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Abstract

Background Liver venous deprivation (LVD) is a recent radiological technique performed to induce hypertrophy of the future
liver remnant. Medium-term results of major hepatectomy after LVD have never been compared with the actual standard of
care, portal vein embolization (PVE).

Methods We retrospectively compared data from 33 consecutive patients who had undergone LVD (n=17) or PVE (n=16)
prior to a right hemi-hepatectomy or right extended hepatectomy indicated for colorectal liver metastases (CRLM) between
May 2015 and December 2019.

Results The 1-year and 3-year overall survival (OS) rates in the LVD group were 81.3% (95% confidence interval [CI]:
72-90) and 54.7% (95% CI: 46-63), respectively, against 85% (95% CI: 69-101) and 77.4% (95% CI: 54-100) in the PVE
group; the differences were not statistically significant (p =0.64). The median disease-free survival (DFS) rate was also
comparable: 6 months (95% CI: 4-7) in the LVD group and 12 months (95% CI: 1.5-13) in the PVE group (p =0.29). The
overall intra-operative and post-operative complication rates were similar between the two groups. The mean daily kinetic
growth rate (KGR) was found to be higher after LVD than after PVE (0.2% vs. 0.1%, p=0.05; 10 cc/day vs. 4.8 cc/day,
p=0.03), as was the mean increase in future liver remnant volume (FLR-V) (49% vs. 27%, p=0.01).

Conclusions The LVD technique is well tolerated in patients undergoing right hemi-hepatectomy or right extended hepatec-
tomy for CRLM. When compared with the PVE technique, the LVD technique has similar peri-operative and medium-term
outcomes, but higher KGR and FLR-V increase.
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Introduction

Colorectal cancer (CRC) is the third most frequent cause of

cancer death worldwide, and approximately 25-30% of patients

54 Fabrizio Panaro diagnosed with CRC develop liver metastases.' Liver resec-
f-panaro @chu-montpellier.fr tion is considered the cornerstone treatment for colorectal liver
metastases (CRLM), achieving 5-year survival rates higher
than 50%, showing low morbidity and mortality in highly
experienced centers.>* With the evolutions in medicine and
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main vascular structures.” Owing to inadequate future liver
remnant volume (FLR-V), less than 25% of patients are eligible
for major hepatectomy at the time of cancer diagnosis.® This
is because a major hepatectomy can cause post-hepatectomy
liver failure (PHLF), which is the leading cause of death after
the resection of three or more liver segments.”

Therefore, to minimize the risk of PHLF, sufficient FLR-V
must therefore be preserved.'” It is generally accepted that
PHLF is likely to occur in patients whose FLR-V is less than
25% of the total volume of a normal liver or 30% of a fatty liver,
who have had multiple courses of chemotherapy or who have
40% of a liver with cholestasis or cirrhosis.'! To optimize the
FLR, several techniques have been developed to induce liver
hypertrophy. Since its introduction in 1984 by Makuuchi et al.,
portal vein embolization (PVE) has been considered the stand-
ard technique for inducing FLR increase.'>!'* However, PVE
does not always induce sufficient and rapid hypertrophy: Up
to 20% of treated patients are still unfit for completion surgery
after a relatively long time (4-6 weeks) following the procedure
due to insufficient FLR increase or tumor progression.'*

To overcome these limitations, a new interventional radio-
logical technique was described in 2016: hepatic venous dep-
rivation (LVD)." It consists of the simultaneous embolization
of the portal vein and one or two hepatic veins (extended liver
venous deprivation) in order to increase the damage to the
contralateral liver and further induce hypertrophy of the FLR
(approximate kinetic growth rate=16+7 cc/day, according to
the initial reports).'®!” The first comparative data regarding
the volume and functional increase of FLR were recently pub-
lished, showing a greater regeneration after LVD than after
PVE.!® The impact of LVD on hepatic recurrence (HR) and
medium-term results after CLRM resection remains unclear.
Furthermore, no studies have evaluated the early intra- and
post-operative results after right hemi-hepatectomy and right
trisectionectomy in CRLM patients in this setting. This retro-
spective study was therefore carried out to compare the short-
and medium-term outcomes of major hepatectomy after LVD
with those after PVE.

Materials and Methods
Study Design

This was a single-institution retrospective study con-
ducted according to the Strengthening and Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines of the EQUATOR network.'? Informed consent was
obtained prior to the radiological and surgical proce-
dures. This study was approved by the Institutional Eth-
ics Committee of the University Hospital of Montpellier
(IRB-MTP_2020_04_202000444).

Patients

Data from patients who underwent consecutive LVD prior to
right hemi-hepatectomy or right extended hepatectomy (trisec-
tionectomy) for colorectal cancer metastases at the University
Hospital of Montpellier between May 2015 and December 2019
were retrospectively collected and analyzed. Patients with liver
cirrhosis were excluded from this study. The flowchart of the
study is shown in Fig. 1. The choice of the therapeutic manage-
ment of each of the included patients was taken after a previ-
ous discussion during a multidisciplinary oncology meeting.
The decision to perform a liver augmentation procedure was
based on the FLR volume and/or functional assessment using
mebrophenin Tc-99 m scintigraphy. The radiological procedure
was performed when the expected FLR was <25% in the nor-
mal liver, <30% in the liver that had undergone chemotherapy,
or<40% in cases of underlying liver disease (cholestasis), and
when the Tc99m mebrophenin extraction was < 2.69%/min/m>.
‘When both the volume and function of the FLR were insufficient,
or when liver scintigraphy was not available, LVD was performed
instead of PVE alone due to the fact that LVD showed a greater
volumetric increase. Patient follow-up after LVD was based on
contrast computed tomography (CT) and Tc99m-mebrofenin
scintigraphy performed weekly after the procedure. Radiologi-
cal and surgical procedures, as well as patient management, were
performed by the same team in the same facility.

To compare the results obtained with LVD, data were
retrospectively collected from consecutive patients who
underwent the same type of liver resection for CRLM after
PVE during the same time period.

Radiological Procedure

The LVD technique has previously been described in detail. ">
Summarily, the right hepatic vein (and accessory vein, when
present) was cannulated through trans-hepatic access under
ultrasound guidance using a B1-stick technique.?® Initial
PVE was performed through right trans-hepatic access. The
right portal vessels were embolized using n-butyl cyanoacr-
ylate and lipiodol (ratio 1:6). The micro guidewire placed in
the hepatic vein(s) was then used to position an Amplatzer
II vascular plug (75% opening). The plug was positioned at a
distance of approximately 2 cm from the ostium of the infe-
rior vena cava (IVC) to reduce the risk of plug overlength.
Finally, all distal venous branches were embolized using a
mixture of n-butyl cyanoacrylate and lipiodol (ratio 1:6).
Eight patients also underwent embolization of the middle
hepatic vein, a procedure called extended liver deprivation
(eLVD). The decision to embolize the middle hepatic vein
was made by the radiologist based on the size of the FLR,
type of surgery, and anatomical characteristics of the hepatic
vein circulation.
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Fig. 1 Flow chart: diagram
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Surgical Intervention

Patients either underwent laparotomic right hemi-hepa-
tectomy (segments 5-8), according to the Brisbane classi-
fication of liver resections, or extended right hepatectomy
(trisectorectomy).?! An intra-operative ultrasound was
performed to confirm the surgical feasibility of the proce-
dure and to guide the resection. The right hepatic artery
and portal vein were systematically ligated and dissected
before parenchymal sectioning using an anterior approach.
The hepatic veins were closed and divided using a vascu-
lar stapler; the Amplatzer-type plug did not prove to be an
obstacle in this regard. If necessary, a Pringle maneuver with
intermittent clamping or selective right portal vein control
was performed.

Post-Operative Follow-up
Post-operative follow-up data were analyzed. Post-oper-
ative complications were classified according to the Cla-

vien-Dindo classification.?> PHLF, post-hepatectomy
bile leakage (PHBL), and post-hepatectomy hemorrhage

@ Springer

(PHH) were diagnosed and classified according to the
International Study Group of Liver Surgery (ISGLS)
guidelines.”> > Ascites was defined following the Interna-
tional Ascites Club definition.?® Synchronous metastases
were defined, according to the Expert Group on OncoSur-
gery Management of Liver Metastases group (EGOSLIM)
definition, as metastases detected by pre-operative screen-
ing or during resection of the primary tumor.?’

All patients were examined within one month after dis-
charge from the surgery department and underwent clini-
cal, biological, and imaging evaluations every 3 months
after discharge for the first two years, according to the
oncological protocols. Outpatients’ controls were sched-
uled every 12 months if no relapse was found. In case
of tumor recurrence, the case was re-examined by a mul-
tidisciplinary team (MDT) with the aim of carrying out
curative treatment as much as possible.

Hypertrophy Parameters

The volume share of the FLR (FLR-V%) was calculated from
manual reconstruction using the formula described by Vauthey
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et al.”®; FLR-V share =FLR-V/(eTLV —TV) x 100, where
eTLV=-794.41+1267.28 xbody surface area. To compare
hypertrophy responses, the kinetic growth rate (KGR) was cal-
culated as the percentage growth per day [degree of hypertrophy
(DH) at the first post-procedural volume assessment (% )/elapsed
interval from the radiological procedure (days)], as well as in
volume (cc) growth per day, that is, (FLR-V after intervention
— FLR-V prior to intervention)/time elapsed.”’ The degree of

hypertrophy was calculated using the following formula®*-3!:

(post — procedural FLR — V%) — (pre — procedural FLR — V%)

The increase in the FRL-V% was calculated using the fol-
lowing formula:

FLRincrease = (FLR-

interstage

— FLRyqcline ) X 100%.

Volumes were compared with the last imaging exam per-
formed before surgery.

Statistical Analysis and Endpoints

Continuous data were expressed as mean and standard
deviation (SD) or median and interquartile range (IQR),
depending on whether they had a normal distribution or not.
Group comparisons were performed using Student’s T test
or Wilcoxon’s rank test, depending on the distribution of
the variable. Categorical data were expressed as frequencies
and associated percentages. Comparisons between groups
were performed using Pearson’s chi-squared test or Fisher’s
exact test, depending on the expected value of the variable
of interest.’” The primary endpoints were the overall sur-
vival (OS) and disease-free survival (DFS) rates. Secondary
endpoints were peri-operative complications. All survival
analyses were performed using the Kaplan—-Meier method
to calculate the median and 95% confidence interval (CI),
and comparisons were performed using the log-rank method.
The median follow-up was analyzed using the inverse
Kaplan—Meier method. Statistical analysis was conducted
using the software Statistical Package for Social Sciences
(SPSS) software (version 26.0).

Results
Patients’ Characteristics

We retrospectively reviewed data from 17 consecutive
patients who underwent LVD and 16 who underwent
PVE prior to right hemi-hepatectomy or right extended
hepatectomy (trisectionectomy) for CRLM. The mean age
of the patients was 58.9 years (+9.6). All LVD patients
underwent chemotherapy (CT) prior to the liver surgery,
against only 12 PVE patients. Among the LVD patients, 13

(77%) received neoadjuvant CT and 4 (23%) underwent a
conversion surgery. Table 1 lists the different CT schemes
used and the responses of the patients to the schemes.
Fourteen patients additionally received post-operative CT
(82.3%). No statistically significant differences were found
in the pre-operative characteristics of the two groups. The
patients’ and tumor characteristics are shown in Table 1.
Regarding patients who underwent PVE, four (25%) had
undergone previous hepatic surgery and two (12.5%) had
undergone thermal ablation. The overall median follow-up
period was 26 months (95% CI: 17-29).

Survival Analysis

The 1-year and 3-year overall survival (OS) rates were
respectively 81.3% (95% CI: 72-90) and 54.7% (95% CI.:
46-63) in the LVD group, and 85% (95% CI: 69-100) and
77.4% (95% CI: 54-99) in the PVE group (Fig. 2B). There
were no statistically significant differences between the
two populations (p =0.64). The median disease-free sur-
vival (DFS) rates in the LVD group and PVE group were
6 months (95% CI: 4-7) and 12 months (CI1 95%: 1.5-13),
respectively. The 1-year DFS rates in the two groups
were 53% (95% CI: 39-67) and 6.3% (95% CI: 0.3-12.3),
respectively; meanwhile the 3-year DFS rates were 44%
(95% CI: 30-58) and O (Fig. 2A). There were no statisti-
cally significant differences between the two populations
(p=0.29).

Hepatic recurrence occurred in nine patients (52.9%)
in the LVD group and five patients in the PVE group
(31.2%). In the LVD group, two patients developed pul-
monary progression, two developed lumbo-aortic lymph
node metastasis, and one developed peritoneal carcinosis.
Six patients died during the follow-up period; however, the
causes of the deaths were not related to post-operative or
post-procedural events. Among the patients, four experi-
enced pulmonary progression.

Secondary Endpoints

The median time between the LVD procedure and surgery
was 39 days (IQR,5.;5: 25-56). No patient experienced
serious complications after the radiological procedure,
and all 17 patients underwent surgery after LVD. The suc-
cessful resection rate for the LVD procedure was 100%.
Regarding intra-operative outcomes, no statistically sig-
nificant differences were observed between the two groups.
The mean duration of the intervention was 327 min (£ 93)
in PVE patients and 288 min (+62) in LVD patients.
Both the estimated amount of intra-operative blood loss
and the number of blood transfusions were comparable

@ Springer



300 Journal of Gastrointestinal Surgery (2023) 27:296-305

Table 1 Patients’characteristics LVD (n=17) PVE (1= 16) p-value
Age (mean, SD) 58.9 (9.6) 65.2 (9.5) 0.81
Sex, M/F (%) 13/4 (76/24) 7/9 (44/56) 0.16
Primary tumor localization, n(%)

Right colon 5(29.5) 4 (25) 0.41
Left colon 11(64.5) 8 (50) 0.37
Rectum 1(5.8) 4 (25) 0.13
Tumor size, median in mm (IQR,5_;5) 40 (21-52.5) 29 (18-67) 0.97
Tumor nodules, median (IQR5_;5) 2 (1-4.5) 2 (1-5) 0.68

KRAS mutational status, n (%)

Mutated 7 (41.1) 6 (37.5) 0.73
Wild type 10 (58.8) 10 (62.5)

BRAF mutational status, n (%)

Mutated 2(11.7) 0(0) 0.48
Wild type 15 (88.3) 16 (100)

Liver metastasis presentation, n (%)

Synchronous 14 (82.3) 12 (75) 0.23

Metachronous 3(17.5) 4 (25) 0.56
First CRC stadium, n (%)

TINIMO 1(5.8) 0(0)

T3NOMO 1(5.8) 2 (12.5)

T3NIM1 4 (23.5) 3 (18.7)

T3N2M1 7 (41.1) 7 (43.7)

T4N1MO 2(11.7) 2 (12.5)

T4N2M1 2(11.7) 4(25)

Chemotherapy before surgery, n (%) 17 (100) 12 (75) 0.12

Response to pre-operative chemotherapy according to RECIST criteria, n (%)

Partial Response 5(29.5) 5(1.2) 0.90
Stable Disease 12 (70) 11 (68.7) 0.87
Chemotherapy cycles before liver surgery (median, IQR 5 ;) 6 (4-14) 7(1.2-9.5) 0.81

First-line chemotherapy schemes, n (%) 17 12
FOLFOX 1(6) 2 (16.6)

FOLFIRI 3(17.5) 2 (16.6)
FOLFIRI+ CETUXIMAB 3(17.5) 2 (16.6)
FOLFIRINOX 4 (24) 2 (16.6)
FOLFOXIRI+BEVACIZUMAB 3(17.5) 0(0)
FOLFOX +BEVACIZUMAB 2(12) 2 (16.6)
FOLFIRI+BEVACIZUMAB 1(6) 2 (16.6)

Second-line chemotherapies, n (%) 6 5
FOLFOXIRI+BEVACIZUMAB 1 (16.6) 2 (40)

FOLFOXIRI+ CETUXIMAB 2(33.3) 3 (60)
SFU+BEVACIZUMAB 1 (16.6) 0(0)
FOLFOX 1 (16.6) 0(0)
FOLFIRI+ BEVACIZUMAB 1 (16.6) 0(0)

Third-line chemotherapy, n (%) 1 0
FOLFIRI+BEVACIZUMAB 1 (100) 0(0)
Post-chemotherapy fibrosis or steatosis > 60% 2(11.7) 1(6.2) 0.58
Previous liver resection 9(52.9) 4 (25) 0.20
Previous percutaneous thermal ablation 5(29.4) 2(12.5) 0.23
Time between CT and Surgery (median, IQR,5_;5) 64 (59.5-90) 30 (8-70) 0.53
Time between LVD/PVE and Surgery (mean, SD) 47,3 (37.7) 56,5 (54.3) 0.37
Trisectionectomies 8 (47) 5@31.2) 0.35

KRAS, Kirsten rat sarcoma gene; BRAF, B-RAF proto-oncogene; RECIST, response evaluation criteria in
solid tumors; CT, chemotherapy; FOLFOX, folinic acid, 5-fluorouracil, oxaliplatin; FOLFIRI, folinic acid,
5-fluorouracil, irinotecan; FOLFIRINOX, folinic acid, 5-fluorouracil, oxaliplatin, irinotecan; EGFR, epider-
mal growth factor receptor; IQR, interquartile range; SD, standard deviation
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between the two groups (median, 500 vs. 700 cc and 1 vs.
0, respectively). Post-operative complications occurred in
eight patients (47%) in the LVD group and eight patients
as in the PVE group (50%). Following the Clavien—Dindo
classification of complications, in the LVD group, two
patients had grade I complications, five had grade II com-
plications, and one had a grade III complication, requiring
endoscopic retrograde cholangiopancreatography (ERCP)
with sphincterotomy. In particular, seven patients had post-
hepatectomy hemorrhage (41%), all of grade A according

to ISGLS; one patient experienced a bile leakage (5%);
three patients developed grade A PHLF (17%); and three
patients developed post-operative grade A ascites (23.5%).
It should be noted that the incidence of post-hepatectomy
hemorrhage was significantly higher in LVD patients
(p=0.04), although they were all grade I complications.
Conversely, the number of serious complications (defined
as belonging to at least grade III of the Clavien—-Dindo
classification) was higher in the group of PVE patients
(4 vs. 1, p=0.07). The results of the univariate analysis
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of intra-operative and post-operative complications are
shown in Table 2.

Volume Analysis

The median pre-procedural tumor volumes were similar in
the PVE and LVD groups (100 cc vs. 51 cc, respectively,
p=0.24). The mean FLR-V was 32.2 before PVE and 29.3
before LVD (p=0.53). However, the mean increase in
FLR-V was higher after LVD (49% vs. 27%, p=0.01). The
mean daily KGR was also significantly higher after the LVD
procedure (0.2% vs. 0.1%, p=0.05; 10 cc/day vs. 4.8 cc/
day, p=0.03). All volume analysis data are listed in Table 3.

Discussion

To the best of our knowledge, this is the first comparative
study on the short- and medium-term outcomes of right
hemi-hepatectomy or right extended hepatectomy after
LVD vs. after PVE, specifically for CRLM. Early intra- and
post-operative results after LVD are very interesting; no

differences were found between the PHLF rates, operative
durations, estimated intra-operative blood loss, and biliary
leak rates. It is interesting to note, however, that there was a
greater number of post-operative bleeding events in patients
who underwent LVD prior to surgery, even though all the
cases were classified as minor bleeding. This finding could,
in theory, be linked to the hemodynamic changes induced
by the technique itself: Compared to the PVE, it induces a
higher blood flow in the contralateral liver by closing also
the hepatic veins. Therefore, it would be interesting in the
future to further investigate this aspect as well as validate
this finding by carrying out studies with larger samples and
more appropriate designs. Our group has published the first
comparative study investigating peri-operative outcomes
among LVD and PVE patients; however, we did not focus on
a specific surgical procedure or on a specific disease (such
as hepatocellular carcinomas and cholangiocarcinomas).*?
It is well known that including cirrhotic or cholestatic liv-
ers, as in the aforementioned study, can negatively affect
the homogeneity of the sample and the power of the results.
Furthermore, the real role of LVD in patients with cirrhosis
remains debatable.**

Table 2 Secondary outcomes

LVD PVE p-value
Delay procedure/surgery, median (IQR,s_;5) 39 (£31) 36 (£27) 0.97
Intraoperative bleedings, median (IQR,5_5) 700 (350-1450) 500 (400-1050) 0.85
Intraoperative transfusions, median (IQR,5_;5) 0(0-2) 1(0-3) 0.27
Operative duration, mean (+ SD) 288 (+62) 327 (£93) 0.17
Post-operative complications, n (%) 8 (47) 8 (50) 0.72
PHLF, n (%) 3(17.6) 3(18.7) 0.86
Clavien-Dindo > 111, n (%) 1(5.8) 4 (25) 0.07
PHH, n (%) 7 (41.1) 1(6.2) 0.04
PHBL, n (%) 1(5.8) 3(18.7) 0.22
PHA, n (%) 4(23.5) 3(18.7) 0.57
Hepatic recurrence 9 (52.7) 5(@31.2) 0.20

IQOR, interquartile range; PHLF, post-hepatectomy liver failure; PHH, post-hepatectomy hemorrhage;
PHBL, post-hepatectomy bile leak; PHA, post-hepatectomy ascites

Statistically significant p-values are highlighted in Bold

Table 3 Volumetric analysis

LVD PVE p-value
Pre-procedural tumor volume, median (IQR,5_;5) 51 (35-121.5) 100 (34-154) 0.37
Pre-procedural FLR-V share %, mean (SD) 29.3 (6.8) 32.2(9.7) 0.44
TLV gain in cc, mean (SD) 183 (271) 162 (303) 0.82
Pre-operative FLR-V %, mean (SD) 39 (9) 40.5 (11) 0.81
FLR-V increase %, mean (SD) 49 (29) 27 (18) 0.01
KGR % per day, mean (SD) 0.2 (0.2) 0.1 (0.1) 0.05
KGR in cc/day, mean (SD) 10 (8.7) 4.8 (4) 0.03
KGR % per week, mean (SD) 1.45 (1.3) 1.12 (1.1) 0.46

SD, standard deviations; IQR, interquartile range; TLV, total liver volume; FLR-V, future liver remnant vol-

ume; KGR, kinetic growth rate
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Regarding the rate of severe post-operative complica-
tions, only one Clavien—Dindo grade III event was reg-
istered in the LVD group against four events in the PVE
group, though the difference was not statistically significant.
Furthermore, a greater proportion of patients in the PVE
group had previously undergone surgery or thermal abla-
tion; this could have influenced the results. Further compara-
tive studies are required to clarify this finding. Similarly,
the preliminary oncological outcomes of LVD in CRLM
patients appear to be encouraging, as recently suggested in
other studies.*>*° Previous studies have hypothesized nega-
tive effects on tumor growth following liver volume aug-
mentation procedures, including PVE.’” However, a recent
meta-analysis by Giglio et al. concluded that PVE did not
adversely affect cancer outcomes after major hepatectomy in
patients with CRLM.?® Furthermore, LVD has some techni-
cal peculiarities that could theoretically have other oncologi-
cal implications (such as blocking the venous return of the
diseased liver using Amplatzer-type plugs); however, these
deserve further investigations. Herein, no significant differ-
ences in the incidence of hepatic recurrence and medium-
term OS and DFS rates were found between the PVE and
LVD groups.

Regarding volume analysis, the mean daily KGR was
proven to be significantly higher after LVD than after PVE
(0.2% vs. 0.1%, p=0.05; 10 cc/day vs. 4.8 cc/day, p=0.03).
Similarly, the mean FLR-V increase was higher after LVD
(49% vs. 27%, p=0.01).>3° These results are in line with
previous reports,'®3° but need to be confirmed by larger
randomized studies, such as the ongoing DRAGON-1
(NCT04272931) or Hyper-LIVO1 (NCT03841305) studies.
Furthermore, the mean weekly KGR was lower than 2% in
the studied population (1.45 after LVD vs. 1.12 after PVE,
p=0.46): A result that was previously reported to be at risk
of PHLF after PVE.?! However, we experienced only 3 cases
of PHLF after PVE, and all of them were graded A accord-
ing to ISGLS.

Another important concern arising from our analysis
was the time lapse between the LVD procedure and the sur-
gery (39 days). Previous studies have reported that delayed
hepatic hypertrophy following PVE may itself be a major
cause of cancer recurrences reported during FLR augmenta-
tion procedures.*’ Similarly, the importance of starting post-
operative chemotherapy as soon as possible after surgery is
well known, and it is also indirectly correlated with the time
to FLR regeneration during the post-operative course. Our
data showed a median time between LVD and surgery of
39 days (IQR,s5_55, 25-56), which is comparable to several
PVE reports in the literature.*! Nonetheless, this delay is
too long for the procedure to induce faster hypertrophy of
the FLR. However, several authors have proposed that this
delay could be greatly reduced, as it has been shown that
an increase in FLR volume and function occurs as early as

seven days after LVD.* One of the main reasons for the
long time delay experienced by the patients examined in
this study could be the fact that the LVD technique was just
recently introduced; besides, it is being evaluated using the
standard of previous studies. That is, volume measurements
are performed on days 7 and 21, with the assumption that
the growth effect is similar to that of the actual radiological
standard of care (the longer the waiting time, the greater
the FLR augmentation). As earlier suggested, previous find-
ings encourage a significant reduction of this delay and the
application of an ALPPS-like strategy.** Further studies
should focus on the reduction of the time delay when per-
forming LVD procedures to ensure excellent patient toler-
ance and volumetric growth rate.*> More consistent efforts
should also be made to reduce the time of surgery planning,
though this is difficult in daily practice given the context
of the COVID-19 pandemic characterized by fewer avail-
able resources. Finally, the successful resection rate after
the LVD was 100%, concurring with a recent study involv-
ing 21 patients performed by Kobayashi et al.** No case of
death secondary to post-procedural complications or tumor
progression was registered.

This study had several limitations. First, its observational
and retrospective design, with purely univariate inferential
statistics, was due to the small sample size and the number
of variables. Because of the recent nature of this technique,
few consecutive patients were included in this study; thus,
the small sample size could not allow a wider and more
detailed analysis of the factors that may play a prognostic
role in both OS and DFS. Similarly, the median follow-up
time was too short to adequately assess long-term outcomes:
An update of the survival data will be needed in the coming
years to assess the results after a longer follow-up. Never-
theless, all the oncological and non-oncological results are
very encouraging and deserve to be shared to arouse interest
and enthusiasm on this still a highly debated topic. Nonethe-
less, our study had several strengths. A rigorous selection
of inclusion and exclusion criteria (with the exclusion of
cirrhotic and cholestatic livers) limited our sample size but
increased the homogeneity of the sample and the power of
these results. Finally, to the best of our knowledge, this is
the first study to compare the medium-term outcomes after
LVD and PVE in patients undergoing right hepatectomy or
trisectionectomy.

Conclusion

The LVD technique is well tolerated in patients undergoing
right hemi-hepatectomy or right extended hepatectomy for
CRLM, showing similar peri-operative and medium-term
outcomes compared to PVE. It will be important to update
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the oncological data in the coming years to obtain the results
after 5 years of follow-up, with the possible inclusion of new
patients. Randomized controlled trials (RCTs) are needed to
confirm the benefits of LVD.
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