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Background: Post-hepatectomy liver failure (PHLF) is the first cause of death after major hepatectomy, 
and future liver remnant (FLR) volume is the main factor predicting PHLF. Liver venous deprivation (LVD) 
via portal and hepatic vein embolization has been suggested to induce a better hypertrophy of the FLR than 
portal vein embolization. The aim of this retrospective multicentric study was to assess safety, feasibility and 
efficacity of LVD in a French national multicentric register.
Methods: Between 2016 and 2023, LVD was performed in 7 expert centers, for patients with liver 
malignancies requiring major hepatectomy with an FLR percentage of total liver volume (FLR%) ≤25% 
for a healthy liver or <30% for a diseased liver. FLR volumetry was assessed before and 4 weeks after the 
procedure. 
Results: One hundred and ninety-two patients were included in the study. The technical success rate was 
100% and severe complication rate post-LVD was 2.6% (5/192). The FLR% increased by 61.7% over an 
average of 27±9.7 days. Major hepatectomy was performed 40 days after LVD on 161 (83.8%) patients. 
Hepatectomy was not performed on 31 (16.2%) patients, mostly because of oncological progression. 
Severe postoperative complications (Clavien-Dindo grade ≥ IIIA) occurred in 21.1% (34/161) of patients. 
Postoperative mortality rate was 4.3% (7/161).
Conclusions: This study is the largest to confirm that LVD is a safe, reproducible, efficient technique that 
induces rapid major FLR growth. However, this new technique needs to be standardized and harmonized 
between centers to ensure uniform results.
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Introduction

Hepatic resection surgery remains the gold standard for 
curative management of hepatic malignant tumors, both 
primary and secondary. After major hepatic resection 
of large, multiple, and/or bilobar lesions, there is a risk 
of post-hepatectomy liver failure (PHLF), especially in 
patients with underlying cirrhosis, steatosis, or those who 
have received multiple cycles of chemotherapy (1,2). PHLF 
remains the prime cause of postoperative mortality after 
major hepatic resection (3). The risk of clinically relevant 
PHLF in patients with future liver remnants (FLRs) <20% 
(or an FLR to bodyweight ratio <0.5) (4) of a healthy liver 
or <30–35% (or an FLR to bodyweight ratio <0.5–0.8) of 
diseased liver is up to 40% (5).

Prevention of PHLF has been a major surgical challenge 
over the last three decades. Parenchyma-sparing has been 
developed in those undergoing multiple or single resections 
(6,7) and preoperative venous embolization has been 
employed to induce FLR volume hypertrophy. 

Portal vein embolization (PVE) has become the standard 
method for induction of FLR hypertrophy before major 
hepatectomy ever since the first description thereof by 
Makuuchi et al. in 1984 (8). Despite the demonstrated 
efficiency and safety of PVE (9-11), 20% to 30% of 
patients drop out before surgery mainly because of tumor 
progression associated with insufficient FLR hypertrophy, 
or procedural failure (10,12). Such tumor progression 
is definitely attributable to the delay between PVE and 
surgery (4–8 weeks). The associating liver partition and 
portal vein ligation for staged hepatectomy (ALPPS) 
method was described in 2012 (13), and is supposed to 
induce FLR hypertrophy within 7 days (14). However, 

this procedure is associated with significant morbidity and 
mortality, rendering generalization difficult (15). In 2009, 
Hwang et al. (16) described sequential embolization of the 
portal and then the hepatic vein embolization (HVE). This 
is an improved form of liver venous deprivation (LVD) 
(17-20) in one procedure that offers more rapid FLR 
hypertrophy before hepatic resection than does PVE. This 
procedure is being developed further for patients at risk 
of PVE failure and is currently used in several specialist 
centers. The aim of this register was to explore the 
characteristics of LVD in terms of feasibility, efficacy, and 
safety in a large, retrospective, French multicentric cohort. 
We present this article in accordance with the STROCSS 
reporting checklist (available at https://hbsn.amegroups.
com/article/view/10.21037/hbsn-24-315/rc).

Methods

Patient selection

This is a retrospective multicentric study of patients eligible 
for right hepatectomy (extended or not to segments I and 
IV), to treat hepatic malignancies (primary or metastatic), 
who lacked sufficient FLR volumes and thus underwent 
LVD procedures. Patients from seven University Hospital 
Centers of France that employ LVD procedures were 
included. 

Liver volumes were measured using Myrian Software® 
(Intrasense, Montpelier, France) or Synapse 3D® (Fujifilm, 
Tokyo, Japan) to evaluate computed tomography (CT) 
scans taken before each procedure by trained radiologists 
or surgeons. Patients underwent surgery if adequate FLR 
growth and no oncological progression were evident on the 
control CT scans.

FLR volumes were measured in milliliters, and the 
percentage of remaining liver (%FLR) compared to the 
total liver volume (TLV). Also, the percentage of remaining 
liver divided by patient bodyweight (%FLR/BW) was 
calculated.

The indications for LVD were an FLR <25% [or an 
FLR/weight (kg) ≤0.5] for a healthy liver and an FLR <30% 
[or an FLR/weight (kg) ≤0.8] for a diseased liver. 

A diseased liver was defined as a liver at increased risk of 
PHLF because of any of obesity [body mass index (BMI) 
>30 kg/m2], diabetes, steatosis, 3–6 months of preoperative 
chemotherapy (including irinotecan or oxaliplatin) that 
increased the risk of steatosis, sinusoidal obstruction 
syndrome (SOS) (a blue liver), liver fibrosis, and/or signs 
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of portal hypertension on imaging or biological evaluation 
(liver aspect, splenomegaly, thrombocythemia of the 
portosystemic collaterals). Patients with liver cirrhosis were 
not included in this study. 

For patients with bilobar colorectal metastatic disease, 
we used a two-step approach: clearance of the remaining 
liver followed by LVD as soon as possible, and right 
hepatectomy after 4 weeks reassessment. For patients with 
biliary tract carcinoma with jaundice, biliary drainage 
was performed before LVD or at the same time during a 
combined procedure. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Inform 
consent was obtained at the surgical consultation or during 
hospital stay. This research was retrospectively registered 
and validated by Bordeaux University Hospital ethical 
committee (No. CER-BDX 2024-202).

LVD procedure 

LVD procedures were performed by trained radiologists 
with patients under general anesthesia. 

The right portal  vein (PV) was percutaneously 
catheterized under ultrasound guidance and complete 
right portography was then performed. PVE proceeded by 
injecting in distal portal branches a mixture of iodized oil 
(lipiodol) and n-butyl-cyanoacrylate. None of the patients 
in the series had segment IV branch embolization and 
we specified this in the manuscript. The distal regions of 
the right hepatic vein (RHV) and, in some patients, the 
median hepatic vein (MHV), were catheterized to insert 
an Amplatzer® vascular plug. Hepatic vein approach could 

be transhepatic or transjugular, depending on the practice 
of each center. A transjugular approach is usually preferred 
for biliary tract cancers with biliary tract dilatation in 
order to avoid bile leakage by transhepatic approach. 
Contrast medium was injected to identify distal branches 
of the RHV, which were then selectively embolized along 
the catheter path using the same lipiodol and n-butyl-
cyanoacrylate mixture (Figure 1). Venous collaterals found 
by the radiologist could be selectively embolised during the 
procedure.

LVD safety and efficacy 

Blood tests were performed 1 day after each procedure to 
monitor liver function [aspartate aminotransferase, alanine 
aminotransferase, and bilirubin levels; and the prothrombin 
time (PT)]; the hemoglobin level; and inflammatory 
syndrome status (white blood cell count and the C-reactive 
protein level). 

Post-procedural pain was assessed, as was the need for 
opioids. 

Morbidity and mortality were evaluated at 30 days using 
the Clavien-Dindo classification. Minor complications, 
defined as grade I or II, were adverse events with no 
or minimal impact on the postoperative course. Severe 
complications, defined as grade III or IV, were considered 
markers of major morbidity. 

Control liver volumetry was performed 3–4 weeks 
after each procedure; a second CT scan was obtained 
to determine FLR growth. The volumetric parameters 
described above (FLR; %FLR; %FLR/BW) were again 
measured; the FLR percentage growth was the ratio 

Figure 1 A portogram taken after LVD. Two vascular plugs are visible in the right and median hepatic veins (white arrows). The volumetric 
data before and at 21 days post-LVD showed that the FLR increased by 60%. LVD, liver venous deprivation; FLR, future liver remnant. 
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of the %FLR after the procedure to the %FLR before 
the procedure. The kinetic growth rate (KGR) was the 
degree of hypertrophy divided by the number of weeks 
between LVD and volumetric reassessment. The degree of 
hypertrophy was thus the difference between the FLR% 
values of the initial assessment and the reassessment. 

Surgery 

Surgery was performed in patients with sufficient 
hypertrophy, defined as FLR >30% of the normal liver 
[and/or an FLR/weight (kg) ratio >0.5], FLR >40% of the 
underlying diseased liver [and/or an FLR/weight (kg) ratio 
>0.8]. The type of liver surgery was decided by the surgical 
staff who examined the liver volumetric CT scans and liver 
magnetic resonance imaging (MRI) results. Perioperative 
hepatic ultrasound was used to monitor surgical progress 
by the number of liver tumors and their relationships with 
vasculo-biliary structures. All procedures in this study were 
right hepatectomies that could be extended to segments 
I and IV and were performed by expert hepatobiliary 
surgeons. Commencing with extrahepatic division, and 
ligation of the pedicular vessels and hepatic vein, liver 
resection proceeded by employing ultrasonic dissection, 
electrocoagulation, clips, and ligations. Lymph node 
dissection was guided by the oncological recommendations 
and the perioperative findings. All operative decisions 
were taken in a multidisciplinary meeting, and major 
hepatectomy was decided only if there was no parenchyma 
sparing alternative.

Postoperative outcomes 

Blood tests were regularly scheduled postoperatively to 
monitor any biological sign of bleeding, inflammatory 
syndrome, and PHLF according to International Study 
Group of Liver Surgery (ISGLS) definition. Liver biological 
function was assessed by measuring the international 
normalized ratio (INR), the PT, and the bilirubin level. 
The definition of PHLF was that of the consensus 
agreed to by the ISGLS (2), thus, an increased INR and/
or serum bilirubin level and a decreased PT from the 5th 
postoperative day; there are three PHLF severity grades. 
Grade A features only abnormal liver biological parameters 
with no consequences for the clinical management of the 
patient; Grade B is associated with a change in clinical 
management but no invasive treatment; Grade C is associated 
with invasive treatment and/or a need for intensive care. 

Postoperative complications were recorded at 30 and 90 days 
and were scored using the Clavien-Dindo classification as 
outlined above. Postoperative mortality was defined as death 
from any cause within 90 days of the procedure or during the 
hospital stay. That stay was calculated from the first day to 
discharge or death. 

Statistical analysis

Quantitative data are expressed as means ± standard 
deviations or medians with ranges. Qualitative data are 
expressed as frequencies with percentages. All data are 
available on reasonable request. For comparison tests 
between groups, differences were determined using a χ2 test. 
A P value of ≤0.05 was considered statistically significant. 

Results

Patient characteristics 

Between January 2016 and November 2023, 192 patients 
underwent LVD in seven French University Hospital 
Centers, all of which commonly use LVD to increase FLR 
volume before major liver resection. Patient characteristics 
and initial volumetric data are listed in Table 1. Colorectal 
liver metastasis (CRLM) was the first indication for LVD 
(127 patients, 66.1%), of whom 66 (51.9%) had initial 
bilobar metastases and 48 (37.8%) underwent left liver 
cleaning via wedge resection and radiofrequencies several 
weeks before right major two-stage hepatectomy. Median 
number of metastases in the FLR was 2 (1-8), 5 patients had 
at least one radiofrequency procedure concomitant with 
wedge resections. For these 48 patients, LVD was performed 
during the same first hospitalization. The vast majority of 
patients with CRLM (85%) received at least 3 months of 
chemotherapy before LVD. Details for preoperative systemic 
treatments for CRLM patients are available in Table S1.  
For 11 (50%) patients with cholangiocarcinomas (CCAs) 
(11/22), preoperative biliary drainage were performed before 
or at the same time as LVD. 

Feasibility and safety of LVD

LVD was technically feasible for all patients; there was no 
procedural failure. None of the patients in the series had 
segment IV branch embolization. Significant complications 
(Clavien-Dindo II to IVA) were observed in 22 (11.4%) 
patients and severe complications (Clavien-Dindo ≥ IIIA) 

https://cdn.amegroups.cn/static/public/HBSN-24-315-Supplementary.pdf
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in 5 (2.6%). Two patients (1.04%) developed liver failure 
with ascitic decompensation that required prolonged 
hospitalization and one could not undergo surgery 
because of refractory ascites. One patient who developed 
a biliary tract wound during the procedure was treated via 
radiological drainage. One patient experienced thoracic 
migration of the hepatic vein plug into the vena cava that 
required surgical removal via a thoracic approach (Figure 2).  
The most common complications were pain (21 patients, 
10.9%) and/or fever (15 patients, 7.8%) but with no clinical, 
biological, or CT issues, and with a favorable evolution. The 
median length of hospital stay was 2 days (range, 1–25 days) 
but hospitalization could be prolonged for patients with 
bilobar metastases because left liver cleaning was performed 

during the same hospital stay (before LVD). The feasibility 
and safety of LVD are described in Table 2.

Efficacy of LVD

The mean time to volumetric reassessment was 27±9.7 days; 
contrast-enhanced CT scans were reviewed by radiologists 
trained in liver volumetric measurements. The volumetric 
characteristics are described in Table 3. The FLR volume 
and %FLR increased by 61.7% and 59.2% respectively. 
The mean FLR%/BW ratio after LVD was 0.9 and the 
KGR was (6±5.1)% per week.

Surgery 

Thirty-one (16.2%) patients could not undergo major 
hepatic resection after LVD. Twenty-eight (14.6%) had 
tumor progression and developed intra-hepatic or metastatic 
disease progression between LVD and reassessment, 
including 20 patients treated for CRLM (20/28). The 
CRLM drop-out rate for oncological progression is 
therefore 15.7% (20/127). 

Two patients (1.1%) exhibited insufficient FLR% growth 
at the 2-month reassessments, and 1 (0.5%) developed 
persistent liver failure after LVD. Of all patients, 57.1% 
(92/161) underwent conventional right hepatectomy (with 
or without extension to segment I) and 42.9% (69/161) 
segment IV-extended hepatectomy with or without 
extension to segment I. The surgical characteristics are 
listed in Table 4. 

The percentage of severe postoperative complications 
(Clavien-Dindo ≥ IIIA) was 21.1% (34/161) including a 
postoperative mortality rate (Clavien-Dindo V) of 4.3% 
(7/161). Thirty-seven patients (22.9%) presented with 
a post-operative ascites flare-up, and 16 patients (9.9%) 
presented with a post-hepatectomy biliary leakage. The 
percentage of clinically significant PHLF (grade B or C) 
was 21.1% (34/161) including a grade C PHLF rate of 6.8% 
(11/161). The surgical complications are listed in Table 5. 
The characteristics of patients with clinically significant 
PHLF (grade B or C) and without clinically significant 
PHLF (patients without PHLF or of grade A) are described 
in Table 6. The proportion of CCAs was significantly 
higher in the PHLF B/C group compared to the other 
group (P=0.002); the former group also exhibited a lower 
FLR% on reassessment (P=0.02), and a higher rate of right 
hepatectomy that extended to segment IV (P=0.02). Five 
patients (3.1%) died within 90 days of surgery from grade 

Table 1 Patient characteristics and initial volumetric data (n=192)

Baseline characteristics Values

Sex

Male 114 [59]

Female 78 [41]

Age (years) 64±10

BMI (kg/m2) 25.2±4.3

ASA grade

1 28 [14.6]

2 128 [66.7]

3 36 [18.7]

Liver tumor

CRLM 127 [66.1]

HCC 29 [15.1]

NET 3 [1.6]

CCA 22 [11.5]

Others 11 [5.7]

TLV (mm3) 1,566±374

FLR (mm3) 391±134

%FLR 25.2±7.5

FLR%/BW ratio 0.54±0.18

Data  a re  presented as  n  [%]  and mean ±  s tandard 
deviation. BMI, body mass index; ASA, American Society of 
Anesthesiologists; CRLM, colorectal liver metastasis; HCC, 
hepatocellular carcinoma; NET, neuroendocrine tumor; CCA, 
cholangiocarcinoma; TLV, total liver volume; FLR, future liver 
remnant; BW, bodyweight. 
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Figure 2 Migration of a vascular plug into the vena cava after LVD. LVD, liver venous deprivation.

Table 2 Feasibility and safety of LVD

Values

LVD

RHV 172 (89.6)

RHV + MHV 20 (10.4)

Clavien-Dindo

II 22 (11.4)

Pain 21 (10.9)

Fever 15 (7.8)

Liver abscess 1 (0.52)

Left embolism 4 (2.1)

Hemoperitoneum 2 (1.04)

IIIA 0

IIIB 2 (1.04)

Biliary wound 1 (0.52)

Sepsis 1 (0.52)

IV 3 (1.56)

Vena cava migration 1 (0.52)

Liver failure 2 (1.04)

Length of hospital stay (days) 2 [1–25]

Data are presented as n (%) and median [range]. LVD, liver 
venous deprivation; RHV, right hepatic vein; MHV, median 
hepatic vein. 

Table 3 Volumetric reassessment; the efficacy of LVD

Values

Time to reassessment (days) 27±9.7

TLV (mm3) 1,637±389

RLV (mm3) 623±188

Post LVD %FLR 39±8

FLR%/BW 0.9±0.31

FLR volume growth (%) 61.7±48.49

KGR (%/week) 6±5.1

Data are presented as mean ± standard deviation. LVD, liver 
venous deprivation; TLV, total liver volume; RLV, resected liver 
volume; FLR, future liver remnant; BW, bodyweight; KGR, kinetic 
growth rate. 

Table 4 Surgical characteristics

Values

Surgery

Yes 161 (83.8)

No 31 (16.2)

Time to surgery (days) 40 [13–172]

Procedure type

RH 92 (57.1)

ERH 69 (42.9)

Combined procedures

Left tumorectomies 15 (9.3)

Left RF 7 (4.3)

Data are presented as n (%) and median [range]. RH, 
right hepatectomy; ERH, extended right hepatectomy; RF, 
radiofrequency. 
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C PHLF, 3 of them had CCA, 4 of them had an extended 
right hepatectomy. For these 5 patients, the initial FLR was 
17.8%±3.8% and the re-evaluation FLR was 26%±5.5%. 

Discussion

This national registry aimed to report the feasibility, safety, 
and efficacy of LVD in seven French University Hospital 
Centers. As the indications for LVD remain unclear, it 
is important to understand how and why this technique 
is currently used, and what the results are on a national 
scale. The primary objective of LVD is to increase the 
resectability of liver malignancies, especially in patients at 
risk of PVE failure. 

The feasibility and reproducibility results were 
satisfactory; 100% of all LVDs were performed without 
technical failure at the seven different centers. The 
overall complication rate of 14% and the severe (Clavien-
Dindo ≥ IIIA) complication rate of 2.6% following LVD 
procedure, are relatively low despite the one case of thoracic 
migration, which is thus a theoretical risk associated with 
the procedure (16,21), especially when the hepatic vein 
is catheterized transhepatically. This risk is supposed to 
be reduced when using a transjugular approach, enabling 
a plug that is 80–100% thicker than the hepatic vein to 
be deposited (22). However, in this particular case, the 
approach was transjugular with the insertion of a 20 mm 
vascular Amplatzer II plug in the RHV, and to date we 
have not been able to understand the mechanism of this 
complication. The rates of overall complications are similar 
to those of previous comparative retrospective studies (LVD 
vs. PVE) as are the rates of severe complications (Clavien-
Dindo ≥ IIIA), which ranged from 0% to 3% depending on 
the series (17,18,22,23). The main cause of morbidity was 
post-procedure pain or fever with no clinical, biological, or 
CT findings and with spontaneously favorable evolution. 
Such symptoms are common after portal or arterial 
embolization, or chemoembolization, and are classically 
termed “post-embolization syndrome” (PES) (24). PES 
develops principally after arterial chemoembolization and 
includes a group of non-specific symptoms such as pain, 
fever, nausea, and vomiting. 

PES occurs within the first 72 h after embolization of a 
solid organ and classically rapidly resolves after symptomatic 
treatment.

We observed an FLR% growth of 61.7% over 27 days. 

Table 5 Surgical complications

Values

Clavien-Dindo grade

II 41 (25.46)

IIIA 15 (9.3)

IIIB 8 (4.9)

IV 4 (2.5)

PHLF

A 9 (5.6)

B 23 (14.3)

C 11 (6.8)

Mortality to 90 days 7 (4.3)

PHLF grade C 5 (3.1)

Portal thrombosis 1 (0.6)

Pneumopathy 1 (0.6)

Hospital stay (days) 9 [3–55]

Data are presented as n (%) and median [range]. PHLF, post-
hepatectomy liver failure. 

Table 6 Characteristics of clinically significant PHLF (grade B or 
C, n=34) and a comparison with other patients who were operated 
upon (PHLF 0 or grade A, n=127)

PHLF B/C 
(n=34)

PHLF 0/A 
(n=127)

P value

Age (years) 65.7±8.4 64±10.2 0.48

BMI (kg/m2) 25±4.9 25.2±4 0.52

Primary tumor

CRLM 18 (52.9) 95 (74.8) 0.07

HCC 5 (14.7) 18 (14.2) 0.78

CCA 10 (29.4) 11 (8.6) 0.002

Initial FLR% 25.5±9.3 25.1±6 0.14

Reassessment FLR% 37±10 39±8.6 0.02

Procedure type 0.02

RH 12 (35.3) 78 (61.4)

ERH 22 (64.7) 49 (38.6)

PHLF, post-hepatectomy liver failure; BMI, body mass index; 
CRLM, colorectal liver metastasis; HCC, hepatocellular 
carcinoma; CCA, cholangiocarcinoma; FLR, future liver remnant; 
RH, right hepatectomy; ERH, extended right hepatectomy.
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These results are consistent with those of previous studies: 
Chebaro et al. (25) observed an FLR% growth of 63% over 
28 days; the figure of Laurent et al. (18) was 61.2% over 
30 days. These results highlight the efficacy of LVD; the 
FLR% growth is nearly twice that after PVE (10,18,26). 
In this study, the KGR after LVD was (6±5.1)% per week; 
few KGR data after LVD are available. Indeed, several 
retrospective studies that measured the KGR after LVD 
reported very different results [KGR =(3.9–19)% per week] 
over different time intervals (13–41 days) (18,22,23,27,28). 
However, Shindoh et al. (29) found that a KGR <2% or 
>2% per week correlated with the PHLF risk after PVE 
(0% vs. 21% respectively, P<0.0001). These results must be 
interpreted with caution, however, as hypertrophy is non-
linear, and the time before re-evaluation may affect the 
KGR. This interval must be identical if the KGRs of two 
groups are to be compared. 

The drop-out rate of our study came to 16.2%, almost 
all of which (14.6%) was attributable to tumor progression. 
This is lower than that after PVE (20–30%) (10,11). Our 
resectability rate is comparable to those of smaller-volume 
retrospective comparative studies (LVD vs. PVE), with 
resection rates of 81–100% (18,22,23,28). This may reflect 
the fact that the time to liver resection is shorter after LVD 
than PVE (4–6 weeks) (30), reducing the risk of tumor 
progression during this period. However, we observed a 
median time to surgery of 40 days. This is surprisingly long, 
but may be explained by logistical limitations and a fear that 
the FLR% growth was insufficient before that time. The 
main volume gain occurs as early as day 7 post-procedure (17). 

In a 2016 study, Guiu et al. demonstrated that liver 
resection on day 15 post-LVD was safe and feasible (21). It 
is therefore important to consider reducing the delay before 
surgery to reduce further the dropout rate. 

The majority of oncological drop-outs in our series 
concerned CRLMs (20/28), highlighting a limitation in 
patient selection. Some authors consider that this interval 
between embolization and surgery allows to select patients 
who would really benefit from surgery from those with 
excessively aggressive disease (31). On the other hand, 
tumor progression can also mean that the only chance 
of curative resection or long-term survival is lost (32). In 
addition to surgical resectability criteria, it will be important 
to integrate CRLMs’ biological characteristics. We now 
have evidence that mutation status has a prognostic impact 
on patients with CRLM, with RAS and BRAF mutations 
associated with poorer overall survival and recurrence-free 
survival compared with wild-type patients (32-34). This is 

even more pronounced when the serum level of circulating 
tumour DNA (ctDNA) is studied. This is directly correlated 
with recurrence risk following liver resection (35). In the 
future, these data will be essential for a better understanding 
of disease progression and better patient selection who 
will really benefit from major hepatectomy with the aim of 
personalized medicine.

The post-hepatectomy severe complication rate 
was 21.1%, similar to those of previous retrospective 
comparative studies on hepatectomy after LVD (Clavien-
Dindo ≥ IIIA, 8–35%) (17,18,23,28,36). In these studies, the 
rate ranged from 10–37% after PVE. Our rate is also similar 
to the severe complication rates observed in the most recent 
ALPPS studies (37,38). Indeed, Chebaro et al. (25) compared 
the severe complication rates after LVD and ALPPS; these 
were 21.9% and 22.6% respectively, thus, not significantly 
different. This also highlights the reductions of ALPPS 
morbidity and mortality apparent in the most recent studies 
thanks to a very good patient selection and indication, 
which is not yet achieved for LVDs.

PHLF was a major cause of morbidity and mortality 
in our series, with severe grade C PHLF being observed 
in 11 patients (6.8%), of whom 5 died (3.1%). PHLF 
was the prime cause of 90-day mortality in our study. 
Unsurprisingly, patients with clinically relevant PHLF 
(grade B/C) had a higher proportion of CCA, segment IV-
extended hepatectomies, and a lower reassessment FLR%. 
However, the mean reassessment volumetry of 37%±10% 
which is usually considered sufficient to avoid a risk of 
PHLF. The risk of PHLF post-LVD varied considerably in 
previous studies: Laurent et al. (18) observed no post-LVD 
PHLF, Heil et al. (27) 11%, and Panaro et al. (23) 23% in 
small retrospective series. This raises a question in terms of 
liver functional assessment; volumetry alone is not enough 
is not sufficient to completely prevent the risk of PHLF. 
Volumetry aside, there are several clinical, biological, and 
image-guided methods by which to assess preoperative 
liver function and the PHLF risk, and these could be 
used to anticipate such risk, even after LVD. The Child-
Pugh and MELD (Model of End Stage Liver Disease) 
scores do not appropriately measure this risk (39) for 
patient without cirrhosis, even if, in clinical practice, they 
provide an interesting indication of the possibility of liver 
failure. However, the combination of routine liver biology 
with new scores that consider the albumin, bilirubin, and 
platelet levels, such as the aminotransferase to platelet 
ratio index (APRI) and albumin-bilirubin (ALBI) grade 
scores, effectively screen for the PHLF risk (40-43). An 
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algorithm for a smartphone application has been developed 
to facilitate the routine use of such scores (44). Liver 
scintigraphy assesses liver function using galactosyl human 
serum albumin (GSA) or 99mTc-labeled mebrofenin and can 
identify patients at risk of PHLF both before and after PVE 
or LVD, especially patients with borderline FLR volumes 
(45-47). 

It will be interesting to read the results of the prospective 
randomized HYPER-LIV01 trial (48), which will compare 
the FLR% and liver function revealed by mebrofenin 
liver scintigraphy by PVE and LVD status. Given the 
imperfect correlation between liver volume and function, 
a concomitant functional assessment is essential to reduce 
further the risk of PHLF. The lack of functional assessment 
is a limitation of our study but, given the retrospective 
nature of the work, biological scores and nuclear images 
were not available. 

When we looked closer at the five patients who died 
of PHLF grade C, it seemed that both the initial (17%) 
and post-LVD (26%) FLR were lower than those of other 
patients, and the proportions of CCA (3/5) and a need 
for extended right hepatectomy (4/5) higher. According 
to our initial post LVD volumetric criteria for validating 
liver resection (>30% or >40% depending on the quality 
of the liver parenchyma), these patients should certainly 
not have undergone major hepatectomy after reassessment. 
It is necessary to understand the causes of insufficient 
hypertrophy and its mechanisms. It would have been 
relevant to check whether portal embolization had been 
incomplete because of a spared sector or too proximal 
embolization. In these cases, it is possible to complete the 
procedure or to additionally embolize MHV if the right 
hepatectomy is to be extended. If the LVD is complete, the 
liver parenchyma must be analyzed to look for a possible 
cause of insufficient hypertrophy. The presence of liver 
fibrosis (49,50), chemotherapy associated liver injury (CALI) 
(51,52), steatosis (53), viral hepatitis (54) or even portal 
hypertension (55) or cholestatic jaundice (56) are limiting 
factors for hypertrophy. These factors must be identified 
(biological tests, liver biopsy, imaging), anticipated and 
corrected whenever possible to optimize hypertrophy. 
These data are missing from this registry and represent a 
limitation in understanding insufficient hypertrophy for 
these 5 patients who died of PHLF. 

Different strategies have been described as a curative 
“last resort” for these patients whose hypertrophy is 
insufficient even after LVD to consider major hepatectomy. 
Salvage ALPPS has been described as a feasible and effective 

alternative to failed PVE with results similar to usual ALPPS 
in selected patients with CRLM and small retrospective 
studies (57-59). Salvage ALPPS after failed LVD was 
described in the series by Chebaro et al. (25) for only 6 
patients but was feasible and efficient. Some expert centers 
are offering innovative vessel-guided hepatic parenchymal 
sparing techniques for CRLM (60), thanks to the recognition 
and intraoperative sparing of communicating veins and the 
concept of vascular R1 offering local oncological control 
similar to R0 resection (61,62). These new techniques, 
like transverse hepatectomies, minimize the risk of PHLF 
and make it easier to perform iterative resections (63,64). 
Finally, liver transplantation is becoming an increasingly 
credible alternative in the management of CRLM. This 
approach has been described for unresectable liver metastases 
in highly selected patients (65,66), and is currently being 
studied in the randomized TRANSMET trial. 

There was no long-term evaluation of oncological 
outcomes in our register which constitute a limit, which 
would be interesting, in particular in terms of CRLM. It 
will be important to study in detail the forthcoming results 
of Pecquenard et al. (67), who are comparing the overall and 
recurrence-free survival of patients managed for CRLM 
who underwent LVD or ALPPS. In the preliminary results, 
despite a resectability rate in favor of ALPPS (98.9% vs. 
84.3%, P<0.0001), there was no significant difference in 
terms of overall survival and recurrence-free survival in the 
context of CRLM.

Our register has several limitations, firstly because of 
its retrospective nature. It presents some missing data, 
especially for the types of preoperative treatments and their 
impact on liver regeneration, or on initial characteristics of 
each patient’s liver parenchyma quality. Unfortunately, we 
have too many missing data on the type and size of vascular 
plugs for each patient, or whether the radiologist performed 
selective embolization of venous collaterals between FLR 
and resected liver. This information would have been of 
interest in understanding mechanisms of hypertrophy 
insufficiency or LVD complications.

However, it reflects current LVD practice in France. 
The heterogeneity of patients’ initial characteristics 

highlights the lack of standardization of LVD, the 
indication and use of which vary greatly between centers. 
Harmonization of practices would reduce the risk of 
complications and loss of opportunity for patients. 

Moreover, there was no functional assessment in this 
registry, although this measure will be essential in order 
to reduce PHLF rates. However, several patients from 
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this registry were included in the French HYPERLIV-01 
randomised trial, in which 99mmebrofenin scintigraphy was 
performed.

Conclusions

LVD is becoming increasingly common in liver surgery 
centers. LVD is safe and feasible with 100% success rate 
in this study and 2.6% of severe complications. LVD is 
effective, inducing rapid and significant hypertrophy, thus 
increasing the liver resectability rate, especially of patients 
at risk of PVE failure. However, the indications for LVD 
and the roles that LVD plays need to be standardized more 
comprehensively by harmonizing practices among centers. 
The drop-out rate, more often by oncological progression, 
is lower than that observed in PVE series, but remains 
significant. The rate of clinically significant PHLF remains 
significant despite satisfactory volumetric reassessment; 
concomitant liver reserve functional evaluation will be 
essential for future studies (HYPERLIV01). The effects 
of LVD on long-term oncological outcomes, especially 
CRLM, must be compared in randomized trials to those of 
other liver hypertrophy techniques (ALPPS and PVE). 
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Supplementary

Table S1 Preoperative systemic treatment for CRLM patients (n=127)

N (%) Cycles number, median (range)

Chemotherapy

FOLFOX 48 (37.8) 8 (4–18)

FOLFIRI 20 (15.7) 8 (4–24)

FOLFIRINOX 40 (31.5) 6 (1–25)

NA 19 (15.0) –

Targeted therapies 

Bevacizumab 44 (34.6) 7 (4–18)

Cetuximab 19 (14.9) 9 (5–15)

Panitumumab 18 (14.1) 6 (3–17)

CRLM, colorectal liver metastasis; NA, not available. 


