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Future Liver Remnant (FLR) Increase in Patients with Colorectal Liver
Metastases Is Highest the First Week After Portal Vein Occlusion

FLR Increase in Patients with CRLM Is Highest the First Week After PVO
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Abstract
Background Portal vein occlusion (PVO) is an established method to increase the volume of the future liver remnant (FLR). The
main reasons for not proceeding to radical hepatectomy are lack of volume increase and tumor progression due to a wait-time
interval of up to 8 weeks. The hypothesis was that the increase in FLR volume is not linear and is largest during the first weeks.
Methods Patients with colorectal liver metastases (CRLM) and standardized future liver remnant (sFLR) < 30% treated with
PVO were prospectively included. All patients had at least one CT evaluation before radical hepatectomy.
Results Forty-eight patients were included. During the first week after PVO, the kinetic growth rate (KGR) was 5.4 (± 4),
compared to 1.5 (± 2) between the first and second CT (p < 0.05). For patients reaching adequate FLR and therefore treated with
radical hepatectomy, the KGR was 7 (± 4) the first week, compared to 4.3 (± 2) for patients who failed to reach a sufficient
volume (p = 0.4). During the interval between the first and second CT, the KGR was 2.2 (± 2), respectively (± 0.1) (p = 0.017).
Discussion The increase in liver volume after PVO is largest during the first week. As KGR decreases over time, it is important to
shorten the interval between PVO and the first volume evaluation; this may aid in decision-making and reduce unnecessary
waiting time.
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Introduction

Portal vein occlusion (PVO) (portal vein embolization (PVE)
and portal vein ligation (PVL)) is an established method for
patients with inadequate volume of the future liver remnant
(FLR) who require major liver resection. When indicated,
PVE is technically feasible in up to 98% of the patients and
with a median increase of the FLR of up to 50%.1–3

The exact mechanisms behind the increase of the FLR after
PVE and PVL are not known. Some of the factors associated
with reduced increase are liver cirrhosis, procedure-related com-
plications, elevated bilirubin before PVO, obesity, male gender,
and diabetes.3,4 Data regarding the impact of preoperative che-
motherapy on the growth of the FLR after PVE are conflicting,
althoughmost studies report any impairment of the FLR increase
in patients with pre-procedural chemotherapy. Others report im-
paired hypertrophy, especially after more than six cycles of che-
motherapy or after administration of bevacizumab.5–8

The increase of the FLR after PVL is similar to PVE, al-
though data exist that indicate volume expansion may be
smaller after PVL.9,10

PVO can be performed either in conjunction with two-
stage hepatectomy (TSH), where the FLR is cleared of tumor
before induction of growth, or prior to one-stage hepatectomy.
The increase of the FLR volume is similar with these two
approaches. The majority of patients who do not proceed to
hepatectomy are failing due to tumor progression.11

The prognosis and long-term survival after two-stage hep-
atectomy (TSH), including PVO in patients with colorectal
liver metastasis (CRLM), is comparable to patients treated
with one-stage hepatectomy without prior PVO, with a 5-
year overall survival above 40%.12–14

The recommended interval between PVO and assessment of
the FLR is commonly between 4 and 6 weeks, causing the inter-
val between PVO and hepatectomy to be a median of 50 days,
although the interval was reported to be just over 2weeks in early
reports of patients treated with hepatectomy after PVE.13–16

However, 25 to more than 40% of patients treated with
PVO fail to qualify for radical hepatectomy, either due to
insufficient growth of the FLR or to tumor progression during
the long waiting period.11,17

Experimental and clinical studies indicate that hypertrophy
may bemore pronounced in the early period after PVO. The data
is sparse, especially for the first and second week after PVO.18,19

The introduction of associating liver partition and portal vein for
stage hepatectomy (ALPPS) has clearly shown that the human
liver has the capacity of rapid hypertrophy with growth rate that
exceeds observed growth rate after PVO. In the settings of

ALPPS, previous studies indicate that the increase in sFLR vol-
ume the first week after stage 1 is higher than 50%.20,21

If the FLR growth rate is indeed fastest in the early period
after PVO, CT evaluations made within 2 weeks following
PVO could potentially identify patients reaching adequate
FLR volume earlier, thereby lowering the risk of tumor pro-
gression in the waiting period. Furthermore, patients with very
slow initial FLR growth rate could be identified, allowing
consideration of an early strategy change.

The hypothesis for this study was that liver hypertrophy
after PVO is more pronounced during the first weeks after
the intervention compared to later in the course before radical
hepatectomy. Early evaluation may identify patients showing
inadequate FLR increase and thus allow the planning supple-
mentary techniques for volume expansion of the FLR. In ad-
dition, patients reaching adequate FLR volumemay be offered
radical hepatectomy earlier than previously thought.

The aim of this study was to study the kinetics of growth of
the FLR until the final decision was made for liver resection or
failure to resect, with a special focus on the growth rate during
the first week after PVO.

Material and Methods

This study analyses patients treated with PVO within a
Scandinavian multicenter randomized trial (ClinicalTrials.
gov, NCT02215577).22

Inclusion criteria were potentially resectable colorectal liv-
er metastases with an insufficient sFLR (less than 30%), thus
requiring preoperative volume expansion. Exclusion criteria
were liver cirrhosis, significant comorbidity, and/or age less
than 18 years.

All participating centers were specialized HPB centers with
a long experience of portal vein occlusion. Themethod used at
each center was consistent during the study period.

All patients with metastases in the FLR were treated with
either local resection and/or ablation of the metastases in the
FLR. Patients treated with PVE had the ablation or local re-
section in conjunction with the PVE or the radical hepatecto-
my, and patients treated with PVL had the ablation or local
resection in conjunction with the PVL.

Volumetric evaluation was performed within the first week
after PVO and for those with inadequate increase of the FLR
within an additional 2 or 4 weeks, depending on the volume of
the FLR at first evaluation and KGR during the preceding
period. sFLR was calculated from a previously described
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formula.23 Degree of hypertrophy (DH) was calculated as the
difference in sFLR between two time points: DH = post-PVO
sFLR – pre-PVO sFLR. KGR was calculated by dividing DH
with the time between the measurement points, expressed in
weeks: KGR =DH number of weeks.19 KGR was calculated
for the intervals between PVO and the first computed tomog-
raphy (CT) evaluation, for the intervals between eventual
complementary evaluations separately and between the PVO
and last evaluation before radical hepatectomy or exclusion.

Patients treated with PVE and PVLwere analyzed together.
Further details about the material and methods of the study

have been published earlier.22

Ethical approval was obtained in all participating countries.
The ethical review boards from each participating country
(Sweden, Denmark, and Norway) approved the trial. Written
informed consent was obtained from each patient enrolled.

Statistical Analyses

The results are expressed as the mean ± standard deviation or
median (range), as appropriate. KGR is expressed as %/week.
Continuous data were compared with t test or ANOVA. Post
hoc analyses were performed using the Bonferroni correction.
Categorical data was compared with a chi-squared test.

Analyses were performed using IBM SPSS (version 23;
IBM Corp, Armonk, NY, USA). A p value less than 0.05
was considered significant.

Results

Fifty patients included in the LIGRO trial were randomized to
PVO. One patient was excluded due to advanced disease at the
time of inclusion, and one patient was excluded due to missing
volumetric data. Forty-eight patients thus were analyzed.
Thirty-four patients (71%) were treated with PVE and 14 pa-
tients (29%) received PVL. Thirty patients (63%) had metas-
tases in the FLR, of which 14 were treated with PVL and 16
(46%) were treated with PVE. Additional clinical variables are
found in Table 1.

Five patients had only one CT evaluation before radical hep-
atectomy, and forty-three patients had additional radiological
evaluation before radical hepatectomy or exclusion due to insuf-
ficient increase of the volume of the FLR or due to tumor
progression.

Twenty-seven patients (56%) had sufficient FLR increase,
resulting in a resection rate of 56% after PVO. Twenty-one
patients failed to qualify for radical hepatectomy; 14 patients
had insufficient FLR increases, and seven patients had tumor
progression.

For the entire cohort, the pre-PVO sFLR was 21% (± 5).
The KGRwas 2.8 (± 2) between PVO and the last radiological
evaluation before determining the final outcome, which was
either radical hepatectomy or exclusion due to failure to in-
crease the volume of the FLR or tumor progression. For the
group who proceeded to radical hepatectomy, the KGR was
3.4 (± 2) between PVO and radical hepatectomy. For patients
who failed to reach the sufficient volume of the FLR, the KGR
was 1.5 (± 1) from PVO until the last CT evaluation. The
difference was statistically significant (p = 0.015). Themedian
time from PVO until the final CT before radical hepatectomy/
exclusion was 4 weeks (1–11). Radical hepatectomy was per-
formed 6 weeks (4–14) after PVO.

During the first 7 days after PVO, the KGR was 5.4 (± 4),
compared to 1.5 (± 2) between the first and second CT (p <
0.05; see Fig. 1). Thirty patients did the first CTwithin 7 days
from PVO, and 13 were within 8 to 15 days. Twenty-three
patients had the second CT within 3 weeks, and 11 patients
received CT after more than 3 weeks.

When the interval between PVO and first evaluation CT
was stratified to periods of 1 to 7 and 8 to 15 days, KGR in the
group evaluated within 7 days was found to be 5.4 (± 4) while
for the patients evaluated between 8 and 15 days, the KGR
was 3.8 (± 2) (p = 0.54).

Table 1 Clinical variables and preoperative data

Number of patients 48

Male/female 36/12

Age (mean ± 1 SD) 65 ± 12

BMI (mean ± 1 SD) 26 ± 4

ASA (median, range) 2 (1–3)

ECOG (median, range) 0 (0–1)

Cortisone treatment 1 (2%)

Diabetes mellitus 6 (13%)

Primary tumor resected/not resected 30/18

Chemotherapy cycles (mean ± 1 SD) 7 ± 4

Response to chemotherapy/stable disease 37/9*

Time (days) between last dose of chemotherapy
and first intervention (median, range)

35 (7–412)

Liver metastases at time of surgery (median, range) 8 (1–23)

Size (mm) of the largest liver metastasis (mean ± 1 SD) 48 ± 38

Metastases in the FLR 30 (63%)

Extra hepatic disease 7 (15%)

Local lymph node enlargement 2 (4%)

Complications after PVO 8 (17%)**

*One patient did not receive chemotherapy and for one patient, the re-
sponse to given chemotherapy was difficult to evaluate. ** Data are
lacking for one patient. Complications were grade 1 or 2 according to
the Clavien-Dindo classification
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Further analyses of the interval between the first and sec-
ond CT, divided in 1 to 21 days and 22 days or more, revealed
that the KGR was 1.8 (± 2) and 0.9 (± 1), respectively (p =
0.165; see Fig. 2).

A comparison between the groups that proceeded to radical
hepatectomy, those who failed to achieve sufficient volume and
thosewith tumor progression is shown in Table 2. Comparing the
patients who proceeded to the radical hepatectomy with those
who failed to gain sufficient volume after PVO revealed that

during the first 7 days, the KGR was 7 (± 4) and 4.3 (± 2),
respectively. Although the latter group had a lower rate of hyper-
trophy during this interval, the difference did not reach statistical
significance (p= 0.4). However, during the interval between the
first and second CT evaluation, KGR was 2.2 (± 2) and 0.1 (±
0.9), respectively (p= 0.017).

Of the patients who proceeded to radical hepatectomy,
eight patients (29%) reached sufficient volume of the FLR
within 7 days of PVO, five patients (18%) reached sufficient
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Fig. 1 Temporal increase of the
FLR, expressed as KGR, from
PVO to the first evaluation and
between the first and second CT.
The KGR was 5.4 (± 4),
compared to 1.5 (± 2) between the
first and second CT. The
difference was statistically
significant (p < 0.05). The interval
between the first and second CT
was between 7 to 35 days

Fig. 2 Temporal course of the
increase of FLR, with the
intervals 1 to 7 days between
stage1/PVE and the first CT, and
1 to 21 and 22 days or more
between the first and second CT.
The KGR was 5.4 (± 4), 3.8 (± 2),
1.8 (± 2), and 0.9 (± 1). The
difference between KGR values
for the interval of 1 to 7 days
compared to the intervals of 1 to
21 days and 22 days or more
between the first and second CT
evaluation was statistically
significant at p < 0.005



FLR volume within 15 days, and two patients (7%) reached
sufficient FLR volume within a month of PVO.

The increase in FLR, expressed as either increase in milli-
liters or percent, did not differ significantly between patients
treated with PVE or PVL.The KGR during the first week was
higher for patients treated with PVL compared to PVE, at 7.0
(± 5) and 4.3 (± 2), respectively (p = 0.043). The difference in
KGR between the first and second CTevaluation did not differ
significantly, being 1.9 and 1.3. There was no significant dif-
ference in the number of patients treated with radical hepatec-
tomy and failure to increase the FLR or tumor progression
between PVE- and PVL-treated patients.

The pre-procedural sFLR for those who proceeded to rad-
ical hepatectomywas 23% (± 4), compared to 17% (± 5) in the
group who failed to reach sufficient FLR volume, but the
difference did not reach statistical significance. For the sub-
group of patients who reached sufficient volume of the FLR
within 15 days of PVO, the pre-procedural sFLR was 22% (±
5), compared to 24% (± 4) for those who reached sufficient
volume after more than 15 days after PVO. The difference was
not statistically significant.

Patient-related factors, such as pre-PVO bilirubin and BMI,
did not significantly correlate to KGR. No significant differ-
ence was found between male and female patients. There was
no difference in the number of cycles of chemotherapy be-
tween the group who reached sufficient volume and to the
group who did not. There was no correlation between the
number of cycles of chemotherapy and KGR.

Discussion

This is the first study to show that the largest hypertrophy after
PVO occurs during the first week and, furthermore, that the

kinetic growth rate of the liver is higher when evaluated after
only 1 week than it is when the evaluation is postponed be-
yond 7 days. Accordingly, the increase of the FLR volume is
not linear over time after PVO but instead is largest during the
first week.

There are few previous studies in which the growth kinetics
after PVO has been analyzed, typically within the first few
weeks post-intervention. In one study, patients who failed to
proceed to surgery due to tumor progression were followed
with sequential CT scans for up to nearly a year, demonstrat-
ing continued increase in FLR volume during the entire
follow-up period. However, the increase was largest during
the first 3 months after PVE. The results are not entirely com-
parable with the results of the present study because the inter-
vals are different, and the increase is measured as a percent
(absolute increase) and not KGR (increase over time).24 These
results also differ somewhat from another previous study, in
which the FLR increased more during a follow-up period of
6 months than during the first 23 days after PVE. It is never-
theless likely that KGR would be larger in the first few weeks
if it had been calculated in that study.25

The results of this study are coherent with the findings from
MD Anderson Cancer Center, where KGR (when measured
during the entire hypertrophy period) was shown to be lower
for patients who needed prolonged time before hepatectomy
compared to those who were able to proceed to early surgery.19

The number of patients in this study is limited, and not all
patients were examined with repeated CT between PVO and
radical hepatectomy, which reduces the statistical power of the
study. Another limiting factor that must be considered is that the
method for PVE and volume measurement differed between the
participating centers. However, methods were consistent at each
center. However, none of the different materials used as emboli-
zation agents, such as gelatin sponge, alcohol, polyvinyl alcohol

Table 2 Volumetry for the entire cohort and analysis of the subgroups success, failure, and tumor progression

Volumetry Entire PVO
cohort
(n = 48)

Treated with radical
hepatectomy
(n = 27)

Failure to achieve
sufficient volume
(n = 14)

Tumor
progression
(n = 7)

p value

sFLR pre-PVO (percent of standardized FLR) 21 ± 5 23 ± 4 17 ± 5 22 ± 5 < 0.05*

FLR pre-PVO (ml) 365 ± 105 415 ± 95 281 ± 77 331 ± 52 < 0.05*

KGR day 1–7 after PVO (%/week) 5.4 ± 4 7 ± 4 4.3 ± 2 2.6 ± 0.8 Ns

KGR between the first and second CT (%/week) 1.5 ± 2 2.2 ± 2 0.1 ± 0.8 2.4 ± 1 0.017*

Increase in ml from PVO to the last evaluation (ml) 156 ± 118 217 ± 123 79 ± 41 77 ± 39 < 0.05*
0.004**

Increase in percent from PVO to the last evaluation (%) 43 ± 30 55 ± 33 31 ± 21 24 ± 13 0.044*
0.043**

sFLR at last volume assessment (percent of standardized FLR) 30 ± 10 35 ± 9 21 ± 5 27 ± 6 < 0.05*
0.043**

Days between PVO and the first CT evaluation 10 ± 8 11 ± 9 9 ± 8 8 ± 3 Ns

Days between the first and second CT evaluation 22 ± 9 23 ± 12 23 ± 6 17 ± 5 Ns

*Comparison of success and failure. **Comparison between success and progress. Data are presented as the mean ± 1 SD

560 J Gastrointest Surg (2019) 23:556–562



(PVA) particles, and N-butyl cyanoacrylate (NBCA) glue, have
been clearly demonstrated as being superior to another terms of
efficacy to increase the FLR volume.26,27

There are several different methods to study liver function,
but none of those has been found to be more accurate than the
other. Controversies exist regarding whether the increase of
volume corresponds to an equal increase in liver function or
not. Some data based on hepatobiliary scintigraphy indicate
that the volume of the FLR after PVE does not correlate with
function,28,29 while this has not been studied in the immediate
period after PVO, leaving an important question unanswered
about the quality of early hypertrophy. The function of FLR
was not evaluated in this study. Furthermore, it is important to
recognize that in this study, the definition of failed hypertro-
phy was based on the final assessment volume of the FLR,
while KGR previously has been shown to have prognostic
value for post-hepatectomy liver failure.19

Despite these limitations, this study clearly demonstrates a
large and significant difference in hypertrophy rate that de-
creases over time after PVO. This new information, together
with the knowledge that failure to complete hepatectomy may
be due to inadequate hypertrophy or disease progression, makes
it important to identify variables that may indicate early in the
process if hypertrophywill be sufficient. Comparing early KGR
directly between those with and without adequate hypertrophy
did not significantly discriminate between the groups. As re-
ported earlier, patients who failed to reach a 30% sFLR had
lower pre-procedural sFLR, and none of the patients with an
initial sFLR below 17% completed radical hepatectomy.22

These data indicate that patients with very low initial sFLR
are at risk of not achieving sufficient FLR volume.

The main reason reported for patients not proceeding to
radical hepatectomy after PVO is tumor progression following
the initial intervention. However, in this study, we found a
higher proportion of patients with insufficient growth. A prob-
able explanation for this, is that the study protocol demanded
sFLR > 30% for proceeding to radical hepatectomy and had a
lower limit of volume increase (KGR > 2%/week) per week.
For patients who require a longer period of time between the
first and second stage to gain sufficient FLR volume, admin-
istration of chemotherapy may reduce the risk of tumor pro-
gression. The risk also may be reduced with a shorter interval
for the patients that reach a sufficient volume.30,31 The results
from this study show that half of the successfully treated pa-
tients reached sFLR greater than 30% at the first radiological
evaluation, indicating that radical hepatectomy may, at least
for some patients, be performed earlier than after the tradition-
al 4- to 6-week waiting period.22

It is reasonable to evaluate the increase of the FLR with
shorter intervals immediately after PVO, compared to a stan-
dard CT evaluation 1 month after the intervention.19 A rela-
tively large proportion of the patients reached sufficient vol-
ume of the FLR after the first week, allowing early radical

hepatectomy.22 Furthermore, the findings in this study indi-
cate that patients with low initial KGR, and especially with
very low initial FLR, may be at risk for failure of hypertrophy
and should therefore be reassessed early in order to allow for
other methods to increase the FLR volume when needed.

Conclusion

Volume expansion of the FLR in patients with resectable co-
lorectal liver metastases is largest during the first week follow-
ing PVO. It is important to perform the first evaluation after
PVO shortly after the first week in order to individualize the
treatment and avoid unnecessary delay of treatment.

Grant Support LIO-534891, FORSS-560521, FORSS-660121, and
FORSS-753-621

Author Contribution All authors contributed to the design, acquisition,
and analysis of the data. Kristina Hasselgren, Per Sandström, and
Bergthor Björnsson draft the work. All authors critically revised the work.
All authors approved the final version to be published and agreed to be
accountable for all aspects of the work.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Shindoh, J., et al., Analysis of the efficacy of portal vein emboliza-
tion for patients with extensive liver malignancy and very low future
liver remnant volume, including a comparison with the associating
liver partition with portal vein ligation for staged hepatectomy
approach. J Am Coll Surg, 2013. 217(1): p. 126–33; discussion
133-4.

2. Leung, U., et al., Remnant growth rate after portal vein emboliza-
tion is a good early predictor of post-hepatectomy liver failure. J
Am Coll Surg, 2014. 219(4): p. 620–30.

3. Nanashima, A., et al., Parameters associated with changes in liver
volume in patients undergoing portal vein embolization. J Surg Res,
2006. 133(2): p. 95–101.

4. Imamura, H., et al., Preoperative portal vein embolization: an audit
of 84 patients. Hepatology, 1999. 29(4): p. 1099–105.

5. Tanaka, K., et al., Influence of chemotherapy on liver regeneration
induced by portal vein embolization or first hepatectomy of a
staged procedure for colorectal liver metastases. J Gastrointest
Surg, 2010. 14(2): p. 359–68.

6. Goere, D., et al., Chemotherapy does not impair hypertrophy of the
left liver after right portal vein obstruction. J Gastrointest Surg,
2006. 10(3): p. 365–70.

7. Dello, S.A., et al., Influence of preoperative chemotherapy on CT
volumetric liver regeneration following right hemihepatectomy.
World J Surg, 2014. 38(2): p. 497–504.

8. Aussilhou, B., et al., Preoperative liver hypertrophy induced by
portal flow occlusion before major hepatic resection for colorectal

J Gastrointest Surg (2019) 23:556–562 561



metastases can be impaired by bevacizumab. Ann Surg Oncol,
2009. 16(6): p. 1553–9.

9. Capussotti, L., et al., Portal vein ligation as an efficient method of
increasing the future liver remnant volume in the surgical treatment
of colorectal metastases. Arch Surg, 2008. 143(10): p. 978–82;
discussion 982.

10. Robles, R., et al., Comparative study of right portal vein ligation
versus embolisation for induction of hypertrophy in two-stage hep-
atectomy for multiple bilateral colorectal liver metastases. Eur J
Surg Oncol, 2012. 38(7): p. 586–93.

11. Huang, S.Y., et al., Efficacy and safety of portal vein embolization
for two-stage hepatectomy in patients with colorectal liver
metastasis. J Vasc Interv Radiol, 2014. 25(4): p. 608–17.

12. Chun, Y.S., et al., Systemic chemotherapy and two-stage hepatec-
tomy for extensive bilateral colorectal liver metastases: periopera-
tive safety and survival. J Gastrointest Surg, 2007. 11(11): p. 1498–
504; discussion 1504-5.

13. Jaeck, D., et al., A two-stage hepatectomy procedure combined with
portal vein embolization to achieve curative resection for initially
unresectable multiple and bilobar colorectal liver metastases. Ann
Surg, 2004. 240(6): p. 1037–49; discussion 1049-51.

14. Ardito, F., et al., Right and extended-right hepatectomies for
unilobar colorectal metastases: impact of portal vein embolization
on long-term outcome and liver recurrence. Surgery, 2013. 153(6):
p. 801–10.

15. Shindoh, J., et al., Portal vein embolization improves rate of resec-
tion of extensive colorectal liver metastases without worsening
survival. Br J Surg, 2013. 100(13): p. 1777–83.

16. Makuuchi, M., et al., Preoperative portal embolization to increase
safety of major hepatectomy for hilar bile duct carcinoma: a pre-
liminary report. Surgery, 1990. 107(5): p. 521–7.

17. Cassinotto, C., et al., Portal Vein Embolization in the Setting of
Staged Hepatectomy with Preservation of Segment IV +/− I Only
for Bilobar Colorectal Liver Metastases: Safety, Efficacy, and
Clinical Outcomes. J Vasc Interv Radiol, 2017. 28(7): p. 963–970.

18. Ribero, D., et al., Portal vein embolization before major hepatec-
tomy and its effects on regeneration, resectability and outcome.Br J
Surg, 2007. 94(11): p. 1386–94.

19. Shindoh, J., et al.,Kinetic growth rate after portal vein embolization
predicts posthepatectomy outcomes: toward zero liver-related mor-
tality in patients with colorectal liver metastases and small future
liver remnant. J Am Coll Surg, 2013. 216(2): p. 201–9.

20. Sparrelid, E., et al.,Dynamic Evaluation of Liver Volume and Function
in Associating Liver Partition and Portal Vein Ligation for Staged
Hepatectomy. J Gastrointest Surg, 2017. 21(6): p. 967–974.

21. Tanaka, K., et al., Associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS): short-term outcome, func-
tional changes in the future liver remnant, and tumor growth
activity. Eur J Surg Oncol, 2015. 41(4): p. 506–12.

22. Sandstrom, P., et al., ALPPS Improves Resectability ComparedWith
Conventional Two-stage Hepatectomy in Patients With Advanced
Colorectal Liver Metastasis: Results From a Scandinavian
Multicenter Randomized Controlled Trial (LIGRO Trial). Ann
Surg, 2017.

23. Vauthey, J.N., et al., Body surface area and body weight predict
total liver volume in Western adults. Liver Transpl, 2002. 8(3): p.
233–40.

24. Correa, D., et al., Kinetics of liver volume changes in the first year
after portal vein embolization. Arch Surg, 2010. 145(4): p. 351–4;
discussion 354-5.

25. Shin, J.H., et al., Volumetric analysis of the liver after right portal
vein embolization: mid-term follow-up based on embolization
score. Clin Radiol, 2010. 65(4): p. 288–96.

26. Madoff, D.C., et al., Transhepatic ipsilateral right portal vein em-
bolization extended to segment IV: improving hypertrophy and re-
section outcomes with spherical particles and coils. J Vasc Interv
Radiol, 2005. 16(2 Pt 1): p. 215–25.

27. Jaberi, A., et al., Comparison of Clinical Outcomes following Glue
versus Polyvinyl Alcohol Portal Vein Embolization for Hypertrophy
of the Future Liver Remnant prior to Right Hepatectomy. J Vasc
Interv Radiol, 2016. 27(12): p. 1897–1905.e1.

28. Kono, Y., et al., Comparison of Tc-99m GSA scintigraphy and CT
volumetry for evaluation in portal vein embolization. Minim
Invasive Ther Allied Technol, 2014. 23(4): p. 241–6.

29. de Graaf, W., et al., Increase in future remnant liver function after
preoperative portal vein embolization. Br J Surg, 2011. 98(6): p.
825–34.

30. Fischer, C., et al., Chemotherapy after portal vein embolization to
protect against tumor growth during liver hypertrophy before
hepatectomy. JAMA Surg, 2013. 148(12): p. 1103–8.

31. Hoekstra, L.T., et al., Tumor progression after preoperative portal
vein embolization. Ann Surg, 2012. 256(5): p. 812–7; discussion
817-8.

562 J Gastrointest Surg (2019) 23:556–562


	Future...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and Methods
	Statistical Analyses
	Results
	Discussion
	Conclusion
	References


