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a b s t r a c t 

Background: The associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) was 

first performed in 2007. The critical patient selection, timing to perform the second stage operation, and 

minimally invasive technique are three key factors for patient outcomes. The aim of this review is to 

summarize published data on these three aspects. 

Data sources: Studies were identified by searching PubMed for articles published from January 2007 to 

October 2018, using the keywords “associating liver partition and portal vein ligation for staged hepate- 

ctomy” or “ALPPS” or “in situ split”. Studies on colorectal liver metastasis (CRLM), perihilar cholangiocar- 

cinoma (PHC), and hepatocellular carcinoma (HCC) indicated for ALPPS, cutoff values to determine the 

timing of stage 2, as well as modifications of ALPPS were included. 

Results: The mortality of ALPPS for CRLM is declining, for PHC is high. In patients with HCC, essential 

hypertrophy makes the ALPPS safer. However, the degrees of fibrosis affect the hypertrophy. The future 

liver remnant volume is still the gold standard to start the second stage. Hepatobiliary scintigraphy plays 

an important role in quantitatively assessing liver function, whereas cutoff values need to be further 

calibrated. Less-invasive ALPPS modifications have increased and led to a decreased mortality. 

Conclusions: ALLPS improved the CRLM outcomes; ALPPS is feasible in patients with PHC after failure of 

portal vein embolization; ALPPS may be an option for HCC patients with major vascular invasion and 

thrombosis. The simplified and less-invasive ALPPS is the trend. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Associating liver partition and portal vein ligation for staged

hepatectomy (ALPPS) has two steps, the first step is the intraoper-

ative ligation of the right portal branch to the partition of the liver,

the second step is an extended right hepatectomy. ALPPS was first

performed by Schlitt et al. [1] in 2007. Schnitzbauer et al. first re-

ported 25 cases in 2012 [2] . ALPPS revolutionized liver surgery for

primarily unresectable hepatic tumors. Nevertheless, the early high

mortality (9% −12%) and major morbidity (27% −44%) of the ALPPS

procedure moderated surgeons’ enthusiasm, and they adopted a

more thoughtful approach [2,3] . With adjustment of indications

and technical modification in ALPPS, the unacceptable high mor-

tality and major morbidity rates continuously declined [4] . With

more than 10 years of study, the ALPPS approach is now still at the

early-stage, and further studies should concentrate on safety and
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rognosis. The critical patient selection, timing to perform the sec-

nd stage, and minimally invasive technique are three key factors

nvolved with short-term outcomes and long-term survival. Here,

e review ALPPS with a focus on the indications, best cutoff val-

es, and modified, less-invasive technique. 

earch strategies and results 

Studies were identified by searching PubMed for articles pub-

ished from January 2007 to October 2018 using the keywords

associating liver partition and portal vein ligation for staged hep-

tectomy” or “ALPPS” or “in situ split”. Studies on colorectal liver

etastasis (CRLM), perihilar cholangiocarcinoma (PHC), and hep-

tocellular carcinoma (HCC) indicated for ALPPS in terms of fu-

ure liver remnant (FLR) prior stage 1, FLR prior stage 2, FLR

ncrease, days of interval, morbidity, and mortality were selected.

n addition, all studies that reported cutoff values to determine the

iming of stage 2, as well as mechanistic studies on the volume-

unction relationship, were evaluated. Modifications of ALPPS were

eviewed only with first-proposed or representative studies. The
a. Published by Elsevier B.V. All rights reserved. 
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Fig. 1. Flow chart of databases searched, strategy used, and exclusions performed. 
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tudies were chosen for recent report or more relevance to our

ims of review if data were duplicated by one team. Language was

estricted to English. Papers related to ALPPS but without informa-

ion about the aims of this review or no relation to ALPPS were

xcluded. 

A total of 358 publications were identified up to October 2018.

fter exclusion of duplicates, papers related to ALPPS but with-

ut required information or with no relation to ALPPS, 295 pa-

ers remained. Among these papers, 84 were opinion, editorial, or

ommentary series; 32 were experimental studies; 58 were case

eports; 31 were review and 9 were meta-analysis; and single-

enter and multicenter original research accounted for 50 and 31

ieces, respectively. After selection, 35 papers were included in

he final analysis. Articles were grouped under 5 topics: indication

estricted to CRLM which accounted for 15 papers; indication re-

tricted to PHC which accounted for 2 papers; indication restricted

o HCC which accounted for 7 papers; 6 papers reported the cutoff

alues of ALPPS stage 2; 5 studies addressed on the modifications

f ALPPS were reviewed. Fig. 1 displays the flowchart of paper

election. 

ritical patient selection for ALPPS 

ndication for CRLM 

A total of 15 papers [5–19] are on patients with CRLM and re-

orted the FLR prior to stage 1 and stage 2, FLR increase, morbid-

ty, and mortality ( Table 1 ). Some of the studies in Table 1 reported

igh mortality and morbidity. However, these reports included sev-

ral tumor types. Some studies on CRLM only show that the mor-

ality rate is only 5.0% −8.6% after stage 2 [3,11,20,21] , which is in

ine with major conventional hepatectomy [22–24] . Moreover, sev-

ral centers even had no 90-day mortality [5,6,8,10,15,16,19] , which

eems to confirm the safety of ALPPS in CRLM. However, it should
e noticed that data from the ALPPS registry group consistently

hows that the mortality is around 8% [3,11,18] . 

Although the reported surgical outcomes are promising and the

esectability of ALPPS for CRLM is high, the long-term survivals are

omparable to or even lower in some studies compared with con-

entional two-stage hepatectomy [7,8] . In general, 2-year overall

urvival (OS) ranged from 42% to 59% of in CRLM patients with

LPPS [8–11] ( Table 1 ). 

It is known that tumor status together with surgical technique

etermines prognosis. Tumor status such as the numbers, size, and

esponse to chemotherapy that determine survival should be eval-

ated to screen the suitable candidates for hepatectomy. Cauchy

t al. [22] reported that downstaging CRLM patients (whom they

efined as slow responders), using 12 or more cycles of chemother-

py before major hepatectomy, demonstrated extremely high mor-

ality (19%) and 50% major morbidity associated with poorer

ong-term outcomes compared to fast responders. This implies that

ownstaging CRLM patients may also not be suitable for the ALPPS

pproach due to high risk of mortality, much less achieving favor-

ble oncologic outcomes. Olthof et al. [11] reported that patients

ith advanced CRLM (defined as 2 of the following 3 criteria were

et: ≥6 metastases, ≥2 FLR metastases, or ≥6 involved segments,

xcluding segment 1) with an ALPPS approach had similar OS

ompared to matched patients with palliative systemic therapy.

n addition, patients with advanced CRLM had a poorer OS and

isease-free survival than those meeting < 2 criteria in the ALPPS

egistry. 

When deciding whether CRLM is suitable for ALPPS, the short-

erm and long-term outcomes should be considered. Although

hort-term outcomes of ALPPS for CRLM are currently satisfac-

ory, the long-term outcomes remain the primary concern, and

hat OS of ALPPS patients significantly overwhelming palliative sys-

emic therapy can be accepted. In general, patients who have a

oor survival scenario for conventional major hepatectomy should

ot be candidates for ALPPS. Patients with advanced CRLM as
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Table 1 

Summary of data of patients diagnosed with CRLM indicated for ALPPS. 

Studies Source Year n 
FLR prior to 

stage 1 

Days between 

stage 1 and 2 

FLR prior to 

stage 2 
FLR increase 

Major 

morbidity 

90-day 

mortality 
Survival 

Hernandez- 

Alejandro 

et al. [5] 

Single-center 2015 14 sFLR 19% 8 sFLR 37% sFLR 93% ±
28% 

≥IIIB 14% 0 9-month OS 

100% 

Oldhafer 

et al. [6] 

Single-center 2014 7 FLR 424 mL 

(222–605) 

13 FLR 532 mL 

(409–873) 

FLR increase 

65% 

(16% −97%) 

≥III 14.29% 0 NR 

Ratti et al. [7] Multicenter 2015 12 FLR 22% 11 (7–12) FLR 36% FLR increase 

47% 

≥IIIA 41.7% 8.3% 1-year OS 

92%; 1-year 

DFS 67% 

Adam et al. [8] Single-center 2016 17 sFLR 24% 12 (9–39) sFLR 36% NR ≥IIIA 41% 0 2-year OS 

42% 

Bjornsson 

et al. [9] 

Multicenter 2016 23 sFLR 20.2% 

(16.1% −39.2%) 

5 (5–8) sFLR 35.5% 

(25.9% −59.5%) 

sFLR 64.3% 

( −17% to 

238%) 

≥IIIB 13.6% 4% 2-year OS 

59% 

Zattar-Ramos 

et al. [10] 

Single-center 2016 9 FLR 453 mL 

(213–790) 

21 (7–35) FLR 634 mL 

(410–957) 

FLR increase 

48% 

≥IIIB 0% 0 2-year OS 

59% from 

surgery 

Olthof 

et al. [11] 

ALPPS registry 2017 295 FLR 338 mL 

(260–441) 

( n = 275) 

11 (8–15) FLR 615 mL 

(481–732) 

( n = 271) 

FLR increase 

74% 

(46% −100%) 

Stage 1 ≥ IIIA 

11.1% stage 2 

≥ IIIA 28.5% 

8% 2-year OS 

42%; 2-year 

DFS 18% 

Kikuchi 

et al. [12] 

Single center 2017 12 FLR 33.6% ±
9.1% 

7 FLR 45.6% ±
6.3% 

Around FLR 

43% 

(calculated by 

reported 

data) 

Stage 1 ≥ IIIA 

33%; stage 2 ≥
IIIA 27.3% 

9.1% NR 

Linecker 

et al. [13] 

Bi-institutional 2017 45 sFLR 424 mL 

(208–657) in 

p-ALPPS; 

383 mL 

(168–791) in 

ALPPS 

15 in 

p-ALPPS; 17 

in ALPPS 

sFLR 39% in 

p-ALPPS; 37% 

in ALPPS 

sFLR 64% in 

p-ALPPS; 60% 

in ALPPS 

≥IIIB 13% in 

p-ALPPS; 36% 

in ALPPS 

0 in p-ALPPS; 

27.27% in 

ALPPS 

NR 

Sandstrom 

et al. [14] 

Multicenter 2018 48 sFLR 22.4% ±
4.3% 

11 sFLR 37.1% ±
7.5% 

68% ± 38% ≥IIIA 43% 8.3% NR 

Serenari 

et al. [15] 

Single-center 2018 26 sFLR 25% 

(18% −27%) 

10 (7–17) sFLR 44% 

(37% −49%) 

FLR 99% 

(55% −146%) 

≥IIA 38.5% 0 1-year OS 

83.4%; 3-year 

OS 48.9% 

Sparrelid 

et al. [16] 

Single-center 2017 11 sFLR 18.7% 

(16.1% −23.8%) 

6 sFLR 31.2% 

(27.5% −36.0%) 

FLR 61.8% 

(19.3% −120%) 

≥IIIA 36.36% 0 NR 

Vondran 

et al. [17] 

Single-center 2018 6 FLR 20.9% 

(13.2% −27.1%) 

11 (9–14) NR FLR 67.9% 

(32.5% −94.1%) 

≥IIIA 33% 16.6% Mean DFS 

was 5.7 mon 

Schnitzbauer 

et al. [18] 

ALPPS Registry 2018 403 Right 

tri-ALPPS 359 

± 147 mL; 

Right-hepa- 

ALPPS 

422 ±149 mL 

Right 

tri-ALPPS 

16.9 ± 29.5 d; 

Right-hepa- 

ALPPS 

22.5 ± 50.5 d 

Right 

tri-ALPPS 

1227 ±
609 mL; 

Right-hepa- 

ALPPS 1422 ±
583 mL 

FLR right 

tri-ALPPS 

81%; Right- 

hepa-ALPPS 

77% 

Right 

tri-ALPPS vs. 

right-hepa- 

ALPPS st age 

1 ≥ IIIA 7.7% 

vs. 13.66%, 

stage 2 ≥ IIIA 

30% vs. 33.3% 

Right 

tri-ALPPS 

8.6%; Right- 

hepa-ALPPS 

6.5% 

Median 

survival rT 

was 

30.1 ± 12.3 

mon; rH 

31.7 ± 11.8 

mon 

Wanis 

et al. [19] 

Bi-institutional 2018 47 FLR 

22% ± 5.3% 

8 (7–11) FLR 

42% ± 9.6% 

NR ≥IIIB 21% 0 3-year OS 

50%; 3-year 

DFS 13% 

CRLM: colorectal liver metastasis; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; FLR: future liver remnant; sFLR: standardized FLR; 

OS: overall survival; DFS: disease-free survival; rT: right trisectionectomy associating liver partition and portal vein ligation for staged hepatectomy; rH: right hepatectomy 

associating liver partition and portal vein ligation for staged hepatectomy; NR: not reported. 
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previously defined have a poor survival. Patients without response

to chemotherapy or require prolonged chemotherapy have high

mortality and morbidity after major resection. Despite the ben-

eficial suggestions from the abovementioned papers, prospective

randomized controlled trials are still rare. So far, failed standard

two-stage hepatectomy due to insufficient hypertrophy may be the

most suitable candidates for ALPPS. 

Indication for PHC 

Two papers elaborating the FLR prior to stage 1 and stage 2.

One paper was reported by the ALPPS registry group [25] , and the

other was a case series that introduced a modified ALPPS tech-

nique in three patients with PHC [26] ( Table 2 ). 
PHC patients treated with ALPPS often have high mortality

ates (27% −48%) [3,25] . The main reason is extensive resection and

hat the FLR is not insufficient. The second reason is preopera-

ive cholangitis [27] . The third reason is that the bile canalicular-

uctule networks in the FLR are immature in ALPPS which may

esult in prolonged cholestasis following final hepatectomy in

LPPS [28] . Studies based on the ALPPS registry demonstrated that

igh serum bilirubin before stage 2 is an independent predictor

f 90-day mortality [3,20] . These results illustrated that an aggres-

ive surgical strategy associated with inherent unfavorable factors

ade the ALPPS procedure more dangerous for PHC patients than

or those with other types of tumors. 

Currently, portal vein embolization (PVE) is still primarily rec-

mmended by most surgeons when extended hepatectomy is

eeded for PHC, considering the high mortality from classic ALPPS.
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Table 2 

Summary of data of patients diagnosed with PHC indicated for ALPPS. 

Studies Source Year n 
FLR prior to 

stage 1 

Days between 

stage 1 and 2 

FLR prior to 

stage 2 
FLR increase 

Major morbidity 

III 

90-day 

mortality 

Olthof et al. [25] ALPPS registry 2017 29 20% of TLV 8 (7–14) 31% of TLV 68% ≥IIIA 83% 48% 

Sakamoto et al. [26] Single-center 2018 3 26.2% of TLV 21 (17–31) 39.8% of TLV 

on day of 14 

42.9% One developed 

pleural effusion 

0 

PHC: cholangiocarcinoma; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; TLV: total liver volume. 

Table 3 

Summary of data of patients diagnosed with HCC indicated for ALPPS. 

Studies Source Year n 

Numbers of 

patients with 

fibrosis or 

cirrhosis 

FLR prior to Days between FLR prior to 
FLR increase 

Major 90-day 

stage 1 stage 1 and 2 stage 2 morbidity III mortality 

Serenari et al. [32] Multicente 2016 8 6 patients with 

cirrhosis 

sFLR 23.5% 

(15% −35%) 

8.5 (6–15) sFLR 39.5% 

(31% −52%) 

sFLR 56.5% 

(14% −178%) 

Stage 1 ≥
IIIA 25%; 

Stage 2 ≥
IIIA 37.5% 

12.5% 

D’Haese et al. [33] ALPPS Registry 2016 35 10 patients with 

fibrosis and 4 

with cirrhosis 

Median of 

420 mL 

11 (8–14) Median of 639 

mL 

FLR 47% ≥IIIB 26.9% 31% 

Chan et al. [34] Single-center 2016 17 8 patients with 

chronic hepatitis 

and 9 with 

cirrhosis 

sFLR 24.2% 

(16.7% −45.4%) 

6 (5–22) sFLR 38.5% 

(27.9% −56.9%) 

sFLR 48.7% ≥IIIA 11.8% 5.9% 

Cai et al. [35] Single-center 2017 12 11 patients with 

Child-Pugh A 

cirrhosis and 1 

with Child-Pugh 

B cirrhosis 

FLR 29.2% 

(14.7% −39.7%) 

10.5 (7–44) FLR 38.5% 

(10.1% −74.6%) 

FLR 28.1% 

( −31.2% to 

94.8%) 

Stage 1 ≥
IIIB 25%; 

Stage 2 ≥
IIIB 40% 

50% 

Wang et al. [36] Single-center 2017 10 1 patients with 

fibrosis and 9 

with cirrhosis 

FLR 31% 

(19% −37%) 

28 (13–31) FLR 47% 

(40% −58%) 

FLR 53% 

(35% −133%) 

≥IIIB 20% 10% 

Wang et al. [37] Single-center 2018 45 26 patients with 

fibrosis and 13 

with cirrhosis 

sFLR 26.9% 

(17.9% −39.2%) 

12 (6–28) sFLR 41.3% 

(33.1% −60.5%) 

sFLR 56.8% 

(8.3% −103.5%) 

≥IIIB 11.1% 11.1% 

Chia et al. [38] Single-center 2018 9 6 patients with 

fibrosis 

FLR 16.1% 

(12.7% −28.8%) 

7 (7–10) NR FLR 40.2% 

(22.1% −65.3%) 

Stage 1 ≥
IIIB 11.1%; 

Stage 2 ≥
IIIB 14.2% 

11.1% 

HCC: hepatocellular carcinoma; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; FLR: future liver remnant; sFLR: standardized FLR; NR: not 

reported. 
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g  
he major weakness of PVE is the high failure rate to advance to

esection compared to ALPPS (20% vs. 1%, P = 0.001) [29] . Nagino

t al. [30] reported that the incidence of unresectability after PVE

as 32.2% in gallbladder cancer and 12% in cholangiocarcinoma.

his suggests that rescue-ALPPS is still a possibility for patients

ith PHC after failure of PVE. Nowadays, classic ALPPS does not

eem suitable for PHC, but the less-invasive, modified ALPPS, es-

ecially combined with PVE and partial split, and partial transileo-

ecal PVE ALPPS [26] and mini-ALPPS [31] have been proposed to

educe the mortality of classic ALPPS for PHC. The key refinement

s PVE associated with partially partitioning the liver to reduce the

nvasive procedure in stage 1 surgery. In addition, using a no-touch

echnique is in accord with oncological principle for the treatment

f PHC. However, both reported modifications of ALPPS had a low

umber of cases. In summary, patients with PHC without cholangi-

is and high serum bilirubin are still the candidates of less-invasive,

odified ALPPS, especially after failure of PVE. 

ndication for HCC 

Table 3 lists 7 studies on ALPPS for HCC patients [32–38] . Me-

ian time between stages 1 and 2 was from 6 to 28 days. Major

orbidity and 90-day mortality varied greatly. 

ALPPS is commonly accepted for CRLM and strongly skeptic

or PHC. However, ALPPS for HCC needs caution. ALPPS registry

hows around 10% of HCC patients need ALPPS [3,20] . D’Haese

t al. [33] compared perioperative outcomes and survival rates of
atients with HCC and those with CRLM in the ALPPS registry, and

ound that 90-day mortality was significantly higher for HCC than

or CRLM (31% vs. 7%; P = 0.001). In addition, the relative hypertro-

hy rate in HCC patients was significantly lower than that in CRLM

atients (47% vs. 76%; P < 0.002) and tended to vary inversely with

he degree of fibrosis. Despite these poor results, many centers are

till using ALPPS to treat HCC patients. Chan et al. [34] and Wang

t al. [37] reported favorable results, in which major morbidity was

bout 11%, and the hospital mortality rate was 5.9% −11.1% in HCC

atients with chronic viral hepatitis or cirrhosis. 

One of the main concerns with ALPPS in HCC is whether

atients with concomitant hepatic fibrosis or cirrhosis can de-

elop adequate hypertrophy. D’Haese et al. [33] and Wang

t al. [37] found that hypertrophy showed a linear negative cor-

elation with the degrees of fibrosis. However, despite this trend,

inetic growth rates (KGRs) were extremely different between the

wo reports. The KGRs with different degrees of fibrosis reported

y D’Haese et al. [33] were much lower than those in Wang’s

tudy [37] , which may explain the high morbidity and mortality.

owever, when compared with non-HCC patients, hypertrophy was

elatively lower in HCC patients with fibrosis or cirrhosis. Never-

heless, hypertrophy could meet the minimal volume requirement

 > 30% for patients with normal liver, and > 40% for patients with

hronic hepatitis or cirrhosis) prior to stage 2 operation. To im-

rove the surgical outcomes, Shindoh et al. [39] suggested that in

atients with marginal hepatic functional reserve with indocyanine

reen retention rate at 15 min (ICG-R15) of 10% −20%, FLR > 50%
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is recommended, and the degree of hypertrophy > 10% is needed

for impaired liver function to prevent postoperative hepatic insuf-

ficiency. 

In general, indication for ALPPS in patients with HCC is mainly

at the intermediate stage and is commonly associated with ma-

jor vascular invasion, portal vein tumor thrombus, and large

tumor size. ALPPS has the potential advantage in situations of por-

tal branch invasion or hepatic vein invasion when the classic two-

stage approach cannot feasibly be performed because of the risk of

rapid thrombotic progression. The hypertrophy with different de-

grees of fibrosis should be further studied. 

Timing for stage 2 of ALPPS 

One of most key questions is when to undergo the second stage

of ALPPS. The 7 days interval as an important time point has been

used widely whereas this dogmatic method has caused severely

high complication rates and mortality. On the other hand, a de-

layed second stage usually leads to adhesions that increase the

difficulty of stage 2 and the risk of tumor progression. Therefore,

a credible method to determine the suitable timing of stage 2 is

crucial. Several cutoff values based on volumetric methods, hepa-

tobiliary scintigraphy (HBS) or biochemical liver function test have

been proposed to help to determine the safe timing of stage 2. 

Cutoff values based on volumetric methods 

Truant et al. in 2007 first proposed that the remnant liver

volume/body weight cutoff value for second stage liver resection

is 0.5% [40] , which was translated from the living-donor liver

transplantation model with a sensitivity of 100% and a speci-

ficity of 78% for prediction of postoperative mortality. Schnitzbauer

et al. [2] also suggested that the left lateral liver lobe volume

to body weight ratio (LLL-BWR) above 0.5% is the cutoff for the

second stage of ALPPS. Majority of the patients in these two stud-

ies had CRLM with no or a low degree cirrhosis, and all un-

derwent right hepatic trisectionectomy. The other widely used

cutoff for ALPPS was standardized FLR (sFLR) > 30% of the original

liver volume for patients with normal liver, and > 40% for patients

with cirrhosis [41] . However, although many patients reached the

volumetric criteria prior to stage 2, some of them still devel-

oped post-hepatectomy liver failure (PHLF) after ALPPS. Schadde

et al. [20] demonstrated that liver failure developed in 31% of pa-

tients with sFLR of 30% to 40% and in 16% of patients with sFLR

> 40% prior to stage 2 in the ALPPS registry. This suggested that

liver volume does not always accurately estimate liver function.

Liver function is more essential than liver volume. Previous stud-

ies reported that total liver function declined sharply, by as much

as almost 40%, after stage 1 [42,43] , and then recovered within a

median of 7 days with liver function of the deportalized part of

the liver’s progressive attenuation in favor of the FLR [44] . The hy-

pertrophic FLR is supposed to be immature, particularly in stage 1,

and the deportalized part of the liver takes the main responsibil-

ity for liver function before resection [44] . In most cases of hep-

atectomy, the increase of liver volume corresponds concomitantly

with functional increase but is not completely synchronized. The

functional increase is partially independent of volume increase. In

ALPPS, the increase in liver function was roughly half of the vol-

umetric increase [42,45] . Therefore, stage 2 should be postponed,

particularly when major complications or any other situations oc-

cur after stage 1. Shindoh and colleagues in 2013 proposed a new

concept named kinetic growth rate (KGR), which can reflect the re-

generative capacity of the liver [46] . Kambakamba et al. [47] found

that a KGR > 6%/day significantly reduced the risk of PHLF after

ALPPS stage 2, whereas sFLR > 30% did not significantly predict

the risk of PHLF. Nevertheless, no patients developed PHLF, and
erioperative outcomes were improved when KGR > 6%/day was

ombined with sFLR > 30%. KGR should be a useful auxiliary tool

ith other volumetric parameters to decide the appropriate timing

or ALPPS stage 2. 

utoff values based on hepatobiliary scintigraphy (HBS) 

HBS is a useful tool to predict postoperative liver failure. De

raaf et al. [48] proposed a critical cutoff value for FLR func-

ion (FLR-F) of 2.69%/min/m 

2 . The sensitivity and specificity of
9m Tc-mebrofenin-HBS to predict postoperative liver failure after

ajor liver resection are 89% and 87%, respectively. This cutoff

alue is now the most widely used in clinical practice. Chapelle

t al. [49] developed a new cutoff value for estimation of FLR-

 (eFLR-F) at 2.3%/min/m 

2 , they combined the ratio of the future

iver remnant volume (FLRV%) measured by MRI and the total liver

unction measured by 99m Tc-mebrofenin HBS, and the combina-

ion yield a positive predictive value (PPV) and negative predic-

ive value (NPV) for PHLF of 92% and 99%, respectively. However,

e noticed that half or more patients with PHC developed PHLF

n both studies [4 8,4 9] . Therefore, the application of cutoff value

n patients with PHC is less accurate than in those with other

ypes of tumor. The reason of this conflict is that patients with

HC may comorbid with cholangitis and hyperbilirubinemia. Olthof

t al. [50] stratified FLR by various cutoff values for predicting the

ncidence of PHLF in patients with PHC who underwent major liver

esection. If a FLRV cutoff is 45%, the NPV is > 90% for PHLF in PHC

atients without cholangitis, whereas it declined to < 70% if PHC

atients have cholangitis. It is reported that both 

99m Tc-mebrofenin

nd unconjugated bilirubin are transported into human hepato-

ytes by OATP1B1 and OATP1B3 [51,52] , suggesting that the two

ehave in a competitive manner, and that liver function might be

nderestimated when levels of bilirubin are high. Therefore, Olthof

t al. [53] established a cutoff for FLR-F of 8.5%/min in PHC pa-

ients with a bilirubin below 50 μmol/L, which resulted in an NPV

or PHLF of 94% and a PPV of 41%. The authors did not recom-

end HBS to be performed on patients with bilirubin level above

0 μmol/L. Serenari et al. [54] compared three HBS parameters, in-

luding counts within the FLR (FLR-C), FLR-F, and the newly de-

eloped Hospital Italiano de Buenos Aires index (HIBA-i), to pre-

ict PHLF during ALPPS; the receiver operating characteristic (ROC)

nalysis demonstrated that a cutoff value for HIBA-i of 15% was the

est to identify PHLF with a sensitivity of 100% and a specificity

f 94%. Although only 4 patients with PHLF were included in the

nalysis, HIBA-i seems a promising modality for PHLF prediction. 

Currently, estimations of FLR-F and remnant liver volume are

wo main methods to predict PHLF. Both methods have their pros

nd cons. For volumetric methods, FLR-BWR and sFLR have been

erified and widely used. In other words, due to the value of

uantitative functional assessment of the liver remnant, functional

ethods have great prospects in surgical decision before major

iver resection. 

However, both methods have their disadvantages. Despite the

old standards to determine the timing of stage 2 operation, volu-

etric methods do not ensure absolute safety after a radical resec-

ion. A recent study conducted by Schnitzbauer et al. [18] aiming

o evaluate the necessity of two-stage hepatectomies by comparing

utcomes of the right hepatectomy ALPPS and right trisectionec-

omy ALPPS in patients with CRLM found that about one third of

atients who met the standards of one stage of hepatectomy were

ver-indicated for ALPPS. The authors tried to explore the reasons

hat prompted surgeons to perform two-stage hepatectomy by sup-

osing that surgeons tried to preserve more FLR-F for tumor re-

ection preparation when FLR or total liver volume was small or

iver function was compromised due to preoperative chemother-

py. However, data analysis vetoed all hypotheses. It seemed that
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Table 4 

Different cutoff values and their diagnostic accuracy in predicting 90-day mortality 

or PHLF. 

Studies Cutoff values Diagnostic accuracy 

Schnitzbauer 

et al. [2] and 

Truant et al. [40] 

LLR/BWR > 0.5% Median interval of 9 days without 

liver-related mortality, overall 90-day 

mortality was 12% [2] . Predict 

postoperative mortality with a 

sensitivity of 100% and a specificity 

of 78% [40] . 

Sandstrom 

et al. [14] and 

Clavien et al. [41] 

sFLR > 30% in 

normal liver, 

sFLR > 40% in 

cirrhosis 

Median interval of 11 days, ≥III A 

morbidity was 43%, and total 

mortality was 9.1% [14] . 

Schadde 

et al. [20] 

MELD score ≥ 10 Predict liver-related 90-day mortality 

with sensitivity of 82% and specificity 

of 67%. 

Day 5 bilirubin > 

7 mg/dL 

90-day mortality was 28%, predict 

90-day mortality with a sensitivity of 

54% and specificity of 84%, and with 

a PPV of 33% and an NPV of 94%. 

Kambakamba 

et al. [47] 

KGR > 6%/day, 

sFLR > 30% 

Major morbidity 10% and predict 

mortality with an NPV 100% and a 

PPV of 75%. 

de Graaf 

et al. [48] 

FLR-F of 

2.69%/min/m 

2 

Predict postoperative liver failure 

with a sensitivity of 89% and a 

specificity of 87% in a one-stage 

major liver resection. Only 2 case 

reports implement the criteria in 

ALPPS. 

Olthof et al. [53] FLR-F of 

8.5%/min 

Only applicable for PHC patients with 

a bilirubin below 50 μmol/L, with an 

NPV of 94% and a PPV of 41%. 

Serenari 

et al. [54] 

HIBA-i of 15% Predict postoperative liver failure 

with a sensitivity of 100%, specificity 

of 94%, with a PPV of 80% and an 

NPV of 100%. 

PHLF: post-hepatectomy liver failure; FLR: future liver remnant; BWR: body weight 

ratio; sFLR: standardized FLR; KGR: kinetic growth rate; FLR-F: FLR function; NPV: 

negative predictive value; PPV: positive predictive value; ALPPS: associating liver 

partition and portal vein ligation for staged hepatectomy; HIBA-i: Hospital Italiano 

de Buenos Aires index; MELD: model for end-stage liver disease. 

p  

s  

e  

t  

t  

u

 

d

M

 

r  

t  

t  

v  

w  

t  

a  

l  

t

 

s  

l  

t  

p  

e  

s

urgeons followed their subjective perception rather than objec-

ive criteria of resectability to determine a two-stage hepatec-

omy, so we may assume that volumetric methods do not always

ive surgeons full confidence to perform a radical liver resection.

ctually, when the ability to predict PHLF was compared between

unctional and volumetric criteria, the functional criteria usually

verwhelmed the volumetric criteria. de Graaf et al. [48] used FLR-

, FLRV%, and sFLR to predict PHLF, and the outcomes indicated

hat FLR-F had better comprehensive predictive abilities than oth-

rs in sensitivity, specificity, PPV, and NPV. Furthermore, both team

f de Graaf’s studies [48,55] reported that liver volume was usually

verestimated when FLR-BWR and sFLR criteria were used. 

Is it time to replace the volumetric methods with functional

ethods when we make a decision to start the stage 2 proce-

ure? The answer is obviously no. Despite better ability to pre-

ict PHLF, a robust and widely verified cutoff value based on HBS

as not been established. For instance, the cutoff value for FLR-

 of 2.69%/min/m 

2 reported by de Graaf et al. [48] , which in-

icates for liver resection, had great heterogeneity. Besides, this

as not been validated by other studies. Moreover, various cut-

ff values based on HBS have been reported. The FLR-F cutoff of

.69%/min/m 

2 reported by Serenari et al. [54] and a preliminary

LR-F cutoff of 5.6%/min without correction for body surface area

y Olthof et al. [42] indicate that differences of imaging device and

alculation methods may lead to great bias among centers. Thus,

urrently, it is irrational to use FLR-F to determine the timing of

tage 2 directly. Compared to cutoff values of volumetric methods,

unctional methods need a standardization and therefore have a

ong way to go. 

utoff values based on biochemical liver function test 

Biochemical liver function test results are the main basis on

hich to estimate liver condition before and after hepatectomy.

he synthetic, excretory, and detoxifying functions are the three

ain aspects of function the liver maintains and can be reflected

y prothrombin time (PT), international normalized ratio (INR),

nd serum bilirubin concentration. The level of PT-INR reflects

he ability of the liver to synthesize coagulating factors, whereas

he level of total bilirubin (TBil) reflects the capacity of bilirubin

etabolism. The 50–50 criterion is the representative biochemical

arameter to predict liver failure-related mortality after hepatec-

omy [56] . In major hepatectomy, Yokoyama et al. [57] reported

hat a combination of PT-INR ≥ 1.68 and TBil ≥ 4.0 mg/dL on post-

perative day (POD) 5 can strongly predict postoperative mortality

or patients who underwent major hepatectomy. In ALPPS, Schadde

t al. [20] demonstrated that bilirubin and creatinine before stage 2

trongly predicted mortality after stage 2. In addition, a model for

nd-stage liver disease (MELD) score ≥10 calculated with biliru-

in, INR, and creatinine can predict liver-related 90-day mortality

ith a sensitivity of 82% and a specificity of 67%. The 50–50 cri-

erion proposed by Balzan et al. [56] included the extent of re-

ection in major and minor hepatectomy. To preserve the homo-

eneity of the study, a majority of patients included in a study by

ullen et al. [58] were metastatic and noncirrhotic with normal

aseline liver function, and all underwent a major hepatectomy. A

owerful cutoff value for peak bilirubin > 7 mg/dL was found to re-

ult in an NPV for liver failure-related death of 99.8% and a PPV of

2.6%. Furthermore, the cutoff value was confirmed and modified

nto day 5 bilirubin > 7 mg/dL by the Schadde group [20] ; it had

he highest accuracy, with a PPV of 33% and an NPV of 94% for

0-day mortality after ALPPS stage 2 in that study. 

Monitoring PT-INR and bilirubin as well as other biochemical

arameters, used as indirect indicators of liver function, enables

ccurate assessment of liver function and predicts risks of liver

ailure before and after hepatectomy. When a decrease of liver ca-
acity in synthesis and excretory function is found, either synthe-

is or metabolic aspects should be supported immediately. How-

ver, these parameters reflect global liver function but not the FLR

hat is changed in preparation for ALPPS stage 2 and is susceptible

o blood transfusions. Therefore, biochemical parameters should be

sed in combination with volumetric and other parameters. 

The different cutoff values and their diagnostic accuracy in pre-

icting 90-day mortality or PHLF are summaried in Table 4 . 

odified ALPPS techniques 

A variety of modifications of ALPPS have been undertaken to

educe invasiveness and improve safety. In general, the modifica-

ions may be divided into three main categories: PVE-ALPPS, par-

ial partition of the liver during the first stage (p-ALPPS), and sal-

age ALPPS. PVE-ALPPS replaces the portal vein ligation procedure

ith PVE to avoid dissecting the hilum, which is quite impor-

ant in PHC, due to tumor infiltration of the hepatoduodenal lig-

ment. The representative technique is hybrid ALPPS: in-situ split

iver parenchyma combined with postoperative right PVE to avoid

ouching the right hilum to achieve oncological efficacy [59] . 

The p-ALPPS was developed by Petrowsky et al. [60] and

witches a complete split with a partial split ( > 50% plane) of the

iver parenchyma. To perform p-ALPPS, the depth of liver transec-

ion should not exceed 3–5 cm in mini-ALPPS [31] . A tourniquet is

ositioned according to the section site. The tourniquet was tight-

ned to occlude all vessels that connected the pertinent lobes for

taged hepatectomy [61] . 
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Other modifications, including radiofrequency-assisted liver par-

tition with portal vein ligation [62] , laparoscopic microwave abla-

tion, and portal vein ligation for staged hepatectomy [63] , create

an avascular groove with energy devices that preserve the inflow

and outflow structures, similar to p-ALPPS. 

Salvage ALPPS could include the types of ALPPS that are per-

formed following an insufficient hypertrophy after PVE or portal

vein ligation; it also could be a suitable alternative for less ag-

gressive tumors and for patients with high risks of mortality from

short-term continuous surgery. 

To sum up the modifications of ALPPS procedures in recent

years, Linecker et al. [4] demonstrated that the proportion of less-

invasive ALPPS variants has increased and led to a decreased 90-

day mortality rate. Because complex stage 1 surgery and interstage

major complications are associated with high risks of mortality in

ALPPS registry studies [4,24] , it is suggested that the simplified and

less-invasive ALPPS procedures, such as p-ALPPS and mini-ALPPS,

could be the future trend. However, despite comparable hypertro-

phy found between classic ALPPS and the modified ALPPS in a few

small studies [31,60] , problems about unexpected liver failure are

still not resolved [34] . 

Discussion 

After more than 10 years of exploration, the indications for

ALPPS are clearer. Roughly, 85% of patients with CRLM, 10% with

HCC and 5% with PHC are indicated for ALPPS. Despite low mor-

bidity and 90-day mortality reported by several centers for pa-

tients with CRLM, it must be pointed out that some patients, who

should have undergone one-stage major hepatectomy, were over-

indicated for ALPPS, which led to the improved surgical outcomes.

ALPPS may well have been abused. The real short-term outcomes

may not be so optimistic. As to long-term outcomes, the tumor

characteristics and response to preoperative chemotherapy as well

as other tumor biology should be evaluated before ALPPS is per-

formed to obtain satisfactory oncology outcomes. 

There are insufficient studies and inconclusive surgical out-

comes to evaluate the safety of patients with HCC for whom ALPPS

is indicated. The limited high-quality papers from the ALPPS reg-

istry group and Chinese centers reported extreme discrepancy of

morbidity and 90-day mortality. It seems that Asia’s outcomes and

attitudes toward ALPPS were more positive than those in Western

countries, although an overwhelming majority of patients are asso-

ciated with chronic viral hepatitis or cirrhosis. Another important

finding is that the KGR with different degrees of fibrosis differs

greatly between Eastern and Western countries. Despite the lower

growth compared to non-HCC patients, gratifying results of nearly

90% −100% of patients could proceed to subsequent stage 2 opera-

tion after sufficient volume is obtained. Severe fibrosis and slight

cirrhosis are not contradictions for ALPPS. HCC-associated portal

vein tumor thrombus or hepatic vein tumor thrombosis is a poten-

tial indication for ALPPS due to rapid hypertrophy that promises a

complete hepatectomy. 

Few reports with large case series concentrate on the clinical

research on PHC for ALPPS. We cannot draw any conclusions about

the implementation prospects without credible evidence. The high

incidence of unresectability after PVE leaves room for ALPPS. Mod-

ified ALPPS such as p-ALPPS and mini-ALPPS may reduce invasive-

ness and improve safety. Indicating ALPPS for PHC should be more

cautious to avoid cholangitis, hyperbilirubinemia, and other risk

factors, based on existing evidence. 

So far, we do not have a universally accepted cutoff value to

determine the timing of the second-stage procedure. All methods

have their shortcomings. Although it is well known that an in-

crease in liver volume is not equal to a corresponding increase

in function, it is difficult to find a better method to replace vol-
metric evaluation. Surgeons have to wait until the increased FLR

olume meets or exceeds the classic volumetric criteria, so con-

ervative surgeons usually make a delayed ALPPS. FLR-F evaluation

y HBS has more potential advantages than volumetric methods.

owever, no currently reported robust cutoff values based on HBS

re produced from the small numbers of patients or heterogeneous

iagnoses that can be widely applied. Standardizing imaging and

alculation methods are the urgent tasks for HBS. Before a sophis-

icated cutoff value based on HBS is made, volumetric methods are

till the gold standard for ALPPS, and biochemical liver function

ests also have a certain value for predicting PHLF. 

The use of classic ALPPS has been gradually declining. Varieties

f modifications have been proposed and introduced by case re-

ort or small case series. PVE-ALPPS and p-ALPPS are two types of

odifications that essentially changed the principle of the classic

LPPS. Most of other modifications are about using different surgi-

al instruments to partition the liver. To improve the acceptability

f one type of modified ALPPS, three directions should be consid-

red. One of the most important points is to reduce the surgical

nvasiveness of stage one to reduce the interstage complications

hat proved to be independent risk factors for 90-day mortality.

nother is to simplify the surgical procedure to make it easy to

ccomplish. Third, all modifications are supposed to have an on-

ological value. After all, the main advantage of ALPPS is to have

 complete resection at the intermediate stage of the tumor and

mprove survival. 
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