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Abstract Portal vein occlusion through embolization or
ligation (PVE, PVL) offers the possibility of increasing
the future liver remnant (FLR) and thus reducing the
risk of hepatic failure after extended hepatectomy We
reviewed the indications, scope and applicability of
PVE/PVL in treatment of primary and secondary liver
tumours. A thorough PubMED, Embase, Ovid and
Cochrane database search was carried out for all origi-
nal articles with 30 patients or more undergoing either
PVE and any patient series with PVL, irrespective of
number with outcome measure in at least one of the
following parameters: FLR volume change, complica-
tions, length of stay, time to surgery, proportion resect-
able and survival data. PVE can be performed with a
technical success in 98.9 % (95 % confidence interval
97–100) patients, with a mean morbidity of 3.13 %
(95 % CI 1.21–5.04) and a median in-hospital stay of
2.1 (range 1–4) days (very few papers had data on
length of stay following PVE). The mean increase in
volume of the FLR following PVE was 39.75 % (95 %
CI 30.8–48.6) facilitating extended liver resection after a
mean of 37.13 days (95 % CI 28.51–45.74) with a

resectability rate of 76.88 % (95 % CI 70.91–82.84).
Morbidity and mortality following such extended liver
resections after PVE is 26.58 % (95 % CI 19.20–33.95)
and 2.59 % (95 % CI 1.34–3.83) respectively with an
in-patient stay of 13.57 days (95 % CI 9.8–17.37).
However following post-PVE liver hypertrophy 6.29 %
(95 % CI 2.24–10.34) patients still have post-resection
liver failure and up to 14.2 % (95 % CI −8.7 to 37)
may have positive resection margins. Up to 4.80 %
(95 % CI 2.07–7.52) have failure of hypertrophy after
PVE and 17.46 % (95 % CI 11.89–23.02) may have
disease progression during the interim awaiting hyper-
trophy and subsequent resection. PVL has a greater
morbidity and duration of stay of 5.72 % (95 % CI
0–15.28) and 10.16 days (95 % CI 6.63–13.69) respec-
tively; as compared to PVE. Duration to surgery follow-
ing PVL was greater at 53.6 days (95 % CI 32.14–
75.05). PVL induced FLR hypertrophy by a mean of
64.65 % (95 % CI 0–136.12) giving a resectability rate
of 63.68 % (95 % CI 56.82–70.54). PVL failed to
produce enough liver hypertrophy in 7.4 % of patients
(95 % CI 0–16.12). Progression of disease following
PVL was 29.29 (95%CI 15.69–42.88). PVE facilitates
an extended hepatectomy in patients with limited or
inadequate FLR, with good short and long-term out-
comes. Patients need to be adequately counselled and
consented for PVE and EH in light of these data. PVL
would promote hypertrophy as well, but clearly PVE
has advantages as compared to PVL on account of its
inherent “minimally invasive” nature, fewer complica-
tions, length of stay and its feasibility to have shorter
times to surgery.

Keywords Portal Vein Embolization(PVE) . Portal Vein
Ligation (PVL) . Future Liver Remnant (FLR) .

Liver hypertrophy

S. Vyas : S. Markar : C. Imber :M. Malago
Hepato-biliary and Pancreatic Surgery Unit, Royal Free Hospital,
London, UK

S. Partelli :H. M. Kocher
Hepato-biliary and Pancreatic Surgery Unit, Royal London Hospital,
London, UK

T. Fotheringham :D. Low
Interventional Radiology Barts and the London HPB Centre,
The Royal London Hospital, London, UK

S. Vyas (*)
HPB and Liver Transplant Unit, Royal Free Hospital, Pond Street,
London NW3 2QG, UK
e-mail: soumil_v@yahoo.com

Indian J Surg Oncol (March 2014) 5(1):30–42
DOI 10.1007/s13193-013-0279-y



Introduction

Liver resection offers the best survival advantage for primary
and secondary liver cancers. Metastases are considered resect-
able, when all can be resected completely (R0) with negative
margins while leaving adequate functioning liver parenchyma
behind [1]. Thus the concept of resectability has been freed
from the domains of the number and size of metastases and
rests exclusively on oncological clearance and Future Liver
Remnant (FLR) both in terms of its quality and volume.

Up to 45 % of patients with primary and secondary liver
tumours will require an extended hepatectomy to achieve
negative margins [2]. The major limitation for extended hep-
atectomy (EH = excision of five or more than five liver
segments) is the lack of adequate and functioning future liver
remnant (FLR). PVE (per-cutaneous or at laparotomy) or PVL
(at laparotomy or laparoscopy) offers the possibility of in-
creasing the FLR and thus reducing the risk of post-operative
hepatic failure after EH. Specifically, morbidity and mortality
increases when the FLR in non-cirrhotic patients is less than
20–25 % of the total liver volume and less than 40 % in those
with chronic liver disease including cirrhosis [3–6]. With the
advent of newer chemotherapeutic agents, such as cetuximab
and bevacuzimab, [7, 8] especially for metastatic colo-rectal
cancer, and locally ablative therapies such as radiofrequency
ablation (RFA), [9] more patients are being increasingly
downstaged and rendered suitable for liver resection. In addi-
tion, increasing surgical experience and centralisation of
hepato-biliary surgery has reduced the risk of peri-operative
mortality after major liver resection including extended hepa-
tectomy to less than 5 % [10–12]. Even patients with extra-
hepatic metastatic disease are offered hepatic resection, pro-
vided all disease can be successfully resected or ablated [13,
14]. Two stage hepatectomy, with intervening PVE or PVL, is
now being routinely offered in major liver units to eradicate
the liver tumour burden especially for colorectal and neuro-
endocrine tumours [15, 16]. Thus, PVE and PVL has become
an essential tool in the armamentarium of the multimodality
treatment of primary and secondary liver tumours [17, 18].
The liver receives approximately 80 % of its blood from the
portal vein and 20 % from the hepatic artery. Occlusion of the
portal venous blood flow into the liver segments redirects the
entire portal flow into the non-occluded contra lateral
lobe/segments and promotes hypertrophy. Rous was the first
to describe this atrophy-hypertrophy experimentally in rabbits
after portal vein ligation in 1920 [19].

The first human description was in 1956 by intentional
occlusion of the portal vein as well as bile ducts [20]. The
Japanese applied this clinical observation into clinical practice
for extended liver resection in the late 1980s [21–23]. Tech-
nically portal vein occlusion can be achieved by two main
approaches: portal vein ligation (PVL)-surgical (direct liga-
tion: either open or laparoscopic, PVL) and portal vein

embolization – PVE: transileocolic portal embolization,
(TIPE) and percutaneous transhepatic portal venous emboli-
zation – PTHPE (ipsilateral or contra lateral punctures). TIPE
is no longer routinely used. In this article, we discuss the
indications and outcomes for PVE and PVL based on system-
atic review of the major consecutive series with a large cohort
of patients and summarise the world experience with this
emerging modality in treatment of liver tumours.

Methods

A thorough PubMED, Embase, Ovid and Cochrane database
search for all original articles with 30 patients or more under-
going either PVE and patient series (irrespective of number)
undergoing PVL was carried out by SV, SM, SP and HMK.

No defined limit in terms of patient numbers was set for
PVL, as the procedure itself is not very common and the
literature pertaining to the same, when compared to PVE is
lesser. Additionally any RCTs or meta-analysis were included.
Free text searches were done using phrases such as ‘portal
vein embolization’, portal vein embolization’ ‘portal vein
ligation’, ‘extended hepatectomy’, ‘clinical trial’, ‘meta-anal-
ysis’ and this was further extended with the ‘Related article’
search function of PubMED and hand-searches of bibliogra-
phy. The articles had to describe at least one of the following
parameters as outcomemeasures: FLR change, complications,
length of stay, time to surgery, proportion resectable and/
disease progression data. Initial search for PVE revealed 245
articles (of which 27 case series had ten or more patients) and
for PVL 23 articles (6 articles eligible). We selected 20 articles
containing 30 patients or more who had portal vein emboli-
zation (excluding review articles, meta analyses and articles
from the same unit over overlapping time periods) [6, 17,
24–40]. We however included one paper with 27 patients
coming from a well known unit in Paris, as these patients
were a part of the only prospective randomised trial on PVE
[26]. Six papers describing Portal Vein Ligation (PVL) were
analysed [35, 41–44]. Two papers had a combined cohort of
patients who were partly divided between PVE and PVL [33,
35]. Analysis from these papers took into account each group
individually. From these article the collated data included
1,532 patients (from published series) who had PVE and 93
patients who had PVL. The data was collated in excel spread-
sheets and any controversial interpretations were resolved by
DL and TF.

Results

As depicted in Table 1, from the papers studied a total of 1,532
patients underwent PVE to facilitate liver hypertrophy and
resection. There was an equitable distribution between
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Colorectal metastases 656 (42.81 %) and primary hepato-
biliary malignancies (CA GB, CC, HCC) 660 (43.08 %).
Other metastatic lesions accounted for 195 patients
(12.73 %). There were six retrospective studies looking cu-
mulatively at 93 patients who underwent PVL to facilitate
liver hypertrophy. In the PVL group (n=93) also, predictably
CRC were the dominant disease pathology with 64 patients
(68.81 %) (Table 3). Following PVE the mean resectability
rate was 76.88 %. 17.46 % failed resection due to disease
progression while failure of hypertrophy in 4.8 % of patients
prevented resection (Table 4). Mean post-operative morbidity
in the PVE group was 26.58 % (95 % CI 19.2–33.95) with
liver failure in 6.29 % (95 % CI 2.24–10.34).%. The mean
surgical mortality following liver resection in the PVE group
was 2.59 (95 % CI 1.34–3.83)% (Table 4). The mean mor-
bidity from PVL as a surgical procedure was 5.72 %. As
would be evident from Tables 1 and 2, the time to discharge
following PVL was much higher than PVE (10.16 days v/s
2.1 days). Failure of hypertrophy in the PVL group was 7.4 %.
(Table 4). As would be expected due to prolonged stay fol-
lowing PVL, patients after PVL took a longer time to come to
definitive respective surgery as opposed to patients who had
PVE (53.6 days v/s 37.13 days). From the data given PVL
seems to have produced significantly greater FLR hypertro-
phy when compared to PVE (64.65 % v.s 39.75 %). This data
must however be interpreted with caution as one specific
paper looking at PVL produced a significantly high FLR
hypertrophy when compared to any other publication [43].

Inspite of the greater FLR hypertrophy in the PVL group,
the resectability rate was higher in the PVE group (76.88 %
v/s 63.68 %). This difference we feel must be attributed to the
greater time taken for patients to come to resection in the PVL
group, which also explains the higher rate of interval disease
progression in the PVL group (29.29 % PVL v/s17.46 %
PVE). Interestingly failure of hypertrophy was also greater
in the PVL group (7.4 % v/s 4.8 %). There was no operative
mortality in the PVL group (Tables 2 and 4).

The summary of results is presented in Tables 1, 2, 3, and 4.

Technical Aspects – Percutaneous Portal Vein
Embolization

Portal Vein Occlusion (embolization or ligation) is performed
to allow hypertrophy of the contralateral FLR Some of the
early reports of Portal Vein Embolization described achieving
access to the portal vein, through the ileo-colic vein (TIPE) or
a jejunal vein at laparotomy [28, 45]. However the laparotomy
required for this was a potentially morbid procedure inbuilt
with its risks and complications. With improvements in in-
strumentation and interventional radiology, the “minimally
invasive nature” of the percutaneous approach has taken over.
As such in a recent meta analysis it was demonstrated that

liver hypertrophy following PTHPE was greater than the trans
ilio-colic portal route for embolization, making the
transhepatic approach a more favoured modality to embolize
the portal vein [46]. Peraranau et al., extended their experience
with TIPS to achieve Transjugular portal vein embolization
(TJPE), and found this to be safe and effective [47]. A periph-
eral branch of the portal vein to be embolized was accessed
through the middle, left or right hepatic vein accessed via the
internal jugular vein [47]. The percutaneous transhepatic
(PTHPE) approach to portal vein embolization now is the
standard uniform method followed world over. Detailed tech-
niques and methods of PVE have been described in more
extensive reviews on the subject [48, 49]. As has been sug-
gested by some experts, PVE through an ipsilateral approach
avoids instrumentation of the FLR, which could result in
damage to the hepatic parenchyma along with increased risk
of contralateral portal vein thrombosis [25, 50]. To describe
the procedure briefly - intravenous antibiotics (1.2 g co-
amoxiclav are administered prior to the procedure and the
procedure carried out under conscious sedation). Access is
gained via an ultrasound guided fine needle puncture of the
ipsilateral or contralateral peripheral portal vein branch. This
access is then upsized and an 8 F vascular sheath inserted. A
portogram is obtained via a catheter positioned in the main
portal vein. This allows assessment of anatomy and patency of
the contralateral portal system during the procedure.

The use of various embolic materials has been reported -
gelatine sponge polyvinyl alcohol particles, histoacryl glue
and/or a combination of the above. A 16 mm nitinol plug.
(AMPLATZER® Vascular Plug) may be positioned in the
right portal vein (if the right liver is being embolised) approx-
imately 1 cm distal to the left (contralateral) portal vein origin.
Once the position is confirmed and is satisfactory, the plug is
deployed (Figs. 1 and 2). Since potential intrahepatic
collateralisation of the portal veins may occur following oc-
clusion of the main portal vein, therefore a second embolic
agent - a mixture of histoacryl glue and iodinised oil in a ratio
of 1:6 is used to embolise the more distal branches of the right
portal vein until stasis of flow (venous thrombosis does not
occur immediately on deployment of the vascular plug and
may take up to 15 min) [51]. Once satisfactory embolization
has been obtained, the entry tract is embolised with gelatine
sponge pledgets (Gelfoam®, Pfizer, New York, USA). This is
because histoacryl glue can be very painful if spilled into the
abdominal cavity. Likewise in patients where patients qualify
for a left extended hepatectomy, with disease sparing right
lobe of the liver, hypertrophy of right lobe can be achieved by
embolization of the left portal vein, thereby facilitating selec-
tive hypertrophy of the posterior segments and hence facili-
tating a left extended hepatectomy. Among the embolic ma-
terials, cyanoacrylate has been found to be a very reliable
agent (as compared to gelfoam and thrombin) [28, 29]. Cya-
noacrylate produces portal vein occlusion which lasts for at
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least 4 weeks and also produces a greater volume of liver
hypertrophy [28, 29, 46]. However, because of its ability to
produce an intense fibrotic reaction – it can cause significant
peribiliary fibrosis around the portal vein, making surgery
diffucul [28, 29, 46].

In our experience also, we have found this method to be
relatively simple, with a shorter procedural time compared
with selection and embolization of subsequent portal vein
branches, and there is minimal risk of non-target embolization
of glue into the FLR, which may jeopardise hypertrophy.
Following the procedure, the patient is admitted overnight
for routine post procedural care and analgesia.

Discussion

Indications

PVE is indicated to facilitate a major liver resection to help
obtain a complete R0 resection. It may be used prior to a
proposed Extended Hepatectomy in patients with a normal
liver or even prior to a right/left hepatectomy in patients with
cirrhosis or chronic liver disease. This is because the hepatic
reserve in these patients is prohibitive to facilitate a standard
hemihepatectomy and hence further hypertrophy of the liver
may be indicated prior to a hemihepatectomy [3–6]. Individ-
uals with a normal background liver would be able to tolerate
removal of up to 70–75 % of the liver without significant risk
of post-operative liver failure [12, 27, 29]. In patients with
chronic liver disease, including cirrhosis and liver damage
from previous chemotherapy, up to 40 % of FLR would be
required to permit a safe resection. Beyond these limits, the
risk of liver failure and surgery related complications signifi-
cantly increase [12, 27, 29]. The amount of liver left back afterTa
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Table 3 Distribution of patients

PVE group PVL group

CRC 656(42.81 %) 64 (68.81 %)

Primary HPB malignancies 660 (43.08 %) 11 (11.82 %)

– - HCC :214 - HCC :2

- GB Ca:139 - CC : 9

- CC :307 s

OM 195 (12.73 %) –

NET 21 (1.37 %) 18 (19.35 %)

Hemangiomas - NET : 14 - NET :18

Benign - Benign/Misc: 06

Misc Lesions - Hemangioma: 01

1532 93

CRC colorectal metastases, CCA cholangiocarcinoma, OM other metas-
tases,HCChepatocellular carcinoma,GBCacarcinoma gall bladder,NET
Neuroendocrine tumours, MiscMiscellaneous lesion
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liver resection, has now been defined as the most important
single prognostic factor that would determine recovery fol-
lowing a major liver resection.

The planning of an extended resection hence in this context
should take into account both the quantity (volume) and the
quality of the remnant liver following a proposed resection.
Indocyanine Green Clearance and Liver Volumetry provide
objective evidence of liver function when planningmajor liver
resections, in borderline situations-1.

1. ICG clearance – Indocyanine Green Clearance Test – an
ICG retention rate of 15% at 15min (ICGR15 of 15%) is
considered the upper limit to permit major liver resection
[52].

2. Liver Volumetry – this can be determined either on triple
phased contrast enhanced CT scan or MRI Liver. Liver
volumetry using technetium −99 m galactosyl human
serum albumin (HSA) has also been described [2]. The
FLR/TELV ratio is calculated and expressed as a

Table 4 Outcomes

a Only 2 papers mentioned this,
the value being 14.28 % in the
only series which had it
[42, 44] – ref Table 2.

PVE group PVL group

Morbidity/Complication 3.13 % (95%CI 1.21–5.04) 5.72 % (95 % CI 0–15.28 %)

Length of stay following
procedure -days

2.1 (95 % CI 1–4) 10.16 (95%CI 6.63–13.69 %)

Increase of FLR (%) 39.75 % (95%CI 30.8–48.6) 64.65 % (95 % CI 0–136.12 %)

Failure of hyperptrophy
precluding surgery (%)

4.8 % (95 % CI 2.07–7.52) 7.4 % (95 % CI 0–16.12)

Time to surgery - days 37.13 (95 % CI 28.51–45.74) 53.6 (95%CI 32.14–75.05)

Resectability rate (%) 76.88 % (95 % CI 70.91–82.84) 63.68 % (95 % CI 56.82–70.54)

Disease progression (%) 17.46 % (95 % CI 11.89–23.02) 29.29 % (95 % CI 15.69–42.88)

Length of stay following liver
resection- days

13.57 (95 % CI 9.8–17.37) 13 (95 % CI 10.84–15.16)

Morbidity following liver resection 26.58 (95 % CI 19.2–33.95) 25.37 %(95 % CI 0–53.39)

Post resection liver failure 6.29 % (2.24–10.34) 14.28 %a

Post resection mortality 2.59 % (95 % CI 1.34–3.83) –

Fig. 1 PVE in progress Fig. 2 Completed PVE
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percentage to express the amount of FLR (TELV; Total
estimated liver volume = Total liver volume-tumour vol-
ume) [1]. As stated earlier a FLR/TELVof a minimum of
25 % in a normal liver would be required to permit a safe
resection, while a FLR/TELVof at least 40 % would be a
minimum requirement in the background of chronic liver
disease, even in livers wherein prior chemotherapy has
been given [1].

PVE may therefore be performed in the above situations
when the numbers are prohibitive to proceed with a resection
straightaway. Some researchers have also proposed a FLR/
Body weight ratio as a more accurate indicator of future liver
function and defined a value of less than 5 % to be at a
significant risk of post-operative liver failure [1, 53, 54].

Contraindications

Presence of disease in the contra lateral lobe and the FLR is a
relative contraindication to PVE. This is because as portal
venous flow is re directed to the liver lobe following emboli-
zation could potentially promote growth of the liver metasta-
ses along with that of the liver. In such instances, a two stage
hepatectomy could be performed. The first stage hepatectomy
is aimed at disease clearance from the “prospective non-
embolized liver lobe” followed by a contra-lateral PVE or
PVL. The second stage hepatectomy is then performed fol-
lowing PVE to obtain complete disease clearance. Jaeck et al.
in their review of 33 patients with a two-stage hepatectomy
and PVE for colorectal liver metastasis reported the procedure
to be safe and achieve equivalent survival rates as compared to
patients undergoing single stage liver resections without PVE
[15].

Biliary obstruction is contra-indication for PVE. As PVE
can induce changes in the liver function, it is important that
liver function be optimised prior to PVE. Hence in patients
with obstructed biliary system and jaundice, decompression of
the obstructed biliary system to facilitate recovery of liver
function pre PVE is an essential prerequisite to facilitate a
safe PVE. In a review of 240 patients with biliary cancer who
underwent extended resections following PVE, all patients
with jaundice had a pre- PVE percutaneous transhepatic bili-
ary drainage (PTBD) [6] Embolization of the portal vein in the
presence of an unobstructed biliary tree, predisposes to sepsis
and cholangitis. Presence of unresectable local or distant
metastatic disease – precluding resection is an absolute con-
traindication since this patient would never qualify for a
resection. Performing Portal Venous Occlusion in such a
patient exposes the patient to the potential morbidity of portal
occlusion, without any benefit whatsoever. Presence of tu-
mour thrombus in the main portal vein, contra-lateral portal
vein is a relative contraindication to PVE for technical rea-
sons. Tumour invasion of the arterial blood supply or

thrombosis of the artery to the embolized lobe could induce
complete ischemia [3].

Imaging and Assessment of FLR

Contrast enhanced triple phase (pre-contrast, arterial phase
and portal venous phase) Multislice Computed Tomography
is the standard imaging modality for evaluation of hepatic
lesions and volumetry of the proposed FLR. Some liver units
have been regularly using Magnetic Resonance Imaging
(MRI) to measure liver volumes on a regular basis. Liver
regeneration peaks within the first 2 weeks after PVE [48]
and reaches a plateau within 1 to 2 months [24, 55]. In
cirrhotic patients and in those with chemotherapy induced
liver dysfunction, the rate of regeneration and hypertrophy is
slower [56]. Imaging of the liver has been reported at varying
intervals between 3 and 8 weeks [46]. In a meta-analysis
published recently the mean duration to imaging was 29 days
[46]. Imaging is done to evaluate.

1. Degree of hypertrophy and calculate FLR with regard to
resectional plan.

2. Re-stage the tumour burden and exclude disease progres-
sion: intra- or extra-hepatic.

Despite various formulas being used to calculate volumes
of the FLR [46, 49, 56–58] and inspite of errors in volumetric
measurements due to partial volume effect, effects of respira-
tion and inter-observer variations volumetric studies have
usually been accurate to within +/− 5 % [56]. Percutaneous
PVE has been known to induce an increase of the FLR volume
of 34.5 % (95 % CI 23.5–45) [22, 30, 44, 56, 59–61]. Insuf-
ficient hypertrophy of the FLR after PVE was seen in 7.3 %
(95 % CI 5.1–9.5) of patients [30, 34, 58]. The incidence of
interval disease (intra or extra-hepatic) progression is 20 %
(95 % CI 15.6–24.7) [30, 34, 51].

Safety, Morbidity and Complications

Percutaneous transhepatic PVE(PTHPE) has a technical suc-
cess rate of 98.9% (95% confidence interval 97–100). PVE is
associated with a morbidity of 1.2 % (95%CI 1.2–4.6) and an
in-patient stay of 2.1 days (range 1–4) [17, 30, 46, 59]. PVL
has a longer in-patient stay and higher morbidity (Table 4).
Changes in liver function are usually minor and transient
(50 % of patients have no appreciable change) [6, 48]. The
elevated transaminase levels generally return to normal within
7–10 days following the procedure. Transaminase levels when
they rise generally peak at 3 times normal in about 3 days
following the procedure [46]. The only significant common
adverse event is the postembolization syndrome consisting of
fever and thrombocytopenia [6, 17]. Rarer events include
necrosis, bile leak haemorrhage and abscess formation [17,
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62]. As mentioned earlier, cannulation of the ileo-colic vein at
laparotomy, to achieve PVE is no longer a favouredmethod of
embolising the liver, due to the attendant morbidity of a
laparotomy [28, 45]. The intense fibrotic reaction associated
with cyanoacrylate may also be responsible for a greater
deterioration of liver functions post-embolization when this
agent is used [62].

Resection Rates and Operative Morbidity/Mortality
Following Surgery

In a meta analysis with 37 publications and 1,088 patients, 930
(85 %) patients underwent a laparotomy for an intended major
hepatectomy, following PVE 772 patients had a resection giv-
ing an overall resectability rate of 70.95 % [46]. Resection rates
following PVE have varied from 58 to 100 %, with an accept-
able post-operative morbidity and mortality [48, 49, 56, 58].
The mean resectability following PVE/PVL was 78 % (95 %
CI 73.3–83). Failed resections have resulted due to a combina-
tion of factors including interval progression of disease – both
systemic and local disease, failure of hypertrophy of the FLR
and patient factors including a sub-optimal general condition to
permit a safe hepatectomy [3, 6, 30, 46].

Liver Failure, Morbidity and Mortality

The incidence of transient liver failure following 772 post-PVE
liver resections has been reported at 2.5 % [46]. The mortality
figure for these 772 resections, from 37 publications is. 2.07 %.
The morbidity has been reported at 19.2 %, which is compara-
ble to complication rates from liver resections without PVE [46,
56]. Mortality from acute liver failure due to insufficient liver
remnant following resection has been reported at 0.8 % [46].
Mortality figures range from 0 to 6.5 % in patients without
cirrhosis and about 6–7% in cirrhotics [56]. Use of neoadjuvant
chemotherapy in patients with PVE, is not an adverse prognos-
tic factor. Fong et al. demonstrated that in patients undergoing
neoadjuvant chemotherapy, chemotherapy associated
steatohepatitis (CASH) did not adversely impact liver regener-
ation or the patients ability to undergo liver resection [17]. In an
interesting study Hemming et al. found no difference in post-
operative mortality with or without PVE [59]. However pa-
tients with PVE had a lesser post-PVE morbidity in their study
[59]. Belghiti et al. in a prospective clinical trail demonstrated
that PVE facilitated a safer right hepatectomy in patients with
chronic liver disease when compared to patients with normal
liver [26]. The entire concept of PVE is therefore to convert a
high risk procedure into that of a lower risk (Figs. 3 and 4).

Long Term Survival

Azoulay et al. reported a 40 % 5 year survival rate for patients
with colorectal liver metastases undergoing liver resections

[3]. These results are comparable to survival data for patients
having liver resections for colorectal metastases without PVE
[3, 5]. Similarly Abdalla et al. reported a 65% 3 years survival
rate in patients undergoing liver resection for hepatobiliary
malignancies after PVE [5]. These survival data demonstrate
an absolute survival advantage for majority of such patients,
since in the absence of PVE, they would otherwise have been
unsuitable for any treatment with an intended cure in the first

Fig. 3 Pre-PVE image. The marked area shows the FLR intended for
hypertrophy

Fig. 4 Post-PVE image. The marked area shows an increase in the FLR
after successful PVE
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instance. Nagino in his study of 240 PVEs for primary
hepatobiliary malignancies (cholangiocarcinoma and gall-
bladder cancers), found an unequivocal benefit in the cholan-
giocarcinoma group [6]. PVE facilitated extended resections
in these patients with cholangiocarcinomas who were other-
wise unresectable due to borderline liver volumes, with im-
proved post-operative recovery and acceptable survivals [6].
The benefit of PVE in patients with gall bladder cancers was
less obvious presumably due to more aggressive disease biol-
ogy and more complex surgical procedures that were per-
formed in conjunction with the hepatectomy [6]. In patients
with HCC in the background of cirrhosis or fibrosis, PVE
increased the possibility of performing a safe hepatectomy in
by 47 % [62]. This is significant since in the absence of PVE
these patients would not have had surgery, due to lack of
adequate FLR. By facilitating complete resectional surgery,
in these patients PVE optimised the chance of cure in these
patients who were otherwise candidates for non-surgical in-
tervention [62]. In these patients with HCC in the background
of cirrhosis/fibrosis, PVE may also potentiate the beneficial
effects of TACE (transarterial chemoembolization) apart from
preventing metastatic spread via the portal vein [62]. In yet
another study on HCC, PVE improved long-term survivals,
minimized local recurrence and facilitated curative surgery in
a significant proportion of patients with HCC when compared
to an equivalent group who underwent TACE [32]. Dong and
collegues achieved a 5 years survival rate of 71.9% in patients
who had PVE followed by surgery for HCC [32]. In another
interesting study Elie Oussoultzoglou et al. reported a reduced
rate of intrahepatic recurrence in patients undergoing right
hepatectomy for unilobar CLM following PVE [63]. They
suggested that preoperative PVE could contribute to reduce
peri-operative tumour shedding and intraoperative
intrahepatic dissemination [63].

PVE and Chronic Liver Disease

Belghiti in his study on PVE prior to right hepatectomy
reported failure of liver hypertrophy in 14 % of patients with
some form of chronic liver disease including cirrhosis [26].
Failure of liver hypertrophy in patients with cirrhosis and
chronic liver disease has ranged from 2 to 20% [56]. Presence
of chronic liver disease prevents liver regeneration in these
patients and Belghiti suggested that liver regeneration should
be considered as a dynamic liver function test [26]. Failure of
liver hypertrophy thus contraindicates resection [26]. In addi-
tion, diabetes is a poor prognostic factor for liver hypertrophy
and patients with diabetes after PVE often have poor liver
hypertrophy [4]. It appears that high portal vein pressure and
portal hypertension in cirrhosis and chronic liver disease
produces significant porta-systemic shunts, thereby diverting
blood flow away from the liver thereby restricting liver hy-
pertrophy in portal hypertension [24, 26]. In a meta analysis,

Jiao et al. have shown that in patients with borderline liver
volumes, PVE is an essential procedure, facilitating liver
resection without post-operative liver failure [46].

Debate and Controversy

Although no direct comparisons of ipsilateral v/s contralateral
methods of PTHPE have beenmade, each of these approaches
has its advantages and disadvantages.

In certain cases, there is the potential risk of puncture through
tumour tissue, which may result in tumour seeding [64]. Tech-
nically also embolization of the right portal vein has been report-
ed to be more diffucult through an ipsilateral puncture as com-
pared to the contralateral technique where cannulation of the
right portal vein seems to be easier [64]. However an ipsilateral
puncture avoids instrumentation of the contralateral healthy liver
and portal vein, thereby preventing damage to the liver and portal
vein thrombosis which may at times prevent resection [56, 64].
Since an extended right hepatectomy involves removal of seg-
ment 4 aswell, embolization of the segment 4 branches of the left
portal vein in addition to right portal vein could theoretically
enhance selective hypertrophy of the caudate lobe and the left
lateral segments. Present data and evidence do not show any
benefit or increased hypertrophy rates of segment 2 and 3
irrespective of whether segment 4 branches were embolized or
not [30, 54]. However embolization of segment 4 vein has been
found to be both and effective in some studies [65]. However an
attempt to embolize the segment 4 portal radicals along with the
right portal vein, may risk occlusion of the left portal vein [24,
30, 54, 65]. Segment IVembolization is advised for oncological
reasons when there is disease in segment 4 which may poten-
tially progress after right portal vein embolization [66, 67].
Given the impact PVE has had on resectability it would be
unethical to test its efficacy through a randomized trial, since a
proportion of patients would then be denied potentially curative
surgery, based on inadequate liver size and function [1, 56].

Does PVE Induce Tumour Growth?

It had been reported that PVE may induce tumour growth and
hence patients may be at an increased risk of recurrence
following PVE [59, 68]. This was analogous to the fact that
some studies reported an increased risk of disease recurrence
in the liver after a major liver resection [63]. In both instances
it is speculated that there may be an increased release of
growth factors and cytokines in the circulation leading to a
growth stimulus and hence an increased risk of disease recur-
rence [59]. In patients undergoing major liver resection, intra-
operative shedding of tumour cells may also contribute to the
increased incidence of disease recurrence [63, 69–71]. How-
ever no substantial and convincing evidence has been ever
produced to prohibit use of PVE, as it would increase the risk
of intra-hepatic disease recurrence.
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Evidence in this respect seems to be weak and presently
PVE is considered to be a safe oncological procedure with no
propensity to accelerate tumour growth in any form. However
as PVE redirects the entire portal blood flow to the contralat-
eral liver (FLR), complete absence of disease and disease
clearance from this liver segment is an absolute mandatory
requirement prior to PVE. This is because portal blood supply
along with all its hepatotropic factors while will stimulate liver
hypertrophy will also promote increase in the size and number
of liver metastasis in the FLR. Hence presence of disease in
the FLR is an absolute contraindication to PVE. With the
feasibility of safe PVE and its proven success, surgeons ex-
tended its role to treat patients with initially unresectable
bilobar liver metastases using the 2 stage hepatectomy and
PVE in combination [15]. In this process, patients underwent
either resection or RFA of the liver metastases located in the
FLR (contralateral liver). Subsequently they underwent PVE
and had curative resection of the ipsilateral liver [15]. Using
the 2 stage hepatectomy combined with PVE, Jaeck et al.,
could successfully achieve complete disease clearance in
75.75 % of their patients with colorectal liver metastases
[15]. Similarly Adam et al. combined PVE with a 2 stage
hepatectomy to improve resectability [72]. PVE is recom-
mended to improve resection rates in patients with borderline
liver volumes and this translates into better overall survival.

Portal Vein Ligation

Kianmanesh et al. and others ligated the right portal vein in 20
patients during the first step of the 2-stage hepatectomy and
found this to be a safe and effective method of inducing
contralateral liver hypertrophy and increase tumour resection
rates [44]. Although the morbidity of the procedure in this
series was 5 %, all patients in this series underwent resection
of their primary along with their left sided liver metastasis and
hence the morbidity cannot be solely attributed to PVL. PVL,
is intended to achieve contralateral liver hypertrophy in a
similar manner to that achieved by PVE. Honjo et al. in
1975, first described this approach of PVL to achieve contra-
lateral liver ypertrophy, in their patients with Hepato Cellular
Carcinoma (HCC) [41]. A pubmed search for PVL did not
generate a comparable volume of citations as it did for PVE.
This is obvious because of the ease of PVEwhen compared to
PVL, which is a formal operative procedure attendant with
more risks and greater morbidity when compared to PVE. In
all the five papers mentioned in Table 2, patients underwent
right portal vein ligation. Portal vein ligation was achieved at
initial laparoscopy for staging liver disease [43] or laparotomy
during the first stage of an intended 2 stage hepatectomy/
resection of the primary tumour [35, 41, 42, 44]. In their
experience with portal vein ligation in nine patients, Are at
al found the technique to be safe and effective resulting in
resections in more than half the patients in the cohort, and

advocated its selective use where feasible [43]. When per-
formed during a laparoscopic staging as a part of disease
evaluation, it avoids a second procedure for PVE, and hence
may be more cost and time effective. In their comparative
analysis, Belghiti et al., found right PVL as efficient as right
PVE to achieve liver hypertrophy and facilitate resection [42].
PVL in particular, was not associated with a more diffucult
operation and did not specifically have greater post-operative
morbidity when compared to PVE. Belghiti et al. recommend-
ed PVL to be performed during the first stage of a 2- stage
hepatectomy or during excision of the primary tumour when a
subsequent hepatectomy is planned [42]. However in contrast
to the above two reports, Broering et al. reported PVE to be
more effective than PVL for induction of liver hypertrophy
[39]. This may be due to the fact that PVL achieves a more
central occlusion of the portal blood flow against the more
peripheral occlusion achieved by PVE. This creates more
portal collaterals in the region of the right lobe, which apart
from making surgery technically diffucult also may limit liver
hypertrophy as it may not obtain complete portal flow diver-
sion to the contralateral FLR [30, 41]. This was also seen in
our present analysis wherein although PVL produced greater
liver hypertrophy as compared to PVE, it also had a greater
number of patients with insufficient hypertrophy as compared
to PVE, presumably secondary to increased collateralization,
limiting hypertrophy. This was inspite of longer waiting times
to surgery in the PVL group. However PVL was found to be
safe procedure in this study and there were no significant
differences in the operative outcomes after either PVE or
PVL [41]. PVL has been its increased length of hospital stay,
when performed as an independent isolated procedure. Sec-
ondly PVL involves hilar manipulation and dissection, which
by the virtue of adhesions created make a future hepatectomy
more difficult [17, 30, 35, 59]. Based on the reviews on the
subject, one can summarize that PVL is safe and may be
carried out during a laparotomy for an intended liver resection
or during the first stage of a 2 stage hepatectomy. Hence when
the patient has had a laparotomy for a reason, the opportunity
may be utilized to ligate the portal vein to achieve contralateral
liver hypertrophy. This would prevent a second intervention.
However in other circumstances PTHPE by the virtue of it’s
inherently “minimally invasive” nature when compared to a
laparotomy may be a more sutaible procedure to achieve liver
hypertrophy. It is safe, involves a short hospital stay and is
unquestionably an effective means of achieving liver hyper-
trophy, facilitating extended resections.

Conclusions

Review of any literature on PVE/PVL will confirm beyond
doubt unequivocal evidence that the volume of the residual
liver post-resection, is the single most important prognostic
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factor that determines recovery following liver resection rather
than the volume of the liver removed. This therefore indirectly
is expected to improve curative resections which would trans-
late into improved disease free and overall survivals. PVE and
PVL, both are useful, safe and perhaps an essential measure to
induce liver hypertrophy in selected patients. Increase in the
FLR in these patients boosts the chances of oncologically
curative (R0) extended hepatectomy and hence improves the
overall survival.Where used as an independent modality, PVE
is “minimally invasive”, quick, associated with a smaller
length of stay and facilitates an easier future hepatectomy
due to lack of adhesions and collaterals as compared to
PVL. As will be evident from the manuscript, it will never
be possible to carry out a trial comparing the two modalities.
PVE should be used in the multimodality setting alongside
surgery, ablation and chemotherapy. PVL promotes hypertro-
phy as well and may be used in selected cases during a
laparotomy for resection of the primary tumour or during a
first stage hepatectomy.
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