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Abstract

Background: Many patients with bi-lobar liver tumours are not eligible for liver resection due to an insufficient future liver remnant 
(FLR). To reduce the risk of posthepatectomy liver failure and the primary cause of death, regenerative procedures intent to increase 
the FLR before surgery. The aim of this systematic review is to provide an overview of the available literature and outcomes on the 
effectiveness of simultaneous portal and hepatic vein embolization (PVE/HVE) versus portal vein embolization (PVE) alone.

Methods: A systematic literature search was conducted in PubMed, Web of Science, and Embase up to September 2022. The primary 
outcome was resectability and the secondary outcome was the FLR volume increase.

Results: Eight studies comparing PVE/HVE with PVE and six retrospective PVE/HVE case series were included. Pooled resectability within 
the comparative studies was 75 per cent in the PVE group (n = 252) versus 87 per cent in the PVE/HVE group (n = 166, OR 1.92 (95% c.i., 1.13– 
3.25)) favouring PVE/HVE (P = 0.015). After PVE, FLR hypertrophy between 12 per cent and 48 per cent (after a median of 21–30 days) was 
observed, whereas growth between 36 per cent and 67 per cent was reported after PVE/HVE (after a median of 17–31 days). In the 
comparative studies, 90-day primary cause of death was similar between groups (2.5 per cent after PVE versus 2.2 per cent after PVE/ 
HVE), but a higher 90-day primary cause of death was reported in single-arm PVE/HVE cohort studies (6.9 per cent, 12 of 175 patients).

Conclusion: Based on moderate/weak evidence, PVE/HVE seems to increase resectability of bi-lobar liver tumours with a comparable 
safety profile. Additionally, PVE/HVE resulted in faster and more pronounced hypertrophy compared with PVE alone.
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Introduction
Primary liver cancers  and colorectal liver metastases (CRLM) are 

among the leading causes of cancer-related deaths1,2. Resection 

or ablation of the tumours in the affected liver segments are the 

only potentially curative treatment3. In patients undergoing 

liver resection for extensive bi-lobar disease, post-hepatectomy 

liver failure (PHLF) continues to be the primary cause of the 

primary cause of death4–6. In metastatic disease, only up to 20 

per cent of patients are eligible for liver resection at the time of 

diagnosis, due to the extent of disease or an insufficient future 

liver remnant (FLR) volume7–10.
Generally, an FLR of approximately 30–40 per cent is 

considered sufficient, depending on the patient’s co-morbidities, 

underlying liver disease, and history of chemotherapy11–13. In 
patients with an estimated insufficient FLR at high risk of 
PHLF, FLR-hypertrophy-inducing procedures are a possibility 
to improve resectability11. Liver growth after portal vein 
embolization (PVE) was first reported in the 1980s14. In PVE, 
portal blood flow to the affected liver lobe later to be 
resected is occluded, which causes the de-portalized lobe to 
shrink, whereas growth is induced in the unaffected 
contralateral FLR15; however, 20–30 per cent of patients still 
do not qualify for surgery after PVE. Irresectability is mainly 
due to tumour progression during waiting time until 
sufficient hypertrophy has been achieved (typically 4–8 
weeks) to allow resection or overall insufficient liver growth 
after PVE16,17.
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More recently, several groups have developed techniques that 
aim for a faster and more pronounced liver hypertrophy, allowing 
a shorter timeframe between embolization and resection, and 
increase the number of patients eligible for surgery. Some of these 
hypertrophy-inducing techniques, however, are based on invasive 
surgical procedures such as associated liver partition and portal 
vein ligation for staged hepatectomy (ALPPS). In 2016, Guiu et al. 
introduced a new technique called liver venous deprivation (LVD). 
In LVD, the portal and hepatic vein of the diseased side of the liver 
are simultaneously occluded by using a combination of vascular 
plugs and glue to also occlude small collaterals18. Depending on 
the research group applying the method, different variants have 
been described for the same intervention. In the literature, 
bi-embolization, double vein embolization, radiological 
simultaneous portohepatic vein embolization (RASPE), and 
combined PVE and hepatic vein embolization (HVE) have been 
reported19–21. The latter consists of a combined PVE/HVE technique 
in which the portal vein is embolized (using glue and particles/ 
plugs) and the hepatic vein is occluded by using vascular plugs 
simultaneously.

In 2019, Esposito et al. presented a systematic review evaluating 
the effectiveness of simultaneous performed PVE/HVE and its 
technical variants. They demonstrated that PVE/HVE is a safe 
and effective intervention to increase postoperative FLR volume, 
allowing 85 per cent of patients to undergo surgery22; however, 
studies comparing PVE/HVE with PVE alone could not be 
included as they were not available at that time. In the 
meantime, multiple studies comparing these two procedures 
have been published. The aim of this systematic review, 
therefore, is to provide an update of the effectiveness of PVE/ 
HVE compared with PVE.

Methods
This systematic review was written according to the PRISMA 
guidelines (Appendix S1)23. Randomized clinical trials (RCTs), 
retrospective single-arm cohort studies examining PVE/HVE, and 
cohort studies comparing PVE with PVE/HVE were included. 
Conference abstracts were excluded from this systematic review. 
Articles with patients aged 18 years and older diagnosed with 
primary or secondary liver cancer undergoing PVE or 
simultaneous PVE/HVE were considered eligible for inclusion. 
All technical variations of PVE and PVE/HVE were included, 
irrespective of embolization techniques and/or materials used. 
No other exclusion criteria with regard to patient 
characteristics were applied. Sequential portal and hepatic vein 
embolization, defined as a staged procedure with more than 
48 h in between the PVE and HVE procedure, was excluded 
because hypertrophy of FLR induced by staged procedures is 
limited compared with simultaneous embolization18,22.

The primary endpoint of this systematic review was 
resectability, which was defined as a surgically successful liver 
resection procedure, irrespective of 90-day primary cause of 
death. Secondary outcomes of interests were FLR volume 
increase (absolute and per cent), degree of hypertrophy and/or 
kinetic growth rate (KGR), time interval between intervention 
and liver volumetry, time interval between embolization and 
surgery, reasons for non-resectability, and 90-day primary cause 
of death. From each included study, the indication for PVE/HVE, 
embolization technique and materials used were extracted.

A systematic literature search was performed in September 
2022 in PubMed, Web of Science, and Embase with no restriction 
on date of publication. Only studies written in English meeting 

the selection criteria were reviewed. Keywords and/or Medical 
Subject Heading (MeSH) terms were formulated and adapted to 
individual search engines, equivalent free-text terms were used. 
Search strategies specific for each search engine and the MeSH 
and/or free-text terms used are in Appendix S2.

Titles and abstracts were independently screened by two 
reviewers (J.v.Z. and R.K.) using Rayyan software24. Articles were 
excluded if both excluded the record at the title/abstract stage. 
Subsequently, the same reviewers independently performed 
full-text screening. Disagreements regarding inclusions or 
exclusions of studies were resolved by discussion between the 
reviewers and a third reviewer (B.O.). The minimal requirement 
for inclusion of an article was the presentation of our primary 
outcome measure, resectability. Secondary outcomes that were 
not presented in the used articles could not be recalculated 
because absolute liver volumes or formula’s used were lacking. 
Only full-text articles on human participants in small or large 
cohorts were evaluated. Case reports, non-human studies, and 
studies in which the PVE/HVE procedure was staged (more than 
48 h) were excluded. Single-arm PVE/HVE cohort studies were 
included only to present a comprehensive overview. The 
selection process is presented in a PRISMA flow chart (Fig. 1)23.

A standard data collection form designed in Microsoft® Excel 
version 16.57 (Microsoft, Redmond, WA, USA). was used. One of 
the authors (J.v.Z.) extracted data from each included study. 
Data on the following variables were collected: sample size, 
patient characteristics (age, BMI, underlying liver disease status, 
and patient exclusion criteria), and primary and secondary 
outcomes. The primary outcome was expressed as a percentage.

Study quality was assessed using the Effective Public Health 
Practice Project (EPHPP) tool by one of the authors (J.v.Z.)25. 
Included studies were assessed on quality based on criteria in 
six fields: selection bias, study design, confounders, blinding, 
data collection methods, and withdrawal and dropouts. Quality 
in each field could be classified as ‘strong’, ‘moderate’, or ‘weak’. 
An overall rating of ‘strong’ was given by the authors according 
to EPHPP to studies that did not score ‘weak’ on any of the fields, 
‘moderate’ to studies that had only one ‘weak’ assessment, and 
‘weak’ when two or more fields were rated as ‘weak’.

Review Manager version 5.4.1 (RevMan [Computer program]. 
Version 5.4, The Cochrane Collaboration, 2020.) was used to pool 
data and calculate ORs. The Mantel–Haenszel (M–H) statistical 
method in combination with a fixed-effects model was used to 
compare the pooled resectability between groups. Results were 
presented in a forest plot.

Results
A total of 1858 articles were identified by the search strategy. After 
screening of titles and abstracts, 47 articles were eligible for 
full-text screening. Four reports written in German could not be 
retrieved, and an additional nine duplicates were removed. Out 
of the resulting 34 articles, 22 were excluded after full-text 
screening for the following reasons: because of a sequential 
embolization procedure (n = 2)26,27, reporting of different outcome 
measures (n = 2), conference abstracts (n = 7), lack of intervention 
(n = 1), full text not available in English or Dutch (n = 1), case 
studies (n = 2), animal studies (n = 2), or summaries or 
commentaries (n = 5). Two articles were added to the review 
through screening of the reference lists of the articles obtained 
during the full-text screening28,29. The complete process of study 
identification and selection is shown in the flow chart (Fig. 1)23. 
Overall, this process resulted in a total of 14 studies, eight 
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comparative studies20,21,28–32 and six case series18,33–36. The 
included studies were published between 2016 and 2022. Two 
comparative studies, PVE/HVE versus ALLPS35,37, were included in 
this systematic review and handled as two case series on PVE/HVE.

The characteristics of the patients are presented in Table 1. 
Sample size of the included studies ranged from 6 to 160 for PVE 
and 6 to 39 participants for PVE/HVE. The mean age ranged 
from 55 to 67 years across the intervention groups29,32. Three 
studies included patients with underlying liver disease, such as 
liver steatosis, fibrosis, and cirrhosis21,31,32. More patients with 
underlying liver disease were included in the PVE/HVE groups. 
The retrospective DRAGON Trial Collaborative analysis was the 
only study that reported a significant difference in underlying 
liver disease between the two groups (P = 0.021), but 
multivariable analysis showed that this difference did not 
impact the resectability rate21. In the other four studies, 
underlying liver disease status was not documented in two 
studies28,38 and was an explicit exclusion criterion in four 
studies18,20,29,33. A total of 334 patients in the PVE group and 190 
patients in the PVE/HVE group were included by the 
comparative studies. Data from 175 PVE/HVE patients from an 
additional six cohort studies were included in this systematic 
review18,33–36.

Information on selection of baseline per cent FLR, definition of 
PHLF, additional segment four embolization, additional middle 

hepatic vein occlusion, and formulae used for baseline FLR are 
presented in Table S1.

Resectability rates are presented in Table 2. In most studies, 
resectability did not differ significantly between treatments and 
ranged from 64 to 94 per cent and from 67 to 100 per cent for 
PVE and PVE/HVE respectively. Summary analysis showed that 
resection was possible in 252 (75 per cent) patients after PVE and 
166 (87 per cent) patients after PVE/HVE in the comparative 
studies. In the single-arm studies, 175 patients underwent PVE/ 
HVE, of whom 146 patients underwent successful liver resection 
(83 per cent). Overall, reasons for non-resectability were 
insufficient post-embolization FLR volume in 22 (6.6 per cent) 
versus 5 (1.4 per cent) patients, peritoneal carcinomatosis in 11 
(0.3 per cent) versus 5 (1.4 per cent) patients, or disease 
progression in 47 (14.1 per cent) versus 38 (10.4 per cent) patients, 
for PVE and PVE/HVE respectively. In the retrospective DRAGON 
analysis, a significant difference in resectability was found 
between groups (P = 0.007)21. Kobayashi et al.32 did not present a 
P value for resectability, so it is uncertain whether the difference 
was statistically significant in this article. Other studies reported 
non-significant differences or did not report significance. For 
each comparative study, ORs (with 95 per cent confidence 
intervals) for resectability were calculated and are graphically 
presented in Fig. 2. After pooling of results, resectability was 
more frequently possible after PVE/HVE (OR 1.92 (1.13 to 3.25), 

Identification of studies via databases and registers

Records screened on title and
abstract n = 1858

Reports sought for retrieval n = 47

Reports assessed for eligibility
through full-text screening n = 32
Through screening of reference
lists n = 2

Studies included in review n = 14

Duplicate records removed n = 9
Full-text reports not retrieved n = 4

Reports excluded
Different outcome measure or
embolization technique n = 4
No full text or conference abstracts n = 7
No intervention n = 1
Full text not available in English or Dutch n = 1
Case studies n = 2
Animal studies n = 2
Summary, commentaries n = 5

Records excluded
   Different topic n = 1801

Records identified from
MEDLINE (PubMed) n = 815
Web of science n = 1354
Embase n = 456

Records removed before screening
Duplicate records removed n = 767
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Figure 1 . Flow chart of the applied search strategy, study selection/inclusion, and reason for exclusion
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P = 0.015) with a 9 per cent heterogeneity (I2) across the included 
studies (Fig. 2). Eleven out of 14 articles reported on 90-day 
primary cause of death21,29–37,39. In the comparative studies, 
90-day primary cause of death was similar between the groups 
(2.53 per cent after PVE versus 2.23 per cent after PVE/HVE 
respectively), whereas a higher 90-day primary cause of death 
was reported in the single-arm PVE/HVE cohort studies (6.9 per 
cent, 12 of 175 patients).

Median days between embolization and resection ranged from 
35–44 days for PVE and 23–49 days for PVE/HVE with considerable 
variation.

Liver volume before and after embolization, time interval 
between embolization and liver volumetry, and mean or median 
KGR are presented in Table 3. At baseline pre-embolization, FLR 
volume was expressed in ml or cc, and either per cent 
FLR20,29,32,38 or per cent standardized FLR (sFLR)21,32. A 
comparison of the studies on FLR volume was difficult due to 
the usage of different volume metrics. All studies reported an 
increase in FLR volume and percentage from baseline after both 
PVE and PVE/HVE. Baseline FLR volume ranged from 294 to 

542 ml for PVE and from 281 to 547 ml for PVE/HVE. A significant 
difference was reported for per cent FLR at baseline between the 
groups only in the study by Laurent et al. (P < 0.001)20.

Contrary to baseline FLR, post-embolization FLR volume was 
expressed in ml or cc by five studies, whereas two studies only 
reported on the degree of hypertrophy28,29. FLR volume after 
embolization ranged between 442 and 696 ml for PVE, and 
between 470 and 845 ml for PVE/HVE. Per cent FLR ranged from 
39 to 43 per cent after PVE and 39 to 43 per cent after PVE/HVE. 
Per cent sFLR ranged from 28 to 31 per cent after PVE and 31 to 
36 per cent after PVE/HVE.

Different formulae were used to calculate liver hypertrophy; 
(FLRafter − FLRbefore)/FLRbefore

30, (FLRafter: total liver volumeafter)/ 
(FLRbefore: total liver volumebefore)32, or volume FLRbefore: 
FLRafter

21. Where degree of hypertrophy was defined as either 
sFLRafter − sFLRbefore

21,32, volume FLRafter: volume FLRbefore
20,31, 

or per cent FLRafter −per cent FLRbefore
40. After PVE, a growth 

between 12 and 48 per cent (after a median of 21–30 days) was 
observed, whereas growth between 36 and 67 per cent was 
reported after PVE/HVE (after a median of 17–31 days), with 

Table 1 Study characteristics of comparative studies on portal vein embolization versus portal and hepatic vein embolization and 
single-arm case studies on portal and hepatic vein embolization

Author Year n Tumour type(s) Age (years) Underlying liver disease BMI Exclusion  
criteria

PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE

Comparative studies
Hocquelet et al.38 2018 PVE: 6 

PVE/HVE: 6
pHCC: 6 pHCC: 6 62 

(54–58)
60 

(54–71)
NR NR NR NR NA

Panaro et al.28 2019 PVE: 16 
PVE/HVE: 13

CRLM: 5 
HCC: 9 

Other: 2

CRLM: 10 
HCC: 3

NR NR NR NR NR NR NA

Le Roy et al.31 2020 PVE: 41 
PVE/HVE: 31

CRLM: 26 
HCC: 2 

pHCC: 2

CRLM: 10 
HCC: 2 

pHCC: 8

63 
(60–68)

66 
(55–70)

cirrhosis: 4 (10%) 
NASH: 11 (27%)

cirrhosis: 3 (10%) 
NASH: 9 (29%)

24 
(23–29)

24 
(23–27)

NA

Kobayashi et al.32 2020 PVE: 39 
PVE/HVE: 21

NR CRLM: 18 
HCC: 5 
iHCC: 2 
pHCC: 5 
Other: 1

65 
(41–75)

65 
(25–85)

cirrhosis: 1 (2.6%) 
fibrosis: 9 (23%) 

steatosis:14(36%)

cirrhosis: 0 (0%) 
fibrosis: 8 (38%) 

steatosis: 8 (38%)

23.8 
(17.1– 
33.5)

23.4 
(18.9–36.3)

NA

Laurent et al.20 2020 PVE: 36 
PVE/HVE: 37

CRLM: 20 
iHCC: 7 
HCC: 4 
NET: 3

CRLM: 23 
iHCC: 7 
HCC: 4 
NET: 2

60.92 
(51–72)

64.41 
(61–71)

NR NR 25.54(6) 25.41(7) Liver fibrosis  
and cirrhosis

Guiu et al.29 2020 PVE: 22 
PVE/HVE: 29

CRLM: 17 
iHCC: 3 
HCC: 1 

Other: 1

CRLM: 22 
iHCC: 4 
HCC: 2 

Other: 1

66 
(45–79)

62 
(26–79)

NR NR 25.1 
(16–35.2)

26.3 
(17.6–34.5)

Klatskin tumour,  
liver cirrhosis

Heil et al.21 2021 PVE: 160 
PVE/HVE: 39

CRLM: 85 
HCC: 11 
iHCC: 22 
pHCC: 25 

GBC: 9 
Other: 8

CRLM: 19 
HCC: 4 
iHCC: 4 
pHCC: 5 
GBC: 4 

Other: 3

67 
(58–73)

63 
(52–67)

cirrhosis: 13 
(8.1%) 

fibrosis: 22 (14%) 
steatosis: 37 (23%)

cirrhosis: 1 (2.6%) 
fibrosis: 1 (2.6%) 
steatosis:17(44%)

25.2 
(23–28.3)

24.4 
(22.7–26.9)

NA

Boning et al.39 2022 PVE: 14 
PVE/HVE: 14

CRLM: 4 
pHCC: 10

CRLM: 4 
pHCC: 10

65.1(11.4) 68.1(10.5) NR NR 26.1(4.2) 24.1(3.6) NA

Case series
Guiu et al.18 2016 PVE/HVE: 7 NA CRLM: 2 

HCC: 1 
iHCC: 3 
pHCC: 1

NA 63.6 
(42–77)

NA NR NA NR Liver cirrhosis

Guiu et al.33 2017 PVE/HVE: 10 NA CRLM: 7 
pHCC: 1 
Other: 2

NA 60.5 
(46–71)

NA NR NA NR Liver cirrhosis

Le Roy et al.19 2017 PVE/HVE: 7 NA CRLM: 2 
iHCC: 1 
pHCC: 2 
Other: 2

NA 62.6 NA NR NA NR NA

Chebaro et al.35 2021 PVE/HVE: 
124

NA CRLM: 15 
pHCC: 16 
Other: 3

NA 66 (39–83) NA NR NA 32(5.4) NA

Ghosn et al.40 2021 PVE/HVE: 12 NA CRLM: 12 NA 55.5(11.8) NA NR NA NR NA
Cassese et al.37 2022 PVE/HVE: 15 NA CRLM: 14 

Other: 1
NA 58.7 NA NR NA 25.9(3.4) Liver cirrhosis

All values are median (range or i.q.r.) or mean(s.d.) as extracted from the included studies. PVE, portal vein embolization; PVE/HVE, simultaneous PVE and hepatic vein 
embolization; CRLM, colorectal cancer liver metastasis; HCC, hepatocellular carcinoma; iHCC, intrahepatic carcinoma; pHCC, perihilar carcinoma; GBC, gallbladder carcinoma; 
NET, neuroendocrine tumour; NR, not reported; NA, not applicable; NASH, non-alcoholic steatohepatitis; i.q.r., interquartile range.
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four studies finding significant differences between the two 
groups21,29,31,32. Two studies did not report on per cent 
hypertrophy18,28.

Mean or median time (days) between embolization and liver 
volumetry was 21–30 and 17–31 days for PVE and PVE/HVE 
respectively. Heil et al. (2021) reported a significant difference on 
interval between embolization and liver volumetry, favouring 
the PVE/HVE group (24 versus 17 days, P = 0.009). Laurent et al. 
(2020) showed a non-significant difference (P = 0.95)20, whereas 
the remaining studies did not report on significance.

Three studies reported a significant difference on KGR between 
PVE and PVE/HVE (all P < 0.001) 21,29,32. Le Roy et al. (2020) 
presented liver growth as degree of hypertrophy: 8 per cent 
versus 19 per cent, for PVE and PVE/HVE respectively 
(P = 0.026)31. These rates were comparable to the degree of 
hypertrophy of 13 per cent versus 21 per cent for PVE and PVE/ 
HVE reported by Heil et al. (P < 0.001)21.

An overview of the study quality assessment of the included 
studies is presented in Table 4. According to EPHPP, two articles 
were rated as ‘weak’28,38, and the others as ‘moderate’. No RCTs 

Table 2 Waiting time, resectability rates, and 90-day primary cause of death

Author Time between 
embolization and 

surgery (days)

Resectability 
(%)

Reasons for exclusion from resection 90-day primary cause 
of death

PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE

Comparative studies
Hocquelet et al.38 NR 21 83 67 peritoneal carcinomatosis: 1 extrahepatic disease 

progression: 2
2 0

Panaro et al.28 37 38 94 100 peritoneal carcinomatosis: 1 NA NR NR
Le Roy et al.31 NR NR 76 81 insufficient FLR-V: 2 

disease progression: 5
disease progression: 3 

peritoneal 
carcinomatosis: 3

2 3

Kobayashi et al.32 35 (20–181) 35 (23–109) 77 95 disease progression: 9 disease progression: 1 0* 0*
Laurent et al.20 44 (21–78) 36 (16–47) 89 86 insufficient FLR-V: 1 

disease progression: 3
intrahepatic disease 

progression: 5
NR NR

Guiu et al.29 36 (22–55) 32 (22–46) 91 97 insufficient FLR-F: 2 insufficient FLR-F: 1 1 0
Heil et al.21 41 (28–61) 37 (21–52) 68 90 insufficient FLR-V: 17 (5 

underwent rescue HVE) 
disease progression: 31 

postinterventional 
complications: 3

insufficient FLR-V: 1 
disease progression: 2 

postinterventional 
complications: 1

3 1

Boning et al.39 30.57(6.86) 30.50(7.17) 71 64 Tumour progression: 4 Tumour progression: 5 5 3
Case series

Guiu et al.18 NA 23 (13–30) NA 85.6 NA peritoneal 
carcinomatosis: 1

NA NR

Guiu et al.33 NA 31 (22–45) NA 90 NA NR NA 0
Le Roy et al.19 NA 49 (20–210) NA 85.6 NA peritoneal 

carcinomatosis: 1
NA 1

Chebaro et al.35 NA 37 (15– 
1015)

NA 80.6 NA disease progression: 20 
perioperative deaths: 14

NA 10

Ghosn et al.40 NA 39(7.5) NA 83.3 NA disease progression: 1 
insufficient %FLR: 1

NA 1

Cassese et al.37 NA 39 (23–57) NA 100 NA NA NA 0

Values are median (range or i.q.r.), or mean(s.d.) as extracted from the included studies. PVE, portal vein embolization; PVE/HVE, simultaneous portal and hepatic 
vein embolization; FLR-V, future remnant liver volume; FLR-F, future remnant function; NR, not reported; NA, not applicable. *Not clear whether this is the 30-day or 
90-day primary cause of death.

Heterogeneity: c2 = 7.66, 7 d.f., P = 0.36; I2 = 9%
Test for overall effect: Z = 2.42, P = 0.02
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Figure 2 . Forest plot of calculated ORs (95% c.i.) for resectability in comparative studies 

PVE, portal vein embolization; PVE/HVE, simultaneous PVE and hepatic vein embolization.
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were included in this systematic review and all the studies 
reported on small numbers.

Discussion
This systematic review and meta-analysis shows that PVE/HVE, as 
a regenerative procedure to enhance FLR hypertrophy in patients 

scheduled for extended liver resection, results in a significantly 
higher resection rate (87 versus 75 per cent) compared with PVE 
only. The KGR tends to be higher in the PVE/HVE group but 
could not be statistically analysed due to the different ways of 
reporting this variable by different studies. The 90-day primary 
cause of death was comparable in the two embolization groups. 
These results suggest superiority of PVE/HVE over PVE in 

Table 3 Volumetry and growth data

Author Baseline FLR volume 
(ml, cc, %)

Time between 
embolization and 
liver volumetry 

(days)

Hypertrophy (%) KGR

PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE PVE PVE/HVE

Comparative studies
Hocquelet et al.38 429 

(391–560) 
31 FLR 
(24–33)

517 
(310–828) 
30.5 FLR 
(23–35.5)

23.5* 
(15–29)

23.5* 
(15–29)

31.3 
(10.57–43.27)

67 
(13–148)

NR NR

Panaro et al.28 NR 31.2(6.5) FLR 21* 21* NR 40.8(7.9)% FLR† 4.8(4) cc/day 16(7) cc/day
Le Roy et al.31 348 

(266–547)
394 

(262–478)
27 26 31.9(34) 51.2(41.7) 8(13)%/week 19(18)%/week

Kobayashi et al.32 523 
(420–659) 
24 sFLR 
(20–30

547 
(453–656) 
25 sFLR 
(32–31)

26 
(17–33)

22 
(17–30)

12 
(5–23)

36 
(26–53)

1.4%/week 
(0.7–2.1)

2.9%/week 
(1.9–4.3)

Laurent et al.20 468 
(253–945) 
31.03 FLR 

(18.33–38.95)

387 
(200–623) 
22.91 FLR 

(16.55–32.15)

30 (25–43) 31 (21–40) 29 61.2 NR NR

Guiu et al.29 542 
(236–1119) 
27.4 FLR 

(13.7–47.7)

484 
(233–805) 
22.6 FLR 

(16.6–37.7)

21 21 18.6 
(−10.7–102.2)

52.6 
(1.0–175.6)

NR NR

Heil et al.21 294 
(233–389.7) 
18.5 sFLR 
(15–25)

281 
(234–352.1) 

18 sFLR 
(16–23)

24 (19–37) 17 (13–32) 48 
(24–69)

59 
(45–79)

2.5%/week 
(1.1–3.8)

3.5%/week 
(2.2–7.1)

Boning et al.39 NR NR 30* 30* 44.9(28.9) 48.2(22.2) NR NR
Case series

Guiu et al.18 NA 409 (345–601) 
28.2% FLR (22.4–33.3)

NA 23 (13–30) NA NR NA 4.2%/week

Guiu et al.33 NA 332(59) 
20.8(5.1) sFLR

NA 21 NA 63.3 NA 25 cc/day(8)

Le Roy et al.19 NA 389 (182–508) 
21 FLR (14–37)

NA 22 (19–28) NA 52.6 (18.2–187.9) NA 18%/week

Chebaro et al.35 NA 379 (161–961) NA 28 (4–52) NA 63 NA 2%/day
Ghosn et al.40 NA 505(125) 

28.7(5.9) FLR
NA 28(7.6) NA 48.5(24) NA 3.56%/week(2.3)

Cassese et al.37 NA 29.3(6.8) NA 21 NA 49(29) NA 0.2%/day(0.2)

Values are median (range or i.q.r.), or mean(s.d.) as extracted from the included studies. FLR, future liver remnant; KGR, kinetic growth rate; PVE, portal vein 
embolization; PVE/HVE, simultaneous portal and hepatic vein embolization; NR, not reported. *Authors did not provide specific numbers for each group, only a mean 
was presented. †No information was given on FLR hypertrophy, instead post-embolization FLR percentage was presented.

Table 4 The Effective Public Health Practice Project quality assessment for included studies

Author Selection 
bias

Study 
design

Confounders Blinding Data collection 
methods

Withdrawals and 
dropouts

Global rating

Hocquelet et al.38 - ± - ± ± - Weak

Panaro et al.28 - ± - ± + + Weak
Le Roy et al.31 - ± + ± + + Moderate
Kobayashi et al.32 - ± + ± + ± Moderate
Laurent et al.20 - ± + ± + ± Moderate
Guiu et al.29 - ± + ± + + Moderate
Heil et al.21 - ± + ± + + Moderate
Boning et al.39 - ± - ± + + Weak
Guiu et al.18 - ± - ± + + Weak
Guiu et al.33 - ± - ± + + Weak
Le Roy et al.19 - ± - ± + - Weak
Chebaro et al.35 - ± - ± - - Weak
Ghosn et al.40 - ± - ± + + Weak
Cassese et al.37 - ± - ± + + Weak

Weak quality score (-) , Moderate quality score(±), strong quality score (+).



Korenblik et al. | 7

regenerative effectiveness; however, this systematic review 
included only retrospective studies of moderate or weak quality 
at best. In addition, only a small number of participants was 
included in most of the studies.

The relatively large multicentre study of Heil et al. was the only 
study able to demonstrate a significant difference in liver 
resectability, which was primarily responsible for the results of 
the pooled primary outcome of this meta-analysis21. The lack of 
difference in resectability presented by most of the studies 
individually may be explained by relatively large FLR 
volumes before the embolization, long intervals between 
embolization and resection, small sample sizes, patient 
selection, use of interval chemotherapy, or differing practice 
regarding chemotherapy-free intervals. Patients with CRLM who 
are kept off chemotherapy for long intervals before complete 
resection may have a propensity of progression in the process of 
waiting.

In another review by Heil et al. a resection success rate of 87 per 
cent after PVE/HVE was reported41. An 85 per cent resection rate 
was reported after PVE/HVE by Esposito et al.22. Both their 
reviews included studies with patients with multiple tumour 
types. In the present systematic review, resection rates after 
PVE/HVE ranged from 67 to 100 per cent. This demonstrates that 
the rates vary widely depending on the type of study and the 
number of patients who were included and are influenced by 
selection and treatment biases in each centre.

We recommend researchers to use one standardized growth 
outcome measure in future publication to be able to compare 
future studies more easily. We propose to use KGR as this is a 
standardized outcome measure. KGR reflects the regenerative 
capacity of the FLR over time and therefore can be compared 
more reliably among different studies. The KGR also has a 
predictive value for the potential risk for future PHLF42; 
however, KGR as an outcome measure carries the risk of bias as 
the majority of growth is achieved in the first week after 
embolization, until a plateau phase is reached after 
approximately 21 days, as shown by two studies in the present 
meta-analysis17,31,38. A consensus among included studies 
seems to exist to obtain volumetric data 21 days or less after 
embolization. A longer waiting interval until volumetry 
consequently leads to underestimation of the KGR when 
compared with a KGR with a shorter time interval. Therefore, 
standardization of time intervals after both PVE and PVE/HVE is 
required for adequate comparison. We recommend researchers 
to present the KGR over the first 3 weeks after embolization in 
future publications. Furthermore, the difference in baseline FLR 
percentage should be accounted for, as studies that included 
patients with lower baseline FLR percentage displayed a higher 
KGR in the first weeks compared with studies that included 
patients with higher baseline FLR percentages.

The potential that surgery may be performed earlier after PVE/ 
HVE may be a further advantage of this combined procedure, 
which may translate into long-term oncological survival 
benefits. Although, the included studies probably did not focus 
on decreasing the time from intervention to surgery, as shown 
by the long interval, the interval was reported to be significantly 
shorter by Heil et al.21.

The time interval to obtain volumetric data in the included 
studies suggests that performing the first postembolization 
volumetry at week 1 can shorten the interval time between 
embolization and surgery. In cases where the FLR is not 
sufficient at 1 week after embolization volumetry, an estimation 
of the eventually expected FLR hypertrophy can be made based 

on the KGR. Consequently, the smallest time window to 
resection can be achieved to further reduce the risk of tumour 
progression and increase the feasibility of resection.

There are some limitations regarding the included studies 
and the systematic review itself. First, in contrast to a 
previous systematic review22 and a scoping review41 it was 
decided to present outcome measures in several metrics, so 
that the included studies could be compared more easily. This 
showed that research groups opt for various formulae to 
calculate outcome measures. In particular, the formula to 
calculate the outcome measure ‘hypertrophy’ was not 
consistent across the included studies, therefore readers of 
the present systematic review should be cautious about the 
interpretation of this outcome. This is a major concern and 
hinders an accurate comparison between reported results. For 
reliable comparison of future studies, the formula sFLR1 − 
sFLR0 for the degree of hypertrophy is recommended by the 
authors of this systematic review as well as the formula for 
KGR: sFLR1−sFLR0

Interval between embolization and resection in weeks.
Another limitation of this review is the small sample size in the 

different studies. Third, included articles were best qualified as 
‘moderate’ according to the EPHPP. The risk of selection bias 
therefore is very high due to the retrospective design, and it is 
often difficult or even impossible to determine how the authors 
dealt with this issue.

Although patients are selected for embolization based on 
guidelines obtained by CT volumetry11–13, several studies 
included patients in the PVE group with high baseline FLR 
percentages20,32,38. This suggests that patients with higher 
baseline FLRs (25–30 per cent) are ideal candidates, but further 
research needs to clarify cutoffs in different types of liver quality 
and/or function. Laurent et al. reported that one-third of the 
included patients had no initial indication for embolization to 
induce liver hypertrophy before liver resection20. This raises 
questions about the selection of patients as appropriate controls 
in these studies. Therefore, it is recommended that both KGR and 
baseline FLR volumes are reported. Moreover, choosing an 
appropriate matched control group seems to be important to 
allow for valid comparison, as two studies had relatively large 
differences between the control and intervention group20,29. 
Furthermore, an era bias was observed in some studies, as PVE 
was completely replaced by PVE/HVE32,38. This observation is 
supported by the fact that the same selection criteria were used 
for PVE and PVE/HVE. Considering the assumption that PVE/HVE 
induces faster and more growth, some might have expected 
lower baseline per cent FLR in the PVE/HVE group; however, 
baseline per cent FLR did not statistically differ in most of the 
included studies.

RCTs with larger sample sizes are needed to make reliable 
statements on the actual effect of PVE/HVE compared with PVE. 
Two prospective trials are currently in progress, the 
HYPER-LIV01 (registration number: NCT03841305; http://www. 
clinicaltrials.gov) and DRAGON 1 trial (registration number: 
NCT04272931; http://www.clinicaltrials.gov)43,44. The global 
multicentric DRAGON 2 RCT (registration number: 
NCT05428735; (http://www.clinicaltrials.gov) was just ethically 
approved and will commence later this year.

PVE/HVE seems to be more effective than PVE with regard to 
resection rate and seems to offer increased KGR. Therefore, we 
suggest that, to induce hypertrophy before major liver resection, 
PVE/HVE could be considered in patients with a small FLR. 
Prospective trials to examine the exact role of PVE/HVE are 
currently underway.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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