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The rush to novelty and high expectations in surgery: the case of ALPPS
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In the editorial that accompanied the publication of the in-
augural ALPPS paper (associating liver partition and portal
vein ligation for staged hepatectomy) [1], ALPPS was termed
“the biggest technical innovation in liver surgery so far” [2].
ALPPS is a two-stage hepatectomy intended to allow very
extensive liver resections in patients with very small future
liver remnants (FLR). The key element of ALPPS is that it
induces rapid and extensive hypertrophy of the FLR in the first
stage of the procedure to ‘create’ an FLR sizeable enough to
provide enough liver function after an extensive resection in a
second stage, and thereby reduce the chances of post- hepa-
tectomy liver failure. Due to the procedural and clinical com-
plexity, ALPPS is mainly used in liver resections of borderline
resectable liver metastases. In the first step, the FLR is cleaned
of tumor through one or more parenchymal sparing resections.
Then the parenchyma between the part of the liver that ulti-
mately will be resected and the FLR is transected. Finally, the
portal vein to the liver that will be resected in the seconds
stage is ligated (i.e., the liver is ‘deportalized’) and the entire
portal flow directed towards the FLR. After 1 to 2 weeks the
liver regenerates rapidly and the resection of the deportalized
liver can be completed in a second stage procedure [1].

Soon after its introduction in 2012, an international registry
[www.alpps.net] was initiated in an effort to collect mul-
ti-center data and build clinical support for ALPPS. The regis-
try currently holds over 700 submitted cases, and more than
150 articles on ALPPS have appeared on PubMed since its
conception. However, the initial wave of enthusiasm for AL-
PPS also triggered skepticism and opposition from experie-
nced liver surgery groups [3,4]. Several concerns regarding the
clinical utility of ALPPS have surfaced, which have hampered
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the systematic and sustained introduction of ALPPS into the
clinic. Our editorial addresses these issues and outlines future
directions and applications.

The main issue is the safety of the procedure. While con-
ventional two-stage hepatectomies should have a mortality of
less than 3% [5], ALPPS has consistently been reported to
have a peri-operative mortality of around 10% [6-8]. This puts
ALPPS into the family of high-risk resections for borderline
resectable liver tumors, procedures including extended hepa-
tectomies without volumetric preconditioning, and ex situ and
ante situm resections [9]. The indications for such high-risk
liver resections vary from benign hepatocellular adenomas to
perihilar cholangiocarcinoma and hepatic metastases, all with
distinct and important specificities in treatment strategy and
comorbid conditions and therefore outcomes [10,11]. In this
complicated theater of operations, the generation, interpreta-
tion, and translation of evidence into practice in terms of
which borderline resectable liver tumors should be resected
has proven immensely difficult. In that respect, ALPPS has
only added to the confusion. The technique was proposed in
2012 to improve outcomes for extensive resections of all types
of tumors, which to date has not materialized in its fullest
sense. The outcomes specifically for hepatocellular carcinoma
(HCC) and cholangiocarcinoma were unacceptable both in
terms of postoperative morbidity as well as 90-day mortality [7].
It became clear that the borderline resectable liver tumors have
to be stratified according to the indications to find a use for
ALPPS. In extension, prospective clinical studies have to be
performed for single indications to accurately address the risks
and benefits of ALPPS.

Most conclusions in original reports about ALPPS so far
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were drawn on the basis of heterogeneous data sets. The inau-
gural report on ALPPS described 25 patients in which a medi-
an increase in liver volume of 74% was achieved in just a me-
dian of 9 days [1]; a tremendous improvement over other tech-

niques such as portal vein ligation [12] or embolization [13,14].

However, the cohort comprised eight distinct diagnoses. The
study reported a morbidity rate of 68% with 25 major compli-
cations and a mortality rate of 12%. Two years later, the first
trial in the ALPPS registry reported an overall mortality of 9%,
with a mortality of up to 33% in more than 7 subgroups of
tumors, and a morbidity of 40% in terms of major complica-
tions. The report intended to analyze the ALPPS outcomes to
provide guidance for its application by identifying high-risk
patient subgroups. Due to the high risk of mortality and com-
plications in this and other studies, diagnoses other than colo-
rectal liver metastases (CRLM) were declared a contra-indica-
tion at the international ALPPS expert conference in Hamburg,
Germany in 2015 [15].

In response to the poor outcomes several modifications
were proposed, including the use of parenchymal ligation us-
ing umbilical tape [16]. Radiofrequency ablation instead of
transection [17], and the use of partial transection (‘partial
ALPPS’) instead of a complete parenchymal split [18]. While
these modifications attempted to improve the safety of the
procedure, they in fact increased the heterogeneity of the data
and led to the publication of single-center mini-series that were
often too small for statistical significance. The mixing of all
these variations added to the confusion since the ALPPS regis-
try was already replete with heterogeneous data.

The most obvious heterogeneity resulted from the inclusion
of both right and extended right hepatectomies. The complete
devascularization of segment 1V in extended hepatectomies is
associated with the risk of significant liver necrosis with dire
consequences, while this risk is small in right hemi-hepa-
tectomies [19]. Most series included both low-risk hemi-hepa-
tectomies and high risk extended resections. Until it is clear
what types of procedures were analyzed, the outcomes from
any reported series will be unreliable and it will be difficult to
draw conclusions for clinical practice [20].

Additionally, reporting bias of the registry confounds re-
ports, as patients with adverse outcomes might not all be in-
cluded in the registry and many data items in the registry re-
main incomplete. Patients without a reported 90-day survival
status were excluded in registry reports [7]. Thus, quality of
the data in the registry progressively deteriorated by a combi-
nation of heterogeneity, missing data, and reporting bias.

Overall, even moderate-quality evidence on ALPPS for
single indications beyond the descriptive registry reports is
lacking. A randomized trial for all indications was initiated in
Zurich, but stopped due to safety concerns in both the ALPPS
and the PVE/PVL arm (NCT01775267). A new study has been
announced by the Zirich group, but is still not recruiting
according to the clinicaltrial.gov webpage (accessed August 41"
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2016, NCT02758977). The multi-center Scandinavian LIGRO
trial comparing ALPPS against PVE and PVL for colorectal
liver metastasis is presently recruiting and will likely provide
the best level of evidence on whether ALPPS improves
disease-free survival of patients with colorectal liver metasta-
ses when compared to PVE and PVL (NCT02215577). So,
prospective randomized data for ALPPS may be available in
the near future.

Even within the indication colorectal liver metastases, the
clinical value of the innovation ALPPS remain difficult to
assess. Should ALPPS ever replace conventional two-stage
hepatectomy [21] or portal vein embolization altogether as
some have repeatedly proposed? The inter-stage drop-out rate
of 2-3% with ALPPS [6-8] is often presented as a major ad-
vantage over conventional two-stage techniques, in which the
drop-out rate is usually 28-35% [14,22,23]. However, from the
beginning, several experienced groups doubted the argumenta-
tive validity of this low drop-out rate [3,14]. Albeit commonly
discounted by pro-ALPPS advocates, it has been shown that
the cause of drop-out in the majority of conventional two-stage
techniques is not insufficient liver regeneration, but tumor
progression in the interim period [14]. In ALPPS the time be-
tween stages is too short to detect tumor progression, but this
does not mean that there is no tumor progression after the
ALPPS procedure [23]. In fact, high tumor recurrence rates
have been observed after ALPPS in some series [24-26]. Con-
sequently, a risk-benefit analysis has to be performed that
weighs the potential interim drop-out of the conventional
two-stage techniques against the risks of the high morbidity
and mortality rates associated with the ALPPS procedure.
Whether the low drop-out advantage of ALPPS translates into
a real clinical benefit remains questionable.

In contrast to these high expectations two modest scenarios
exemplify the potential value of ALPPS. First, ALPPS may
change unresectability into borderline resectability for liver
tumors where all liver segments contain metastases except for
one single segment. Due to the limited amount of hypertrophy
induced with PVE and PVL, these used to be scenarios of un-
resectability [27]. In the second scenario, patients are unre-
sectable with conventional two-stage procedures because of
inadequate hypertrophy of the FLR after portal vein emboliza-
tion or ligation. These patients can be salvaged with ALPPS
[28,29]. Without ALPPS, these patients would remain techn-
ically unresectable and enter a palliative treatment regimen [27].

On the bright side, ALPPS led the way to a better under-
standing of the functional quality of the the regenerating liver.
The regeneration rate of the FLR of 74% in the first report [7]
and 58-110% in subsequent reports [6] in just 6-14 days [6] is
uncontestably more rapid compared to the regeneration rate
after portal vein embolization or ligation [13,14]. Despite the
extensive volumetric expansion [30], liver failure in ALPPS is
not uncommon and the second registry analysis revealed that
majority of mortality is in fact attributable to liver failure [3,8].
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This suggests that liver volume-based regeneration does not
reflect actual functional liver regeneration and warrants the
implementation of regional quantitative liver function assess-
ment; if not for all extended liver resections, then at least for
ALPPS [31,32]. This proposition is supported by the histolog-
ical finding that the FLR comprises phenotypically immature
hepatocytes following ALPPS that may not adequately con-
tribute to liver function [33]. Systematic assessment of FLR
function using local liver function assessment with hepatobili-
ary scintigraphy or MRI is therefore the most actionable to
optimize the clinical safety of the procedure. Unfortunately,
for most centers, localized liver function assessment is still far
from general applicability and clinical availability.

Unfortunately, there is a lack of good animal models to
study ALPPS in a translational setting and therefore the
mechanisms underlying the rapid liver growth remain only
partially understood. The rapid liver regeneration associated
with ALPPS has sparked experimental research that resulted in
the development of several ALPPS models in animals. The
clinical-to-preclinical translation is interesting, but the value of
the models should be viewed critically. Complete transection
of the parenchyma is difficult to perform in rodents and pigs
due to the intrahepatic position of the vena cava. This might
explain why the difference in hypertrophy rate between PVL
and ALPPS in some of the published rat models is much less
significant when compared to the observations in patients
[34-36]. Partial transection of animal livers allows for collat-
eral flow through remaining parenchymal bridges that may in
turn limit or distort physiological processes and restrict the
translational value of the data. In one mouse ALPPS model
[37], the left lateral lobe of the mouse liver, the largest liver
lobe of the mouse, was resected during stage 1, making it a
combined liver resection/ALPPS model that is certainly not
representative of the clinical procedure. Recently, a pig model
of ALPPS was developed without a PVL or PVE control group
[38], which makes it difficult to judge whether the model in
fact represents accelerated hypertrophy owing to the transec-
tion. Although the status quo of ALPPS animal models leaves
room for improvement, it needs to be encouraged since the
development of a true ALPPS animal model may help in un-
derstanding the difference between volume and functional liv-
er regeneration in general.

In summary, the strength of ALPPS does not lie in being a
mainstream intervention in lieu of other two-stage liver surgi-
cal procedures. The value of ALPPS lies in its life-saving po-
tential in a select group of patients with no other surgical op-
tions. If so, randomized trials may not be feasible at all.
Common sense tells us that it will be difficult to maintain
comparable peri-operative conditions with two major opera-
tions during the entire ALPPS procedure compared to low-
morbidity PVE or conventional two-staged hepatectomy. Mor-
eover, a recent questionnaire among ALPPS registry contribu-
tors showed that 84% of surgeons still consider ALPPS for
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indications other than colorectal liver metastases, and that 52%
of surgeons consider patients with an FLR volume above 30%
to receive ALPPS. These data suggest that the current recom-
mendations for the implementation of ALPPS (based on the
best clinical evidence) are not followed by a considerable
number of clinicians and prognosticate that the issues related
to the heterogeneity of ALPPS data are far from being resolved
[39]. After the rush for innovation has subsided, the high ex-
pectations have toned down, and the negative attitude of many
experienced liver surgeons towards the ‘ALPPS’ hype has
waned, it will take a collaborative effort of many years to
properly position ALPPS in surgical oncology of the liver.

On a final note, the ease with which new ideas and tech-
niques can be tested daily in the operating room by inventive
surgeons is both nice and dangerous. At least 6 major modifi-
cations of the ALPPS procedure have been described so far
and tested in human patients (Salvage ALPPS [40], Hybrid
ALPPS [41], RALPPS [17], ALTPS [16], Partial ALPPS [18],
Mini ALPPS [42]. The questionable scientific results are sub-
sequently published in the form of preliminary reports and
technical letters, sometimes in surprisingly distinguished jour-
nals, whose editors are willing to lower their quality standards
because of the novelty. It is rather astonishing that, in surgical
science, new procedures with high mortality can be performed
in humans without prior testing in (large) animals to at least
demonstrate the technical feasibility of a procedure and gener-
ate preclinical evidence, which has become standard practice
in drug research. Increasingly complex procedures with ex-
panding technical possibilities are used in increasingly older
and more co-morbid patients with borderline tumors for the
sake of novelty and publications. Instead, we would like to
suggest more standardized testing of surgical innovations in
large animals before they are introduced into the clinic.
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