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ALPPS readdresses the management of advanced liver tumors
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ABSTRACT

Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) has been developed to induce
rapid liver hypertrophy of the future liver remnant (FLR) prior to hepatectomy in primarily non-resectable or
marginally resectable liver tumors. In recent years, this novel strategy has aroused interests of many liver surgeons. Its
indications have been broadened gradually with more and more reported cases. Modified ALPPS is also developed to
reduce morbidity and mortality. The authors searched Medline and PubMed to identify related articles published in
English, using terms: “ALPPS, associating liver partition and portal vein ligation for staged hepatectomy, in situ split,
in situ splitting, liver partition”. The authors summarized and analysed the superiority, indications, modifications,
safety, mechanisms of regeneration of ALPPS. ALPPS was more effective than traditional portal vein embolization
(PVE) or portal vein ligation (PVL). ALPPS obtained 80% volume increase of future liver remnant (FLR ) within 7
days in contrast to 10%-46% within 2 to 8 weeks by PVE or PVL. ALPPS opens a chapter in the history of liver
surgery and readdresses the management of advanced primary and metastatic liver tumors. The high morbidity and
mortality associated with ALPPS could be decreased remarkably if we carefully select patients and carry out the
operation with experienced surgeons. In addition, the safety, mechanisms and oncological outcome of ALPPS are still
not clear, which need further research and randomized controlled trials.

Keywords: Associating liver partition, Advanced liver tumors, Future liver remnant, Liver regeneration, Modified
ALPPS, Portal vein ligation for staged hepatectomy

increasing the resectability in primarily non-resectable
liver tumors.!

INTRODUCTION

Radical hepatectomy with clear surgical margins remains

the only potentially treatment for primary or metastatic
hepatic cancer. However, postoperative liver failure is
one of the greatest risks and serious complications
following major hepatectomy due to future liver remnant
(FLR) is too small in wvolume. A newly reported
technique named associating liver partition and portal
vein ligation for staged hepatectomy (ALPPS) can induce
adequate and rapid hypertrophy of the FLR, thereby

THE EMERGENCE AND CHARACTERISTICS OF
ALPPS

The first ALPPS case was performed by Dr Hans Schlitt
from Germany in 2007 by chance, following Baumgart et
al formally reported this novel approach as a series of 3
cases. And then, the acronym” ALPPS” was proposed by
de Santibanes and Cla-vient to describe this technique.?
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In recent years, more and more cases have been reported
(Table 1). ALPPS is characterized by rapid hypertrophy
of FLR, high feasibility and auxillary role of dis-eased
hemiliver during interval between two operations.
Schnitzbauer et al described their initial experience with
25 cases, and they obtained 74% median volume increase
within 9 days.! Schadde et al reported 80% volume
increase of the FLR within 7 days, which were concluded
from 202 cases in multi-center® In sharp contrast,
traditional approaches such as portal vein ligation (PVL)
or portal vein embolization (PVE) only obtained 10%-
469% volume increase within 2 to 8 weeks. The feasibility
(ALPPS stage 2 performed) was 97%, and the RO
resection was 91% according to the meta-analysis on 295
ALPPS cases reported by Schadde et al.* Furthermore,
the diseased hemiliver which will be resected in
subsequent operation acts as an auxillary liver during
interval, and it still provides more than 60% of total liver
function at 6 days after the in situ spitting (ISS),
according to de Santibanes by means of assessing the
uptake of 99m Tc HIDA.2

INDICATIONS AND CONTRAINDICATIONS OF
ALPPS

The indications of ALPPS are broadened, but It is
proposed to carefully assess FLR volume before
operation. Patients with normal hepatic function can
tolerate ap-proximately 30% of FLR volume, but more
than 40% of FLR volume is recommended in patients
with cirrhosis or previous liver injury.® Truant et al
proposed that FLR to body weight ratio more than 0.5%
is considered to be safe.’ The patients who can’t tolerate
conventional hepatectomy could be the candidates for
ALPPS while the contraindications are excluded. Poor
medical conditions, unresectable liver metastasis tumor
and extrahepatic metastasis tumor are considered to be
the contraindications of ALPPS. The colorectal liver
metastasis (CRLM) has been the most common and
effective candidate for ALPPS in recent years.*

On the one hand, some surgeons proposed that we should
be more cautious in selecting the candidates. Li et al[7,8]
recommended that patients with stented biliary sys-tem
and cholestatic  liver  should be  considered
contraindications for ALPPS, because of the lower
potential regeneration and high risk for intra-abdominal
infection and bacteraemia. Meanwhile those patients are
often diagnosed of hilar cholangiocarcinoma.

On the other hand, some surgeons applied this novel
approach in many more other patients undergoing liver
injury, major vascular invasion except for CRLM.
Vennarecci et al applied ALPPS in 5 cases of
hepatocellular carcinoma with liver cirrhosis and major
vascular invasion. In addition, Bjornsson et al
recommended that ALPPS is applicable to the elderly
people.®® They had succeeded in two patients aged 77
and 80 respectively, while Chan et al reported their
experience of ALPPS for a 6 years old girl with

hepatoblstoma. Furthermore, Tschuor et al suggested that
ALPPS could apply in patients who underwent PVL/PVE
with subsequent insufficient volume gain.1t1?

THE MODIFICATIONS OF ALPPS

The classical ALPPS is mainly applied for right
trisectionectomy (or right hepa-tectomy), while left
lateral lobe (or left hemiliver) was left in place as
remnant liver. Gauzolino et al proposed 3 variations of
ALPPS on the basis of the difference of liver transection
line and remnant liver. The first one is “left ALPPS™:
Splitting along the main portal fissure and right hemiliver
left as remnant liver. The second one is “rescue ALPPS”:
It is applied in patients who undergoes PVL or PVE with
subse-quent insufficient liver hypertrophy. Parenchymal
transection is as a rescue procedure for those patients,
which is similar with Tschuor et al description. The third
one is “right ALPPS”: Splitting along the right portal
fissure and left media, right anterior section, while
caudate lobe (segment I,IV,V,VII) are left as remant
liver. While de Santibanes et al reported a similar case
using only segments | and 1V as remnant liver.134

The reason why ALPPS associated with high morbidity
and mortality mainly owes to most of the liver
transection. So many modifications of in situ splitting
(1SS) have been developed to deal with the high
morbidity and mortality. Robles et al proposed replacing
the 1SS with tourniquet, which also succeeded in
occlusion of in-trahepatic collateral.'® This technique was
named “associating liver tourniquet and right portal vein
ligation for staged hepatectomy-ALTPS”. The tourniquet
was placed around the parenchymal transection line,
namely umbilical fissure for right trisec-tionectomy while
cantile’s line for right hepatectomy. They obtained 150%
and 57% volume increase in two cases respectively.
Then, they implemented the “modified ALTPS” in order
to obey the oncological “non-touch” principle. The
“modified ALTPS” include three steps as followed:
placing the tourniquet around the liver transection line;
percutaneous portal vein embolization (PVE) after first
stage; completing the right trisectionectomy or right
hepatectomy. These techniques avoid dissection of the
hilum, and 77% volume increase is also achieved.
Furthermore, Ro-bles, R et al applied this technique in 22
patients (Table 2), and the results were as following:
interval between two operations was 11 days, median
increase of FLR was 61%, and postoperative liver failure
was 22.7%, while morbidity and mortality were 63.6%
and 9% respectively, with 100% for 6 months overall
survival (the two patients died postoperative were
excluded).®

Gall et al proposed another modification of ISS named
“Radio-frequency-assisted liver partition with portal vein
ligation (RALPP)”, they re-placed the ISS with a precise
avascular area up to 1 cm by using in-line radio fre-
quency.'” They applied this technique in 5 patients (4
patients was performed laparo-scopically), and found that
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RALLP could significantly increase the FLR by a me-
dian of 62.3% within 21.8 days, while the morbidity and
mortality were 20% and 0% respectively. None patients
developed a postoperative bile leak and mortality at 90
days.

Some surgeons also applied laparoscope in ALPPS or its
modifications for minimally invasion and less adhesion.
Gall et al performed 4 RALLP cases laparoscopically,
Machado et al completed a totally laparoscopic ALPPS
and a partially laparoscopic ALPPS, while Cai et al
applied laparoscope firstly in ALTPS for patients
combined cirrhosis with HCC.8-20

THE SAFETY AND SHORT-TERM OUTCOMES
OF ALPPS

ALPPS associates with high morbidity and mortality. The
reported cases demon-strate that morbidity ranges from
22% to 87%, while the mortality ranges between 0% and
28.7%. Shindoh et al comparing the efficacy of PVE with
the ALPPS, the re-sults revealed that major morbidity of
PVE was 33%, liver insufficiency was 12.5% and 90-day
liver-related mortality was 5.8%. So they recommended
that percutaneous PVE and interval surgery remained the
standard of management for patients with low FLR
volume.?* Furthermore, Schadde et al drawed conclusions
from 202 cases that incidence of severe complications
including mortalities (Clavien-Dindo >IIIb) was 27%
while Ninety-day mortality was 9% (19/202).% They also
found that the red blood cell transfusion, ALPPS stage |
operating time greater than 300 minutes, age more than
60 years, and non-CRLM were all Independent factors
for severe complications. And the age, use of Pringle
maneuver, and histologic changes implied less volume
gain. At the same time, Schadde et al reported that the
mortality were 11% (Cl1=8%-16%) and 44% (CI=38-50)
respectively with complications grade Illa or higher. On
the contrary, Alvarez et al obtained 0% mortalities under
modifications in highly selected patients, and the
morbidity was decreased to 36% by Hernandez-Alejandro
et al.#?223 Many surgeons payed special attention to the
tumor recurrence and overall survival. Schadde et al
compared 48 ALPPS cases with 83 conventional-staged
hepatectomies cases, and found that the tumor recurrence
at 1 year was 54% versus 52% for ALPPS and PVE/PVL,
respectively (p=0.7). It is reported that the overall
survival was all 100% with median follow up of 6, 6, 9
months respectively. While the overall survival at 1 and 2
years was 73% and 59% respectively according to
Schadde et al report.

THE MECHANISMS OF LIVER REGENERATION
INDUCED BY ALPPS

The rapid and adequate hypertrophy of FLR induced by
ALPPS attribute to the 1SS, which changes the
hemodynamics of liver and induce up-regulation of
cytokines in the FLR. This procedure associates liver
partition with portal wvein ligation. It succeeds in

occlusion of intrahepatic vascular collateral, and then the
portal vein which is full of nutrition only supplies the
remnant liver. Furthermore, the surgical trauma may also
play a role. Those mechanisms might be explained by
previous discovery. Furrer et al had found that the blood
perfusion and accumulation of macrophages, particularly
Kupffer cells of the FLR might play important role in rat
liver regeneration after PVL or PVE.

Some animals models were also established with the
purpose of exploring the possible mechanisms of liver
regeneration. Yao et al succeeded in establishing a model
of PVL+ISS in rats.?* The rats were randomly assigned to
three groups: PVL, PVL+ISS and sham operation, they
obtained the results that the expression of ki-67 in
hepatocyte in FLR and the HRR (hepatic regeneration
rate) of PVL+ISS were higher than that of the PVL at 72h
after surgery (p<0.01), and the hepatocyte injury in the
PVL+ISS was more severe than that in the PVL, which
was confirmed by liver bio-chemical and histopathology.
They also found that both the mRNA levels and the
proteins levels of cytokines such as TNF-,IL-6 et al in the
FLR were higher in the PVL+ISS than the PVL. At last,
they drew a conclusion that the up-regulation of cy-
tokines in the FLR may play important role in this
procedure.

Schlegel et al also developed the model of ALPPS in rats,
the rats were randomly assigned to three groups: ALPPS,
ISS and PVL.% Furthermore, part of PVL-treated mice
were subjected to splenic, renal, or pulmonary ablation
and plasma from ALPPS-treated mice was injected into
mice after PVL. They found that the hypertrophy of FLR
after ALPPS doubled relative to PVL, and the cytokines
related to hepatocyte proliferation were 10 times higher
than the controls.

Interestingly, injury to other organs or ALPPS-plasma
injection combined with PVL induced liver hypertrophy
similar to ALPPS, which seemingly implied that the local
trauma or inflammatory reaction could promote
hypertrophy of FLR.

THE OPEN QUESTIONS AND SOLUTIONS OF
ALPPS

ALPPS opens a chapter in the history of liver surgery and
readdresses the management of advanced primary and
metastatic liver tumors. But as a newly reported
technique, there are still many controversies which need
further basically scientific and clinic research. Remaining
controversies are as following:

The use of plastic bag

The plastic bag was designed initially to prevent
adhesions and collect bile leak-age in early ALPPS cases,
but Hernandez et al abandoned using the bag because it
increased the potentially risk of infection. Furthermore,
the second operation has to be performed with the
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purpose of removing the bag regardless of the outcomes
of stage 1. Chan et al proposed achieving parenchymal
transection without prior right liver mobilization by using
“anterior approach”, which could reduce the adhesion
formation so as to negate the use of plastic bag.

The proposition was agreed by Vennarecci et al, and the
latter further proposed using the association of liver
hanging maneuver (HM) with the anterior approach for
preventing adhesion formation.6:?7

Whether the FLR hypertrophy accompany with liver
function improvement

Knoefel et al proved that the hypertrophy of FLR after
ISLT is a result of real parenchymal instead of liver
edema by measuring the liver density, which there were

little differences in CT images from before and 3 days
after ISLT. But that whether the FLR hypertrophy
accompany with liver function improvement remains
unclear.®

Whether ALPPS may further stimulate tumor
progression

Whether the stimulation of FLR hypertrophy induced by
up-regulation of cyto-kines could further accelerate tumor
growth or progression[ remains debated. While it was
confirmed by Pamecha et al and Maggioriet et al that
there was a clear tumor progression after preoperative
portal vein embolization or ligation on patients or rat
model respectively.®?® So it seems possible that ALPPS
also induce rapid tumor progression which expected more
researches.

Table 1: ALPPS reported in the past 3 years.

Author

Diagnosis Interval

(years) (n) (CEYD) el

(%)

Schnitnitz CRLM(14),h-

(ORI
Morbidity Mortality (follow
(%) (%)

Complete RO
surgery resection
(%) (%)

baueret 25 CCA(2),i-CCA(2) 9 74 88 100 - 64 12 8?6)
alt HCC(3), others(4)
. CRLM(3),h-CCA(3),
5 - -
Lietal 9 CCAH) 13 87 100 100 2 222
;20‘”‘*' & 4 NR 6 63 100 - - 57.2 14.2 -
CRLM(10),h-
':;'7"”‘32 & 5 CCA(1), 7 78.4 100 100 20 53 0 1((’2)
HCC(1) , others(3)
CRLM(7),h- 100
Salaetal® 10 CCA(1),HCC(D), 7 82 100 100 20 40 0 )
others (1)
; : CRLM (32) ,
a,g”ese 39 CCA (3) , HCC(l) 141 83 95 100 25 59 12.8 -
others (3)
PEES NR 7 70 - : - 87.5 25 -
etal
CRLM(26),h-
Schadde g CCA(),HCC(3), - 77.4 - - 125 729 15 .
etal
others (7)
. CRLM (3) , h-
nE 6 CCA (2) 7.5 - 100 100 - 66.7 16.7 -
Gallbladder cancer(1)
Hernande 100
Seta 14 CRLM(14) 7 93 100 86 - 36 0 ©
Troja et
al14j 5 NR 14 - 100 100 - - 20 -
g'gﬂ?fer 7 CRLM(7) 13 13 65 100 - 85.7 0 -
Nadalin et CRLM(5),h-CCA(5), ) 66.7
v 15 -COA) HEC() 13 87.2 100 86.7 66.7 28.7 an
Alvarez et CRLM(19),CCA(2), ) 78(12)
it 30 HCCE) 6 89.7 97 93.1 53a 6.6 63024)

* Case series with less than five patients were excluded. a grade > Clavien-Dindo IIla 43%, > I1Ib 31%
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Table 2: ALPPS and its modifications in the past 3 years.

. . . . 0S %
Diagnosis Interval Morbidity  Mortality
IO o) (days) (%) (%) el
CRLM (141), HCC (17),
8] -
ALPPS 202 h-CCA (11), i-HCC (8) 7 80 278 9 gggig
CRLM (199), HCC (22),
4 - b =
ALPPS 295 h-CCA (21), i-HCC (14) 84 44 89(3)
ALTPS® 22 CRLM (17), HCC (1) 11 61 22.7 63.6 9 100 (6) ©
RALLPZ 5 CRLM (5) 21.8 62.3 0 20 0 100 (3)

Morbidity of severe complications including mortalities (Clavien-Dindo >IIIb); Morbidity of Clavien-Dindo >I1la; The two patients died

postoperative were excluded.

Oncological “non-touch” principle

That the mobilization of right liver and dissection of the
hilum, even the pringle maneuver were essential for
Classical ALPPS which was supposed to be an “all-
touch” technique. So Li J et al proposed avoiding “All-
Touch” by “Hybrid ALPPS”, which consists of 3 steps:
in-situ split using “anterior approach”, right-PVE through
interventional  radiology; and complete  2-stage
hepatectomy. Furthermore, the “Hybrid ALPPS” is so
similar to the “modified ALTPS” which was stated
above.

At last, further researches on ALPPS including
randomized controlled trial were expected to explain the
mechanisms of liver regeneration, tumor biology on a
molec-ular and biochemical level, optimal definition of
its indication, efficacy and safety of its modifications
such as ALTPS, RALLP, laparoscopic ALPPS et al. And
the online world register (www.alpps.net) was currently
concentrating on exploring the ALPPS. The authors
believe that ALPPS may replace the PVE/PVL as the first
choice for the management of advanced liver tumors with
small FLR, with highly selected patients and in
experienced hands.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Schnitzbauer AA, Lang SA, Goessmann H, Nadalin
S, Baumgart J, Farkas SA. Right portal vein ligation
combined with in situ splitting induces rapid left
lateral liver lobe hypertrophy enabling 2-staged
extended right hepatic resection in small-for-size
settings. Ann Surg. 2012;255:405-14.

2. Santibanes E, Clavien PA. Playing play doh to
prevent postoperative liver failure: the "ALPPS"
approach. Ann Surg. 2012;255:415-7.

3. Schadde E, Ardiles V, Campos R, Malago M,
Machado M, Alejandro R. Early survival and safety
of ALPPS: first report of the International ALPPS
Registry. Ann Surg. 2014;260:829-38.

10.

11.

12.

Schadde E, Schnitzbauer AA, Tschuor C, Raptis
DA, Bechstein WO, Clavien PA. Systematic review
and meta-analysis of feasibility, safety, and efficacy
of a novel procedure: associating liver partition and
portal vein ligation for staged hepatectomy. Ann
Surg Oncol. 2015;22(9):3109-20.

Chan AC, Chok K, Dai JW, Lo CM. Impact of split
completeness on future liver remnant hypertrophy
in associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS) in hepatocellular
carcinoma: complete- ALPPS versus partial-
ALPPS. Surgery. 2016;16:30406-8.

Truant S, Oberlin O, Sergent G, Lebuffe G,
Gambiez L, Ernst O, et al. Remnant liver volume to
body weight ratio > or =0.5%: a new cut-off to
estimate postoperative risks after extended resection
in noncirrhotic liver. J Am Coll Surg.
2007;204(1):22-33.

Li J, Girotti P, Konigsrainer 1, Ladurner R,
Konigsrainer A, Nadalin S. ALPPS in right
trisectionectomy: a safe procedure to avoid
postoperative liver failure? J Gastrointest Surg.
2013;17:956-61.

Nadalin S, Capobianco I, Li J, Girotti P,
Konigsrainer |, Konigsrainer A. Indications and
limits for associating liver partition and portal vein
ligation for staged hepatectomy (ALPPS) lessons
Learned from 15 cases at a single centre. Z
Gastroenterol. 2014;52:35-42.

Vennarecci G, Laurenzi A, Santoro R, Colasanti M,
Lepiane P, Ettorre GM. The ALPPS procedure: a
surgical option for hepatocellular carcinoma with
major vas-cular invasion. World J Surg.
2014;38:1498-503.

Croome KP, Alejandro R, Parker M. Is the liver
kinetic growth rate in ALPPS unprecedented when
compared with PVE and living donor liver
transplant? A multicentre analysis. HPB (Oxford).
2015;17(6):477-84.

Chan A, Chung PH, Poon RT. Little girl who
conquered the "ALPPS". World J Gastroenterol.
2014;20:10208-11.

12.Tschuor C, Croome KP, Sergeant G, Cano V,
Schadde E, Ardiles V, et al. Salvage parenchymal
liver transection for patients with insufficient
volume increase after portal vein occlusion -- an

International Surgery Journal | March 2017 | Vol 4 | Issue 3  Page 850




13.

14.

15.

16.

17.

18.

19.

20.

21,

Huang F et al. Int Surg J. 2017 Mar;4(3):846-851

extension of the ALPPS approach. Eur J Surg Oncol
2013;39:1230-5.

Gauzolino R, Castagnet M, Blanleuil ML, Richer
JP. The ALPPS technique for bilateral colorectal
metastases: three "variations on a theme. Updates
Surg. 2013;65:141-8.

Santibanes M, Alvarez FA, Santos FR, Ardiles V,
Santibanes E. The associating liver partition and
portal vein ligation for staged hepatectomy approach
using only segments | and IV as future liver
remnant. J Am Coll Surg. 2014;219:5-9.

Robles CR, Brusadin R, Lopez CA, Parrilla PP.
Staged liver resection for perihilar liver tumors
using a tourniquet in the umbilical fissure and
sequential portal vein embolization on the fourth
postoperative day (a modified ALTPS). Cir Esp.
2014.92(10):682-6.

Robles R, Parrilla P, Conesa A, Brusadin R, Pena J,
Fuster M. Tourniquet modification of the
associating liver partition and portal ligation for
staged hepatectomy procedure. Br J Surg.
2014;101:1129-34.

Gall TM, Sodergren MH, Frampton AE, Fan R,
Spalding DR, Habib NA, et al. Radio-frequency-
assisted liver partition with portal vein ligation
(RALPP) for liver regeneration. Ann Surg.
2015;261(2):45-6.

Machado MA, Makdissi FF, Surjan RC, Basseres T,
Schadde E. Transition from open to laparoscopic
ALPPS for patients with very small FLR: the initial
experience. HPB (Oxford). 2016;16:31905-10.
Machado MA, Makdissi FF, Surjan RC. ALPPS
procedure with the use of pneumoperitoneum. Ann
Surg Oncol. 2013;20:1491-3.

Cai X, Peng S, Duan L, Wang Y, Yu H, Li Z
Completely laparoscopic ALPPS using round-the-
liver ligation to replace parenchymal transection for
a patient with multiple right liver cancers
complicated with liver cirrhosis. J Laparoendosc
Adv Surg Tech. 2014;24(12):883-6.

Shindoh J, Vauthey JN, Zimmitti G, Curley SA,
Huang SY, Mahvash A, et al. Analysis of the
efficacy of portal vein embolization for patients
with extensive liver malignancy and very low future
liver remnant volume, including a comparison with

22.

23.

24.

25.

26.

27.

28.

29.

30.

the associating liver partition with portal vein
ligation for staged hepatectomy approach. J Am
Coll Surg. 2013;217:126-33.

Alvarez FA, Ardiles V, Sanchez CR, Pekolj J,
Santibanes E. Associating liver partition and portal
vein ligation for staged hepatectomy (ALPPS): tips
and tricks. J Gastrointest Surg. 2013;17:814-21.
Rohatgi S, Harrison EM, Powell JJ, Wigmore SJ.
ALPPS:  Adverse outcomes demand clear
justification in an era of improving survival for
colorectal liver metastases. World J Surg.
2015;39(7):1848-9.

Yao L, Li C, Ge X, Wang H, Xu K, Zhang A.
Establishment of a rat model of portal vein ligation
combined with in situ splitting. PLoS One.
2014;9:105511.

Schlegel A, Lesurtel M, Melloul E, Limani P,
Tschuor C, Graf R, et al. ALPPS: from human to
mice  highlighting  accelerated and  novel
mechanisms of liver  regeneration. Ann Surg.
2014;260:839-47.

Chan AC, Pang R, Poon RT. Simplifying the
ALPPS procedure by the anterior approach. Ann
Surg. 2014;260:3.

Vennarecci G, Sandri GB, Ettorre GM. Performing
the ALPPS procedure by anterior approach and liver
hanging maneuver. Ann Surg. 2016;263(1):11.
Pamecha V, Levene A, Grillo F, Woodward N,
Dhillon A, Davidson BR. Effect of portal vein
embolisation on the growth rate of colorectal liver
metastases. Br J Cancer. 2009;100:617-22.

Maggiori L, Bretagnol F, Sibert A, Paradis V,
Vilgrain V, Panis Y. Selective portal vein ligation
and embolization induce different tumoral responses
in the rat liver. Surgery. 2011;149:496-503.

Li J, Kantas A, Ittrich H, Koops A, Achilles EG,
Fischer L, Nashan B. Avoid "all-touch" by hybrid
ALPPS to achieve oncological efficacy. Ann Surg.
2016;263(1):6-7.

Cite this article as: Huang F, Xiao JH, Kong J, Gong
JP. ALPPS readdresses the management of advanced
liver tumors. Int Surg J 2017;4:846-51.

International Surgery Journal | March 2017 | Vol 4 | Issue 3  Page 851



