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Abstract
Thirty years have passed since the first report of portal 
vein embolization (PVE), and this procedure is widely 
adopted as a preoperative treatment procedure for 
patients with a small future liver remnant (FLR). PVE 
has been shown to be useful in patients with hepato
cellular carcinoma (HCC) and chronic liver disease. 

However, special caution is needed when PVE is applied 
prior to subsequent major hepatic resection in cases 
with cirrhotic livers, and volumetric analysis of the 
liver segments in addition to evaluation of the liver 
functional reserve before PVE is mandatory in such 
cases. Advances in the embolic material and selection of 
the treatment approach, and combined use of PVE and 
transcatheter arterial embolization/chemoembolization 
have yielded improved outcomes after PVE and major 
hepatic resections. A novel procedure termed the 
associating liver partition and portal vein ligation for 
staged hepatectomy has been gaining attention because 
of the rapid hypertrophy of the FLR observed in patients 
undergoing this procedure, however, application of this 
technique in HCC patients requires special caution, as it 
has been shown to be associated with a high morbidity 
and mortality even in cases with essentially healthy 
livers.
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Core tip: Preoperative portal vein embolization (PVE) 
has been developed to secure the safety of a major 
hepatic resection by inducing the hypertrophy of the 
future liver remnant. PVE has been shown to be useful 
for patients with hepatocellular carcinoma and chronic 
liver disease. However, the indications should be 
carefully judged based on the volumetric analysis and 
evaluation of the liver functional reserve. Recently, a 
novel technique called the associating liver partition 
and portal vein ligation for staged hepatectomy (ALPPS) 
has been introduced to gain a rapid hypertrophy of 
the future liver remnant; however, at present, data 
supporting ALPPS in hepatocellular carcinoma with 
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cirrhosis are still very weak.
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INTRODUCTION
Currently, hepatic resection is the treatment of choice for 
large hepatocellular carcinomas (HCC), colorectal liver 
metastases (CLM) and hilar cholangiocarcinomas, and 
extensive liver resection is often required in patients with 
these malignancies. Preoperative portal vein embolization 
(PVE), which induces atrophy of the liver segments to 
be resected and hypertrophy of the future liver remnant 
(FLR), has been introduced in an attempt to expand 
the indications for major (the resection of 3 or more 
Couinaud segments[1]) hepatic resection and prevent 
postoperative liver insufficiency. Thirty years have 
passed since the first report of PVE by Makuuchi et al[2], 
and the usefulness of PVE is currently widely accepted. 
However, the beneficial effect of preoperative PVE 
may be impaired in patients with chronic liver disease, 
especially liver cirrhosis[3], and caution is required when 
PVE is applied in patients with large HCCs and underlying 
liver cirrhosis. In such patients, volumetric analysis of 
the liver segments in addition to evaluation of the liver 
functional reserve is mandatory[4]. On the other hand, 
some European groups have recently advocated the 
usefulness of a new procedure termed the associating 
liver partition and portal vein ligation for staged hepa­
tectomy (ALPPS)[5], as this procedure has been shown 
to induce rapid hypertrophy of the FLR within a short 
interval[6]. However, application of ALPPS to HCC patients 
with underlying liver cirrhosis is debatable from the 
point of view of the safety. In this manuscript, we have 
reviewed the recent advances in preoperative PVE and 
other procedures aimed at increasing the FLR.

HISTORY OF PVE
In the first report, Makuuchi et al[7] applied preoperative 
PVE for patients with hilar cholangiocarcinoma. They 
stated that the purposes of PVE were: (1) to initiate 
compensatory hypertrophy of the FLR; and (2) to avoid 
a sudden increase of the portal venous pressure during 
and after the surgery[7]. The second goal is especially 
important in HCC patients with portal hypertension, 
where PVE may serve as a preoperative “tolerance test”; 
if the FLR cannot tolerate the higher portal pressure in­
duced by PVE, sufficient hypertrophy of the FLR cannot
be expected. Two approaches were used for PVE: Transi­
leocolic portal embolization (TIPE) via laparotomy under 
general anesthesia, and percutaneous transhepatic 
portal embolization (PTPE) using a puncture technique 

with ultrasonic guidance under local anesthesia. The 
embolic material consisted of a mixture of absorbable 
gelatin powder, contrast material, and antibiotics.

Kinoshita et al[8] performed selective PVE (THPE), 
wherein they used a contralateral approach to occlude 
the portal vein branch bearing the HCC tumor. The 
aim of selective PVE was to enhance the effect of trans­
catheter arterial embolization (TAE) and the accom­
panying hypertrophy of the nonembolized segments. 
They used gelatin sponge, thrombin mixed with glucose, 
or an adhesive mixture of fibrin with contrast material as 
the embolic material.

Subsequently, the indication of preoperative PVE 
was expanded to other liver tumors, including CLM and 
HCC without cirrhosis. Among patients with CLM, PVE 
is indicated in patients with: (1) small multiple lesions 
of the right lobe; or (2) a small solitary tumor located 
adjacent to the hilum of the liver[9,10]. Reports dealing 
with PVE for HCC with underlying cirrhosis or chronic 
hepatitis were at first mainly small patient series from 
Asian countries, while documentations of large patient 
series have appeared after the year 2000[11-18]. The 
indications for PVE in cases of HCC is determined by the 
relationship between the liver functional reserve and 
the volumetric ratio of the FLR to the total liver volume. 
In general, major hepatic resection is contraindicated 
in Child-Pugh class B or C patients; these patients 
are therefore also not suitable candidates for PVE. In 
addition, Child-Pugh class A patients should undergo 
assessment by the indocyanine green retention rate 
at 15 min (ICG-R15). An ICG-R15 value of > 20% is 
generally considered as a contraindication for major 
hepatic resection and therefore also for PVE (Figure 1)[4].

MODIFICATION OF PVE
Approach
Several approaches have been advocated for PVE, 
which can be mainly categorized as TIPE or PTPE; the 
PTPE approach is further subdivided into an ipsilateral 
approach and a contralateral approach. TIPE is a safe 
approach; complete portography can be achieved using 
this approach, and insertion of the catheter into the 
segmental portal branches is relatively easy; however, it 
requires general anesthesia and laparotomy, and carries 
the risk of post-PVE bowel obstruction. 

PTPE can be performed under local anesthesia, and 
is therefore considered to be a less invasive procedure; 
however, the possible risk of hemorrhage/subcapsular 
hematoma or peritonitis cannot be ignored, and if the 
contralateral approach is selected, injury to the vessels 
in the FLR may make the subsequent liver resection 
impossible. A meta-analysis showed that despite the 
absence of any significant difference in the rate of major 
complications between TIPE and PTPE, the rate for 
minor complications was significantly higher for PTPE[19].

Nagino et al[20] recommended the ipsilateral approach 
occluded the right anterior and posterior portal branches 
using different types of catheters. This technique is 
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advantageous from the standpoint of safety, as the 
portal branch of the resected segments is punctured. 
Currently, PTPE using the ipsilateral approach, although 
the most technically demanding, is the most popularly 
used approach; however, the optimal approach must be 
selected according to the tumor location and past history 
of laparotomy.

Segment 4 embolization
When a more extended hepatic resection, such as 
right trisegmentectomy, is needed, embolization of the 
segment 4 portal branch in addition to the right portal 
vein branch may yield additional beneficial effects[21]. 
Embolization of the segment 4 branch is easy when the 
ipsilateral PTPE approach or TIPE is used. Two previous 
reports have confirmed the additional beneficial effect 
of embolization of the segment 4 portal branch on 
segment 2 + 3 hypertrophy, however, both reports 
dealt with non-injured livers, and no data are available 
for patients with underlying liver cirrhosis[22,23].

Embolic material
A number of embolic materials have been used for PVE, 
including gelatin sponge, gelatin powder, thrombin, 
fibrin glue, polyvinyl alcohol particles, absolute ethanol, 
cyanoacrylate, absolute ethanol, small spherical par­
ticles, and metallic coils[19]. The ideal agent would be 
the one that would lead to rapid, reproducible, and 
substantial functional hypertrophy of the FLR in the 
majority of patients without producing significant toxicity 
or adverse events. Currently, a combination of absolute 
ethanol and microcoils is widely used for HCC patients, 
as these agents have been shown to induce a greater 
degree of hypertrophy of the FLR as compared with 
other embolic materials[24]. However, there have been no 
randomized controlled trials to compare the efficiency of 
the embolic materials.

BASIC ASPECTS OF PVE
Liver regeneration after PVE
The mechanism of liver hypertrophy/regeneration after 
PVE has been widely studied using animal models or 
in clinical settings. Several experimental results imply 

that the mechanism of liver regeneration after PVE/
portal vein ligation (PVL) is different from that after 
hepatectomy, as indicated by the different response to 
follistatin[25]. The difference is fundamentally attributed 
to maintained or enhanced arterial blood flow to the 
embolized liver segments after PVE, or the presence 
per se of the embolized segments, and the atrophying 
embolized liver segments are supposed to retain their 
specific functions. In addition, negative regulators of 
hepatocytes proliferation (such as transforming growth 
factor-β and interleukin-1β) are strongly expressed in 
the embolized segments. These factors in the embolized 
segments may modify the whole process of regeneration 
after PVE, although no definitive conclusions have been 
made yet[26].

Enhancement of the effect of PVE
Various factors have been shown to influence the effect 
of PVE: Age, gender, body mass index, nutrition status, 
previous chemotherapy, diabetes mellitus, etc[26]. It 
has been shown that liver regeneration is impaired in 
chronically diseased livers[3]. Sugawara et al[14] have 
examined the clinical factors associated with liver hyper­
trophy after PVE in HCC patients, and have found that 
the hypertrophic effect was significantly enhanced when 
PVE was combined with TAE. Recently, Beppu et al[27] 
have shown a favorable effect of branched-chain amino 
acid supplementation on functional liver regeneration 
after PVE.

CLINICAL IMPLICATIONS OF PVE
Clinical outcomes after PVE and major hepatic resection
Clinically, the percent increase in the volume of the 
FLR in cirrhotic livers within the first 2-3 wk after PVE 
is reported to in the range of 5% to 10%[10-12], and the 
hypertrophy ratio of the FLR has also been reported to 
be approximately 1.3 to 1.5[10,11,13]. Others have reported 
a rate of hypertrophy in cirrhotic livers of 9 cm2/d at 2 
wk[14]. These figures are significantly smaller than those 
reported in non-cirrhotic livers[14-17]. Nevertheless, most 
previous reports have documented the safety of the PVE 
procedure and of subsequent major hepatic resection 
even in cases with a cirrhotic liver[28-32].

Previous reports have documented satisfactory 
long-term results after PVE and subsequent major 
hepatic resection for HCC (Table 1)[11-18]. The reported 
5-year survival rates range from 44% to 72%, and the 
reported 5-year disease-free survival rates range from 
21% to 56%. These figures are comparable to those 
after major hepatic resections for HCC without PVE. It 
may be deduced that PVE does not have any adverse 
effect on the risk of oncogenesis (i.e., intrahepatic HCC 
recurrence or development of new primary lesions) in 
the FLR after hepatic resection.

PVE also has significance as a preoperative “tolerance 
test”. Indeed, if the liver cannot tolerate PVE, sufficient 
hypertrophy of the FLR cannot be expected, and a 
subsequent major hepatic resection is precluded. In 
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Normal liver function
ICG R15: < 10%

Injured liver function
ICG R15: 10%-20%

Volume % of FLR

Hepatectomy

PVE PVE

> 40% ≤ 40% > 50% ≤ 50%

Figure 1  Indications of portal vein embolization for patients with hepato­
cellular carcinoma. PVE: Portal vein embolization; FLR: Future liver remnant; 
ICG R15: Indocyanine green retention ratio at 15 min.
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of TACE plus PVE before planned major hepatic resection 
may strengthen the effect of PVE while simultaneously 
preventing tumor progression. Our study showed satis­
factory short- and long-term outcomes after sequential 
preoperative TACE and PVE in 17 patients with HCC[15]. 
During the waiting period after PVE, tumor progression, 
as evaluated by measurements of the tumor volume, 
serum alpha-fetoprotein level, and plasma des-γ-carboxy 
prothrombin level, was significantly suppressed.

Another European group compared 18 patients 
who underwent sequential preoperative TACE and PVE 
with 18 patients who underwent PVE alone prior to 
hepatic resection[16]. All the patients underwent a right 
hepatectomy 4-8 wk after the PVE. They found that 
the degree of hypertrophy of the FLR was greater in 
the TACE + PVE group, and that the recurrence-free 
survival period was also significantly longer in the TACE 
+ PVE group than that in the PVE alone group.

A potential concern of sequential TACE and PVE 
is infarction or necrosis of the non-cancerous liver 
parenchyma. Our previous results showed, however, 
that necrosis of the non-cancerous liver parenchyma 
in the resected specimens was minimal. Possibly, reca­
nalization of the hepatic artery abrogates the possible 
adverse effect of dual embolization.

Two-stage hepatectomy with preoperative PVE 
can also be applied in patients with metastatic liver tu­
mors[40]. The tumors in the FLR are removed by limited 
resections as the first step, PVE is performed as the 
second step, and finally, the major hepatic resection 
is carried out as the third and final step. This strategy 
is fascinating, but is rarely performed in HCC patients 
as the surgical indications for bilobar multiple HCC are 
extremely limited.

Alternatives to PVE
PVE vs PVL vs ALPPS
In general, PVL at the right branch is believed to induce 
canalization of the intrahepatic communications of the 
peripheral portal branches within a few days, therefore, 
PVE is considered to be more efficient as compared 
to PVL. However, a meta-analysis has shown only a 
borderline difference in the increase of the FLR volume 

addition to the volumetric increase of the FLR, the 
kinetic growth rate (speed of increase in the volume of 
the FLR) has also been shown to be a predictor of the 
morbidity and mortality after subsequent major hepatic 
resections[33].

Tumor growth after PVE
On the other hand, tumors in the nonembolized liver 
segments have been reported to grow more rapidly than 
tumors in the embolized segments. Alternatively, tumors 
in the nonembolized segments show an enhanced rate 
of progression as compared to their natural history. This 
possible underlying mechanisms for this observation 
are that: (1) the increased arterial blood supply to the 
nonembolized liver segments after PVE can promote 
tumor growth; and (2) the cytokines associated with 
the atrophy-hypertrophy complex can also promote the 
progression of tumors. Several previous reports have 
addressed this issue. Despite some conflicting results, 
accumulating evidence suggests an adverse effect of 
PVE on tumor growth[34-38], although most previous 
studies investigating the risk of tumor growth after 
PVE have dealt with patients having colorectal liver 
metastases.

Tumor growth after PVE, especially tumor growth 
in the nonembolized FLR and/or extrahepatic tumor 
progression, may preclude curative resection. Indeed, 
a recent meta-analysis reported that about 15% of 
patients could not undergo curative resection after PVE, 
and about a half of these patients showed severe tumor 
progression or extrahepatic tumor spread[19].

Sequential transcatheter arterial chemoembolization 
and PVE and two-staged hepatectomy
As mentioned above, the risk of tumor growth after PVE 
may counteract the beneficial effect of PVE. Therefore, 
measures to prevent tumor growth during the waiting 
period before hepatectomy should be considered.

Our group has employed combined transcatheter 
arterial chemoembolization (TACE) with PVE as a 
preoperative treatment in HCC patients. The antitumor 
effect of TACE in cases of HCC has been reported 
previously[39]. TACE is also useful for embolizing the 
arterio-portal shunts in the tumor. Thus, the combination 

Table 1  Clinical outcomes of portal vein embolization for hepatocellular carcinoma

Ref. Year Technique No. of patients Morbidity (%) Mortality (%) 5-yr disease-free survival (%) 5-yr overall survival (%)

Azoulay et al[11] 2000 PVE 10 55 0 21 44
Tanaka et al[12] 2000 PVE 33 - 3 33 50
Wakabayashi et al[13] 2001 PVE 26 -  11.5 40 46
Sugawara et al[14] 2002 PVE 66 - 0    37.9    58.9
Aoki et al[15] 2004 TACE + PVE 24 24 0 47 56
Ogata et al[16] 2006 TACE + PVE 18 39 - 37 -

PVE 18 56 - 19 -
Seo et al[17] 2007 PVE 32 19 0 37 72
Palavecino et al[18] 2009 PVE 21 24 0 56 72

PVE: Portal vein embolization; TACE: Transcatheter arterial chemoembolization.
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after PVE and PVL. The morbidity and mortality of the 
two procedures are similar[41].

Recently, European groups have reported a novel 
approach to rapid liver regeneration in patients scheduled 
for extended right hepatectomy. This procedure, termed 
ALPPS, consists of right portal ligation and in situ splitting 
of the liver parenchyma on the right side of the umbilical 
portion of the portal vein. Schnitzbauer et al[5], who 
published the first report of this procedure, reported a 
marked and rapid hypertrophy of about 75% of the left 
lateral lobe within a median of 9 d. This growth rate has 
been reported to be 11 times higher as compared to that 
after PVE/PVL, and comparable to that in donors after 
living donor liver transplantation[42]. The mechanisms of 
the apparent profound hepatic growth of the FLR after 
ALPPS are unknown, although probably this noteworthy 
phenomenon may be attributable to an abruption of the 
arterial blood flow between the two parts of the liver. The 
same group and others also documented that ALPPS 
significantly improved the chance of curative resection 
for initially unresectable liver tumors as compared to 
conventional PVE/PVL[6,43].

 The concern about this procedure, however, is 
the high morbidity and mortality rates associated with 
it[44,45]. The reported 90-d mortality after ALPPS is 15%, 
while that after PVE/PVL is 6%, and the odds ratio for 
perioperative death was 2.7-fold higher in the patients 
who underwent ALPPS[6]. In addition, a high recurrence 
rate within a short follow-up period has also been 
reported[46]. Based on these observations, Shindoh 
et al[47] concluded that PVE (right portal branch plus 
segment 4) and interval surgery remain the standard 
for patients with small FLRs.

Is ALPPS applicable to HCC patients with cirrhosis? 
The ALPPS series included some patients with HCC 
(about 10% of the patients), and some recent papers 
have documented that ALPPS can be safely performed 
in HCC patients with cirrhosis; however, no detailed 
data are available because of the small number of 
patients[5,6,48]. Currently, the indications of ALPPS for 
HCC patients are extremely limited and each patient 
should be carefully examined as to his/her suitability to 
undergo ALPPS.

Radioembolization
Our group has applied a combination of preoperative 
TACE and PVE to prevent tumor progression during 
the waiting period before surgery. An alternative to this 
strategy is radioembolization, which treats the tumor in 
the embolized lobe along with induction of contralateral 
hypertrophy. An increase in the size of the non-embo­
lized lobe by 42% after radioembolization has been 
reported in cirrhotic livers[49]. A comparison of PVE and 
radioembolization in non-cirrhotic livers has shown that 
PVE induces a greater degree of hypertrophy of the FLR 
than that radioembolization[50]. Nevertheless, this novel 
procedure is promising, as it enables both embolization 
and treatment of the tumor(s) in a single step.

CONCLUSION
Much basic and clinical evidence associated with PVE 
has been accumulated, however, especially for cases of 
HCC with underlying liver cirrhosis or chronic hepatitis, 
the available clinical data are limited. Development of 
safe and reliable novel approaches that can be used in 
combination with PVE to induce rapid hypertrophy of 
FLR, which can be applied even to chronically diseased 
livers, is needed.
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