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Comparison of functional and volumetric increase of the future
remnant liver and postoperative outcomes after portal vein
embolization and complete or partial associating liver partition
and portal vein ligation for staged hepatectomy (ALPPS)
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Background: Portal vein embolization (PVE) is performed to induce hypertrophy of an insufficient future
remnant liver (FRL) before major liver resection. Associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS) aims to offer a more rapid and increased hypertrophy response. The first stage
can be performed with complete or partial (laparoscopic) transection of the liver parenchyma. This study
aimed to investigate the increase in FRL volume and function, as well as postoperative outcomes after PVE
or complete- or partial-ALPPSI.

Methods: Patients with insufficient FRL undergoing either PVE or ALPPS underwent CT-volumetry and
functional assessment using """ Tc-mebrofenin hepatobiliary scintigraphy (HBS). Severe complications and
90-day mortality were evaluated after liver resection.

Results: Seventy-two patients were included; 51 underwent PVE, 12 complete-ALPPS1 and 9 partial-
ALPPSI of which 7 laparoscopic. The median increase in FRL function was 1.5-, 1.7- and 1.3-fold higher,
respectively, than the increase in volume; (P<0.01, P<0.01 and P=0.44). The target hypertrophy response did
not differ between the groups, but was reached earlier in both ALPPS1 groups (8 and 10 days) compared
to the PVE group (23 days). Of the resected patients, 18%, 30% and 17% had severe postoperative
complications and the 90-day mortality was 2%, 25% and 0%, respectively.

Conclusions: Increase of FRL function exceeded increase of volume after both PVE and ALPPSI.
The target hypertrophy response was reached earlier in ALPPS. Complete and partial-ALPPSI showed
comparable functional and volumetric hypertrophy responses. A (laparoscopic) partial-ALPPS] is preferred
considering lower morbidity and mortality rates after resection.
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Introduction

With associating liver partition and portal vein ligation
(PVL) for staged hepatectomy (ALPPS), portal vein
occlusion (PVO) is combined with parenchymal transection
to induce more rapid and increased liver hypertrophy.
Using this technique, introduced in 2012, larger liver
resections can be performed in a shorter time frame
compared to traditional PVO techniques, such as portal
vein embolization (PVE) or conventional two-stage
resection. Following the initially reported high morbidity
and mortality rates of ALPPS (1), several modifications of
this procedure have been introduced, such as partial ALPPS
in which the extent of parenchymal transection at stage 1
is limited. The latter has also been proposed as a two-stage
procedure in which stage 1 is undertaken laparoscopically
with minimal parenchymal transection, in combination with
sequential percutaneous PVE (2-4). The main advantage of
this modification is decreased surgical impact and reduced
congestion of the excluded segments leading to a decrease
in interstage morbidity and mortality (5).

Using these two-stage, liver volume enhancing
techniques, assessment of the future liver remnant is
essential in order to monitor the hypertrophy rate and
guide the timing of the second stage. Traditionally, this is
performed with computed tomography (CT)-volumetry
which uses volume as a surrogate measure of liver function.
Alternatively, a true functional analysis using technetium-
99m (""Tc) mebrofenin hepatobiliary scintigraphy (HBS)
provides a quantitative dynamic test to assess liver function.
Earlier reports have shown a discrepancy between future
remnant liver (FRL) function and volume, especially after
liver enhancing techniques (6,7), while functional analysis
has shown to be superior to volumetry in the identification
of patients with increased surgical risk (8).

Large experience with PVE has proven it to be a safe
procedure in a wide range of patients. The long waiting time
of several weeks until sufficient FRL growth increases the
risk of tumor progression (9,10) leading to approximately
20-30% of patients not receiving final resection after PVE
(7,11,12). The clear benefits of ALPPS over PVE alone are
the accelerated and larger volumetric gain (13) after stage
1, and the increased resectability rate (14-16). Although
modified techniques in ALPPS have shown the procedure
to be safer (17), their influence on hypertrophy rate in terms
of functional and volumetric increase of the FRL, needs
further assessment.

The aim of this study was to compare the increase in

© Annals of Translational Medicine. All rights reserved.

Rassam et al. Hypertrophy response after PVE, complete and partial ALPPS

FRL volume (FRLV) and function, as well as postoperative
outcomes in patients undergoing PVE, complete- or partial-
ALPPSI.

Methods
Patients

All consecutive patients that underwent PVE or any
modification of the ALPPS procedure at the Amsterdam
UMC, location AMC, between January 2012 and October
2018 were included. Patients underwent both CT-
volumetry and functional HBS as standard practice during
preoperative assessment and this was repeated after PVE or
ALPPS stage 1.

PVE

Patients underwent embolization of the right portal system
using a percutaneous transhepatic approach. Ultrasound
examination was performed to determine whether an
ipsilateral or a contralateral approach was best suitable
for access to the portal veins. The portal branches were
embolized using polyvinyl alcohol particles (300-500 nm,
Cook, Bloomington, IN, USA) and coils (Tornado
Embolization Microcoil; Cook).

ALPPS procedure

Patients with extensive bilateral disease (n=14), failed PVE
(n=2) or unexpected tumor extent during exploration (n=5)
were candidates for ALPPS. The surgical technique and
its modifications have been described elsewhere (2,18). In
case of bilobar disease, tumor deposits in the FRL were
resected during the first stage. Subsequently, parenchymal
transection was performed using the Cavitron Ultrasonic
Surgical Aspirator (CUSA) (Valleylab, Boulder, CO, USA),
either through the whole parenchyma with transection of
the middle hepatic vein (in case of right trisectionectomy)
up to the hepatic hilum (complete-ALPPS1, group B,
n=12) or partially transecting the parenchyma (2-4 cm)
while preserving the middle hepatic vein and staying well
away from the hilar structures (partial-ALPPS1, group
C, n=9). Partial- ALPPS1 was carried out laparoscopically
using a 3-5 port technique (19), except in two cases in
which the decision to perform partial-ALPPS1 was taken
intraoperatively during open exploration due to unexpected
tumor extension. The first stage was then followed by
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Table 1 Technical details of PVE and ALPPS
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Procedure details PVE (N=51) Complete ALPPS (N=12) Partial ALPPS (N=9)
PVO technique, n (%)
PVE ipsilateral 38 (74.5) 4(33.3) 6 (66.7)
PVE contralateral 13 (25.5) 0(0) 1(11.1)
PVL 0(0) 8 (66.7) 0(0)
No PVO 0(0) 0(0) 2(22.2)
PVE after stage 1, n (%) - 2(16.7) 7(77.8)
Days after stage 1 1and7 3 [2-4]
PVL during stage 1, n (%) - 8 (66.7) 0
PVE before stage 1 (rescue ALPPS), n (%) - 2 (16.7) 0
Stage 1 and 2 open - 10 0
Stage 1 and 2 laparoscopic - 0 1
Stage 1 open, stage 2 laparoscopic - 0 0
Stage 1 laparoscopic, stage 2 open - 0 5
Stage 1 open, no stage 2 - 2 2
Stage 1 laparoscopic, no stage 2 - 0 1

PVE, portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; PVO, portal vein

occlusion; PVL, portal vein ligation.

PVO. This was either conducted as simultaneous PVL
in open procedures or as subsequent percutaneous PVE
in the first days after stage 1. At stage 2, ten patients that
had complete-ALPPS1 underwent open resection. In the
partial-ALPPS1 group, six patients (all having undergone
stage 1 laparoscopically) went on to stage 2 which was
performed open except in one case in which the resection
was completed laparoscopically. The technical aspects of
the procedures are summarized in 7izble 1 and schematically
shown in Figure 1. Patients were only subjected to stage
2 when liver function had increased sufficiently, and no
disease progression, or extra-hepatic disease had been
detected in the interstage interval.

CT-volumetry

Multiphase contrast-enhanced CT was carried out during
preoperative assessment and after PVE or ALPPS stage 1
(MX-8000 or Brilliance; Philips Research Eindhoven, The
Netherlands). The arterial phase images were acquired
35 seconds and porto-venous phase 70 seconds after
injection of contrast. The portal-venous phase was used for
volumetric assessment. The liver was outlined on an axial
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scan in a semi-automated fashion with manual adjustment
to ensure that all extra-hepatic structures were excluded
in order to calculate the total liver volume (TLV; cc). The
tumor volume (T'V; cc) and FRLV (cc) were calculated by
manual delineation according to Couinaud’s functional
segmentation of the liver (7,20). The volume share of the
FRL (FRLV share; %) was calculated using the following
formula:

FRLYV share (%) = _FRLV_ x100%
TLV-TV

(1]
A FRLV share of >30% was considered sufficient volume
for undertaking safe resection (7).

Functional assessment using HBS

HBS was usually performed on the same day as or close to
(range, 1-5 days) the time of volumetric assessment. The
acquisition and processing were performed as described
elsewhere (21). The dynamic early phase was used to
calculate the mebrofenin uptake rate (MUR), representing
total liver function (IT'LF; %/min). Subsequently, the single-
photon emission computed tomography (SPECT) with
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Figure 1 Flowchart of patients included in the study (A) and surgical details of the ALPPS procedures (B). FRL, future remnant liver; PVE,

portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.

low-dose CT, acquired in a period in which most of the
activity is accumulated in the liver, was used to manually
delineate the FRL and to calculate the functional share
(i.e., functional volume) of the FRL (FRLF share; %). This
is the percentage radioactivity counts in the FRL of the
total hepatic activity. Consequently, FRL function (FRLF)
was calculated as the product of the TLF and FRLF share,
and divided by the body surface area (BSA) to compensate
for individual metabolic requirements and is presented as
%/min/m’.

A cut-off value of 2.7 %/min/m’ was used to indicate
sufficient FRLF as calculated previously (22).

Hypertrophy parameters

The increase of the FRLV, FRLV share, FRLF share and
FRLF was calculated using the following formula:

FRL -FRL

interstage

FRL

baseline x 1 00% [2]

FRL increase (%) =

baseline
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To compare the hypertrophy responses, the kinetic
growth rates (KGR) for FRLV share (KGRyy,y) and FRLF
share (KGRyg ) were calculated by dividing the point
differences of the FRLV share and FRLF share between
preoperative and interstage assessments by the number of

days after PVE or ALPPS stage 1.

RL B FRLbaseline [3 ]

interstage

days

F
KGR (%/day)=

Clinical parameters

Baseline patients’ characteristics were recorded from a
prospectively maintained, electronic database including
tumor type, neo-adjuvant chemotherapy for patients with
colorectal liver metastasis (CRLM) and preoperative
biliary drainage for patients with biliary tumors. Outcome
parameters included severe morbidity, post-hepatectomy
liver failure (PHLF) and mortality after each stage or
hepatectomy. Severe morbidity was defined according to
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Clavien-Dindo grade 3A or higher, PHLF was graded B
or C according to the International Study Group of Liver
Surgery (ISGLS) and mortality as death within 90 days after
either stage of hepatectomy (23).

Statistical analysis

Continuous data was expressed as median with interquartile
rage (IQR). Discrete variables were expressed as absolute
numbers and relative frequencies. Differences in continuous
variables between groups were tested using Mann-
Whitney U test or Kruskal-Wallis test for unpaired data
and Friedman test for paired data. Paired volumetric and
functional data between baseline and at interstage were
tested using Wilcoxon signed rank test. Differences in
discrete variables were tested with a Fisher-Freeman-
Halton Test. Statistical analysis were performed using IBM
SPSS Statistics (version 24.0; IBM Corp., New York, USA).

Results
Patients

A total of 72 patients who underwent either PVE or ALPPS
for insufficient FRL were included. Patients’ characteristics
are summarized in Zable 2. Overall, 51 patients underwent
PVE, 12 patients underwent open complete-ALPPSI and
9 patients underwent partial-ALPPS1, of which seven were
performed laparoscopically. Two patients in the partial-
ALPPS1 group underwent an open stage 1, this was
because the decision to perform ALPPS was taken during
intraoperative exploration. In the complete-ALPPS1 group,
2 patients had ALPPS after failed PVE (rescue-ALPPS),
these patients were not included in the analysis in the PVE
group (Figure I). Furthermore, paired functional data was
not available in two patients in the complete-ALPPS1
group because one patient did not undergo preoperative
HBS and the other did not undergo interstage HBS; these
patients were excluded from functional analysis. Figure 1
illustrates the procedures performed and 7able 1 describes
the technical aspects in detail.

The median time from PVE to CT-volumetry and HBS
was significantly higher in the PVE group compared to
complete-ALPPS1 and partial-ALPPS1 groups {23 [21-26]
vs. 8 [5-13] and 10 [9-15] days, P<0.001 for HBS and 23
[22-26] vs. 9 [5-16] and 10 [8-14] days for CT; all P<0.01}
(Table 3). The interstage time between both ALPPS groups
did not differ significantly (P=0.067 for HBS and P=0.702
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for CT).

Volume increase

All included patients had undergone CT-volumetry before
and after PVE or ALPPS stage 1. Volumetric data are
summarized in Table 3.

The FRLV increased from 409 [290-523] to 553 [420-
674] cc in the PVE group (P<0.001], from 361 [280-480] to
574 [450-739] cc in the complete-ALPPS1 group (P=0.002)
and from 369 [278-413] to 554 [451-666] cc in the partial-
ALPPS1 group (P=0.008).

The FRLV share increased from 23.4% (19.9-30.1%)
to 32.4% (27.1-40.1%) in the PVE group (P<0.001),
from 25.0% (19.8-30.1%) to 31.2% (26.5-36.3%) in the
complete-ALPPS1 group (P=0.05) and from 25.6% (19.1-
31.9%) to 33.0% (30.5-41.5%) in the partial-ALPPS1
group (P=0.008).

There were no significant differences in KGRy
between PVE and complete-ALPPS1 [2.6% (1.4-3.4%)
vs. 5.9% (1.3-8.4%), P=0.077]. KGRyg;y was however
significantly increased after partial-ALPPS1 as compared
to PVE [7.2% (3.6-11.7%) vs. 2.6% (1.4-3.4%), P=0.001].
The KGRgygry between complete- and partial ALPPS1 did
not differ significantly [5.9% (1.3-8.4%) vs. 7.2% (3.6-
11.7%), P=0.477] (Figure 2).

Functional increase

There were no changes in TLF after PVE or ALPPS stage
1 in all groups (P=0.506 for PVE, P=0.508 for complete-
ALPPS1 and P=0.477 for partial-ALPPS1), nor did TLF
differ between the groups (1able 3).

The FRLF increased from 1.88 (1.49-2.20) to 3.15
(2.47-3.92) %/min/m’ in the PVE group (P<0.001), from
1.75 (1.08-2.44) to 2.67 (2.50-3.41) %/min/m’ in the
complete-ALPPS1 group (P=0.009) and from 2.07 (1.71-
2.77) to 3.36 (2.77-4.41) %/min/m’ in the partial-ALPPSI
group (P=0.008).

The FRLF share increased from 25.2% (19.5-32.7%)
to 44.7% (35.3-54.0%) in the PVE group (P<0.001),
from 25.5% (15.8-36.0%) to 40.0% (35.5-52.5%) in the
complete-ALPPS1 group (P=0.008) and from 29.0% (19.0-
32.5%) to 43.0% (34.0-45.5%) in the partial-ALPPS1
group (P=0.008).

The KGRy was significantly higher in both the
complete-ALPPS1 [16.7% (7.8-28.4%)] and partial-
ALPPSI [9.3% (6.4-11.5%)] compared to the PVE group
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Patient characteristics PVE (N=51) Complete ALPPS (N=12) Partial ALPPS (N=9) P value
Age (years), median [IQR] 64 [56-70] 69 [61-72] 61 [59-64] 0.292
Sex (male/female) 32/19 7/5 4/5 0.645
BMI (kg/m?), median [IQR] 24.4 [22.8-26.6] 25.8 [24.8-29.1] 22.5 [22.3-25.5] 0.034
BSA (m®), median [IQR] 1.94 [1.77-2.02] 1.92 [1.72-2.24] 1.80 [1.60-2.00] 0.489
Tumor type, n [%] 0.001

CRLM 17 [33] 11 [92] 6[67]

HCC 5[10] 01[0] 2 [22]

Biliary 26 [51] 11[8] 01[0]

PHC 20 [39] 11[8] 010]
IHC 6[12] 01[0] 01[0]

Benign 2 [4] 0[0] 1[11]

Other malignant 11[2] 0[0] 0[0]
Neo-adjuvant chemotherapy, n [%] 17 [33] 9 [75] 6 [67] 0.015

Cycles, median [IQR] 4 [3-6] 6 [4-11] 7 [4-9] 0.046
Biliary drainage in patients with PHC 17/20 11 0/0
(number/total PHC)
ASA, n [%] 0.035

<2 46 [90] 10 [83] 5 [56]

>2 5[10] 2[17] 4 [44]
FRL, n [%] 0.172

Left (segments 1-4) 28 [55] 7 [58] 8 [89]

Left lateral (segments 1-3) 23 [45] 5[42] 1[11]

PVE, portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; BMI, body mass index;
BSA, body surface area; CRLM, colorectal liver metastasis; HCC, hepatocellular carcinoma; PHC, perihilar cholangiocarcinoma; IHC,
intrahepatic cholangiocarcinoma; ASA, American Society of Anesthesiologists; FRL, future remnant liver; IQR, interquartile range.

[4.9% (3.2-7.4%)], P=0.002 and P=0.03 respectively. There
was no significant difference in KGRy between both
ALPPS groups (P=0.102) (Figure 2).

Functional increase versus volume increase

The median increase in FRLF share exceeded the median
increase in FRLV share in all groups and was 1.8-, 2.5- and
1.7-fold greater for PVE, complete- and partial- ALPPSI,
respectively (P<0.001, P=0.007 and P=0.441).

Moreover, the median KGRy, exceeded the
median KGRy yin all groups and was 1.8-, 2.8- and
1.3-fold greater for PVE, complete- and partial- ALPPSI,

© Annals of Translational Medicine. All rights reserved.

respectively (P<0.001, P<0.009 and P=0.515) (Figure 2).

Postoperative outcomes

In the PVE group, 14 patients did not undergo resection
for reasons of tumor progression in 12 patients, which
was detected either at repeat preoperative imaging or
during laparotomy. In the other two patients, resection was
cancelled because of locoregional metastasis or too small
FRL, respectively.

In the patients who underwent complete-ALPPS1,
two patients did not undergo stage 2. One patient had
insufficient FRL hypertrophy and one patient (with liver

Ann Transl Med 2020;8(7):436 | http://dx.doi.org/10.21037/atm.2020.03.191
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Table 3 Volume and function parameters

Volume and function parameters PVE (A) (N=51) Complete ALPPS (B) (N=12)  Partial ALPPS (C) (N=9) P value

Baseline, median [IQR]
TLV (cc) 1,853 [1,513-2,233] 1,384 [1,198-1,869] 1,424 [1,236-1,511] 0.005
FRLV (cc) 409 [290-523] 361 [280-480] 369 [278-413] 0.494
FRLV share (%) 23.4 [19.9-30.1] 25[19.8-30.1] 25.6 [19.1-31.9] 0.785
TLF (%/min) 14.2 [11.0-16.3] 13.8 [12.0-16.1] 14.8 [10.7-16.8] 0.969
FRLF share (%) 25.2 [19.5-32.7] 25.5[15.8-36.0] 29.0 [19.0-32.5] 0.972
FRLF (%/min/m?) 1.88 [1.49-2.20] 1.75[1.08-2.44] 2.07 [1.71-2.77] 0.514

Post-PVE or pre stage 2, median [IQR]
Time (days) between stage 1 and HBS 23 [21-26] 8 [5-13] 10 [9-15] <0.001
Time (days) between stage 1 and CT 23 [22-26] 9 [5-16] 10 [8-14] <0.001
TLV (cc) 1,830 [1,508-2,269] 1,934 [1,406-2,679] 1,639 [1,500-1,827] 0.481
FRLV (cc) 553 [420-676] 574 [450-739] 554 [451-666] 0.793
FRLV share (%) 32.4[27.1-40.1] 31.2[26.5-36.3] 32.7 [30.5-41.5] 0.652
TLF (%/min) 13.8 [12.2-15.5] 13.6 [11.9-14.5] 15.0 [13.7-15.8] 0.098
FRLF share (%) 44.7 [35.3-54.0] 40.0 [35.5-52.5] 43.0 [34.0-45.5] 0.613
FRLF (%/min/m?) 3.15[2.47-3.92] 2.67 [2.50-3.41] 3.36 [2.77-4.41] 0.322

PVE, portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; TLV, total liver volume;
FRLV, future remnant liver volume; TLF, total liver function; FRLF, future remnant liver function; HBS, hepatobiliary scintigraphy; CT,

computed tomography; IQR, interquartile range.

cirrhosis) died after stage 1 due to fulminant liver failure.

Of the nine patients that underwent partial-ALPPSI,
three did not undergo stage 2. In two patients, there were
severe complications after stage 1 which delayed recovery;
these patients later developed tumor progression making
further resection not feasible. The third patient had
developed severe adhesions at the liver hilum for which
reason resection was aborted (Figure I).

Surgical details and postoperative outcomes are presented
in Table 4. In the complete ALPPS group, two patients had
severe complications during the interstage period. One
patient had refractory shock leading to liver ischemia and
the other, obstructive ileus and fascial dehiscence requiring
reoperation. In the partial ALPPS groups, three patients
had severe complications. One patient had portal vein
thrombosis and pulmonary embolism, and two patients had
fluid collections that needed drainage. The median FRLF
of patients without severe complications was higher than
the patients with severe complications; this was however
not significant; 3.4 (2.6-4.6) vs. 2.9 (2.6-3.2) %/min/m’,
P=0.13. For FRLV share this was 33.8% (30.2-40.5%) vs.

© Annals of Translational Medicine. All rights reserved.

29.1% (25.1-39.1%), P=0.16.

Three patients after complete ALPPS died within
90 days, all had severe postoperative complications that
ultimately led to PHLEF. One patient died at interstage
due to refractory shock and liver ischemia. The other two
developed septic complications after resection leading to
PHLF and ultimately multi-organ failure and death. The
FRLF in these patients was borderline sufficient in two
cases (2.57 and 2.68 %/min/m’) but with a sufficient FRLV
share (32.0% and 47.6%, respectively). The third patient
had a sufficient FRLF of 3.17 %/min/m>but an insufficient
FRLV share of 23.8%.

Two patients had undergone previous PVE that
resulted in insufficient FRL hypertrophy after a waiting
time of 2 and 12 months, respectively. ALPPS was decided
after which in one patient, FRLF share increased from 18%
to 28% (corresponding with an FRLF increase from 1.6 to
2.7 %/min/m’) while the FRLV had marginally increased
from 20.4% to 23.8%. This patient underwent resection
but then developed abdominal sepsis and fascial dehiscence
requiring ICU admission and reoperation, leading to

Ann Transl Med 2020;8(7):436 | http://dx.doi.org/10.21037/atm.2020.03.191
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Figure 2 Median IQR) KGR (%/day) FRLF share and FRLV share. PVE, portal vein embolization; IQR, interquartile range; KGR, kinetic
growth rates; FRLE, FRL function; FRLV, FRL volume; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.

PHLF and sepsis, ultimately leading to his demise, 68 days
after liver resection. The other patient did not show any
increase in function or volume after ALPPS1 and therefore,
resection was declined.

Discussion

This single center study includes both functional and
volumetric data of 72 patients who underwent PVE,
complete-, or partial-ALPPS1 as liver enhancing
techniques. Complete and partial-ALPPS1 showed
comparable functional and volumetric hypertrophy
responses, whereas the target hypertrophy response
was reached earlier after ALPPS1 compared to PVE.
Furthermore, the increase of FRLF exceeded the increase
in volume after both PVE and ALPPS1. Lower morbidity
and mortality rates after resection were observed in the
partial-ALPPS1 group compared to the complete-ALPPS1
group, with no mortality after resection in the (modified,
less invasive) partial-ALLPS1 group.

Clinical introduction of ALPPS was burdened by the
high morbidity and mortality rates of the procedure as
reported in the initial series (1,24,25). The early experience
consisted mainly of open stage 1 in which complete
parenchymal transection was undertaken. In these cases,

© Annals of Translational Medicine. All rights reserved.

the first stage was the challenging part and was followed by
a less aggressive second stage. Initial poor outcomes were
most likely associated with complications in the interstage
course due to the extent of stage 1 (26). In the more
recent series, technical modifications towards less invasive
ALPPS procedures have been developed comprising partial
parenchymal transection at stage 1 and a laparoscopic
approach (27). By avoiding laparotomy with extensive
parenchymal transection and/or hilar dissection during the
first stage, the surgical impact is limited, thereby reducing
the risk of potential major interstage complications. In
addition, by reducing surgical trauma in the first stage, less
inflammatory reaction and fewer adhesions will facilitate the
second stage in patients with better preserved condition (3).
Technical modifications leading to less invasive ALPPS
procedures have shown to be independently associated
with decreased morbidity and mortality rates, that are now
comparable with standard outcomes accepted for extended
liver resections (17). Another reason for the decrease in
morbidity in patients with limited parenchymal dissection
could be the preservation of the middle hepatic vein.
This reduces congestion to segment 4, thereby reducing
the risk of biliary leakage and septic complications. Also,
minimizing initial transection avoids impairment of arterial
blood supply to segment 4 (28). Furthermore, during the

Ann Transl Med 2020;8(7):436 | http://dx.doi.org/10.21037/atm.2020.03.191
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Clinical outcomes

PVE (A) (N=51)

Complete ALPPS (B) (N=12)

Partial ALPPS (C) (N=9)

Resected, n [%)] 37 [73]
Time (days) between PVE/stage 1 and resection 44 [37-57]
Type resection, n [%]
Right 22 [59]
Extended right 15 [41]
Open 37 [100]
Laparoscopic 0[0]
Severe complications®, n [%]
After stage 1 -
After stage 2/resection 9/37 [24]
Liver failure™, n [%]
After stage 1 -
After stage 2/resection, n [%)] 1/37 [3]
90-day mortality, n [%] 1/37 [3]

10 [83] 6 [67]
15 [10-19] 17 [14-42]
7 [70] 6 [100]
3[30] 0[0]
10 [100] 0[0]
01[0] 6[100]
2/12 [17] 3/9 [33]
3/10 [30] 1/6 [17]
1/12 [8] 1/9 [11]
2/10 [20] 0/6 [0]
3/12 [25] 0/9 [0]

*, according to Clavien-Dindo grade 3a or higher; **, according to ISGLS grade B or C. PVE, portal vein embolization; ALPPS, associating

liver partition and portal vein ligation for staged hepatectomy.

course of this study, increased experience of the surgical
team will also have had a positive impact on outcomes. Our
experience reflects this evolution showing high mortality in
the early cases of this series in which complete ALPPS1 was
pursued, while outcomes improved with no mortality in the
recent cases using partial (laparoscopic) ALPPSI.

Partial parenchymal transection up to 2-4 cm in this
study led to a hypertrophy response which was comparable
to that of the complete-ALPPS1 group. This finding
suggests that limited parenchymal transection is sufficient to
induce the accelerated and larger response, as also has been
described in previous reports (3,29). The exact mechanisms
of the accelerated hypertrophy response in ALPPS are not
fully understood. One hypothesis is that because of the
parenchymal partition, collateral portal vein perfusion of
the deportalized liver is limited, this however does not seem
of influence in partial ALPPS considering the comparable
hypertrophy response (30). Other authors suggest that
the inflammatory response associated with the hepatocyte
damage due to parenchymal transection leads to a more
pronounced regeneratory stimulus (31).

In this study the increase in liver function after ALPPSI
exceeded the volume increase, a finding that was not
observed in other studies, including our own (32-34).

© Annals of Translational Medicine. All rights reserved.

Results of the latter studies were likely influenced by the
drop in TLF after stage one, due to inclusion of patients
with hyperbilirubinemia in whom competitive uptake
of mebrofenin and bilirubin occurred at HBS (35). In
our management protocol, HBS is not performed when
bilirubin exceeds 30-50 pmol/L, which likely contributed to
the overall larger functional increase in the present series;
there was no case of hyperbilirubinemia after ALPPS stage
1 while median bilirubin was 7 [6-11] pmol/L. Adequate
understanding of the HBS technique and its limitations
are essential in order to prevent misinterpretations (21).
On the other hand, animal and human studies did show
that after ALPPS1, the proliferating hepatocytes were
morphologically immature (36,37). This could explain the
smaller increase in function compared to volume, but does
not explain the drop in TLF. Another explanation is the
slightly longer time interval between stage 1 and interstage
assessment in the present series (a median of 8 days after
complete-ALPPS1 and 10 days after partial-ALPPSI)
providing more time for the hepatocytes to mature which
translates into improved function at HBS.

It is important to rely on functional assessment rather
than only volume of the FRL for the decision to perform
resection, whether after PVE or the first stage of ALPPS. In
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this series, 8 patients underwent resection with insufficient
FRLV (<30%) but sufficient FRLF (>2.7 %/min/m’) with
no PHLF or mortality, further emphasizing the additional
value of functional assessment. HBS has been implemented
in our center since 2012 in the preoperative work-up of
patients considered for major liver resection (22). Since
the introduction of functional assessment using HBS in
our department, the rate of PHLF decreased significantly.
Patients that developed PHLF or severe complications
had lower FRLF compared to patients without PHLEF.
However, the number of events was insufficient to analyze
whether lower FRLF was the primary risk factor for the
increased complication rate. Hence, there is a clear benefit
of measuring function rather than volume alone in the
selection of patients that are borderline resectable due to
insufficient FRL.

There are several limitations to this study, foremost the
retrospective design. The small number of patients who
underwent ALPPS and the heterogeneity of the groups
limited the analysis and requires further assessment in
larger cohorts. Furthermore, there were no strict criteria
whether to perform complete or partial ALPPS in this
study. The choice to perform minimally invasive, partial-
ALPPSI rather was a change of policy due to the initial
high morbidity and mortality experienced with complete-
ALPPSI as elaborated above.

Conclusions

In conclusion, the increase of FRLF exceeded increase
of volume after both PVE and ALPPS1. The target
hypertrophy response was larger and was reached earlier
in ALPPS. Complete (open) and partial (laparoscopic)
ALPPS1 showed comparable hypertrophy responses. The
discrepancy between function and volume increase further
emphasizes the importance of functional assessment of
liver function. A (laparoscopic) partial-ALPPS1 is preferred
considering lower morbidity and mortality rates after
resection.
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