-
trophy of the left lobe. The patient was given 1g of
cefazolin prophylactically before the procedure. The
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Fig. 1. A preprocedure computed tomography during arterial
portography slice shows multiple metastases in segments 4, 6,
and 7
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anterior division of the right portal vein was accessed
via a transhepatic intercostal approach by puncturing it
with a 19G needle under USG guidance and inserting a
5F introducer. To achieve distal embolization, third-
order branches of the right anterior and posterior
branches were occluded with 200-um PVA particles
(Contour, Cook, Bloomington, IL, USA) suspended
in iohexol 300 through a 4F Simmons 2 catheter.
After distal embolization, larger PVA particles
(300um) were used. A total of 150ml of iohexol 300,
and 2300mg of 200-um-PVA and 400mg of 300-um-
PV A particles were used, and the right portal vein was
completely embolized. We did not use anything to
embolize the tract, as the sheath was withdrawn. The
procedure was completed in 2 h. Portography at the end
of the procedure showed no filling of the right portal
vein branches (Fig. 2A-D). There was no evidence of
postembolization syndrome. The patient tolerated the
procedure well and was discharged after an overnight
stay. By 4 weeks later, control abdominal computed
tomography (CT) showed sufficient hypertrophy of the
left lobe. The total hepatic volume had decreased from
1720 to 1598 cm?®. The volume of the left side of the liver
had increased from 327cm?® (19% of TLV) to 623 cm?

Fig. 2. A 5F introducer and
guidewire was inserted percuta-
neously into the right portal vein
(A). Portograms show the selec-
tive infusion of polyvinyl alcohol
(PVA) through the catheter in
the right anterior portal vein
branch (B), and occlusion of the
right anterior branch after PVA
infusion (C). Portogram at the
end of the procedure shows com-
plete occlusion of the right portal
vein (D)
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(39% of TLV), whereas the volume of the right side had
decreased from 1393 cm? (81% of TLV) to 975 cm? (61 %
of TLV). The metastases had not changed in size in the
4 weeks. A control Doppler examination confirmed
the absence of blood flow in the right portal vein. The
blood flow of the main and left portal veins was 582
and 536ml/min, respectively. Thereafter, the patient
underwent right hemihepatectomy and wedge resection
of the tumor from segment 4. A clear demarcation was
evident between the embolized right and the untreated
left hemilivers. No difficulties were encountered during
surgery as a result of perivascular inflammatory changes
from the portal vein embolization. Pathological exami-
nation of the resected masses revealed adenocarcinoma
metastasis and multinuclear giant cells inside the portal
vein. Postoperative T-tube cholangiography showed
patency of the common and left lobe bile ducts.
There was some oozing of contrast material through the
cut surface of the left lobe, which resolved in 3 weeks.
Liver function test results were within normal values,
and the patient was discharged without any problems. A
follow-up abdominal CT scan done in the second month
after the operation showed sufficient volume of the re-
maining liver and a 2 X 2cm hypodense cystic area in
segment 4. A fine-needle aspiration biopsy from this
lesion revealed metastasis. A CTAP examination was
performed, which showed another lesion next to this
lesion. We performed intraoperative radiofrequency
ablation of these two lesions. Intraoperative USG
showed two well-defined metastases, 2 X 2cm in size.
A follow-up abdominal CT scan after radiofrequency
ablation showed two hypodense necrotic areas con-
taining air.

Discussion

The PVE technique was first described in 1986 by
Kinoshita et al.? for patients undergoing hepatic re-
section for hepatocellular carcinoma, and later by
Makuuchi et al.*® for patients undergoing extended he-
patic resections for bile duct cancer. Even though it was
initially described for patients with bile duct or gallblad-
der cancers, the utility of this technique has been dem-
onstrated in patients with resectable hepatocellular
cancer® and metastatic colorectal cancer.!”

Major hepatectomy has become possible through ad-
vances both in surgical techniques and interventional
radiological procedures; however, some factors limit the
number of patients who can benefit from this operation.
One of these factors is the amount of remaining liver
after hepatectomy.! Studies as early as 1920 showed that
portal vein ligation induces ipsilateral hepatic lobe atro-
phy and contralateral lobe hypertrophy.® Although the
underlying mechanisms are not well known, various
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hepatic and extrahepatic factors are thought to be re-
sponsible; the extrahepatic factors are primarily con-
trolled by the portal vein.? Although 60% of the
nontumorous liver parenchyma can be safely resected
in patients with normal liver function,’ it may be neces-
sary to resect 60% or more of the nontumorous paren-
chyma in patients with metastatic disease, small tumors
in proximity to major hepatic inflow or outflow vessels,
metastatic deposits with unfavorable “lesion distribu-
tion,” or anatomically favorable lesion distribution but
small volume disease.! If the portal vein on the resected
side is compromised by the tumor, then liver failure is
not an important problem after major hepatic resec-
tion.* Normal hepatic function is an important issue for
sufficient hypertrophy. The hypertrophy that develops
after PVE is not as marked in patients with severe im-
pairment of hepatic function as it is in those with normal
hepatic function.!®

Hepatectomy for colorectal liver metastases is often
associated with good results. Conversely, liver me-
tastases from gastric cancer are reported to have the
worst prognosis among noncolorectal metastases, and
curative resection is not feasible in most cases.!! Even if
the metastases are potentially resectable, surgery for
liver metastases from gastric cancer is controversial
owing to the reported unpredictable and rarely long-
term survival rates, the aggressive biologic behavior of
gastric cancer, and quality of life issues.!'!* Surgery may
be considered for some patients with liver metastases
from gastric cancer (whose selection criteria are not
generally accepted) if complete resection seems feasible
after careful pre- and intraoperative staging and may
improve their prognosis.!l214 Before hepatectomy, we
ruled out other sites of metastases in our patient, as
previously suggested.!'1215 Multiple metastases, once
recognized, are generally scattered throughout both
lobes of the liver, as they were in our patient, who had
additional metastases in segment four. However, we
decided to perform hepatectomy based on other reports
that the number of hepatic metastases is of little impor-
tance as a prognostic indicator, and that hepatectomy
should not be abandoned simply because multiple
tumors are present in the liver, considering the high
survival rates achieved by complete resection.!!"13

Gelfoam,*>7 PVA particles,! various cyanoacrylate’
and fibrin glues,!!” absolute ethanol,*!® and stainless
steel coils!® are used for the embolization of vessels.
Most of these agents have been used for PTPE, but
there is still no consensus about which agent or combi-
nation of agents is best for this procedure. Ideally, the
agent should induce complete and durable obstruction
of the portal vein and its branches, with little possibility
of recanalization; be widely available and easy to ad-
minister; be able to deliver the embolic material from an
ipsilateral approach to diminish the likelihood of injury
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or occlusion to the contralateral portal vein; not cause
any inflammatory reaction that may render surgical dis-
section at the hilus difficult; not cause damage to any
nontarget portal vessels; not induce hepatic necrosis or
postembolization clinical syndrome; and not cause
postembolization syndrome.! We used PVA particles
for PTPE because they fulfil these requirements. It is
important to have complete PVE without portal venous
recanalization in the lobe to be resected. In a series of
13 patients who underwent right PVE with a mixture
of gelatin powder, thrombin, gentamicin sulfate, and
diatrizoate sodium meglumine, there was no recanaliza-
tion of the embolized portal vein.!"” Cyanoacrylate has
been reported to achieve better results than Gelfoam
and thrombin, which may allow recanalization,® and the
combination of PVA with coils has also been reported
to achieve more permanent occlusion.> The PVA in-
duced complete occlusion of the right portal vein with-
out recanalization in our patient, as confirmed by
Doppler examination.

Although little is known about the effect of PVE on
blood flow and liver function, a close link between por-
tal blood flow and liver hypertrophy after hepatectomy
has been reported.!”? In PVE, the distribution of lobar
blood flow changes drastically without an immediate
change in the functional hepatic mass.!” Doppler USG
studies have shown that portal blood flow to the
nonembolized lobe increases significantly, and then de-
creases toward the baseline but without reaching the
baseline value.??! This increase in the portal blood flow,
which contains hepatotrophic factors such as insulin
and hepatic growth factor, is presumed to trigger
hypertrophy of the nonembolized lobe, and the rate of
hypertrophy correlates well with the flow-rate mea-
surements.??2 Doppler examination in our patient
confirmed a significant increase in the blood volume
flow of the left portal vein, almost reaching the value of
the main portal vein. This shows that the entire portal
flow is redistributed to the nonembolized left lobe, in-
ducing adequate hypertrophy after PTPE.

Various factors are involved in the regeneration pro-
cess, and sufficient hypertrophy of the liver may be seen
within 2 weeks.!” Since this was our first case, we waited
4 weeks before performing resection to ensure maxi-
mum benefit from the procedure, and postembolization
syndrome did not occur. Although the condition of the
patient improves after resection, the metastatic process
does not cease. In fact, recurrence after hepatic resec-
tion develops in approximately 70% of patients with
liver metastasis from gastric cancer, most commonly
again in the liver.”® One study emphasized that hepa-
tectomy for liver metastasis is like a lottery for each
patient.'* Accordingly, our patient was found to have a
recurrence 2 months after hepatectomy. However, the
new metastases may be treated by a combination of
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surgical and interventional radiological procedures,
such as radiofrequency ablation.

In conclusion, PTPE with PVA is a safe interven-
tional radiologic procedure, which does not interfere
with the surgical procedure. Although the results of and
indications for hepatic resection to treat gastric cancer
metastasis to the liver are controversial, PTPE can im-
prove the outcome of selected patients.
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