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ABSTRACT
Objectives  To compare the short- and long-term 
outcomes of patients with colorectal liver metastases 
(CRLM) who underwent portal vein embolisation followed 
by liver resection (PVEfLR) with those who underwent other 
treatment strategies.
Design  Rapid review of the literature retrieved through a 
systematic search.
Data sources  Electronic databases PubMed, Embase 
and Ovid MEDLINE were searched from 1 April 2014 to 31 
December 2025.
Eligibility criteria  Studies were included if they involved 
only patients with CRLM, applied PVEfLR and reported 
comparative outcomes against other interventions (eg, 
associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS), liver transplantation and 
portal vein ligation). Only randomised controlled trials, 
cohort and case–control studies published in English were 
included. Studies that included patients other than those 
with CRLM were excluded.
Data extraction and synthesis  Two authors 
independently screened records, extracted data and 
assessed quality using the Newcastle-Ottawa Scale. Data 
were narratively synthesised and presented in summary 
tables.
Results  14 studies (n=2,022 patients) were included. 
The overall median survival time for the PVEfLR group 
was similar to that of the ALPPS group but significantly 
lower than that of the liver transplantation group (19 vs 
41 months, p=0.007). Postoperative complications were 
significantly lower for PVEfLR than for ALPPS (27% vs 
65%, p<0.05) but higher than for liver resection without 
portal vein embolisation (51% vs 36%, p<0.001). The 
future liver remnant growth and completion rates for 
PVEfLR were variable compared with those of other 
techniques.
Conclusions  PVEfLR is an effective strategy for 
converting selected patients with initially unresectable 
CRLM to resectable status, achieving long-term survival 
comparable to other complex techniques such as ALPPS, 
although with a different perioperative risk profile. The 
choice of technique should be individualised based on 
the patient’s anatomy, disease burden and institutional 
expertise.

INTRODUCTION
Liver metastasis occurs in more than half of 
patients with colorectal cancer and is also 

the leading cause of death from the disease.1 
The current guidelines for managing 
colorectal liver metastases (CRLM) include 
surgical and non-surgical approaches such 
as chemotherapy, local ablative treatments 
and liver transplantation.2 Liver resection 
(LR) remains the only curative treatment for 
colorectal cancer and its benefits are evident.3 
However, due to factors including insufficient 
future liver remnant (FLR), bilobar disease 
or proximity to vital structures, less than 
25% of patients with CRLM are considered 
resectable at diagnosis.4 Systemic conven-
tional and immunotherapies are the options 
for unresectable CRLM.5 Patients with unre-
sectable CRLM had a poor outcome, with a 
5-year overall survival (OS) rate of only 12% 
compared with 41% in surgically treated 
patients.6 Therefore, complex interventions 
provide a potential option for this patient 
cohort, which is immensely important to 
increase healthy liver volume and make more 
patients eligible for surgery.

Portal vein embolisation (PVE) is a 
minimally invasive procedure that was 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This rapid review provides a contemporary synthesis 
of evidence extracted from major databases using a 
predefined population, exposure, comparator and 
outcome (PECO) framework from the last decade.

	⇒ The inclusion of a wide range of comparative in-
terventions and outcomes provides a broad clinical 
overview; however, some techniques, such as he-
patic vein embolisation and liver venous deprivation, 
were excluded because of strict inclusion criteria.

	⇒ The narrative synthesis of data (limited by the pre-
dominance of small sample sizes) and the inability 
to perform a meta-analysis limit the quantitative 
strength of these findings.

	⇒ The inclusion of conference abstracts may have 
introduced bias due to the lack of peer-reviewed 
methodological details.

	⇒ The lack of a minimum follow-up period in the inclu-
sion criteria may affect the robustness of the con-
clusions regarding long-term survival.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
n

iversity o
f L

an
cash

ire
 

o
n

 F
eb

ru
ary 17, 2026

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 F

eb
ru

ary 2026. 
10.1136/b

m
jo

p
en

-2025-104489 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://bmjopen.bmj.com/
https://orcid.org/0000-0001-9364-390X
https://doi.org/10.1136/bmjopen-2025-104489
https://doi.org/10.1136/bmjopen-2025-104489
https://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2025-104489&domain=pdf&date_stamp=2026-02-16
http://bmjopen.bmj.com/


2 Moinuddin M, et al. BMJ Open 2026;16:e104489. doi:10.1136/bmjopen-2025-104489

Open access�

developed to increase the residual liver volume for 
patients with unresectable liver tumours at diag-
nosis due to insufficient FLR.7 This procedure 
blocks blood flow to the tumour—containing part 
of the liver by injecting embolic materials (gel foam, 
ethanol or polyvinyl-alcohol particles) into the portal 
vein branches that supply blood to that area.8 This 
blockage diverts blood flow to the remaining healthy 
part of the liver, stimulating compensatory liver hyper-
trophy and thereby increasing the likelihood of liver 
tumour resection. 3–7 weeks after the procedure, the 
LR will be performed depending on FLR volume.9 
Among patients selected for PVE, approximately 80% 
subsequently undergo LR with a complication rate of 
less than 10% and a rate of achieving sufficient liver 
enlargement of 96.1%.10 11 Therefore, PVE plays an 
important role in expanding the patient population 
eligible for curative LR, with potential benefits in 
terms of resectability and long-term survival outcomes.

In addition to PVE followed by LR (PVEfLR), other 
treatments have been developed to increase healthy liver 
volume. Associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS) is a recently devel-
oped technique to rapidly induce liver hypertrophy with 
FLR volume reaching 74% within 9 days.12 ALPPS had a 
high resection rate of 92% and is also used in some cases 
when the PVE approach fails.13 Another technique devel-
oped based on the characteristics of liver hypertrophy, 
portal vein ligation (PVL), has the same purpose of 
blocking blood flow into the portal vein and promoting 
liver regeneration. This technique can be performed 
using an open or laparoscopic approach.14 Another mini-
mally invasive procedure, radiofrequency ablation (RFA), 
treats small, unresectable CRLM. As the name suggests, 
this method uses radiofrequency waves to remove liver 
tumours through targeted heat application, yielding 
results different from ablation or other hypertrophic 
techniques.15 Another approach, two-stage liver trans-
plantation (LT), once an abandoned technique due to 
poor results, has recently become an increasingly used 
procedure.16 Although its effectiveness depends on donor 
availability, it remains a promising approach for patients 
with unresectable CRLM.

Although patients have a better chance of treating 
CRLM with these surgical and interventional treat-
ments, there is varying evidence comparing the efficacy 
of PVEfLR (either one-stage or two-stage hepatectomy) 
with these treatments for short- and long-term outcomes. 
While they focus on the same aims to prolong patient 
survival, differences in outcomes such as survival rate, 
complication profiles, FLR growth and other outcomes 
have been a matter of debate. This rapid review provides 
a contemporary, head-to-head comparison of the short 
and long-term patient benefits of PVEfLR against other 
liver-directed strategies (ALPPS, LT, PVL followed by LR 
(PVLfLR), RFA, LVD and hepatectomy without PVE) for 
CRLM, synthesising the evidence from the past decade to 
inform current clinical decision-making.

METHODOLOGY
Design
To answer the research question, we conducted a rapid 
review. Rapid review methods are similar to systematic 
reviews but within a shorter time frame. It synthesises 
studies in a summary and timely manner within a limited 
scope (eg, search terms and inclusion criteria).17

The research question was based on the population 
(patients with CRLM), exposure (using PVE followed 
by LR/PVEfLR), comparator (using any methods of 
surgical or interventional procedure other than PVEfLR) 
and outcomes (short- and long-term patient outcomes)
framework.18

Search strategy
We searched the electronic databases PubMed and OVID 
(accessing two resources: Embase and Ovid MEDLINE) 
using our predefined search strategy. The search utilised 
the Booleans and truncations using a combination of 
keywords and search terms “colorectal liver metastas*”, 
“CRLM”, “CLM”, “portal vein embolisation”, “portal vein 
embolization” and “PVE”. Details of the search strategy 
and number of articles detected are presented as an 
online supplemental appendix 1. Articles published in 
English only within the last 10 years (from 1 April 2014 
to 31 December 2025) were included to ensure relevance 
and currency of the data.

The search is limited to including only randomised 
controlled trials (RCTs), cohort studies and case–control 
studies.

Review criteria
In this review, we included the articles based on the 
following inclusion criteria—(1) patients with CRLM 
were the participants, (2) applied PVEfLR, (3) reported 
outcomes related to the impact of PVEfLR, including but 
not limited to resectability, liver hypertrophy, postoper-
ative complications, OS and disease-free survival (DFS) 
rates and recurrence rate.

Studies that—(1) did not report outcomes related to 
human participants, (2) studied diseases other than 
CRLM, (3) did not specifically address PVEfLR in patients 
with CRLM were excluded. A level of evidence of four or 
five is also an exclusion factor.19

Two authors screened the title and abstract inde-
pendently, assessed the eligibility of inclusion against 
the inclusion and exclusion criteria and selected the 
studies for full review. Any disagreement was resolved by 
discussion with a third author. The selected studies were 
reviewed in full and relevant data were extracted.

This full process from study identification to inclusion 
is outlined in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) flowchart.

Quality assessment
The quality of the included studies was evaluated using 
the Newcastle-Ottawa Scale, focusing on three key 
domains: selection of study populations, comparability 
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of study groups and ascertainment of outcomes.20 The 
study design, population characteristics and interven-
tion/exposure assignment of each study have been care-
fully considered to ensure that the PVEfLR is comparable 
to other liver-directed treatments in CRLM. The main 
criteria include clear definitions of outcomes, appropriate 
tracking time and sufficient detailed information about 
surgical techniques and complications. Studies have been 
selected to ensure consistency in reported metrics, such 
as the FLR volume, resection rates and survival outcomes. 
Online supplemental material 1 includes a detailed 
table summarising the key characteristics of the studies 
included and their alignment with the study objectives, 
ensuring transparency and replicability of the review 
process.

Data extraction and synthesis
A data extraction form was developed in an Excel spread-
sheet and used to collect relevant data from the selected 
studies. The following data were extracted: title, author 
and year published, country, study design, sample size, 
patient age and sex, details of any interventions imple-
mented or exposures, the approaches compared and the 
outcomes (OS, DFS, completion rate, mortality, morbidity 
rate, FLR growth, complications and hospital stays).

Data extraction was completed by one author and 
reviewed by the other. The extracted data were synthe-
sised narratively, and the results were summarised in 
tables and text.

RESULTS
Literature search
A literature search of three databases yielded 575 results, 
of which 160 results were duplicates. After reviewing the 
titles and abstracts, 384 (373 unique records) articles 
were excluded because they did not satisfy the inclusion 

criteria, leaving 42 for full-text assessment. The PRISMA 
flow diagram with numbers (figure 1) presents the reasons 
for excluding the studies. Fourteen studies were included 
in the final analysis, and data were extracted from these 
14 studies for narrative synthesis (see figure  1). Of the 
studies reviewed, four were available only as conference 
abstracts.21–24 However, they were included because 
they provided sufficient information about the desired 
outcome. These selected studies presented results 
from the data for 2,022 patients with CRLM from eight 
countries.21–32

Characteristics of included studies
These 14 studies were conducted in eight countries—
Sweden, Denmark,33 USA,33 34 Germany (5),22 30–33 Canada 
(3),23 27 28 France (2),21 26 Norway (2)25 33 and the Nether-
lands (1)29 (table 1). The most common study design was 
retrospective cohort studies with 10 articles,21 22 25 26 28 29 31–34 
and 3 were prospective cohort studies.23 27 30 Of the 
total 2,022 patients from the 14 studies, the number of 
patients undergoing different surgical procedures was as 
follows: PVEfLR (n=806, 39.9%), ALPPS (n=189, 9.3%), 
LT (n=59, 2.9%), PVLfLR (n=18, 0.9%), LR without 
PVE (n=902, 44.6%), LVD (n=22, 1.1%) and RFA (n=26, 
1.3%) (figure  2). Among them, 18 patients underwent 
PVL in two articles written by the same group of authors, 
which examined different aspects of the same cohort.21 26

Short- and long-term outcomes
Outcome
Studies have compared short- and long-term outcomes to 
assess the efficacy and safety of different treatment strat-
egies (or therapeutics) for CRLM. Short-term outcomes 
included FLR growth, complication rates, length of 
hospital stay, completion rate and time to liver regener-
ation. The comparative findings are presented in table 2. 
These measures highlight the immediate impact of each 

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram of included studies. Some 
articles may fall into more than one category.
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procedure on patient recovery and resectability. Long-
term outcomes reported in the selected studies are OS, 
DFS, recurrence and morbidity. These indicators provide 
insight into the effectiveness of these interventions in 
improving survival and reducing disease progression 
over time. Together, these short- and long-term measures 
provide a comprehensive assessment of both the imme-
diate and long-term benefits of the approaches being 
compared.

Portal vein embolisation versus associating liver partition and 
portal vein ligation for staged hepatectomy
Four articles evaluated outcomes in patients who went 
through the PVEfLR and ALPPS. The median OS between 
PVEfLR and ALPPS varied between studies. In one study, 
ALPPS had a higher median OS than PVEfLR (34 months 
vs 28 months), while another study reported the opposite 
with PVEfLR having a higher median OS than ALPPS (33 
months vs 29 months). However, these differences were 

not statistically significant (p values=0.297–0.507).22 31 
Meanwhile, the median DFS in the PVE group was lower 
than that of the ALPPS group (10 months vs 19 months). 
The difference is statistically insignificant (p value=0.05)31 
(table 2).

In one study, the completion rate was lower for the 
patients who applied PVE as part of two stage hepatec-
tomy (TSH) compared with ALPPS but not significantly 
(PVEfLR: 73.3% (11/15), ALPPS: 100% (10/10), p 
value=0.075).24 However, another study reported that 
27% (14/52) patients in the PVE group did not complete 
the second step and 11 of these patients received salvage 
ALPPS.22 The in-hospital mortality rates of the PVE group 
and ALPPS group were 6.0–18.2% and 10.0–21.7%, 
respectively, with no significant difference (p value=0.577–
0.810).30 31 The overall mortality rates in the ALPPS group 
were nearly double, although there was no significant 
difference between the two treatment modalities (PVEfLR: 

Table 1  Summary of included studies

Citation
Publication 
year Country Study design

Sample 
size

Type of 
treatment

Median age 
(years)

Female 
(%)

Dueland et al25 2021 Norway Retrospective 
cohort study

103 LT, PVEfLR 61.8 32.0

Werey et al26 2023 France Retrospective 
comparative study

54 RPVLfLR, 
RPVEfLR

NR 53.7

Collin et al27 2019 Canada Prospective cohort 
study

128 PVEfLR, no-
PVE

NR 35.2

Simoneau et al28 2016 Canada Retrospective study 226 PVEfLR, no-
PVE

NR 38.9

Huiskens et al 2017 Netherlands Retrospective 
cohort study

745 PVEfLR, no-
PVE

64.0 38.0

Ali Deeb et al30 2023 Germany Prospective cohort 
study

43 ALPPS, 
PVEfLR, LT

NR NR

Bednarsch et al31 2020 Germany Retrospective 
cohort study

58 ALPPS, 
PVEfLR

60.0 43.1

Reissfelder et 
al32

2014 Germany Retrospective study 356 PVEfLR, no-
PVE, RFA

57.0 28.8

Werey et al26 2023 France Retrospective 
comparative study

54 RPVLfLR, 
RPVEfLR

NR NR

Bednarsch et al22 2018 Germany, 
Netherlands

Retrospective 
comparative study

73 PVEfLR, 
ALPPS

NR NR

Collin et al23 2015 Canada Prospective study 128 PVEfLR, no-
PVE

63.0 (M) NR

H-Alejandro et al 2014 Canada, USA Retrospective 
cohort study

25 ALPPS, 
PVEfLR

NR NR

Reese et al33 2025 Sweden, Denmark, 
Norway, Germany

Retrospective 
cohort study

302 PVEfLR, TSH-
PVE, ALPPS

NR 33.1

Haddad et al 2024 USA Retrospective 
cohort study

78 LVD, PVEfLR 54.0 41.0

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; LT, two-stage liver transplantation; LVD, liver venous 
deprivation ; M, mean age; NR, not reported; PVE, portal vein embolisation; PVEfLR, portal vein embolisation followed by liver resection; RFA, 
radiofrequency ablation; RPVEfLR, right portal vein embolisation followed by liver resection; RPVLfLR, right portal vein ligation followed by 
liver resection; TSH, two stage hepatectopmy .

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
n

iversity o
f L

an
cash

ire
 

o
n

 F
eb

ru
ary 17, 2026

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 F

eb
ru

ary 2026. 
10.1136/b

m
jo

p
en

-2025-104489 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


5Moinuddin M, et al. BMJ Open 2026;16:e104489. doi:10.1136/bmjopen-2025-104489

Open access

806

189

59

18

902

26

22

ALPPS

LT

LVD

No−PVE

PVEfLR

PVLfLR

RFA

0 250 500 750
Number of patients

Number of patients by surgical approach (n = 2,022)

Figure 2  Distribution of patients by the techniques of surgery. ALPPS, associating liver partition and portal vein ligation for 
staged hepatectomy; PVE, portal vein embolisation; PVEfLR, portal vein embolisation followed by liver resection; PVLfLR, portal 
vein ligation followed by liver resection; LT, liver transplant; LVD, liver venous deprivation; RFA, radiofrequency ablation.

Table 2  Summary of comparative outcomes of PVE and other techniques

Outcomes ALPPS LT PVLfLR LVD No-PVE

Survival Overall survival (median 
survival time in month)

28: 34 (31)
33: 29 (22)

41: 19*(25) NR NR 59: 36 (32)
 

45: 49 (27)

PVEfLR

Disease-free survival 
(median survival time in 
month)

10: 19 (31) NR NR NR 23: 33 (27)

Mortality Mortality (%) 10: 5 (22) NR NR NR NR

In-hospital mortality (%) 10: 6 (31)
22: 18 (30)

NR NR NR NR

90-day mortality (%) 9:5 (33) NR NR 0:0 (34) 5: 11* (29)

Complications Postoperative 
complications (%)

65: 27* (30) 22: 27 (30) 17: 3 (26) NR 36: 51* (29)

Post-hepatectomy liver 
failure grade B (%)

30: 27 (30)
7: 5 (33)

NR NR NR NR

Other Completion rate (%) 100:73 (24) 100:72 (25) 61:81 (26) 68:68 (34) 100:80* (27)

FLR growth (%) 155: 159 (30) 174: 159 (30) 33: 35 (26) 46:40 (34) 96: 46 (28)

Degree of hypertrophy 
(%)

NR NR NR NR 15.7: 10.5* 
(34)

Kinetic growth rate NR NR NR NR 3.9: 2.4* 
(34)

Hospital stays (median 
number of days)

NR NR 6: 2* (26) NR 9: 8* (32)

Resection rate (%) R0: 100: 88 (31)
R1: 35: 40 (33)

NR NR NR NR

Recurrence rate (<6 
months)

31: 22 (33) NR NR NR NR

Note: the estimates correspond to the order—other methods: PVE.
*Statistically significant differences with p<0.005.
ALLPPS, associating liver partition and portal vein ligation for staged hepatectomy; FLR, future liver remnant; LT, liver transplantation; LVD, 
liver venous deprivation ; NR, not reported; PVE, portal vein embolisation; PVEfLR, portal vein embolisation followed by liver resection; 
PVLfLR, portal vein ligation followed by liver resection.
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4.9% (2/41) and ALPPS: 9.5% (2/21), p value=0.481).22 
ALPPS was associated with a higher R0 resection rate 
(100% (20/20) vs 88.2% (30/34)) compared with the 
PVE group (p value=0.116)31 (table 2).

Patients who underwent the ALPPS experienced a 
higher rate of complications. 65.2% (15/23) of patients 
undergoing ALPPS had postoperative complications, of 
which 30.4% (7/23) had post-hepatectomy liver failure 
(PHLF) from grade B, while the rates in the PVE group 
were 27.3% (3/11) and 27.3% (3/11) had PHLF from 
grade B.30 The comprehensive complication index was 
also reported to be higher in the ALPPS group compared 
with the PVE group (mean (SD): 41 (25) vs 25 (25); p 
value=0.021).22 Interestingly, one study reported no 
difference in both total and serious complications (p 
value>0.99 and p value=0.84, respectively).24 The same 
study also observed a higher recurrence rate in the PVE 
group (PVEfLR: 36% vs ALPPS: 10%; p value=0.16).24

PVEfLR outperformed the ALPPS in terms of 
percentage gain in future residual liver volume (158.7%, 
compared with 154.8%)30 and the degree of hypertrophy 
(45% compared with 35%, p value=0.803).31 However, a 
study has reported that ALPPS achieves larger and faster 
volumes of the standardised FLR compared with the 
PVEfLR (89% compared with 52%)24 (table 2).

Portal vein embolisation followed by liver resection versus 
liver transplantation
Two of the selected studies reported superior perfor-
mance of two-stage LT technique compared with PVEfLR 
in terms of survival outcome, FLR increase ratio and 
postoperative complication.1 25 30 In a study examining 
survival outcomes between PVEfLR and LT with high 
and low tumour load, the LT group had a higher survival 
rate.25 The LT group had a 5-year OS rate of 72.4% among 
the low tumour load patients, while the rate was 53.1% 
among the PVE group (p value=0.08).25 Similarly, in the 
high tumour load group, the median OS time in the LT 
group was 40.5 months, which was almost half in the PVE 
group (median OS time 19.2 months, p value=0.007).25 
28% (15/53) of patients did not undergo LR after PVE.25 
The FLR volume increase ratio of the LT method was 
173.8% compared with 158.7% in the PVE group.30 The 
rate of postoperative complications in the LT group was 
also reported to be slightly lower than the PVE group 
(PVEfLR: 27.3% vs LT: 22.2%, p value=0.795)30 (table 2).

Portal vein embolisation versus portal vein ligation followed 
by liver resection
Studies comparing the results between the two tech-
niques, right PVL and right PVE with LR, showed no 
statistically significant difference in the mean FLR 
growth percentage with 32.5% (IQR 36.7%) and 34.5% 
(IQR 26.8%), respectively, (p value before and after 
matching by propensity score criteria=0.221–0.859).21 26 
61% (11/18) of patients in the PVL group underwent 
LR while this rate was 81% (29/35) in the PVE group (p 
value=0.081).26 Median post-procedure hospital stay for 

the patients in the PVE group was significantly shorter 
(PVEfLR: median 2 days, IQR: 1 day vs PVL: median 
6 days, IQR 5.75 days, p value<0.01)26 (table 2). However, 
the median length of stay after the right hepatectomy in 
the PVL group (median 7 days, IQR=10 days) was shorter 
than that of PVE (median 10 days, IQR=7.5) but not statis-
tically significant (p value=0.107).26 The post-procedure 
major complication rate in the PVL group was 16.7% 
(3/18), which is higher than the rate in the PVE group 
(2.8%, 1/36); however, the difference was not statistically 
significant (p value=0.107).26 Although the postoperative 
major complications in the PVL group were higher than 
the PVE group, 27.3% (3/11) and 17.4% (4/23), respec-
tively, the difference was not statistically significant (p 
value=0.347)26 (table 2).

Portal vein embolisation followed by liver resection versus 
LVD
One article using propensity scores noted a completion 
rate of 68% and did not record mortality rates within 
90 days for the two procedures, PVEfLR and PVD. No 
patients in the PVEfLR group had any adverse events, 
while the liver venous deprivation (LVD) group had 
four mild or moderate adverse events. The LVD group 
had significantly higher degrees of hypertrophy (DH) 
and kinetic growth rate (KGR) scores compared with the 
PVE group (DH: median 15.7% vs 10.5%, p=0.017, KGR: 
median 3.9% vs 2.4% per week; p=0.006). While the pre-
intervention standardized future liver remnant (sFLR) 
index was approximately 29% in both groups, the post-
intervention sFLR index was higher in the LVD group 
but not statistically significant (46.1% vs 39.8%, p=0.214). 
There is no comparison between OS and DFS in this 
article34 (table 2).

Portal vein embolisation followed by liver resection versus 
no-portal vein embolisation
When comparing PVEfLR to LR without PVE, it is 
important to note that these groups differ fundamen-
tally at baseline, with the PVEfLR cohort typically 
having more advanced or complex disease. Despite 
this, four studies reported similar OS rates between the 
groups.23 27 29 32 Findings for DFS were heterogeneous, 
with one large study noting significantly worse DFS in the 
PVEfLR group.29 Postoperative complications and 90-day 
mortality were generally higher in the PVEfLR group, 
which is consistent with their more complex preoperative 
status.23 29 However, hospital stay was significantly shorter 
in the PVEfLR group in one study32 (table 2).

DISCUSSION
Although LR is the only curative treatment currently avail-
able for patients with CRLM, less than 25% of patients 
are initially resectable.3 4 6 PVE, one of the first preopera-
tive procedures invented with the aim of increasing FLR, 
making more patients eligible, aims to address this issue.7 
Meanwhile, other techniques such as ALPPS, PVL and LT 
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have been developed and provide more options for this 
cohort of patients.35 36 Depending on the availability of 
a donor liver, patient characteristics, treatment regimen 
or other influencing factors, the outcomes of the above 
procedures will vary. This rapid review compared the 
short- and long-term outcomes of each technique with 
PVEfLR. It also highlights the role of PVE as an interven-
tion to prepare patients with CRLM for potentially cura-
tive LR based on a narrative synthesis of fourteen research 
articles published from 2014 to 2025.

In terms of short-term outcomes, the PVEfLR group 
showed lower inpatient and 90-day mortality rates than 
the ALPPS group, although the differences were not statis-
tically significant. In contrast, the 90-day mortality rate 
was significantly higher in the PVEfLR group compared 
with the no-PVE group. Regarding postoperative compli-
cations, the PVEfLR group had a significantly higher rate 
of complications compared with the no-PVE group, while 
showing a similar rate with the LT group. Notably, the 
PVEfLR group experienced fewer complications than the 
ALPPS and PVL groups, with the difference only reaching 
statistical significance when compared with ALPPS. The 
number of patients with grade B PHLF was similar in the 
ALPPS and PVEfLR groups. With negative margins as the 
surgical goal, the ALPPS group had better results than the 
PVEfLR group, although the difference was not signifi-
cant.37 This review noted that with the advantage of signifi-
cantly shorter hospital stay compared with the PVL group 
and no PVE, as well as no difference in mean FLR growth 
rate when compared with ALPPS and PVLfLR, PVEfLR 
may be the preferred method in clinical practice. Part 
of this is consistent with findings of a systematic review, 
which reported comparable FLR volumes and complica-
tion rates between PVLfLR and PVEfLR.38 However, the 
FLR growth rates in ALPPS and PVEfLR were reported 
inversely. In the scandinavian multicenter randomized 
controlled trial, ALPPS is the technique with the signifi-
cantly higher rate of FLR gain than TSH with PVEfLR, 
68% versus 36%, p value<0.0001.39 Being a less invasive 
procedure, PVEfLR is also more widely used, as reflected 
in the number of patients (PVEfLR: 1953 patients, PVL: 
123 patients in 21 studies).40 Overall, PVEfLR has shown 
favourable short-term outcomes compared with PVLfLR 
and especially ALPPS, while maintaining comparable 
performance to LT. PVEfLR remains a valuable option, 
particularly for patients at a higher risk of complications 
or when slower enlargement is clinically acceptable. 
Because it is not donor-dependent, this preoperative 
technique offers a more accessible and less expensive 
option, making it more widely applicable to a wider range 
of patients.

A key challenge in interpreting these results, particu-
larly the comparison between PVEfLR and strategies such 
as ALPPS or LT, is the handling of ‘drop-out’ patients. 
In the PVEfLR series, a significant proportion of patients 
(up to 28% in one study25) do not proceed to resection 
due to inadequate hypertrophy or disease progression 
and are often analysed on an ‘intent-to-treat’ basis. In 

contrast, outcomes for ALPPS and LT are frequently 
reported on a ‘per-protocol’ basis, including only those 
who completed the entire procedure. This fundamental 
difference in cohort analysis can bias outcomes in favour 
of techniques with higher completion rates and must be 
considered when comparing their efficacy.2 4 25

In the long-term outcome measurements, only the LT 
group showed significantly better OS than the PVEfLR 
group. For the other groups, including ALPPS and 
no-PVE, the OS and DFS results were inconsistent, with 
no statistically significant differences observed. These 
heterogeneous findings reflect the diversity in study size, 
treatment regimens, patient selection criteria and base-
line characteristics across the studies. Despite being an 
older technique, PVEfLR achieved OS rates comparable 
to the more modern ALPPS method, emphasising its value 
in clinical practice. While PVE is a technique to convert 
unresectable patients into surgical candidates, the char-
acteristics of PVEfLR and no-PVE patients are dissimilar. 
When comparing the results of these two groups, PVEfLR 
still achieved similar results in terms of OS and DFS rates, 
while having a shorter hospital stay. Therefore, PVEfLR 
is an approach that can help patients with more complex 
features achieve survival outcomes nearly equivalent to 
those with less complex features, suggesting that PVE 
helps close the gap in patients with inadequate FLR. 
Among the techniques compared, PVEfLR maintained 
a favourable safety profile. It is important to realise that 
PVE converted initially unresectable patients into surgical 
candidates and maintained the same survival rate as the 
hepatectomy-alone group.

CONCLUSION
This review synthesised research published over the past 
decade to compare the outcomes of PVEfLR with other 
surgical and intervention treatments for patients with 
CRLM. The findings highlight the impact of PVE on 
the treatment of patients with unresectable CRLM by 
converting them into surgical candidates while main-
taining survival with lower complication rates. Further 
research should focus on combining PVE with other 
methods, such as chemotherapy or immunotherapy, to 
yield better results. The current authors are designing a 
retrospective cohort study of an international sample of 
patients with CRLM to investigate the impact of PVEfLR 
on treating patients with CRLM. In a nutshell, PVE 
remains the appropriate approach for initially unresect-
able patients.

Some limitations should be considered alongside the 
strengths of this rapid review while interpreting the 
findings. Many studies had small sample sizes and retro-
spective designs, limiting the strength of the evidence. 
Furthermore, the lack of RCTs directly comparing PVE 
with alternative techniques limits the ability to conclude 
these interventions’ relative efficacy and safety.

One limitation of this review was the inability to access 
full text in a study as it is a conference abstract.21–24 
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Although we still have sufficient data to conduct the 
review, the lack of specific patient selection criteria, 
statistical analysis and outcome measures makes the 
review incomplete. Therefore, the accuracy of the results 
extracted from such studies may impact the reliability of 
the review’s findings.

Implications
The findings of this rapid review suggest that PVEfLR is 
a valuable preoperative intervention to increase FLR and 
enable LR. In addition, PVEfLR showed a slower time to 
achieve hypertrophy compared with ALPPS and a lower 
survival rate compared with LT in patients with high 
tumour volume. These findings indicate that with each 
patient’s characteristics, the methods will have a certain 
suitability. Therefore, physicians need to rely on tumour 
burden, FLR volume and risk assessment of complica-
tions to determine the appropriate treatment strategy.
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