L))

Check for
updat

Review Article

Associated liver partition and portal vein ligation for staged
hepatectomy: a review

Kai Siang Chan', Jee Keem Low?, Vishal G. Shelat’

'Department of Medicine, Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore; *Department of General Surgery,
Tan Tock Seng Hospital, Singapore
Contributions: (I) Conception and design: VG Shelat; (II) Administrative support: None; (III) Provision of study materials or patients: None;
(IV) Collection and assembly of data: CK Siang; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Vishal G. Shelat. Department of General Surgery, Tan Tock Seng Hospital, 308433 Singapore. Email: vishal_g_shelat@ttsh.com.sg.

Abstract: Outcomes of liver resection have improved with advances in surgical techniques, improvements
in critical care and expansion of resectability criteria. However, morbidity and mortality following liver
resection continue to plague surgeons. Post-hepatectomy liver failure (PHLF) due to inadequate future
liver remnant (FLR) is an important cause of morbidity and mortality following liver resection. Associating
liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a novel two-staged procedure
described in 2012, which aims to induce rapid hypertrophy of the FLR unlike conventional two-stage
hepatectomy, which require a longer time for FLR hypertrophy. Careful patient selection and modifications
in surgical technique has improved morbidity and mortality rates in ALPPS. Colorectal liver metastases
(CRLM) confers the best outcomes post-ALPPS. Patients <60 years old and low-grade fibrosis with
underlying hepatocellular carcinoma (HCC) are also eligible for ALPPS. Evidence for other types of cancers
is less promising. Current studies, though limited, demonstrate that ALPPS has comparable oncological
outcomes with conventional two-stage hepatectomy. Modifications such as partial-ALPPS and mini-ALPPS
have shown improved morbidity and mortality compared to classic ALPPS. ALPPS may be superior to
conventional two-stage hepatectomy in carefully selected groups of patients and has a promising outlook in

liver surgery.
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Introduction outcomes have improved; however, morbidity and mortality
following liver resection continue to plague surgeons. Post-

Liver surgery has witnessed slow but steady growth over hepatectomy liver failure (PHLF) is an important cause of

past seven decades. Earlier experiences of liver surgery were
restricted to military or trauma-related indications with
high mortality. Couinaud’s work on segmental anatomy
and advances in radiological imaging, fueled the growth of
modern liver surgery (1,2). Surgical principles continue to
undergo refinement and patients continue to reap benefits
of technological innovation, improvements in critical care

and expansion of resectability criteria. With such advances,
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morbidity and mortality following liver resection (3). Future
liver remnant (FLR) is an important consideration for any
patient undergoing liver resection; an adequate volume
and function of liver is required to prevent PHLE. PHLF
is defined as the impaired ability of the liver to maintain
its synthetic, excretory and detoxifying functions, which
are characterised by an increased international normalized
ratio and hyperbilirubinemia on or after postoperative
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Figure 1 Geographic distribution of ALPPS performed as of September 2019: a total of 1,219 cases were performed across 156 centers in

44 countries, with majority of the cases (65.4%) in Europe. ALPPS, associating liver partition and portal vein ligation for staged

hepatectomy.

day 5 (4). FLR is measured by computed tomography (CT)
or magnetic resonance (MR), with 3D reconstruction, and
expressed as total estimated liver volume (TELV) (5-10).
TELV is calculated using a formula based on body surface
area (BSA) which has been validated in a multicenter
study (9). The use of artificial intelligence has transformed
liver surgery; software like HepaVision2 (MeVis Medical
Solutions AG, Bremen, Germany) provides help in
segmental volumetry and 3D reconstruction which allows
surgical planning (11). Current guidelines for extended
hepatectomies require a FLR of >20-25% in healthy
patients, >30% in patients with liver steatosis or exposure
to chemotherapy and >40% in patients with cirrhosis to
prevent PHLF or “small-for-size” syndrome (SFSS) (12-17).

Associating Liver Partition and Portal vein ligation
for Staged hepatectomy (ALPPS) is a novel two-staged
procedure which aims to induce rapid hypertrophy of
the FLR (18,19). ALPPS was first formally reported in a
poster presentation by de Santibaiies ez 4/ in 2011 (20),
and subsequently described in a landmark study involving
25 patients by Schnitzbauer ez /. in 2012 (21). However,
skepticisms were raised due to its high 90-day mortality
(12%). Since then, several studies have reported
improvements of morbidity (14-90%) (21-29), and
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mortality (0-28.7%) (26,30,31). More recently, there have
been reports with no mortality; these improvements have
been attributed to careful patient selection and refinements
in surgical techniques (23,28,31).

In 2012, an international ALPPS registry (web-based
data entry system) was formed with the aims of knowledge
sharing, audit, promoting research and identifying
applications of ALPPS with collaborative efforts. This was
essential to pool data from individual centers with small case
series (32). In 2014, the ALPPS registry reported the first
multicenter series from 41 centers including 202 patients
with a 90-day mortality of 9% and concluded that outcomes
of patients with colorectal liver metastases (CRLM) were
similar to conventional two-staged hepatectomy and
ALPPS was associated with higher mortality in older
patients (32). Since then, the ALPPS registry has grown.
Figure 1 provides a global overview of the ALPPS registry.
In this chapter, we will review the scientific basis, progress
and recent advances with regards to ALPPS.

Pathophysiology of liver regeneration

The liver is unique not only because it is largest internal
organ but also being the only organ with ability to

Transl Gastroenterol Hepatol 2020;5:37 | http://dx.doi.org/10.21037/tgh.2019.12.01



Translational Gastroenterology and Hepatology, 2020

Neuroendocrine LM 3%

Others 7%
IHCC 7%
PHCC 5% \
HCC 14%

Figure 2 Incidence of the various malignancies in patients who
underwent ALPPS; figures are adopted from the ALPPS Registry,
dated July 2019. ALPPS, associating liver partition and portal
vein ligation for staged hepatectomy; CRLM, colorectal liver
metastases; HCC, hepatocellular carcinoma; PHCC, perihilar
cholangiocarcinoma; IHCC, intrahepatic cholangiocarcinoma;

LM, liver metastases.

“regenerate”. After removal of part of liver, the remaining
liver undergoes hypertrophy to compensate for lost liver
tissue. This increase in liver volume is due to hyperplasia
(increase in numbers) of hepatocytes, rather than
hypertrophy (increase in size) (33). Retrospective studies
have demonstrated increased mortality with decreasing
FLR volumes (34,35). Adequate FLR is required for
extended hepatectomies to prevent PHLF or SFSS. Hence,
it is paramount to understand the pathophysiology of
liver regeneration. There are two theories which describe
the liver’s regenerative abilities: humoral factors and
haemodynamic factors.

Humoral factors

The liver is known to generate cytokines, growth factors
and hormones; the interplay between these factors
result in initiation, propagation and termination of liver
regeneration (36-39). The inflammatory response due to
tissue injury generates cytokines and growth factors which
induces hepatic regeneration. Certain cytokines such as
tumour necrosis factor (TNF)-a and interleukin (IL)-6
are upregulated after partial hepatectomy and have been
demonstrated to have role in liver regeneration (33,40).

Haemodynamic factors

Portal blood flow is a key determinant of liver regeneration.
Increase in portal blood flow leads to a relative imbalance
between available portal blood and number of hepatocytes
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which results in hyperplasia of the hepatocytes (41,42).
Existing techniques manipulate and redistribute portal
venous blood flow to the FLR using various methods of
portal vein (PV) occlusion to induce hypertrophy.

The mechanism behind the enhancement of rapid liver
hypertrophy in ALPPS remains unclear. A few mechanisms
have been postulated (28): (I) portal vein ligation (PVL)
redistributes hepatotrophic factors to the FLR which
induces hypertrophy; (II) disruption of the “cross portal”
circulation via transection between the normal perfused
and deportalised liver parts which increases portal flow to
the FLR (26,29,43); (II) the diseased arterialised hemiliver
allows the FLR to tolerate the haemodynamic stress and
modulates the double hepatic vascular inflow, unlike one-
staged major hepatectomies; and (IV) transection of the
liver parenchyma in ALPPS generates an inflammatory
response and releases growth factors, inducing liver
hypertrophy (39). Animal models support the theory that
the accelerated regeneration observed in ALPPS is due to
the release of inflammatory mediators and growth factors: (I)
ALPPS resulted in a marked increase in expression of early
mediators of regeneration such as IL-6 and TNF-o unlike
PVL alone; (II) accelerated regeneration was observed in
models undergoing PVL alone after injection of plasma
from models after first stage of ALPPS (39). In addition,
a recent study by Chan ez 4/. found no substantial increase
in FLR portal flow after the liver parenchymal split, which
supports the theory that the main mechanism behind the
rapid FLR hypertrophy in ALPPS is due to the release of
growth factors (44).

Guide on patient selection

Liver resection is usually performed for patients with
malignancies: primary liver cancer such as hepatocellular
carcinoma (HCC) or cholangiocarcinoma, and secondary
liver cancers, which includes CRLM, neuroendocrine
tumours (NET5) or gallbladder cancer. Figure 2 summarizes
the prevalence of the underlying malignancy for which
ALPPS is performed. Studies have shown that outcomes of
ALPPS differ according to pathology. CRLM confers the
best clinical outcomes; a series by Hernandez-Alejandro
involving 14 patients who underwent ALPPS for planned
liver resection of CRLM demonstrated low morbidity (14%
Clavien-Dindo > Grade IIIB) and no mortality (23). In
addition, a recent study by Joechle ez 4/. has demonstrated
that there is no difference between ALPPS and standard
liver resection on tumour cell proliferation, apoptosis and
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vascularization in CRLM (18).

Patients with non-CRLM undergoing ALPPS have been
described as an independent predictor of complications (32).
ALPPS with concomitant biliary reconstruction (usually
performed for hilar cholangiocarcinoma or gallbladder
cancer) confers higher morbidity and mortality (21,24,26).
Use of ALPPS in HCC with liver cirrhosis has been
suggested to be safe with low morbidity (0% had Clavien-
Dindo > Grade IIIB complications) and no mortality over
a median follow-up duration of 9 months (45). However, a
study by D’"Haese ez al. comparing the outcomes of ALPPS
in patients with CRLM vs. HCC demonstrated that HCC
results in a 90-day mortality of 31%, which is about fivefold
that of CRLM; this study concluded that only patients less
than 60 years old with low grade fibrosis in HCC should
undergo ALPPS to maximise the risk-benefit ratio (46).
Use of ALPPS in all patients with HCC and underlying
liver cirrhosis may be less beneficial as liver cirrhosis results
in poorer regenerative capacity and HCC is associated
with neoplastic thrombosis of the PV, hepatic vein or bile
duct, which confers poor prognosis (47,48). However, a
recent study by Chan er al., evaluated the use of ALPPS in
hepatitis-related HCC in comparison with hepatectomy
after portal vein embolization (PVE), ALPPS offered
a higher resection rate with comparable post-operative
morbidity and mortality, as well as long-term survival
regardless of tumour staging (44). It is imperative to note
that although the extent of FLR hypertrophy is significantly
higher in ALPPS than PVE, the recovery of FLR function
is still slower in cirrhotic livers; a longer time interval is
still required between the two stages to permit adequate
hepatocyte regeneration (44). A study by Linecker et 4. also
demonstrated that younger patients and ALPPS indicated
for CRLM resulted in a reduction in mean predicted
mortality for stage 1 of ALPPS (49).

In patients with neuroendocrine liver metastases (NELM),
patient selection is also important. An ALPPS registry study
by Linecker et a/. has shown high morbidity 29% after stage
1 and 52% after stage 2 (50). High disease recurrence was
also reported (1-year disease free survival (DFS) 73.2%,
2-year DFS 41.8%), an issue also experienced in conventional
two-stage hepatectomy (51). Hence, patient selection with
exclusion of poorly-differentiated NETs (Ki67 >20%) and use
of complimentary adjuvant therapies such as peptide receptor
radionuclide therapy (PRRT) are integral to multimodal
management to reduce disease recurrence (50).

Although ALPPS offers the best outcomes for patients
with CRLM, there are some factors which may increase
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the risk of poor outcomes in this group: model for end-
stage liver disease (MELD) score >10 before the second
stage of hepatectomy (52), and pre-treatment systemic
chemotherapy (53). Hence, careful patient selection is
essential. Various morbidity prediction tools have been
developed to predict post-operative morbidity in liver
resection, such as the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) surgical risk calculator and the Physiological and
Operative Severity Score in the enUmeration of Mortality
and Morbidity (POSSUM). A study by Madhavan er al.
demonstrated that ACS-NSQIP is superior to POSSUM
in the prediction of morbidity post-liver resection because
() it can be computed pre-operatively, facilitating patient
and surgeon decision-making (II) makes a distinction
between the types of liver resection and (III) use of clearly
defined variables (54). Patient selection can also be guided
by the ALPPS Risk Score which is developed from the
ALPPS registry: a scoring system which uses age, tumour
type, bilirubin and creatinine levels to determine risk of
futile outcomes (defined as 90-day mortality or in-hospital
mortality) before the first stage and second stage of ALPPS
to guide patient selection (55).

Advantages and complications

Significant increase in FLR volume of 61-93% in a short
time interval of 9-14 days are two of the most cited benefits
ALPPS confers over other techniques (21-26,28,30-
32,36,56-58). This is unlike conventional two-stage
hepatectomy which involves PVE or PVL (first stage) to
induce FLR hypertrophy, followed by an interval period of
4-8 weeks, and a definitive liver resection (second stage) (59).
However, there is a possibility of tumour progression and
inadequate hypertrophy during the interval period which
may preclude patients (~30%) from subsequent curative
resection (60,61). A shorter time interval to definitive
surgery has been suggested to improve oncological
outcomes: tumour progression is unlikely and tumour
resection is less challenging as definitive hepatectomy can
be performed before the development of adhesions and
may permit faster recovery (20,62). Studies have shown
that almost all patients who underwent ALPPS were able
to complete their second definitive surgery as compared
to conventional two-stage hepatectomies (failure rate of
28-34%) (56,63). A recent multi-centre randomized control
trial by Sandstrom et #/. demonstrated that resection rates
of ALPPS are superior to two-stage hepatectomy (92% vs.
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57%, P<0.0001) (64).

The main complications of ALPPS are high morbidity
(Clavien-Dindo > Grade IIIB complications) (23,26,30) and
90-day mortality. Morbidity rates range from 14-50% (22-
24); however, incidence of all postoperative complications
has been reported to range from 53-90% (21,24-29). 90-
day mortality rates are 0-28.7% (26,30,31). However,
more recent studies have reported lower mortality rates
with careful patient selection and technical modifications
(23,28,31). CRLM patients had lower morbidity and
mortality rates as compared to other cancers (23,31).
Certain technical modifications have also been described
to improve mortality rates: (I) avoiding routine ligation
of diseased hemiliver bile duct which results in increased
morbidity and mortality due to bile leaks, without any
benefit of FLR hypertrophy (29); (II) usage of an anterior
approach to help in liver transection and reduce tumour
manipulation (21,65); (III) use of less invasive techniques
such as Partial-ALPPS (66,67), Laparoscopic ALPPS (68),
Tourniquet-ALPPS (57), and Mini-ALPPS (49,69). These
variations are discussed later in the chapter.

Although one of the main benefits of ALPPS is the
rapid hypertrophy in a short time interval, some patients
may still experience inadequate increase in FLR. These
may be due to poorer regenerative capacity in chronic liver
disease or cirrhotic livers or shunting of arterial blood to
the underlying tumour (45). A case of salvage transarterial
embolization (TAE) for shunting of blood away from the
FLR was reported (70). Salvage TAE may be considered
in cases of large HCC and chronic liver disease with
inadequate hypertrophy after the first stage of ALPPS. It
has also been suggested that the shorter time interval to
definitive resection may improve oncological outcomes
by earlier removal of tumour burden (20,62). Initial data
suggests that ALPPS has comparable 2-year DFS with
two-stage hepatectomy (32,71). A recent meta-analysis in
2018 by Moris et al. (72) comparing ALPPS vs. two-stage
hepatectomy concluded that ALPPS is not superior in
oncological outcomes; three studies reported oncological
outcomes. Adam et a/. (59) (ALPPS n=17, two-stage
hepatectomy n=41) reported a lower median overall survival
in ALPPS (ALPPS 20 months, two-stage hepatectomy 37
months, P=0.006), but DFS was comparable (P=0.843).
Ratti et al. (22) (ALPPS n=12, two-stage hepatectomy n=36)
reported similar 1-year overall survival (ALPPS 92%, two-
stage hepatectomy 94%, P=1) and 1-year DFS (ALPPS
67%, two-stage hepatectomy 80%, P=0.43) between the two
groups. Kambakamba er a/. (73) (ALPPS n=43, two-stage
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hepatectomy n=31) also reported comparable mean overall
survival (ALPPS 24.7+2.3 months, two-stage hepatectomy
29.3+5.1 months, P=0.965). Due to the limited number of
studies reporting oncological outcomes, further studies are
required to validate the finding (72).

In addition, there is a paucity of data on the impact of
ALPPS on the quality of life (QoL) of patients. QoL is an
important long-term outcome measure in surgical oncology
which plays a valuable role in clinical decision making
(74,75). Measurement of QoL is difficult due to the need for
disease-specific instruments to better assess the impairments
caused by the disease and/or intervention. In addition, this
is compounded by the relative novelty of ALPPS, where
majority of the studies focused on safety, feasibility and
short-term outcomes such as morbidity and mortality. The
first study on QoL using the European Organization for
Research and Treatment for Cancer (EORTC) Quality of
Life Core Questionnaire (QLQ-C30) following ALPPS was
conducted by Wanis et 4/. in 2018 in patients with CRLM
and concluded that ALPPS can be performed with excellent
postoperative QoL: patients reported high median global
health (7-point scale on overall quality of life ranging from
“much worse” to “much better”) and functional scores
(higher score indicates better QoL) with low symptom scale
scores (such as pain, dyspnea, constipation, diarrhoea) which
are comparable to the general population (76). Reporting of
long-term outcomes of ALPPS is difficult as the technique
is relatively new (21).

Surgical technique

ALPPS is a two-staged procedure; the first stage aims to
induce hypertrophy of the FLR, while the second stage is
a definitive surgery to remove the underlying malignancy.
The second stage is usually performed within 2 weeks. The
surgical technique of ALPPS is as follows (21,26):

First stage

The first stage of ALPPS involves the following:

() Surgical exploration;

(II) Ipsilateral (tumour side) PVL;

() In-situ splitting (ISS) of liver parenchyma.

Explorative laparotomy is performed to exclude
metastatic disease or progression of disease that
precludes resection. Intra-operative ultrasound is done
to establish resectability. The common bile duct, PV
and common hepatic artery (HA) are then exposed close
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Figure 3 Intra-operative photograph of a patient with colorectal liver metastases managed by ALPPS procedure. (A) Right PV ligation
during the first stage of ALPPS. Image shows the ligated right PV (blue sling) and isolated right hepatic artery (red sling); (B) a plastic
sheet (arrow) is placed on the cut surface to prevent adhesions. The left lateral section (circle), which is the FLR, is pink and healthy, with
a volume of 23%. The right trisection is bluish-purple; (C) patient undergoing the second stage of ALPPS; the FLR (circle) increased by
65%, from 23% to 38% within 8 days. PV, portal vein; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy;

FLR, future liver remnant.

from their bifurcations, starting from the right part of
the hepatoduodenal ligament. The following description
is for right trisectionectomy by ALPPS. The right PV
is divided and left PV is exposed centrally to identify
segment I and IV branches (Figure 3A4). In the presence of
PV trifurcation, the anterior and posterior branches are
divided separately (26). Segment IV PV, arterial and biliary
branches are identified along the right rim of the round
ligament and divided. Segment I branches are preserved,
unless there is a need for caudate lobe resection. Right
liver lobe is mobilized from the inferior vena cava (IVC).
An alternative approach to this is the use of combination
of liver hanging manoeuvre and anterior approach to
prevent adhesion formation (65,77,78). Total or nearly
total parenchymal dissection is performed with the cavitron
ultrasonic suction aspirator (CUSA, Valleylab, Boulder,
CO, USA). Test for bile leakage (white gauze test) is
performed (79,80). Techniques to minimise blood loss
include low central venous pressure and continuous inflow
occlusion of the portal triad. Blood loss directly impacts
liver regeneration. Ischemic preconditioning enhances liver
regeneration and is associated with lower transaminitis (81).
Ischemic preconditioning involves a short period of
ischemia, followed by a brief period of reperfusion, before
a prolonged period of ischemic insult (81). The field is
prepared for the second stage using vessels loops to allow
easy identification of HA (Figure 34), middle HV and BD
and using silicon sheeting between the split liver to prevent
adhesions (Figure 3B). A drain is placed in the liver hilum
before closing of the abdomen. Any small daughter lesions
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in FLR need to be resected or ablated.

Interval phase

An abdominal CT scan is usually performed a week after the
first stage to compute the volume of the FLR and median
volume gained. If FLR is adequate, the patient is scheduled
for the second stage (Figure 3C) (24,26). Inadequate
FLR hypertrophy may warrant hepatic angiography to
determine any shunting of blood to the tumour and; if
present, a salvage transhepatic arterial embolization may be
required (70). During the interval phase, nutritional support
is important. Patient is usually monitored for complications
like nosocomial infections or bile leak. Vigilant monitoring
and proactive approach to deal with any complications is
essential.

Second stage

The right HA, right HV and right BD (left BD in
the context of hilar cholangiocarcinoma) are divided.
Complete right trisectionectomy is performed; remaining
parenchymal bridges are divided if present, and atypical
resections for small tumour nodules may be required.
In patients with hilar cholangiocarcinoma, segment
I is resected and Roux-en-Y hepaticojejunostomy is
performed. The remaining left lateral lobe is fixed to
the anterior abdominal wall to prevent torsion. A drain
is placed at the resection surface before closing of the
abdomen.
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Alternatives for inducing liver regeneration

In addition to ALPPS, there are other conventional
techniques that induce liver hypertrophy and reduce PHLE.
Several studies have been done to compare the effectiveness
(percentage increase in FLR and time interval between
intervention and definitive surgery), morbidity and mortality
of these interventions. Alternatives to ALPPS are as follows:
() Interventional radiology

(i) PVE;

(i) Transarterial chemoembolization (TACE);

(iii) Transarterial radioembolization (TARE) or

Figure 4 A patient with Klatskin’s tumour who underwent right
and segment IV PVE. The FLR (segment II and III) subsequently
increased by 35% 2 weeks post-PVE. There are three percutaneous
biliary drains (left lateral, right anterior section and right posterior
section) in situ. FLR, future liver remnant; PVE, portal vein

embolization.

[Post Stent|
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selective internal radiation therapy (SIRT);
(iv) Hepatic vein embolisation (HVE).
(II) Surgical
(1 PVL;
(i) Splenectomy.

PVE

PVE causes occlusion of the portal blood flow to the areas
of the liver planned for resection and redirects flow to
the FLR which causes hypertrophy (82). Figure 4 shows
a patient who completed right and segment IV PVE, and
Figure 5A shows a patient who underwent right PVE.
Contraindications for PVE include: (I) patient factors, such
as uncorrected coagulopathy and end-stage renal disease;
(IT) disease factors, such as extension of tumour into FLR
or PV, or tumour precluding safe transhepatic access (83).
A meta-analysis by Isfordink ez 4/. in 2017 demonstrated
comparable mean FLR hypertrophy rates (PVE 43.2%,
PVL 38.5%, P=0.386), morbidity (PVE 3.9%, PVL
5.2%, P=0.397) and 30-day mortality (PVE 3.8%, PVL
2.8%, P=0.795) (84). However, PVE should be considered
over PVL as it is minimally-invasive. When explorative
laparotomy is performed with consideration of a two-stage

hepatectomy, PVL may be performed. When compared
with TACE, PVE is superior in extent of FLR hypertrophy
(PVE 61.5%, TACE 29%, P<0.001) (85). However, studies
have reported possibilities of tumour progression during the
waiting interval after PVE (86-88).

Figure 5 Images of a patient with HCC managed by multimodal approach. (A) 68-year-old male with 19 cm moderately differentiated
HCC and hepatitis B who underwent a right PVE following TACE with 100 mg doxorubicin; (B) CT scan of the same patient who
underwent TACE followed by right PVE with an increase in FLR from 31.6% to 39.0% over 6 weeks; (C) CT scan of the same patient
who underwent a 2nd TACE after right PVE. Final FLR is 40.2% (total duration is 77 days). He completed an extended right hepatectomy
and was discharged on post-operative day 7. HCC, hepatocellular carcinoma; PVE, portal vein embolization; TACE, transarterial

chemoembolization; CT, computed tomography; FLR, future liver remnant.
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TACE

The role of TACE is an adjunct to PVE. It improves the
regenerative response and prevents interval progression
of tumour, especially in the context of HCC (38). Figure 5
shows a patient who underwent PVE and TACE prior to
an extended right hepatectomy. Figures 5B,C show the CT
scans of the same patient who underwent a Ist TACE and
2nd TACE respectively and the extent of FLR hypertrophy.
A combination of TACE and PVE has been shown to have
a greater increase in FLR over a shorter time interval,
lower recurrence, and improved overall survival in HCC
as compared to PVE alone (89-91). A study by Yoo et al.
involving 71 patients with TACE + PVE and 64 patients
with PVE only reported a 5-year DFS of 61% and 38% in
the TACE + PVE group and PVE-only group respectively
(P=0.001) (89). No significant differences in morbidity
(PHLF in TACE + PVE 4% vs. PVE-only 12%, P=0.185)
and mortality (TACE + PVE group 0% vs. PVE-only group
3%, P=0.210) were observed.

TARE/SIRT

TARE is traditionally used in the management of primary
and secondary liver tumours with good response (92,93);
it involves the delivery of high-dose radiation via the
hepatic arterial circulation through the infusion of *’Y
labeled glass or resin microspheres. However, there is also
notable hypertrophy in the contralateral untreated liver
lobes. A matched study by Garlipp et 4/. demonstrated that
TARE is inferior to PVE in inducing liver hypertrophy
(mean FLR increase from baseline = 29%, vs. PVE 61.5%,
P<0.001) (85). However, TARE may be an alternative to
PVE in selected group of patients with tumour at risk of
being unresectable, as PVE has been reported to increase
the rate of tumour growth (86), while TARE has the
ability to reduce the risk of tumour progression.

HVE

HVE is used as an adjunct after PVE to avoid development
of PV collaterals; this combination is coined as liver venous
deprivation (LVD), or hepatic and portal vein embolisation
(HPVE). Current studies demonstrate that LVD achieves
liver hypertrophy that is comparable to ALPPS; however,
LVD requires a longer time interval (mean 23 days) before
definitive liver resection (94). A recent systematic review
by Esposito ez al. on 6 studies with 68 patients showed a
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FLR increase of 54.4% and 43.7% in simultaneous HPVE
and sequential HPVE (HVE performed 1 to 4 weeks after
PVE due to insufficient FLR increase) respectively (95).
Posthepatectomy morbidity (Clavien-Dindo > Grade I1I)
is 10.3%, and 90-day mortality of 5.1% (95). Variations to
the technique have been reported: extended LVD, which
also involves embolisation of the middle HV, also achieves a
safe, rapid and adequate increase in liver function (96).

PVL

PVL involves the ligation of the PV using a laparoscopic
or open approach. A meta-analysis by Isfordink ez 4/. in
2017 demonstrated that PVE and PVL are comparable
in extent of FLR increase, morbidity and mortality (84).
However, the extent of liver hypertrophy when PVL is
performed as part of ALPPS is superior to PVE alone (mean
FLR increase in ALPPS 69% vs. PVE 50%) (97). PVL
is indicated in the absence of interventional radiological
facilities, when patient requires a two-staged resection
where the first stage involves removing the tumour from

the FLR, or when performed as part of ALPPS (97,98).

Splenectomy

Unlike other techniques which prevents PHLF through the
induction of liver hypertrophy, the role of splenectomy is to
reduce portal venous pressure (PVP), which is a predictor
of liver failure and mortality after hepatectomy (99). PHLF
is characterised by hepatocellular dysfunction due to a
mismatch between an excessive portal flow and reduced
liver volume (100). Interventions for PVP modulation are
indicated when PVP >20 mmHg (99). Pre-operative and
intra-operative splenectomy have been reported to reduce
hepatocyte damage, microvascular steatosis and improve
survival in animal models with 90% hepatectomy (101). It is
also reported to improve function (increase in prothrombin
time, platelet and albumin levels) in patients with HCC
and concomitant hypersplenism (102). However, the role
of splenectomy post-hepatectomy is unclear, but may
have a therapeutic potential to treat PHLF (103). Splenic
artery ligation (SAL) is an alternative to splenectomy intra-
operatively to reduce PVP in PHLF or SFSS. A study by
Yoshizumi et al. compared SAL and splenectomy in living
donor liver transplantation (LDLT): both techniques
are comparable in reduction in PVP (104). Preoperative
reduction in PVP can also be performed using splenic
artery embolisation (SAE) a day before surgery: a study by
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Umeda er a/. in LDLT demonstrated that preoperative SAE
resulted in a significantly lower postoperative portal flow
velocity and in-hospital mortality (SAE 3.3%, non-SAE
13.3, P=0.0364) as compared to no intervention (105).

Progress of ALPPS

Variations in techniques are shown to reduce 90-day mortality
rates and reduction in inter-stage complications (49).
These are the minor and major modifications of the
conventional ALPPS.

Minor modifications

These include (I) replacing the plastic bag or sheet wrapped
around the liver with an absorbable material in the event
that the patient is unable to undergo the second stage (106);
(II) usage of an anterior approach with or without hanging
manoeuvre to reduce tumour manipulation and adhesion
formation (21,65,77,78); (III) preservation of the middle
HV to avoid ischemia to segment IV (23).

Major modifications

Partial- ALPPS

Partial splitting of liver parenchyma, defined as 50-80%
of the complete transection surface, has been suggested
to reduce morbidity and yet achieve comparable FLR
hypertrophy in non-cirrhotic and non-cholestatic patients.
Lower morbidity and 0% post-operative mortality was
observed in both studies which compared partial-ALPPS
with complete-ALPPS (66,67): Linecker et al. showed that
partial-ALPPS had lower incidence of any complications
(partial-ALPPS 61%, complete-ALPPS 91%, P=0.017)
and with 0% 90-day mortality (complete ALPPS n=6/22,
27.3%) (67). Favourable outcomes in partial-ALPPS have
been postulated to be due to the preservation of central
outflow structures and the strict avoidance of potential
intra-operative complications caused when approaching
these structures (67). However, these outcomes were
not reproducible in patients with chronic liver disease:
complete-ALPSS resulted in a significantly greater FLR
hypertrophy than partial-ALPPS, with a shorter interval
period between the two stages and quicker recovery of liver

function (107).
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Minimally-invasive ALPPS (laparoscopic ALPPS and
robotic assisted ALPPS)

Open surgery is more prone to development of adhesions
which may cause difficulty during second stage (108).
Various techniques have been described to reduce adhesion
development in the interval between the first and second
stage, such as the use of a combination of liver hanging
manoeuvre and anterior approach and the placement of
a silicon sheeting before abdomen closure (65,77,78). In
recent years, there have been reports of ALPPS performed
successfully and safely by totally laparoscopic (68,109) and
robotic assisted approach (110,111). This is consistent with
recent study by Shelat er /. who showed that laparoscopic
approach is safe, feasible and has comparable oncologic
outcomes for hepatic resection in liver tumours >5 cm,
although associated with longer operative time (112). In
addition, laparoscopic liver resection has been demonstrated
to confer lower morbidity and a shorter length of hospital
stay in elderly patients (113). More data is needed to
establish the role of minimal access surgery in ALPPS.

Tourniquet-ALPPS (T-ALPPS)

T-ALPPS, also termed Associating Liver Tourniquet and
Portal vein ligation for Staged hepatectomy (ALTPS), is a
variant of ALPPS where liver bipartition is performed in
the second stage rather than the first stage of ALPPS (114):
a tourniquet is placed within the main portal fissure or
umbilical fissure to occlude vascular communication
between both lobes without the need for liver transection. A
propensity-score matched study on 42 patients with CRLM
by Robles-Campos et a/. in 2019 demonstrated comparable
oncological outcomes between T-ALPPS and two-stage
hepatectomy: median overall survival was 36 months and
41 months in T-ALPPS and two-stage hepatectomy
respectively (P=0.925), and median DFS was 9 months and
16 months in T-ALPPS and two-stage hepatectomy
respectively (P=0.930) (115). Exclusion of liver bipartition
during the first stage reduces blood loss and operation time.
Traditionally, patients with Barcelona Clinic Liver Cancer
(BCLC) stage B HCC were excluded from curative liver
resection or transplantation (116,117). However, recent
studies suggest that surgical treatment may improve survival
in advanced HCC (117-120); hence ALPPS should be
considered in patients with BCLC stage B with variations in
technique to reduce ALPPS-related morbidity and mortality.

Transl Gastroenterol Hepatol 2020;5:37 | http://dx.doi.org/10.21037/tgh.2019.12.01



Page 10 of 16

Translational Gastroenterology and Hepatology, 2020

Table 1 Four types of feasible resections described in monosegment ALPPS (48)

Stage 1

Stage 2

| S2 ALPPS with S3 resection
Il S3 ALPPS with S2 resection

Il S4 ALPPS with left lateral section resection

Right trisectionectomy
Right trisectionectomy

Right hemihepatectomy

IV S6 ALPPS (in patients with anatomical variation with large inferior right hepatic vein draining S6) Left trisectionectomy + S7 resection

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

Monosegment ALPPS

Monosegment ALPPS, as the name suggests, leaves the
patient with a single Couinaud segment (+ segment I, which
is considered an accessory segment) upon completion of
the second stage (1,48). Traditionally, patients should be
left with >2 liver segments (usually segment II and III),
even with PVE or PVL. Prior to the advent of ALPPS,
single remnant Couinaud segment was only possible with
two-stage hepatectomy performed with intervals of several
months in between two stages and has high risk (121).
Monosegment resection opens the window for curative
resection in patients with extensive tumour burden. Four
types of feasible resections have been described (Table 1).
A retrospective analysis of 12 patients (majority were
<60 years old) with CRLM showed 0% 90-day mortality
and 33.3% experienced PHLF, though all of them
recovered. Although there is a paucity of evidence for its
use, monosegment ALPPS remains a viable option for
carefully selected patients with extensive tumour burden
and/or lesions in close proximity to vascular structures (122).

Mini-ALPPS

Mini-ALPPS involves partial liver parenchymal transection
and intra-operative PVE in the first stage, with minimal
liver mobilization and avoidance of hilar plate or hilum
dissection. The second stage is performed via an anterior
approach. This modified technique was reported in the Ist
ALPPS International Consensus Meeting in 2015 (123),
and published by de Santibaiies et 4/. in 2016 (n=4): mini-
ALPPS had comparable FLR hypertrophy rates (mean
FLR hypertrophy 62.6%) with classic ALPPS with lower
morbidity (0% incidence of major complications; 1 patient
developed abdominal wound infection (Clavien-Dindo
grade II)) and nil 90-day mortality (69). Mini-ALPPS can
also be performed totally laparoscopically: this was first
described by Pekolj et 4/. in 2018 on a patient with HCC
who had an uneventful post-operative recovery and was
discharged in 5 days following the second stage of the
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surgery (124).

Radiofrequency-assisted liver partition with portal vein
ligation (RALPP)

RALPP replaces the need for physical parenchymal
transection of the liver with the use of a radiofrequency
ablation device to create a line of coagulative necrosis in the
liver parenchyma. The obsolescence of physical transection
may potentially reduce the incidence of post-operative
complications and the traditionally high morbidity
described in ALPPS (125,126). In addition, RALPP can be
performed via an open or laparoscopic approach. The use
of a totally laparoscopic approach may provide additional
benefit in morbidity reduction and reduced length of
hospitalisation stay (126-128). A case series on five patients
with CRLM showed that RALPP is comparable to ALPPS
in FLR hypertrophy (median FLR increase 62.3%), and has
low morbidity (n=1 (20%), one patient developed multiple
pulmonary emboli) and nil 90-day mortality (43).

Left, rescue and right ALPPS modification

These variations were described in 2013 by Gauzolino
et al. (129), which differ in the method of in-situ liver
splitting. In Left ALPPS, the first stage involves limited
resection of the right anterior and posterior section, left
PVL and in-situ liver splitting along the main portal
fissure. The second stage involves completion of left
hemihepatectomy with segment I resection. Rescue ALPPS
is a salvage technique for patients with inadequate liver
hypertrophy after conventional techniques: the first stage
involves ISS along the main portal fissure (right PV has
already been ligated in the conventional methods); the
second stage involves completion of right hemihepatectomy.
In Right ALPPS, the first stage involves a left lateral
sectionectomy, ligation of the posterolateral branch of the
right PV, multiple resections on the right anterior and left
medial section and splitting along the right portal fissure.
The second stage involves completion of right posterior
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sectionectomy. These variations have been shown to be
comparable to conventional ALPPS.

Conclusions

Since 2012, several studies have established safety and
feasibility of ALPPS. ALPPS achieves FLR hypertrophy
in short time interval and almost 100% of the patients
complete definitive surgery (56,63). Modifications and
variations in surgical technique continue to evolve.
Evidence on long-term outcomes such as DFS and Quality
of Life supporting the use of ALPPS is scarce (72,76).
ALPPS may be a superior choice than conventional
techniques in carefully selected group of patients. Use of
the ALPPS Risk Score may help in patient selection (55).
Key points for clinical practice:
(I) ALPPS leads to accelerated increase in the FLR in
short time (<2 weeks);
(II) ALPPS has higher morbidity and hence patient
selection is important;
(IIT) Oncological outcomes of ALPPS are at least
comparable to existing techniques;
(IV) The ALPPS Risk Score may be used to guide
patient selection;
(V) PVE also induces liver hypertrophy, but takes
longer time with risk of tumour progression.
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