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Introduction

Colorectal cancer is one the most common malignant 
disease, accounting for 1 million cases worldwide every 
year. Colorectal liver metastases (CRLMs) occur in 
40–60% of patients and surgery represents the treatment 
of choice, resulting in a 5-year survival rate up to 58%. 
On presentation, only 20% of patients with bilobar 
CRMLs are resectable up front. This is due to the extent 
of the metastatic burden to the liver and the amount of 
parenchyma to be excised in order to achieve a curative 
resection (1). In order to prevent postoperative liver failure, 
it is routine practice to aim for a future remnant liver 
volume (FRLV) of more than 20–25% in patients with 
healthy livers, of more than 30% after chemotherapy, and 
more than 40% in chronic liver disease (2).

The two-stage hepatectomy (TSH) strategy was 
originally developed by Adam et al. to allow a curative 
surgical treatment in otherwise unresectable patients 
due to a predicted low FRLV. Such approach consists 

of a combination of a first operation that clears up the 
least diseased lobe, usually the left, and a second one that 
involves the contralateral lobe. Between the two stages, 
hypertrophy of the future remnant liver is induced by 
means of either portal vein ligation (PVL) applied during 
the first operation or portal vein embolization (PVE) 
performed percutaneously after the first stage (3,4). Despite 
rendering many patients operable, TSH still carries a risk of 
disease progression between the two stages, with a reported 
dropout rate ranging between 15% and 30% (5).

More recently, associating liver partition and portal 
vein ligation for staged hepatectomy (ALPPS) has been 
proposed as an alternative two-stage approach with the 
same intent of inducing hypertrophy of the FRLV. ALPPS 
was first introduced in 2012 by Schnitzbauer et al. and 
has now been performed in more than 700 patients (6). It 
consists of a first stage during which more often the left 
lobe clearance is performed in association with right PVL 
and in situ splitting along the right side of the falciform 
to induce a rapid hypertrophy of the FRLV, followed 
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by the second stage major resection after few days or  
weeks (7). Enthusiastic reports regarding faster growth 
kinetics of the FRLV have been mitigated by reported 
increase in morbidity and mortality associated with ALPPS 
in comparison to TSH (8).

Despite their aggressive nature, both types of such two-
stage operations have been performed laparoscopically with 
different modifications to the classical first descriptions and 
in many cases a first laparoscopic stage was followed by an 
open second stage.

This article aims to review the current literature about 
laparoscopic TSH and ALPPS.

Laparoscopic two-stage hepatectomy

The first case of a pure laparoscopic two-stage hepatectomy 
was reported by our group in 2010. The patient had two 
metachronous CRLMs, one in the left lateral section and 
a larger one in the centre of the right hemiliver, 2 years 
following a laparoscopic anterior resection of the rectum. 
A left lateral sectionectomy was performed as a first stage 
procedure, followed by a right-sided percutaneous PVE a 
week later. The patient eventually underwent a laparoscopic 
right hemihepatectomy 6 weeks after compensatory 
hypertrophy was achieved (9).

In the same year, Machado et al. reported the case of 
a patient with synchronous liver metastases with a small 
left hemiliver. The first stage consisted of a laparoscopic 
segment 3 resection and right sided PVL. After 4 weeks, 
43% FRLV was obtained and a laparoscopic right 
hemihepatectomy was performed (10).

Prior to the described pure laparoscopic cases, Are  
et al. described the feasibility and safety of laparoscopic 
right PVL in a population of 9 patients (out of whom 5 with 
CRLMs) in 2008. Three patients also had wedge resections 
of left-sided metastatic deposits. Neither mortality nor 
morbidity related to PVL was registered. Only five patients 
could progress to an open second stage major hepatectomy 
whilst the other four experienced disease progression, which 
precluded further resection (11).

Similarly, in a case series of 6 patients in Manchester, 
laparoscopic right PVL was applied at the time of 
staging laparoscopy in patients requiring a right hepatic 
trisectionectomy in the presence of a small FLR and as 
part of a staged liver resection in patients with bilobar liver 
disease sparing segments 1 and 4 (12).

Our group described the first series of 7 patients 
undergoing laparoscopic TSH in 2012, highlighting a clear 

benefit in terms of minimal adhesions encountered at the 
time of the second stage. All patients had left-sided liver 
resections and 2 had right PVL during the first stage. A 
right hepatectomy was performed laparoscopically (one 
required conversion) in three patients for the second 
stage while the remaining were carried out with an open 
approach (13).

Kilburn et al. reported a series of 7 patients who 
underwent a laparoscopic first stage followed by an 
open second stage, thus reinforcing the concept of 
safety and feasibility when utilizing a minimally invasive 
approach in patients who are expected to receive multiple  
procedures (14).

In 2015, Fuks et al. published the largest series of 
laparoscopic TSH so far. Thirty four patients were planned 
for TSH. All patients underwent a laparoscopic first stage 
(five with concomitant PVL) and 26 progressed successfully 
to a laparoscopic second-stage, including 18 laparoscopic 
right or extended right hepatectomies. The reported low 
conversion rate, small amount of blood loss and limited 
morbidity, suggest that this complex surgery is feasible 
and safe using the laparoscopic approach. In addition, 
the oncological efficiency of laparoscopic TSH has been 
confirmed by the low incidence of R1 resections. The 
authors recognise that this kind of surgery is of the highest 
complexity and should be considered only in centres with 
advanced expertise in hepatobiliary “open” and laparoscopic 
surgery (15).

Laparoscopic ALPPS

The first totally laparoscopic ALPPS was reported in 
2012 by Machado et al. During the second stage, the 
authors were favourably impressed by the small amount of 
adhesions and completion of surgery was easily done (16). 
Again, after a seminal experience with two laparoscopic 
ALPPS procedures and more than 20 performed in open 
settings, the same group from Sao Paulo, Brazil, started to 
offer ALPPS laparoscopically as their standard practice. 
Comparing 10 laparoscopic ALPPS (out of which 9 for 
CRLMs) with those 20 done through laparotomy, they 
registered less severe complications and no postoperative 
liver failure in the laparoscopic group despite achieving 
a lower grade of hypertrophy in the FRLV. Despite the 
intrinsic selection bias of the study, the authors argued that 
minimising surgical related invasiveness might contribute 
to lower morbidity associated in particular with the first 
stage (17). The group also emphasised on the advantage 
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encountered during the second stage after they stopped 
mobilising the right hemiliver during the first stage. On 
a later report they introduced a technique of selective 
arterial clamping to replace Pringle manoeuvre. Common 
hepatic artery clamping was found to reduce blood loss 
by antagonising the compensatory arterial overflow that 
follows the deprivation of portal flow to one liver lobe (18).
Several modifications to the original description of 
ALPPS have been proposed with the intent to overpass 
issues related to the increased rates of bile leak, surgical 
trauma and different indications for ALPPS other than  
CRLMs (19-21).

The use of ablative techniques in a laparoscopic setting 
for simplifying the first stage ALPPS in patients with 
CRLMs has also been described. Cillo et al., after ligating the 
right portal branch, applied ultrasound-guided microwave 
ablation with multiple antenna insertions within the future 
liver transection plane on the right side of the falciform 
ligament in order to create an avascular groove between the 
cancer and the FLR; during the second stage, a laparoscopic 
right trisectionectomy was carried out along a bloodless 
transection line with both scissors and an ultrasound 
dissector. No Pringle manoeuvre was necessary (22). Based 
on the same principle, Jiao et al. described the first totally 
laparoscopic radiofrequency assisted liver partition with 
portal vein ligation (RALPP) after having authored and 
gained experience with such technique in a series of 11 cases 
done with a first laparoscopic stage followed by an “open” 
second stage (23,24).

Robotic ALPPS has been shown in a video case report 
by Vicente et al. and remains the first published of its kind 
in the literature so far (25).

Discussion

Laproscopic liver surgery (LLS) has been expanding 
in the last 20 years. Initial reports have confirmed its 
feasibility, safety and oncological efficiency in minor 
and major hepatectomies, although many expected that 
different factors such as liver lesions of large size, close to 
major vessels, located within the less accessible posterior 
segments and finally an unfavourable distribution of 
lesions could have limited further expansion of LLS. Our 
team, within other enthusiastic laparoscopic units, have 
already reported excellent results in this field for almost all 
of the abovementioned potential obstacles (26-28).

Two stage l iver resections represent a relevant 
turnaround in the history of the treatment of CRLMs. 

Nevertheless, TSHs are associated with major technical 
difficulties, which can be augmented with a laparoscopic 
approach. Thus, reports of laparoscopic TSH are still 
scarce and often only the first of the two stages is carried 
out laparoscopically (29). The much desired hypertrophy 
of the remnant liver can be associated with serious 
anatomical distortion making the intraoperative findings 
difficult to interpreter. In addition, hilar adhesions caused 
by the PVL or the periportal fibrosis encountered after the 
portal vein embolization can add a significant challenge to 
the hilar dissection during the second stage (30). 

With ALPPS, the interval between the two stages 
is shorter and the adhesions are reported to be more 
inflammatory and less fibrous comparing to TSH (31). 
Nevertheless, almost all authors highlighted the benefit 
of less adhesions and blood loss with laparoscopic 
surgery in both TSH and ALPPS, consistently with the 
widely accepted benefits of laparoscopy, such as minor 
parietal incisions, fewer foreign bodies, reduced and 
gentler manipulation of tissues, and a close and humid 
environment with pneumoperitoneum (32).

Despite the help from finer instrumentation in the 
last decade, laparoscopic major liver surgery remains 
a technically challenging field of action. The use of 
robotic assistance has been advocated to help overcoming 
technical barriers and to promote more widespread 
application of a minimally invasive approach in TSH 
and ALPPS (33). As yet, case series with robotic ALPPS 
are lacking. Laparoscopic TSH and ALPPS are gaining 
acceptance and enthusiastic reports continue to emerge. 
Notably, such literature is produced by centres with great 
expertise in both advanced laparoscopic and hepato-biliary 
surgery. 

In conclusion, laparoscopic liver resections in two stages 
for the treatment of colorectal metastases are technically 
feasible in selected cases, without compromising oncologic 
principles. However advanced experience in open and 
laparoscopic liver surgery is needed for a safe completion 
of such procedures.
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