
Abstract. Aim: To evaluate whether the congested area that
develops in associating liver partition with portal vein ligation
for staged hepatectomy (ALPPS) contributes to rapid future
liver remnant (FLR) hypertrophy. Patients and Methods: Eight
patients undergoing liver partition and right portal vein (RPV)
ligation within the FLR in the first operation of ALPPS were
compared with eight patients undergoing RPV embolization in
the FLR as the first operation of classical two-stage (CTS)
hepatectomy. Results: Extrapolated kinetic growth of the FLR
in ALPPS was 32.7±18.7 ml/day, 7.8-times that in CTS
(4.2±2.0 ml/day, p=0.001). Extrapolated kinetic reduction in
volume of the ventral aspect of the right paramedian sector,
which became congested after the first procedure in ALPPS,
was 19.8±11.6 ml/day, 11-times that in CTS (1.8±1.3 ml/day,
p=0.001). Conclusion: Production of a congested area within
the deportalized liver may contribute importantly to rapid FLR
hypertrophy during ALPPS.

Liver resection remains the only potentially curative option
for patients with colorectal liver metastases. Surgeons continue
to expand the limits of “resectable” disease by performing
extensive liver resections that challenge both the oncologic
and technical definitions of resectability. Within this context
of extended resection, postoperative liver failure arising from
insufficient function of the future liver remnant (FLR) remains
a major concern, especially in patients who have undergone
extensive preoperative chemotherapy. Multiple strategies to
increase the size of the FLR and, thereby, reduce the risk of
postoperative liver failure have been applied. 

A new variant of portal vein (PV) occlusion associated
with staged hepatectomy was recently found to enhance
volume increase in the FLR (1). This approach combines
liver partition with PV ligation (PVL), followed by a second
operation to remove the deportalized, diseased part of the
liver. The acronym “ALPPS” (Associating Liver Partition
with Portal Vein Ligation for Staged Hepatectomy) has been
proposed to describe this complex procedure (2). Initial
experience suggested that the volume increase after ALPPS
is more rapid than that obtained with previous techniques,
such as PV embolization (PVE) followed by hepatectomy or
classical two-stage (CTS) hepatectomy, allowing for removal
of the diseased part of the liver within only 1 to 2 weeks
after liver partition (1, 3). This rapid regenerative response
would seem to offer significant advantages, given that major
tumor progression is unlikely during this short period and
that rapid regeneration could permit a second hepatectomy
before development of troublesome adhesions. Additionally,
the shortened surgical treatment period may allow faster
patient recovery, possibly permitting earlier resumption of
chemotherapy (2).

The exact mechanisms underlying the remarkable
regenerative response of the FLR in ALPPS are still unclear.
After the first resection in ALPPS, extent of the area with
inflammatory injury is thought to contribute to intense
stimulation of liver regeneration. ALPPS also produces a
completely devascularized area, such as segment (S) 4 in the
right trisectorectomy, resulting in early shrinkage of that area
with compensatory FLR hypertrophy (4); however, such a
devascularized area can become a necrotic focus of sepsis.
Another possible stimulus to regeneration involves the area
of congestion induced by interruption of hepatic vein
branches during parenchymal partition. This area of venous
congestion may develop considerable atrophy, resulting in
compensatory hypertrophy of the FLR. When the middle
hepatic veins (MHV) are sacrificed during liver partition
within S4, a part of S4 and the ventral aspect of the right
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paramedian sector (RPS) (5, 6) become congested following
right (rt.) hepatectomy extended to a part of S4. We believe
that this congested area is critical for FLR hypertrophy in
ALPPS. However, little information is available regarding
how closely the congested area is related to the increase in
FLR volume.

We, therefore, set out to clarify whether the congested
area produced by the ALPPS treatment contributes
importantly to rapid FLR hypertrophy, especially in terms of
serial changes in both morphologic and functional liver
volumes.

Patients and Methods

Patients. Eight consecutive patients treated with ALPPS between
April 2013 and September 2014 were compared with eight others
who underwent CTS hepatectomy with PVE between August 2012
and April 2013. For all patients in the ALPPS group, the MHV were
ligated and divided during transection within S4 in rt. hepatectomy. 

Imaging. Sequential changes in morphologic and functional volume
of the FLR and other liver areas were assessed by multi-detector
computed tomography (CT) and technetium-99m galactosyl human
serum albumin (99mTc-GSA) single-photon emission computed
tomography (SPECT) scintigraphy. Results were compared between
the 2 groups. 

Surgical procedure. In the CTS hepatectomy, most first procedures
involved resection of metastases from the left hemiliver anticipated
to become the FLR (tumor-clearing resection) (7), immediately
followed by performance of PVE for the right hemiliver (Figure 1a).
A catheter was inserted into a portal vein through an ileocolic vein
and the portal venous branches of the hemiliver targeted for
resection were embolized. The embolic material was a mixture of
gelatin pellets and oleic acid monoethanol amine. Later, at the
second operation, extended right hepatectomy (extended to a part
of S4) was performed. While timing of the second resection
depended on degree of liver hypertrophy or duration of
chemotherapy, we generally measured volume by CT 3 weeks after
the first operation and performed the second hepatectomy 4 weeks
after the initial hepatectomy with PVE. This second resection was
performed only when it could be curative.

In the ALPPS procedure, once the liver was mobilized, total liver
partition to the level of the inferior vena cava (IVC) was carried out.
During right (rt.) hepatectomy, liver partition was performed
between main and right portal fissures (within S4), accompanied by
MHV division. Tumor-clearing surgery was performed in the FLR
after which the portal vein of the diseased right hemiliver was
ligated (Figure 1b). Seven days after the first operation, CT was
performed to determine FLR volume. If this volume was considered
sufficient and the patient was stable, extended right hepatectomy
(extended to a part of S4) was performed. 

Final status of the FLR is highly similar in these 2 procedures.
However, the ventral RPS becomes both deportalized and
congested in ALPPS but becomes deportalized only without
congestion after the first operation in the CTS treatment.
Couinaud’s terminology was used to designate operative
procedures and liver anatomy (8).

Liver volume and functional liver volume evaluation. CT images
were obtained preoperatively and at 7 days after the first surgical
procedure, using multidetector CT ((MDCT); Toshiba Medical,
Tokyo, Japan) to determine volumes of the FLR and other liver
areas in the ALPPS group. In the CTS hepatectomy group, MDCT
was performed preoperatively and 3 weeks after the first procedure.
Functional liver volume was calculated by 99mTc-GSA SPECT/CT
using a Symbia T16 scanner (Siemens, Munich, Germany).
Reconstructed SPECT and CT images were converted into the
DICOM format and then transferred to SYNAPSE VINCENT
(Fujifilm, Tokyo, Japan) for fusion imaging. After fusion images
were reconstructed in 2 views (axial and coronal slices), 3-
dimensional (3D) fused images were reconstructed, providing
volume-rendering SPECT and CT images. The % functional volume
was estimated by scintillation counting for the FLR and other areas
relative to the total count for the entire liver. In this study, the
ventral RPS was defined in a transverse CT image as the area
between the MHV and the alleged anterior portal fissure (6), as
determined by a line connecting the main trunk of the right anterior
portal pedicle with the IVC (Figure 1c, d). 

Perioperative factors analyzed. Postoperative complications were
evaluated according to the Dindo-Clavien classification (9). Post-
hepatectomy liver failure was defined as postoperative deterioration
in the ability of the liver to maintain its synthetic, excretory and
detoxifying functions, as characterized by increased prothrombin
time (PT) and concomitant hyperbilirubinemia on or after
postoperative day 5. Post-hepatectomy liver failure was classified
as grade A, B or C according to the International Study Group of
Liver Surgery definitions (10).

Statistical analysis. Continuous data are expressed as mean (±SD)
or median (range) and were analyzed using the Mann-Whitney U-
test. The χ2 test or Fisher’s exact test was used for analysis of
categorical variables. A difference was considered significant when
the two-sided p-value was below 0.05. 

Ethical considerations. The study protocol was approved by the
Institutional Ethics Committee at Teikyo University, Japan (notice
of approval of IRB protocol number, Teirin 14-119). Written
informed consent was obtained from all patients involved.

Results

Patients’ characteristics. No significant differences in
patients’ background were observed between groups. The 16
patients included in this study consisted of 9 men (56%) and
7 women (44%). Their diagnoses were liver metastases from
colorectal cancer or from pancreatic neuroendocrine tumor.
Their median age was 68 years (range=62-78). Liver
metastases showed a bilobar distribution in all patients. The
median number of metastases at diagnosis was 11 (range=4-
19). The median maximum size of metastases was 35 mm
(range=8-168). The final hepatectomy procedure was
extended rt. hepatectomy (extended to S4) with tumor-
clearing resection from the FLR in all patients both with
ALPPS and with CTS hepatectomy. All patients in both
groups received preoperative chemotherapy (Table I). 
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As for operative factors, no significant differences were
observed between groups. Morbidity and mortality rates
were comparable between groups; 1 patient in the CTS group
died. According to the Clavien-Dindo classification, no class
IIIB or greater severe complication was observed in the
ALPPS group. In the CTS group, a class IIIB or more severe
complication was observed in 1 patient each at the first or
second procedure. Liver failure (grade B) occurred in 1
patient (12.5%) after the second procedure of the CTS
hepatectomy (Table II).

Change of volume, kinetic growth and functional volume. The
deportalized rt. liver was further divided into ventral RPS and

other areas (dorsal RPS plus rt. lateral sector (RLS)). Changes
in volume of the FLR and the other areas during treatment
were calculated and compared between the 2 groups. 

Before the first procedure, FLR volume was 356.4±54.4 ml
(median=315.6; range=300.3-475.7) in the ALPPS group and
322.1±48.7 ml (323.0; 261.1-397.0) in the CTS group
(p=0.204). After the first procedure, FLR volume was
569.6±156.1 ml (558.1; 365.8-815.7) in the ALPPS group and
427.4±91.7 ml (416.6; 290.5-541.7) in the CTS group
(p=0.043). Extrapolated kinetic growth for the ALPPS group
was 32.7±18.7 ml/day, which was 7.8 times that in the CTS
group (4.2±2.0 ml/day, p=0.001). As for functional volume, %
functional FLR volume relative to total liver volume before the
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Figure 1. Diagrammatic description and computed tomography (CT) depiction of classical 2-stage (CTS) hepatectomy and associating liver partition
with portal vein ligation for staged hepatectomy (ALPPS). After the first stage of the CTS hepatectomy (a), resection of metastases from the left
hemiliver anticipated to become the future liver remnant (FLR) was performed (arrowhead), followed by performance of portal vein (PV)
embolization for the right (rt.) hemiliver. After the first stage of ALPPS (b), complete tumor resection in the FLR was performed (arrowhead). The
middle hepatic veins (MHV) were ligated at the trunk (arrow) and divided during transection of segment (S) 4 in extended rt. hepatectomy (extended
to S4). The rt. PV was sutured. The ventral aspect of the rt. paramedian sector (RPS) became congested (asterisk). CT findings after first
hepatectomy, at 3 postoperative weeks in CTS hepatectomy (c) and on postoperative day 7 in ALPPS (d). Ventral RPS (arrow) and partition line
are shown. The ventral RPS showed congestion and atrophy in ALPPS. RPV, right portal vein.



first procedures was 40.3±9.9% (37.5; 29.3-58.3) in the ALPPS
group and 34.0±5.9% (36.1; 23.5-39.5) in the CTS group
(p=0.143). After the first procedure, % functional FLR volume
in the ALPPS group was 48.6±11.7% (53.3; 32.8-61.1) and
51.8±8.3% (50.7; 39.8-69.3) in the CTS group (p=0.546).

Before the first procedure, ventral RPS volume in the ALPPS
group was 221.2±78.7 ml (median=192.5; range=126.6-360.5)
and 223.6±44.7 ml (218.5; 169.3-288.7) in the CTS group
(p=0.951). After the first procedure, ventral RPS volume was
84.3±59.4 ml (91.7; 16.8-182.8) in the ALPPS group and
181.3±52.9 ml (170.2; 120.6-271.1) in the CTS group
(p=0.004; Figure 2a). The extrapolated kinetic decrease in
volume of the ventral RPS for ALPPS was 19.8±11.6 ml/day,
which was 11 times greater than for the CTS group (1.8±1.3
ml/day, p=0.001; Figure 2b). As for functional volume, %
functional ventral RPS volume before any procedure was
20.1±7.1 % (22.3; 7.7-29.9) in the ALPPS group and 21.6±5.8%

(21.1; 15.7-32.9) in the CTS group (p=0.630). After the first
procedure, % functional ventral RPS volume was 10.1±4.0%
(11.1; 2.1-14.3) in the ALPPS group and 18.6±4.9% (17.8; 11.1-
25.8) in the CTS group (p=0.002; Figure 2c).

Before the first procedure, the volume of dorsal RPS+RLS
in the ALPPS group was 359.2±118.1 ml (345.5; 192.4-
528.4); in the CTS group, this was 394.1±87.7 ml (383.2;
271.2-536.3; p=0.511). After the first procedure, dorsal
RPS+RLS volume in the ALPPS group was 297.6±62.9 ml
(327.5; 160.6-500.2); in the CTS group, this was
327.5±114.2 ml (289.5; 216.1-379.1; p=0.528; Figure 3a).
The extrapolated kinetic decrease in volume of the dorsal
RPS+RLS for ALPPS was 4.5±3.1 ml/day, which was not
significantly different from that in the CTS group (3.9±1.7
ml/day, p=0.636; Figure 3b). As for functional volume, %
functional dorsal RPS+RLS volume before any procedure
was 39.6±8.8% (38.3; 29.6-56.1) in the ALPPS group and
44.3±7.5% (44.3; 34.5-59.4) in the CTS group (p=0.263).
After the first procedure, % functional dorsal RPS+RLS
volume in the ALPPS group was 39.3±11.3% (36.2; 26.5-
57.8); in the CTS group, this was 31.0±12.7% (28.3; 19.7-
59.7; p=0.186; Figure 3c).
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Table I. Patients’ and tumor characteristics.

Variables                                         ALPPS              CTS             p-Value
                                                         (n=8)              (n=8)                   

Patient-related
Age, years                                    68 (62-78)       66 (65-74)          0.887
Gender                                                  
  Male                                            4 (50%)         5 (62.5%)           0.614
  Female                                         4 (50%)         3 (37.5%)
Primary disease
  CRC                                          7 (87.5%)        8 (100%)           0.302
  NET                                           1 (12.5%)               0
Liver-related
  Timing
       Synchronous                         7 (87.5%)         6 (75%)            0.522
       Metachronous                       1 (12.5%)         2 (25%)
  Distribution
       Bilobar                                   8 (100%)         8 (100%)          >0.999
  Number                                       11 (4-19)         11 (5-18)           0.865
  Maximum tumor size, mm       22 (11-34)       31 (8-168)          0.225
  Extrahepatic disease
       Present                                   1 (12.5%)        1 (12.5%)         >0.999
Treatment-related
  Prehepatectomy CTx
       Performed                              8 (100%)         8 (100%)          >0.999
       Number of cycles                 18 (6-44)          6 (6-42)            0.333
       Number of lines                      2 (1-6)             1 (1-6)             0.258
  PVE/PVL
       Performed                              8 (100%)         8 (100%)          >0.999 
  Curability                                           
       R0/1                                       8 (100%)        8 (100%)         >0.999
       R2                                                 0                      0 

Values of continuous variables are medians. Ranges are shown in
parentheses. ALPPS, Associating liver partition with portal vein ligation
for staged hepatectomy; CTS, classical 2-stage hepatectomy; CRC,
colorectal cancer; NET, neuroendocrine tumor; PVE, portal vein
embolization; PVL, portal vein ligation; CTx, chemotherapy. 

Table II. Operative variables and short-term outcome.

Variables                                           ALPPS                CTS         p-Value
                                                           (n=8)                (n=8)

Operative variables
  Duration of operation, min
       First Hx                                415 (273-510)   342 (255-454)   0.878
       Second Hx                           207 (130-329)   521 (287-878)   0.263
  Blood loss, mL
       First Hx                                504 (337-787)    317 (49-378)    0.164
       Second Hx                           353 (100-680)   666 (303-960)   0.203
  Blood transfusion performed
       First Hx                                   1 (12.5%)                 0              0.302
       Second Hx                               1 (12.5%)          3 (27.5%)       0.248
Postoperative outcome
  Morbidity (Any)                                  
       First Hx                                           0                 1 (12.5%)       0.302
       Second Hx                               1 (12.5%)          3 (37.5%)       0.248 
  Morbidity 
  (Clavien-Dindo ≥ IIIB)                        
       First Hx                                           0                 1 (12.5%)       0.302
       Second Hx                                      0                 1 (12.5%)       0.302
  Mortality (≤ 90 days)                          
       First Hx                                           0                        0             >0.999
       Second Hx                                      0                 1 (12.5%)       0.302
  Total length of 
  hospital stay, days                   26.7 (19-57)      34.1 (14-96)     0.126

Values of continuous variables are medians. Ranges are shown in
parentheses. ALPPS, Associating liver partition with portal vein ligation
for staged hepatectomy; CTS, classical 2-stage hepatectomy; Hx,
hepatectomy.



Discussion

A prospective study might be needed to confirm differences
between ALPPS with and without MHV ligation. This
represents a limitation of the present retrospective analysis.
In addition to the presence or absence of congestion from the
MHV ligation, another difference between ALPPS and CTS
hepatectomy is that CTS hepatectomy, which does not
involve liver partition, leaves open the possibility of
formation of new intrahepatic collateral vessels within S4.
However, we mainly compared volumes of the ventral RPS

in the rt. hemiliver, while anatomic observations exclude
vascular communications at the main portal fissure (8). Even
assuming some formation of vascular collaterals, fewer
intrahepatic collaterals have been found in PVE performed
during CTS hepatectomy than in PVL during CTS
hepatectomy (19). In light of such informations, our present
results are important to understand the effect of congestion
from MHV ligation on volume change. 

Among factors likely to influence early FLR regeneration,
our present findings support the hypothesis that the area of
congestion in the deportalized liver provides an important
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Figure 2. Change in volume, kinetic change and functional volume in the ventral right paramedian sector. Continuous lines, associating liver
partition with portal vein ligation for staged hepatectomy (ALPPS) group; broken lines, classical 2-stage (CTS) group (a and c). Kinetic changes
were calculated from serial liver volumes of each patient in both groups (b). Pre, Preoperative; post, postoperative. **p<0.01.



regenerative stimulus during ALPPS treatment. Volume and
kinetic growth of the FLR have been reported to increase more
dramatically in the ALPPS treatment than in CTS hepatectomy
(1, 2, 11, 12). Further, when changes of volume in the non-
FLR area were analyzed, the volume of the ventral RPS,
which showed congestion with consequent atrophy caused by
interruption of the draining veins, decreased dramatically in
the ALPPS group. This volume reduction tended to be greater
than in the CTS group. As opposed to the ventral RPS, no
significant difference of the volume reduction in the dorsal
RPS+RLS was observed between groups.

Complete devascularization of an area, such as S4 in rt.
trisectorectomy, represents a strong stimulus leading to rapid
and marked hypertrophy of the FLR during ALPPS (13).
However, such a devascularized ischemic area can become
a nidus for life-threatening sepsis (4, 13-15). Therefore,
although ALPPS fosters a rapid regenerative response, it
raises concern about increased morbidity and mortality (3,
11, 14). The most frequent cause of such mortality has been
infectious complications arising from the necrotic
deportalized area. To perform ALPPS safely, then, surgical
procedures resulting in a massive devascularized ischemic
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Figure 3. Change in volume, kinetic change and functional volume in the dorsal right paramedian sector plus right lateral sector. Continuous lines,
associating liver partition with portal vein ligation for staged hepatectomy (ALPPS) group; broken lines, classical 2-stage (CTS) group (a and c).
Kinetic changes were calculated from serial liver volumes of each patient in both groups (b). Pre, Preoperative; post, postoperative.



area, such as partitioning the liver at the falciform ligament,
should be avoided. According to a previous report (15),
minimizing dissection of the hepatoduodenal ligament could
avoid division of direct vascular supply to S4. However, S4
always becomes avascular when S4 portal pedicles are
divided. Also, the magnitude of FLR hypertrophy might be
smaller when production of a devascularized ischemic area
is avoided entirely at the first hepatectomy. One modification
sometimes used is removal of the ischemic area after
dividing the liver (14). The present results suggest an
attractive alternative, liver partition within S4 rather than at
the plane of the falciform ligament, thus dividing the liver at
a point closer to the main portal fissure. This strategy aims
to reduce the extent of the completely necrotic area. The
resulting FLR volume is likely to be greater than that
following division at the plane of falciform ligament with
somewhat less hypertrophy of the FLR. Our principal intent
is to avoid creation of a large completely necrotic area. MHV
ligation and division at this site induces congestion and
subsequent atrophy within the deportalized liver, resulting in
rapid, marked hypertrophy of the FLR. 

A previous study (16) using intraoperative Doppler
ultrasonography showed that some 80% of patients had no
anastomosis between major hepatic veins. After venous
interruption, functional intrahepatic anastomoses between
hepatic veins formed gradually; however, at 7 days, only
about 40% of patients showed collateral formation.
Producing congestion and atrophy in the deportalized liver
by interruption of draining veins can, therefore, be an
effective way to induce early FLR hypertrophy after the first
procedure in ALPPS.

Volumetric evaluation of the FRL may be less than fully
informative concerning functional reserve. In our study, the
increase in FLR volume 1 week after the first procedure in
ALPPS was similar to that seen for CTS hepatectomy 4
weeks after the first procedure. However, the increase of
functional FLR calculated using 99mTc-GSA scintigraphy
SPECT/CT in the ALPPS group tended to be smaller than
that in the CTS group. We previously found the functional
volume recovery after the ALPPS procedure to be smaller
than the morphologic volume recovery (17). Functional
change fell short of morphologic change in both the ventral
RPS and the dorsal RPS+RLS area. However, the magnitude
of reduction in both morphologic and functional volume after
MHV division in the ventral RPS was greater than in the
dorsal RPS+RLS area in ALPPS. 

In conclusion, this study provides important new
information concerning the significance of the congested
area in the ALPPS procedure for stimulating volumetric and
functional recovery. The retrospective methodology imparts
a bias in selection of patients in each group. As venous
return varies considerably between individuals, volume of
the ventral RPS also is variable. Therefore, a prospective

study might be needed to confirm the difference between
ALPPS with and without MHV ligation. Nonetheless, our
study provides a basis for further investigation of ALPPS.
We consider the area of congestion to be clinically important
for the ALPPS procedure, by stimulating regeneration, as the
congested state can contribute to reduction of mortality. 
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