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Introduction

Thanks to the advances in preoperative and postoperative 
management of surgical patients, the rates of morbidity 
and mortality have been significantly reduced in the recent 
years (1,2), allowing the introduction and development 
of minimally invasive surgery also for complex cases (3). 
Actually the rate of perioperative mortality after major 
hepatectomy (≥3 segments) is less than 5% (4). One of the 

main goals of major liver surgery is represented by avoiding 
post-hepatectomy liver failure (PHLF), which still remains 
the main cause of mortality after major liver resection (1).  
PHLF is unequivocally related to quality of liver and to 
quantity of future remnant liver (4). In recent era, the 
development of even more precise tools (morphologic and 
functional) allow to calculate the correct value of FRL 
(without non-functional tumour volume), the rates of PHLF 
is quite low (4,5). Generally, in relation with the quality 
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of liver parenchyma, we consider safe a FRL of ≥20% of 
volume in case of normal liver, ≥30–40% for severe steatosis 
and cholestasis, and ≥50% for cirrhotic patients. Another 
important correlation has been determined among FRL 
and Body weight, called Remnant Liver Volume to Body 
Weight Ratio (RLV-BWR) determining a ratio that could 
indicate if the future remnant liver is enough. Actually, in 
case of normal liver, the minimal value of RLV-BWR of 
liver is 0.5%, in case of steatosis and cholestasis is 0.75%, 
and in case of cirrhosis can be considered 1% (5).

In order to reduce the risk of PHLF, different strategies 
have been described to induce a compensatory hypertrophy 
of marginal FRLV. Most of them base their functioning on 
augmentation of portal pressure, who directly induce liver 
hypertrophy. This augmentation of pressure, overstressing 
the portal vein wall, induce the hyper-expression of the 
genes who are involved in liver regeneration (6). This 
capacity to induce regeneration in case of liver damage 
and portal flow variations (7), induce tumour necrosis 
factor alpha (TNFa) and interleukin 6 (IL-6) to stimulate 
duplication of hepatocyte under control of growth factors. 
In a second period, a hypertrophy of the hepatocytes induce 
the volume growth. Furthermore, the portal vein blood per 
se contains important regenerating hepatocytes factors like 
IGF and VGF (5,7). However, knowledge of the quality of 
the underlying liver parenchyma is not always obvious. 

In this contest, it is important to stress the fact that 
today it is not only a matter of volumetric evaluation of 
the FRL but also of functional regeneration of FRL which 
can be measured through these new emerging methods: 
hepatobiliary scintigraphy and MRI. 

Hepatobiliary scintigraphy with 99mTc-mebrofenin 
(HBS) is the most commonly studied non-invasive nuclear 
medicine imaging technique to assess liver function at 
global and regional (segmental) level. Mebrofenin is an 
amino diacetic acid (IDA) agent taken up by hepatocytes 
at the basal membrane by the organic anion transporter 
polypeptides B1 and B3. It transits through the hepatocytes 
to the bile canaliculi without any biotransformation. The 
first 6 minutes of the examination allows the calculation 
of the 99mTc-mebrofenin extraction rate (expressed in  
%/min/m2) for total liver (8) which is correlated to 
underlying parenchymal status (9,10) and to ICG clearance 
(sharing the same OATPB1/B3 transporters) (11). Then 
a short acquisition of less than ten minutes with SPECT 
(single photon emission computed tomography) is 
performed to assess the repartition of the radiotracer at 

regional and segmental levels by calculating the 99mTc-
mebrofenin extraction rate in the volume of interest, 
especially in the FRL (12). One of the drawback of this 
technique is that the uptake of mebrofenin is in competition 
with bilirubin leading to false underestimation of liver 
function in patients with hyperbilirubinemia (13). 

At segmental level, the FRL function (FRL-F, also 
expressed in %/min/m2) appears to better predict 
the risk of PHLF than volumetric-based parameters 
(10,11,14). Indeed, HBS directly reflects the quality of 
the underlying liver parenchyma contrary to volumetric-
based methods. Moreover HBS takes into account the 
possible heterogeneity of the distribution of function within 
liver. HBS is also better than platelet-based liver scores in 
predicting PHLF (15-17). de Graaf et al. showed that a cut-
off of 2.7%/min/m2 is of high negative predictive value 
(98%) to exclude the risk of PHLF in patients planned for 
large hepatectomy (10) (Figure 1).

99Tc-GSA (Galactosyl-human serum albumin) is 
another scintigraphic imaging technique reflecting 
the functional hepatocyte mass.  GSA links to the 
asialoglycoprotein receptor only present at the surface 
of hepatocytes in the sinusoidal surface. It is taken up 
by receptor-mediated endocytosis and degraded into the 
cell (no biliary excretion). Contrary to 99mTc-mebrofenin, 
99mTc-GSA is not altered by hyperbilirubinemia. 99mTc-
GSA scintigraphy (static and with SPECT) has proven 
to be predictive of postoperative liver failures (18,19). 
However, this radiopharmaceutical is only approved in 
Asia, with no availability in USA or Europe. 

MRI with gadolinium ethoxybenzyl diethyl enetriamine 
penta-acetic acid (Gd-EOB-DTPA) is a non-isotopic 
emerging imaging method of  evaluat ion of  l iver  
function (20). Gd-EOB-DTPA shares pharmacokinetic 
properties with mebrofenin and ICG, taken up by 
hepatocytes and are excreted in the bile canaliculi without 
undergoing biotransformation. Pharmacokinetic models 
have been developed to estimate the uptake rate of the 
contrast agent based on DHCE-MRI with Gd-EOB-DTPA 
on a per voxel basis. Some studies have demonstrated 
that the assessment of liver function with DHCE-MRI is 
comparable with that of 99mTc-mebrofenin HBS (21,22). 
More studies are still needed to validate this new technique. 

The aim of this paper is to analyse all different techniques 
available in 2020 to induce hypertrophy and function of 
FRL, examining all the advantages and drawback of each 
technique (Table 1).
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Search sources and study design

A systematic review of the published literature focused 
on the clinical impact of portal vein embolization (PVE), 
portal vein ligation (PVL), liver venous deprivation 
(LVD), associating liver partition portal vein ligation for 
staged hepatectomy (ALPPS), radio-embolization for the 
management of liver pathologies was undertaken. The 
search strategy was performed by the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses (PRISMA) 
guide Lines, as well as PRISMA for abstracts.

A search of the MEDLINE, Scopus and Cochrane 
Database was conducted using the following terms: “PVE” 
(Title/Abstract) OR “portal vein embolization” (Title/
Abstract) OR “portal vein ligation” (Title/Abstract) OR 
“LVD” (Title/Abstract) OR “liver venous deprivation” 
(Title/Abstract) OR “double embolization” (Title/Abstract) 
OR “hepatic vein embolization” (Title/Abstract) OR 
“ALPPS”(Title/Abstract) OR “associating liver partition 
and portal vein ligation for staged hepatectomy”(Title/
Abstract) OR “in situ split”(Title/Abstract) OR “in situ 

splitting”(Title/Abstract) OR “liver partition”(Title/
Abstract) OR “radio embolization” (Title/Abstract) OR 
“radiation therapy” (Title/Abstract) OR “FLR” (Title/
Abstract) OR “future remnant liver” (Title/Abstract) OR 
“PHLF” (Title/Abstract) “post hepatectomy liver failure” 
(Title/Abstract) up to: 2020/29/02.

The systematic qualitative review included a priori search 
criteria of journal articles among adult (age ≥18 years)  
human patients; studies were limited to the English 
language. 

Predictors of PHLF

The definition of PHLF has been proposed by many 
groups (22), but actually only few definitions are used in 
clinical practive. The “50-50 criterion” proposed by Balzan 
et al. (33) consider the value of bilirubin >50 µmolL/L and 
PT <50% on postoperative day 5 as a predictor of liver 
failure. Another important definition was proposed by the 
International Study Group of Liver Surgery (ISGLS) (34)  

Figure 1 Functional scintigraphy basal and 3 weeks after embolization. 

Basal Functional Scintigraphy

Homogenous uptake of radiotracer on the whole liver

• Whole liver clearance : 14.5 %/min
• Remnant liver (seg. II & III) clearance : 3.5 %/min

• Whole liver clearance : 11.6 %/min
• Remnant liver (seg. II & III) clearance : 6.1 %/min

• High increase of remnant liver function (+74%)
• Slight decrease of the whole liver function (−21%)

Increase of uptake in contralateral liver (blue arrow)
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who proposed a standardization and grading of liver failure, 
based on the loss of capacity of the liver to maintain his 
function associated with an augmentation of bilirubin 
and INR after postoperative day 5. The difference in 
the grading of liver failure is the association with clinical 
impact of postoperative course, raging form a temporary 
disfunction (Grade A) up to multiorgan failure (Grade C) 
with necessity of intensive care unit assistance. 

Main predictors of postoperative liver failure identified 
in literature (2,22,34) could be divided in patient related 
(diabetes, obesity, chemotherapy steatohepatitis, hepatitis, 
malnutrition, renal insufficiency, hyperbilirubinemia, 
thrombocytopenia, lung disease, cirrhosis, age >65 years 
old) and surgery related (high blood loss, intraoperative 
transfusion, vascular resection, high rate of resected volume, 
major resection, skeletonization of hepatic pedicle, reduced 
future remnant liver, postoperative haemorrhage and 
infections).

Portal vein embolization or ligation

The idea that liver could regenerate consequentially to a 
portal vein ligation was introduced in animal model in rabbit 
model (33) in 1920 and consequentially, few years later, 
the first surgical preoperative procedure was performed 
in a series of 21 patients who underwent percutaneous 
portogram used as an alternative to arterial embolization. 
Makuuchi et al. (34) demonstrated that this procedure could 
be safe and generate a contralateral hypertrophy that could 
allow surgical treatment of bilateral liver lesions. After this 
study, several variations of the percutaneous technique 
were described in order to obtain liver hypertrophy. The 
mechanism of liver regeneration remains unclear, but it’s 
supposed that the peri-portal inflammation associated with 
the diversion of portal venous flow generate a hypertrophy 
stimulation. Technically, this occlusion of the portal vein 
can be achieved either percutaneously or with surgical 
technique. Surgical technique varies, using either a trans-
ileocolic approach or with a surgical ligation of the portal 
branch, called PVL that could be performed either in 
open than in laparoscopic/robotic surgery. Percutaneous 
technique requires a sterile surgical field and could be 
performed either in local or general anaesthesia. The 
procedure requires ultrasound and fluoroscopy in order to 
associate to ultrasound control a portogram. The portal vein 
could be punctured ipsilateral (preferred) or contralateral, 
in order to insert a catheter into the portal branch and 
initially occlude the smaller distal portal branches to pass 

after to the occlusion of the larger branches up to occlude 
second order branches with various embolizing agents 
(35,36). This kind of approach is usually used to occlude left 
or right portal branch, but a super selective occlusion could 
be achieved with isolated segment 4 or 1 in case of necessity 
of further volume.

Transileocolic approach and it requires a laparotomy 
and a cannulation of the ileocolic trunk (37) but it has been 
demonstrated to be an alternative to PVE or PVL in case of 
failure of these techniques.

The PVL has been developed to perform an occlusion of 
the flux during two stage hepatectomy (TSH), and it could 
be performed also with laparoscopic approach. The main 
difference from PVE, considering that the goal is to obtain 
the complete occlusion of the ipsilateral portal flow, is on 
the necessity of dissecting hepatic hilum to achieve surgical 
ligation that could complicate the hilum dissection of in the 
second step of surgery. Embolic agent could be injected, 
to occlude the vascular portion and to reduce the risk of 
recanalization of the portal branches (37).

A recent metanalysis demonstrate no significant 
difference in safety and rate of hypertrophy between PVE 
and PVL, but it focused on the lower invasiveness of 
percutaneous procedure, especially in patients that are not 
candidate to a two-stage procedure (23). 

Although PVE is performed in most of cases with non 
resorbable products, some authors have recently described 
resorbable material with comparable results (38). The 
theoretical advantage of such procedure could be identified 
in the possibility to avoid accidental definitive contralateral 
embolization or could be used in situation in which liver 
could supposed to be not resected due to the possibility of 
tumour progression. In the study of Tranchart et al. (39), 
the development of an absorbable gelatine sponge which 
after 4–6 weeks of occlusion was temporary absorbed with a 
40% hypertrophic growth of the liver that did not received 
embolization. Subsequently, the same group (38) expanded 
this concept demonstrating that repeated resorbable 
embolization guarantees further liver hypertrophy 
compared to single resorbable embolization.

Recently, it has been demonstrated that liver regeneration 
could impact long term disease free and overall survival. In 
fact, as well known, an augmented hepatocyte proliferation 
could stimulate remaining cancer cell. Even if it has 
been demonstrated a correlation among short term liver 
regeneration and recurrence, demonstrated also by the 
dropout of 23–35% patients among the TSH (40), no data 
were up to now available on long term results. For this 
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reason, Early and Late Kinetic growth rate (KGR) was 
defined as the postoperative increase at 2/3 and 8/10 months,  
and has been demonstrated how a KGR ≥1% was associated 
with augmented risk of recurrence (41). The study by 
Margonis et al. (41) demonstrated that the KGR in late 
phase was predictive of intrahepatic recurrence, suggesting 
an increased attention in monitoring this subpopulation 
with an higher risk of recurrence.

Response to PVE can be considered an important 
predictor of PHLF. Generally, a rate of hypertrophy >10% 
in fibrosis or cirrhosis and >5% in patients with normal liver 
are considered safe value to proceed to surgical resection 
(38,42-45).

In particular, In patient with hepatocellular carcinoma 
(HCC) (46)where the fibrosis is often associated with the 
cirrhosis, it has been demonstrated that the association 
of PVE and trans arterial chemoembolization (TACE) 
guarantee a good rate of hypertrophy and better overall 
and disease-free survival in patients who underwent liver 
resection compared to PVE alone (47). The procedure 
started with the intraarterial injection of iodized oil and 
epirubicin in order to obtain a local control of the HCC 
nodule. After 7–10 day, when normalization of blood test 
has been reached, an ipsilateral portal vein embolization in 
performed. When the correct volume of FRL is reached, 
the surgical resection could be performed. However, the 
association of both this procedure could generate both 
inflammation on the hepatic pedicle and morphological 
variation of the liver, making the surgical procedure more 
complex. Despite this, some encouraging series demonstrate 
that liver resection is feasible and safe also with minimally 
invasive approach (48). Impact of PVE on FRL function 
has been studied. de Graaf et al. showed that there was a 
poor correlation between increase in FLR-F and FLR-V 
3 to 4 weeks after PVE in patients with normal liver  
(r =0.15, P=0.068) or with compromised parenchyma 
(r =0.53, P=0.062) and that FLR function increased 
significantly more than FRL volume (P=0.003) (49). Chapelle 
et al. showed that HBS may be predictive of hypertrophy 
response after PVE (pre-PVE FRL-F of 1.72%/min/m2 was 
a validated cut-off value for safe resection (2.7%/min/m2) 
with a sensitivity of 81.3% and a specificity of 82.4% (14).  
In this study, the functional increase of FRL 3 weeks 
after PVE was not influenced by previous chemotherapy 
(P=0.397). 

Today, no significant differences in safety between PVL 
and PVE were reported. The PVE is less invasive than the 
PVL. However, the two techniques are not comparable 

in term of rate of hypertrophy, because of PVE is often 
associated with an embolization of the Seg. IV portal 
branches determining a major FRL hypertrophy.

Liver venous deprivation (LVD)

The Hepatic vein embolization (HVE), was born as 
an attempt to improve the results obtained by portal 
embolization PVE, in terms of growth of the future 
remnant liver FRL, before a major hepatectomy. Portal 
embolization therefore represents a safe and feasible 
technique (24), allowing a degree of hypertrophy of 10% in 
about 4–6 weeks, based on the phenomenon of interlobar 
volume shifting (50,51); but these results are not always 
sufficient to allow a subsequent surgical treatment. In 2009, 
Hwang et al. reported a first study based on sequential 
hepatic vein embolization at the ipsilateral portal vein (52)  
(Figure 2). The outflow obstruction represented by 
the HVE induced greater damage associated with that 
given by the ipsilateral PVE, promoting the increase of 
the contralateral regeneration mechanism. The double 
obstruction of the hepatic vein and the portal vein causes 
an increase in pressure which induces the formation of 
intrahepatic collaterals, resulting in an augmented damage 
of the territory with total deprivation [mostly in the 
posterior sector (53)] and on the other hand in an increase 
in the contralateral regeneration rate. The presence of a 
residual arterial flow seems to protect against the risk of 
bile duct ischemia and subsequent abscess formation (54).  
In another study, Hwang reports the data of 42 patients 
with low volume FLR (<40%) who underwent sequential 
HVE-PVE about 2 weeks apart,  with a degree of 
hypertrophy of 13.3% after PVE and 28.9%. after HVE-
PVE. These preliminary results suggested an excellent 
result in terms of hypertrophy and seemed not to be 
associated with significant percentages of complications 
related to procedure (55). The sequential association of 
the two procedures, however, does not allow time savings, 
a crucial aspect in the field of oncological surgery. In this 
perspective, the so-called “liver venous deprivation” is 
formulated which provides for the embolization of the 
hepatic vein and the ipsilateral portal vein simultaneously. 
In a pilot study, Guiu et al. combined during the same 
procedure, both right portal vein embolization and right (+/− 
accessory right) hepatic vein occlusion with an amplatzer 
plug positioned at about 10 mm from the origin and glue 
(n-buty-cyanoacrylate) injected behind the plug to occlude 
the distal part of the vein as well as potential veno-venous 
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collaterals. The evaluation of the peri-operative outcome 
showed no complications related to the procedure (with the 
exception of a temperature >38° managed with paracetamol) 
and an increase in the kinetic growth factor KGB of 75% 
compared to the PVE alone (28). Guiu et al. also described 
the extended venous deprivation technique where both the 
right (and accessory right) and middle hepatic vein were 
occluded using the same technique, in addition to right 
portal system. Preliminary results from 99m-Tc mebrofenin 
hepatobiliary scintigraphy showed +66% FLR function at 
day 7 after extended liver venous deprivation. At day 21, 
the FRL-V increased by 63.3% with an increase of 64.3% 
of the FLR-F. These encouraging results obtained in only 3 
patients, must be confirmed in a larger study. 

Histology showed an extensive lobular central necrosis, 
a marked sinusoidal dilation and a more evident atrophy of 
the hepatocytes compared to PVE alone. Results confirmed 
in a recent work by Panaro et al. (29), which found an 
accentuation of the damage of the liver parenchyma on 
the specimen, after liver venous deprivation, LVD, with 
mortality/morbidity rates after surgery comparable to PVE 
alone. These results outline liver venous deprivation as a 
feasible and well tolerated technique in ensuring a greater 
and faster increase in FRL, but further comparative studies 

are needed.
The LVD is a recent promising technique to hypertrophy 

the FLR with mortality/morbidity rates after surgery 
comparable to PVE alone. However, these preliminary 
results must be validated by a prospective RCT. A French 
national RCT is ongoing comparing the PVE to the LVD 
before major hepatectomy. 

Associating liver partition and portal vein 
ligation for staged hepatectomy (ALPPS)

ALPPS is a TSH with a shorter delay of time among first 
and second surgery. To achieve this goal, this technique 
initially described in 2012 consist of a classical first stage 
hepatectomy in which all lesion of the lobe that we want 
to preserve are resected, associated with the anticipation of 
the transection line of the second stage and the PVL of the 
diseased liver that should be resected in “second stage” (56).  
Differently from classical TSH, in which a mean time 
among the two procedure could be estimated in 4–6 weeks, 
with ALPPS procedure second stage could be performed in 
1–2 week after that a CT scan based volumetry has assessed 
the correct volume of FRL. The main advantage of this 
procedure is the successful rate of second procedure in 

Figure 2 Radiological view of the hepatic vein embolization. (A) Abdomen X-ray after liver venous deprivation (portal vein embolization 
with glue combined with right hepatic vein embolization with plug and glue). (B) CT-scan (axial view) at day 1 after liver venous deprivation 
(portal vein embolization with glue combined with right hepatic vein embolization with plug and glue). (C) CT-scan (coronal view) at day 1 
after liver venous deprivation [portal vein embolization with glue combined with right hepatic vein embolization with plug (arrow) and glue].

A B

C



Memeo et al. Optimization of the FRL358

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2021;10(3):350-363 | http://dx.doi.org/10.21037/hbsn-20-394

almost 99% of cases (30), compared with traditional TSH, 
in which the rate of dropout for patient could reach 25% as 
described by Lam et al. (25). Indeed, the main problem of 
the 4–6 weeks that are required to increase the liver volume 
is that in addition to the growth of normal liver, tumoral 
liver receive the same boost and could induce dropout from 
two stage resection initial program. ALPPS instead, in 
association with the partitioning of the cancer-bearing liver, 
with the short period required for hypertrophy drastically 
reduce the time for spread of cancer (30).

The second stage consists in the division of the ipsilateral 
artery and bile duct and hepatic vein in order to complete 
the hepatectomy. The main advantage is in the possibility to 
perform the two surgeries during the same hospitalisation 
with the second step performed with low rate of adherences, 
respecting the quote of future remnant liver.

Either THS and ALPPS procedure spread from the 
necessity to treat initially unresectable patients. Up to now, 
despite the standardization of both techniques and the 
consolidation of the results, the relative benefit of THS 
versus ALPPS for patients with bilobar liver metastasis 
is still a matter of debate. The main concern is about 
postoperative results and oncological outcome because 
TSH, even if related to a reduced risk of postoperative 
liver failure, is penalized by the dropout risk of patient 
between first and second stage, due to cancer progression 
or appearance of new lesions in the first stage resected liver. 
On the other side, ALPPS procedure reduce the risk of 
dropout during the two procedure with an increased risk 
of postoperative complication and mortality. The main 
discussion remain opened on patient selection. In order to 
identify which patients could benefit of one strategy better 
than another, because most of data in literature are focused 
on outcome. In a recent comprehensive review by Moris  
et al. (57) on the subject, from the analysis of nine 
comparative studies comparing data on both techniques, 
concluding that preoperative data were similar among 
techniques, an higher major morbidity and overall mortality 
was present in ALPPS, especially in initial part of the 
experience, with a benefit in favour of rapid FRL increasing 
in favour of ALPPS even if some authors have expressed 
perplexity on the association of rapid simultaneous growth 
of microscopic tumour cell in the FRL (58). 

Data from the International ALPPS Registry were 
initially analysed in 2014 on 202 patients and demonstrate 
a dramatic rate of postoperative complication (Dindo 
≥ 3b) of 27% associated with a postoperative mortality  
of (31), with identification in multivariate analysis of age  

>60 years old and non-colorectal liver metastasis as 
predictor of postoperative complications. A second  
analysis (59) of the same Registry performed in 2015 on 
320 patients, demonstrate how the rate of severe morbidity 
and mortality remained comparable to previous analysis, 
identifying MELD score >10 on postoperative day 5 as 
predictor of poor outcome. These analyses demonstrate 
that the high rate of morbidity and mortality should identify 
a population of patients who could really have a benefit 
from this surgical procedure. Actually, the ALPPS registry 
describe mortality among 5% in series who report only 
patients treated for colorectal liver metastasis with an age 
inferior than 60 years old (30).

In recent period, some variations (Table 2) on the 
original technique have been proposed (Table 2), in order 
to minimize the invasiveness of this kind of approach, 
reducing the high mortality and morbidity which 
characterized ALPPS at the beginning of the experience. 
Actually, in literature we find some variation of the original 
technique such as partial ALPPS (56), radiofrequency or 
microwave ALPPS and mini ALPPS (30). These variations 
are important in order to reduce the rate of postoperative 
complications who strongly impact postoperative course. A 
recent metanalysis by Eshmuminov et al. (30) compared the 
results of ALPPS and traditional two-stage hepatectomy, 
concluding that ALLPS is associated with greater future 
remnant liver hypertrophy and higher rate on stage 2, 
but at the price of greater morbidity and mortality. These 
high rates of morbidity and mortality may be explained 
by two recent studies with HBS showing that the rapid 
hypertrophy of the FLR after stage 1 is not correlated to a 
functional increase. Olthof et al. showed a median increase 
of FLR-V of 78% compared to an increase of only 29% of 
the median FRL-F throughout 7 days after stage 1 (P<0.01) 
in patients with peri-hilar cholangiocarcinoma (71). 
Sparrelid et al. showed a FRL-V increase of 56.7% versus 
a FRL-F increase of 28.2% (P=0.021) 6 days after stage 1 
in patients with colorectal liver metastases (72). Tomassini 
in a recent multicenter retrospective study included 98 
patients underwent to ALPPS reported the role of HBS in 
predicting PHLF after ALPPS. The patients presenting a 
daily gain in volume (KGRFLR) ≤4.1%/day and a HBSFLR 
≤2.7%/min/m2 are at high risk of PHLF and their second 
stage should be re-discussed (73). ALPPS induced a great 
hypertrophy of the FRL, but unfortunately, despite the 
variants, is still associated with a high mortality/morbidity 
rates. HBS may be useful to find the best time for second 
stage and to identify patient at high risk of PHLF. 
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Radio-embolization (radiation hepatectomy)

Radio-embolization represents a novel technique that 
has shown good results in increasing contralateral liver 
lobe. One of the most important results, apart from 
the good response rate of the tumour (40–70%), is the 
contralateral hypertrophy (74) of non treated liver. 
This interesting results were confirmed by other series, 
evidencing the feasibility and safety of this approach 
(74-77). Even if the strength of this initial experience is 
biased by the heterogeneity of the patient and of different 
dosage of Y90, the contralateral hypertrophy varies from 
20–50% of volume, with an achievement of volume 
that can require more time compared to other previous 
described techniques. This new concept has been stressed, 
especially in comparison with more traditional portal vein 
embolization. Even if no randomized control trial are 
still available, one study (78) has attempted to compare 
equivalent population with a case match study, equilibrating 
baseline FRL, previous chemotherapy, platelet count and 
degree of embolization. Results confirm the promising 
results of this technique, who still remain less efficient than 
classical PVE, concerning volume (29% vs. 61%) and time 
required to achieve the correct FRL (46 vs. 33 d). Despite 
this slower hypertrophy (78,79), that required a more 

gradual augmentation of volume, TARE has the possibility 
to associate to the increasing of volume the possibility 
to treat the lesion, causing a control of the pathology or 
even a down staging, opening interesting possibility for 
transforming previous unresectable patients in treatable.

Considering the promising results, some aspects 
remain still hidden. For example how the quality of liver 
parenchyma (chemotherapy, cirrhosis, viral infection) 
impacts the kinetic of the hypertrophy, understanding if 
there is a correlation among quantity of the liver and effect 
of treatment effect. Dosimetry of the treated liver area can 
also influence hypertrophy, with a proposed threshold at 
88 Gy with Theraspheres (Palard et al., EJNMMI 2018). 
They are only few reports looking at the impact of radio-
embolization on treated or non-treated liver function 
by HBS. In a cohort of 13 patients, van der Velden et al. 
showed an increase in the volume and function of the non-
treated part of the liver after radio-embolization but with 
a large variability between volume and function changes). 
Further studies are needed to assess the role of HBS in 
radioembolization (80). 

Radio-embolization induce a great but a slower 
hypertrophy of the FRL. It is of interest for patients affected 
by hepatocellular carcinoma treated with this technique. 

Table 2 Different types of ALPPS procedures

Type Technique description on stage I

Classic ALPPS (60) Complete parenchymal transection, portal vein ligation 

Partial ALPPS (61) Partial parenchymal transection, portal vein ligation 

RALPPS (62) Radiofrequency ablation of the ideal transection line, portal vein ligation

Mini ALPPS (63) Partial parenchymal transection, portal vein embolization (via inferior mesenteric vein)

Partial TIPE ALPPS (64) Partial parenchymal transection, portal vein embolization (via ileocecal approach)

Anterior approach ALPPS (65) Complete parenchymal transection using anterior approach, down to IVC. No liver mobilization

Hybrid ALPPS (66) Complete parenchymal transection with anterior approach. PVE between two stages

ALTPS (67) Application of tourniquet around the parenchymal transection line, portal vein ligation 

Modified ALPPS with preservation 
of portal pedicles (68)

Complete parenchymal transection, selectively preserving portal pedicles

Salvage ALPPS (69) Splitting of the liver along the main portal fissure after months from a radiological portal vein  
embolization

Left ALPPS (70) Splitting along the main portal fissure. Left portal vein ligation

Right ALPPS (70) Left lateral sectionectomy, multiple resections on the left medial, right anterior section and caudate 
lobe. Ligation of the posterolateral branch of the right portal vein

ALPPS, Associating Liver Partition Portal and Portal Vein Ligation for Staged hepatectomy.
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However, is expensive and facility demanding. Further 
studies are needed to assess the role of radio-embolization 
in this setting.

Conclusion

The introduction of even more sophisticated techniques to 
achieve FRL hypertrophy has shown interesting results in 
treatment of non-resectable patients.

Considering the advantages and drawback of each 
of these techniques, one of the main unsolved problem 
remains the difficulty in prediction correlation among 
volume spread and function of FRL. In most of cases, 
volumetry is considered the main predictor of PHLF, but 
this concept is still matter of debate (81). Adding functional 
assessment of the FRL with HBS may be more accurate for 
the selection of patients to large hepatectomy.

The study of the factors influencing quality of 
hypertrophic liver could reduce the rate of PHLF, with a 
more precise prediction of postoperative complications, 
could permit in future to identify more defined population 
who could benefit of such aggressive surgical approach. 
Further prospective randomized control trials are necessary 
to achieve this goal.
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