
ORIGINAL SCIENTIFIC REPORT

ALPPS Procedure in Insufficient Hypertrophy After Portal Vein
Embolization (PVE)

T. F. Ulmer1 • C. de Jong3 • A. Andert1 • P. Bruners1 • C. M. Heidenhain2 •

W. Schoening1 • M. Schmeding1 • U. P. Neumann1

Published online: 27 July 2016
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Abstract

Background The main limiting factor for major liver resections is the volume and function of the future remnant

liver (FLR). Portal vein embolization (PVE) is now standard in most centers for preoperative hypertrophy of FLR.

However, it has a failure rate of about 20–30 %. In these cases, the ‘‘Associating Liver Partition and Portal Vein

Ligation for Staged Hepatectomy’’ (ALPPS) may represent a suitable and possibly the only alternative.

Methods We performed a retrospective analysis of nine patients who had ALPPS following an insufficient hyper-

trophy after PVE. Computed tomography volumetry were performed before and after PVE as well as the first step of

ALPPS. Furthermore, complications, 30-day mortality and outcome were analyzed.

Results The FLR volume rose significantly by 77.7 ± 40.7 % (FLR/TLV: 34.9 ± 9.7 %) as early as 9 days after the

first stage despite insufficient hypertrophy after preoperative portal vein embolization. Major complications (Gra-

de[ IIIb) occurred in 33 % of the patients, and 30-day mortality was 11.1 %. The OS at 1 and 2 years was 78 and

44 %. Four patients are presently still alive at a median of 33.4 (range 15–48) months (survival rate 44.4 %).

Conclusion The ALPPS procedure could be a suitable alternative for patients following insufficient PVE or indeed

the last chance of a potentially curative treatment in this situation. Nevertheless, the high morbidity and mortality

rates and the lack of data on the long-term oncological outcome must also be taken into account.

Introduction

Surgical resection is generally the only option for the

curative treatment of primary and secondary hepatic

malignancies [1]. However, its chance of success is limited

by the anatomical location of space-occupying lesions, by

the patient’s general condition and—particularly in case of

major resections—by the size and function of the future

liver remnant [2]. In order to increase the proportion of

resectable patients, various strategies have been developed.

On the one hand, neoadjuvant therapy concepts are able to

reduce the size of the tumor (‘‘downsizing’’) [3], while

preoperative portal vein embolization [4, 5], two-stage

liver resections [6] or a combination of both [7] can

increase the size of the postoperative future liver remnant

(FLR).
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Portal vein embolization (PVE), which is now a stan-

dard procedure in most centers, is successfully and effec-

tively performed with low morbidity and mortality rates

[8]. Despite good results, it has a failure rate of about

20–30 % due to technical failure, anatomical variations

and insufficient hypertrophy [8, 9].

Whenever hypertrophy of the future remnant liver is

insufficient after PVE, the ‘‘Associating Liver Partition and

Portal Vein Ligation for Staged Hepatectomy’’ (ALPPS)

may represent a suitable alternative [10, 11]. In order to

evaluate this hypothesis, patients with an ALPPS procedure

following an unsuccessful PVE were analyzed.

Patients and methods

Patients

All patients who underwent PVE prior to liver resection

were identified retrospectively from a prospective institu-

tional database. The decision to do an ALPPS procedure

was made if preoperative computer tomography (CT) liver

volumetry revealed an insufficient FLR volume after PVE

(FLR/total liver volume (TLV) \25 % in patients with

normal liver or \30 % with cholestasis or chemotherapy-

associated hepatopathy) [12, 13]. Apart from that, in some

cases the decision to perform an ALPPS procedure was

made intraoperatively—even if the CT volumetry yielded a

sufficient FLR volumetric. This decision was based on the

surgeon’s subjective assessment and his experience with

regard to the macroscopically identifiable remnant liver

volume and the quality of the parenchyma as well as the

corresponding laboratory values and the patient’s general

condition. Extrahepatic metastases or a patient’s poor

clinical status (ECOG C 3) was considered contraindica-

tions for an ALPPS procedure.

Liver volumetry

A contrast-enhanced abdominal CT was performed in all

patients prior to PVE, and before the first and second stage

of the ALPPS procedure. Total liver volume (TLV) and

future liver remnant (FLR) were calculated for each patient

and stage of treatment using the program OsiriX, an

advanced open-source picture archiving and communica-

tion system (PACS) and digital imaging and communica-

tions in medicine viewer (DICOM) viewer [14]. The

percentage increase in FLR volume was calculated after

each step in percent (%FLR) as follows: [(FLR post-in-

tervention - FLR pre-intervention)/FLR pre-interven-

tion] 9 100. We also calculated the difference between the

individual FLRs and the ratio between future liver remnant

volume and total liver volume ratio (FLR/TLV), as well as

the daily increase in volume (kinematic growth rate, KGR)

as median increase in volume per day (ml per day and %

per day). To standardize kinetic growth, a mean volume

increase per day was calculated assuming a linear growth

model.

Laboratory parameters

Blood samples were taken on POD 1 and 5 after step I and

POD 1, 5 and 10 after step II of the ALPPS procedure.

Samples were analyzed for bilirubin, creatinine, GOT,

GPT, prothrombin time and albumin levels.

Portal vein embolization (PVE)

CT-guided access to the portal venous system was gained

via an ipsilateral approach. After successfully puncturing a

right portal vein branch, a guidewire was placed into the

superior mesenteric vein. Embolization of the right portal

vein branches (5–8) was performed with a mixture

(1:2–1:3) of n-butyl-cyanoacrylate (Braun, Tuttlingen,

Germany) and lipiodol (Guerbet, Roissy, France). Suc-

cessful embolization was documented by repeated

portography.

Surgical procedure

The technical aspects of ALPPS have been described in

detail [10, 15]. In sum, the ALPPS procedure is a two-stage

hepatectomy with an interval of 7–14 days between stages.

In addition to a potential FLR cleanup, a complete

parenchymal transection and right portal vein ligature of

the liver lobe to be removed are performed during the first

stage (ALPPS1). The bile duct, the right hepatic vein and

the hepatic artery are left undisturbed. In the present study,

in two patients with cholangiocarcinoma the bile duct

bifurcation was resected and a biliodigestive anastomosis

was performed in the first step.

Depending on the increase in FLR volume and the

patient’s clinical condition, the bile duct, the right hepatic

artery and the right hepatic vein were dissected during the

second stage of the ALPPS procedure (ALPPS2).

Complications and outcome

Postoperative adverse events were evaluated according to

the Dindo-Clavien [16] classification of surgical compli-

cations. Major complications were defined as Grade C IIIa

complications. Mortality was recorded when death occur-

red during hospital stay or during the 90-day follow-up

period. The ‘‘50–50’’ criteria were used to define postop-

erative liver failure [17]. Each patient was followed up

with routine laboratory tests, tumor markers and imaging
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evaluation (CT scan or MRI) for 1 month and every

3–6 months after surgery. Overall survival (OS) was

defined from the date of the second stage (ALPPS2) until

death. Disease-free-survival (DFS) was determined as the

time from the second surgical procedure (ALPPS2) until

the first recorded evidence of recurrence at any anatomical

site. Postoperative deaths were excluded from OS and DFS

analyses.

Statistics

The distribution of variables was analyzed using the Kol-

mogorov–Smirnov test. Continuous data are presented as

mean and standard deviation (SD). In case of normal distri-

bution, statistical differences between groups were deter-

mined by one-way ANOVA, followed by the paired Student’s

t test to compare the FLR volume after PVE and ALPPS1. In

case of non-normal data distribution, a Mann–WhitneyU test

was used to compare two groups. p\ 0.05 was considered

statistically significant. Statistical analysis and graphical

representations including Kaplan–Maier survival were carried

out using the Statistical Package for Social Sciences (SPSS�,

version 27, Chicago, IL, USA) or GraphPad Prism� (version

5.0, La Jolla, CA, USA), respectively.

Results

Patient demographics

A total of 733 liver resections, of which 89 had portal vein

embolization (PVE), were performed at our hospital

between July 2011 and April 2015. During this period, 22

patients underwent the ALPPS procedure. Of those

patients, a total of nine (5 males, 4 females) had insufficient

volume growth of the FLR after preoperative PVE.

Patients’ characteristics are provided in Table 1.

In all patients, tumors were localized to the right lobe

and the central sector of the liver, with additional spreads

in segments II and III in three patients. They were sub-

jected to a laparoscopic resection (cleanup) as a first step.

Five patients with CRM and one patient with hepatic

metastases from hypopharynx cancer underwent preoper-

ative chemotherapy. The timespan between the end of

chemotherapy and surgery was at least 6 weeks in all

patients. Postoperative histology revealed mild cirrhosis in

two patients. All other patients had no liver pathology

besides the carcinoma.

In all patients, both stages of the ALPPS procedure

could be completed and an R0-resection was achieved.

Table 1 Patients characteristics, preoperative chemotherapy, surgical procedures and complications

Patients

no.

Age/sex ASA BMI Disease TNM Ctx (n = cycles) First step

(additional

procedures)

Complications

(Dindo-Clavien)

1 64/m III 24 CRM T4aN2 FOLFOX (n = 11) Cleanup FLR

(segment III)

Biliary leakage; (IIIa)

2 73/w II 27 CRM T3N2aa None (patient refused CTX) Cleanup FLR

(segment III)

impaired wound

healing (I)

3 72/w III 28 IHCC T3N0 None None Biliary leakage (IIIa)

4 54/w II 34 CRM T3N2a FOLFOX (n = 12) Cleanup FLR

(segment II/III)

Biliary leakage (IIIa)

5 54/m III 22 LM of

hypopharyngeal

Ca

T2N2b Carbo ? Cis

docetaxel ? cetuximab

(n = 4)

None Ascites, impaired

wound healing (II)

6 72/m III 25 IHCC T2bN1 Cis ? gemcitabine (n = 3) None Pneumonia, sepsis,

death (V)

7 62/m III 30 CRM T2N0 FOLFIRINOX ? cetuximab

(n = 6);

None Fascial dehiscence

(IIIb)

8 75/w II 20 CRM T3N1b FOLFIRINOX ? cetuximab

(n = 6);

None Postoperative

hemorrhage (IIIb)

FOLFOX (n = 12)

9 59/m III 31 CRM T4aN0 XELOX (n = 4) None None

CTX, preoperative chemotherapy; CRM, colorectal liver metastases; IHCC, intrahepatic cholangiocarcinoma; LM, liver metastases; Ca, car-

cinoma; FOLFOX, fluorouracil ? oxaliplatin; FOLFIRI, fluorouracil ? irinotecan; FOLFIRINOX, fluorouracil ? oxaliplatin ? irinotecan;

XELOX, capecitabine ? oxaliplatin; Carbo, carboplatin; Cis, cisplatin
a Postoperative histology reveals mild cirrhosis. All other patients had no liver pathology besides the carcinoma
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Time intervals between the procedures, incision-to-suture

time and blood transfusions are provided in Table 2.

Volumetry

The FLR volume increased by 87 ± 56 ml following PVE

corresponding to a percentage increase of 31 ± 20 % after

a median of 27 days (Table 3; Figs. 1, 2). This was sta-

tistically significant when compared to the initial volume,

although the FLR/TLV ratio was below the targeted value

of 0.3 in seven of nine patients. In two patients, the ratio

was slightly higher. However, after considering the labo-

ratory findings and intraoperative assessment of liver par-

enchyma, an ALPPS procedure was performed.

After the first stage of the ALPPS procedure, the mean

increase in volume (D-volume) was 239 ± 90 ml, corre-

sponding to a percentage increase of 77.7 ± 40.7 % and a

FLR/TLV ratio of 34.9 %. This increase in volume was

already observed after a median of 9 days (range 6–14) and

was significantly higher (p = 0.002) and more rapid

(p = 0.039) than the increase after PVE.

Similar results were also observed when evaluating the

growth rate per day (KGR). After the first stage, the

increases in volume were significantly higher than the

values following PVE (p = 0.004).

The volume growth in patients with PVE and a short

interval of\22 days did not differ significantly from that in

patients with a long interval (D-FLR/TLV:

52.79 ± 39.2 % vs. D-FLR/TLV: 41.28 ± 33.31 %;

p = 0.26).

Laboratory parameters

No significant changes in any of the examined laboratory

parameters were observed following PVE. The laboratory

values (50–50 criteria) after ALPPS did not provide any

evidence of severe postoperative liver function disorder.

We merely observed a slight increase in bilirubin level and

a drop of prothrombin time after the in situ split (ALPPS1),

which was more pronounced after the second stage

(ALPPS2), but stabilized again over time (values are

shown in Table 4). The increase in alanine transaminase

(ALT) and the drop in albumin were likewise more pro-

nounced after the second stage than after ALPPS1, nor-

malizing again in almost all patients after a period of

10 days. Creatinine values showed no abnormalities.

Postoperative renal failure was not observed.

Table 2 Time interval between the procedures and intraoperative

parameters

Time Range

PVE ) ALPPS (median) 28 (days) 10–48

ALPPS1 ) ALPPS2 (median) 9 (days) 6–14

Hospital stay (median) 48 (days) 18–93

Operation time ALPPS1 (mean) 236 (min) 168–313

Operation time ALPPS2 (mean) 115 (min) 43–339

Packed red blood cell transfusion (median) 1 (units) 0–4

PVE portal vein embolization, ALPPS1 and ALPPS2 step 1 and step 2

of the Associating Liver Partition and Portal Vein Ligation for Staged

hepatectomy, min minutes

Table 3 Computed tomography volumetry

Mean (SD) Range

Size of TLV (ml) 1774.3 (499) 1219–2905

Size of FLR1 (ml) 283.8 (98) 94–422

Size of FLR2 (ml) 370.7 (132.9) 106–576

Size of FLR3 (ml) 610.0 (189.2) 283–945

FLR1/TLV (%) 16.0 (4.8) 7.7–24.1

FLR2/TLV (%) 21.3 (8.0) 8.7–32.9

FLR3/TLV (%) 34.9 (9.7) 23.2–54

D-vol FLR2—FLR1 (ml) 86.9 (55.8) 12–154

D-vol FLR2—FLR1 (%) 30.5 (19.5) 10–69.8

D-vol FLR3—FLR2 (ml) 239.3 (90.1) 115–369

D-vol FLR3—FLR2 (%) 77.7 (40.7) 25.8–167

KGR after PVE (ml/day) 4.4 (4.7) 0.43–13.64

KGR ALPPS 1 (ml/day) 31.44 (13.9) 17.7–52.7

FLR, functional liver remnant; TLV, total liver volume (TLV;

ALPPS1: step 1 of the ALPPS procedure); FLR1, initial volume;

FLR2, volume after PVE; FLR3, volume after ALPPS1; KGR,

kinematic growth rate per day; BW, body weight; BMI, body mass

index; D-volume, difference between two volumes

Fig. 1 Individual increase in future liver remnant (FLR) in nine

patients after portal vein embolization (PVE) and before step 1 and

2 of the Associating Liver Partition and Portal Vein Ligation for

Staged Hepatectomy (ALPPS1 and ALPPS2). Of note is the

remarkable hypertrophy after the first step of the ALPPS following

insufficient PVE
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Chemotherapy

Six of nine patients (66.6 %) underwent neoadjuvant

chemotherapy up to 6 weeks before the procedure

(Table 1). Patients, who had been undergoing neoadjuvant

chemotherapy, showed a liver volume growth (mean D-

volume) of 109 ± 47.3 ml following PVE, with a volume

growth of 247 ± 110 ml after the first ALPPS stage. The

volume growth without chemotherapy after PVE was

121 ± 45.8 and 223 ± 111 ml after ALPPS1 (p = 0.11

and p = 0.66). Likewise, in comparison with the FLR/TLV

ratio and the linear growth rate, there were no significantly

lower values in the group with neoadjuvant chemotherapy.

Clinical outcomes and complications

The median follow-up period was 18.5 (range

1–48) months. Severe complications ([IIIa) occurred in

five (56 %) of a total of nine patients. Three patients expe-

rienced a biliary leakage after the second procedure, which

had to be treated by percutaneous transhepatic cholangiog-

raphy and drainage. The drainages could be gradually

removed under irrigation with saline solution after 4 weeks

at the latest, and the patients discharged free of symptoms.

Perioperative mortality (in hospital) was 11.1 % (one of

nine patients). This patient suffered from Bechterew dis-

ease and acquired a severe respiratory infection leading to

uncontrollable septic complications and finally multiorgan

failure and death 25 days after surgery.

Contrast-enhanced cross-sectional imaging revealed

hepatic recurrences in 6/9 patients during follow-up. In

three patients, tumor recurrence was treated by local liver

resection. In two of these patients, additional extrahepatic

metastases and hepatic re-recurrences were found. How-

ever, both are still alive following chemotherapy treatment

and selective internal radiation therapy (SIRT). Overall, the

OS at 1 and 2 years was 78 and 44 %, whereas the DFS

rates were 50 and 13 %, respectively. Four patients are

presently still alive at a median of 33.4 (range

15–47) months (survival rate 44.4 %).

Discussion

Our analysis of nine patients showed a high hypertrophy

rate after ALPPS despite a previously insufficient hyper-

trophy after PVE. FLR volume rose significantly by 77.7 %

as early as 9 days after the first stage of the ALPPS

Fig. 2 Representative CT scans (portal venous phase) at different time points (preoperative, after PVE and ALPPS, respectively) showing an

ALPPS procedure in insufficient hypertrophy after portal vein embolization (PVE). Future liver remnant (FLR) is marked. PVE: portal vein;

ALPPS1 and ALPPS2: step 1 and 2 of the Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy

Table 4 Liver and renal function

Baseline Pre-ALPPS ALPPS1-d1 ALPPS1-d5 ALPPS2-d1 ALPPS2-d5 ALPPS2-d10

Bilirubin (mg/dl) 0.52 ± 0.33 0.56 ± 0.42 0.81 ± 0.49 0.68 ± 0.23 1.91 ± 0.88 2.09 ± 1.1 2.23 ± 0.962.2

PT (%) 97.6 ± 13.3 91.4 ± 15.3 78.8 ± 13.6 82.2 ± 11.1 65.1 ± 17.9 62.9 ± 15 65.6 ± 16.2

ALT (U/L) 32.4 ± 18.1 34.0 ± 13.3 311.2 ± 492.2 197.9 ± 171.1 109.0 ± 111.3 40.1 ± 14.0 31.6 ± 12.1

Albumin (g/dl) 38.7 ± 4.1 36.5 ± 5.0 32.7 ± 12.5 25.4 ± 9.3 23.1 ± 11.3 22.6 ± 8.5 23.5 ± 9.3

Creatinine (mg/dl) 0.74 ± 0.21 0.82 ± 0.17 0.85 ± 0.18 0.73 ± 0.2 0.80 ± 0.31 0.78 ± 0.30 0.82 ± 0.32

PT prothrombin time, ALT alanine transaminase, ALPPS1 and ALPPS2 step 1 and 2 of the Associating Liver Partition and Portal Vein Ligation

for Staged hepatectomy
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procedure, thus enabling the second stage of the procedure

in all patients. Previous chemotherapy did not seem to have

a negative impact on the hypertrophy rate. Major compli-

cations (Grade[ IIIa) occurred in 56 % of the patients.

One patient died postoperatively due to sepsis following a

respiratory infection. Four patients are presently still alive

at a median of 33.4 (range 15–47) months (survival rate

44.4 %).

Preoperative portal vein embolization (PVE) in humans

was first described by Kinoshita et al. [18]. After that,

numerous reports were able to confirm the efficient hyper-

trophy of the FLR after PVE with low morbidity and mortality

rates [5, 19]. Hitherto untreatable patients could now undergo

surgery—also in combination with two-stage hepatectomies

[2, 20]. In a recently published review with 1791 patients [8],

the increase in FLR volume following embolization was

37.9 %. According to our assessment, this figure is realistic,

even though there is evidence that improved growth rates can

be achieved following the additive embolization of segment

IV or the hepatic artery [21, 22]. Nevertheless, in our opinion

the PVE has three limitations. To start with, the procedure is

sometimes not possible or too risky because of technical

difficulties and/or anatomical variations or due to vascular

infiltration of the tumor. Secondly, relevant tumor progres-

sion may occur during the waiting time for sufficient hyper-

trophy [8]. This could have the effect of rendering a curative

resection impossible [15, 23]. However, some authors do not

actually consider this a limitation, but rather perceive it as an

oncological selection of suitable patients [24, 25]. Of note,

there might be evidence of direct stimulation of tumor growth

by PVE [26, 27].

The third and final limitation, as seen in our patients, is

the fact that PVE may not stimulate FLR hypertrophy

sufficiently for major liver resections [28, 29]. To this day,

the causes have not yet been conclusively explained. The

presence of collaterals of the portal vein between the liver

lobes or a recanalization of the embolized portal vein has

been suggested as causes. This could be an explanation for

our findings that longer waiting periods seem ineffective.

On the other hand, the stimulus for hypertrophy and the

related volume growth might decrease after a few days.

Altogether 20–40 % of patients are irresectable after PVE

as a result of the three above-stated limitations [29, 30].

In many of these cases, the ALPPS procedure with its

inherently high hypertrophy rates in a short time may

represent a suitable, and possibly the only, alternative for

the patients concerned. The procedure was first performed

by Schlitt et al. 2007 [10]. The multicenter study reported a

median volume increase of 74 % within 9 days in 25

patients. During the last 3 years, these values were either

verified or surpassed in numerous publications [31–33].

Besides marked and fast hypertrophy of the FLR, the

affected part of the liver left in situ, also described as

‘‘auxiliary liver,’’ is able to temporarily support the func-

tion of the smaller FLR, thus avoiding postoperative liver

failure [31]. This is supported by the observation that liver

failure only occured after the second stage (ALPPS2), i.e.,

following the final resection of the ‘‘auxiliary liver’’ [30].

Furthermore, the oncological outcome could also be

improved by early initiation or shorter pauses of

chemotherapy due to rapid hypertrophy in connection with

the ALPPS procedure compared to two-stage hepatec-

tomies [34].

The underlying mechanism of ALPPS responsible for

inducing accelerated hypertrophy of the liver remnant still

needs to be explored. Nevertheless, we and Truant et al.

[35] found efficient volume growth even after failed PVE.

In contrast to our study, the subgroup analysis of the

multicenter study [35] does not provide any detailed

information on the volume before and after embolization

nor on the clinical course or on the short- and long-term

outcome of these patients.

However, since both were able to observe high growth

rates even after unsuccessful PVE, other elements besides

redistribution of the portal vein blood flow and hepa-

totrophic factors to the FLR may be involved. Animal trials

provided evidence that a systemic inflammatory-like

reaction triggered by the parenchymal transection of the

liver or even with simultaneously induced thermal damage

of the spleen or lung can stimulate hypertrophy in the

future liver remnant beyond a PVE [36].

After the initial enthuisiasm over the ALPPS procedure,

particularly in the initial phase, there has recently been a

growing body of critical opinion [24, 37, 38], focussing on

the published high morbidity (50–90 %) and mortality

(0–29 %) rates [10, 29, 33, 39]. These figures partly cor-

respond to our own results. Our relatively high morbidity

rate can be partially attributed to the inhomogeneous, older

patient cohort. An analysis of the ALPPS Register by

Schadde et al. [39] determined that an age of [60 years

and non-CRM conditions were risk factors for severe

complications. This could also be an explanation for the

published, slightly lower morbidity (49–59 %) and mor-

tality rates (6.4–19 %) in two-stage hepatectomies and

major liver resection in a similar patient cohort [9, 40].

Moreover, the high rates may also reflect the influence

of a learning curve [41]. This effect was also observed with

the introduction of two-stage hepatectomy. The initially

high mortality rate of 15 % in the inaugural series in 2000

[6] dropped to 7 % in 2008 [41]. Finally, technical mod-

ulations of ALPPS, such as partial ALPPS [42] or laparo-

scopic parenchymal dissection using radio frequency

probe, could increase the safety of the procedure.

The poor oncological outcome is a further criticism

levelled at ALPPS. This point should, however, be inter-

preted prudently, as a large proportion of the patients
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undergoing the ALPPS procedure are the so-called bor-

derline patients, who per se have a poorer outcome due to

their high tumor load and aggressive tumor biology [43].

Furthermore, most ALPPS studies were performed with a

relatively small number of patients and an inhomogeneous

patient cohort over a short observation period [29, 44]. In a

recently published meta-analysis by Schadde et al. [39], the

morbidity ([IIIa complications) and 30-day mortality rates

observed in 295 patients were 44 and 11 %, respectively.

This is generally comparable to the limited data for two-

stage hepatectomy [7, 40, 45]. The proportion of patients

that could not undergo the second stage was merely 2 %, in

contrast to 8–30 % in case of two-stage hepatectomy [45].

Despite all the justified criticism which it has attracted, it

should be borne in mind that the ALPPS procedure is often

the last chance of a potentially curative treatment. Never-

theless, given the high morbidity and mortality rates,

careful patient selection is required.

The main limiting factors in this study are its retro-

spective design and the small number of patients. In

addition to this, the statements on morbidity and mortality,

as well as the outcome with our inhomogeneous patient

cohort, have only limited validity. Furthermore, the follow-

up period is still relatively short.

Conclusion

By facilitating the rapid and effective growth of the future

liver remnant, the ALPPS procedure may be a suitable al-

ternative for patients after insufficient PVE or indeed the

last chance of a potentially curative treatment in this situ-

ation. In spite of this, the high morbidity and mortality

rates, even in the hands of highly experienced hepatobiliary

surgeons, as well as the lack of data on the long-term

oncological outcome, should not be ignored. A prudent

indication for the use of ALPPS in selected patients, the

evaluation of new ALPPS techniques (partial ALPPS,

RFA-ALPPS) and randomized controlled trials (RCTs) are

essential prerequisites for establishing this procedure as

another useful option in the armamentarium of the expe-

rienced hepatobiliary surgeon.
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