[image: image1.jpg]8226 Regency Drive, Pleasanton, CA 94588, USA
% i ® Telephone: +1-925-223-8242 Fax: +1-925-223-8243
3“‘5h'd°“9 E-mail: bpgoffice@wjgnet.com  http:/ /www.wjgnet.com

K BAISHIDENG PUBLISHING GROUP INC





Copyright Information of the Article Published Online
	TITLE
	Associating liver partition and portal vein ligation for staged hepatectomy: From technical evolution to oncological benefit


	AUTHOR(s)
	Jun Li, Florian Ewald, Amit Gulati, Björn Nashan


	CITATION
	Li J, Ewald F, Gulati A, Nashan B. Associating liver partition and portal vein ligation for staged hepatectomy: From technical evolution to oncological benefit. World J Gastrointest Surg 2016; 8(2): 124-133

	URL
	http://www.wjgnet.com/1948-9366/full/v8/i2/124.htm

	DOI
	http://dx.doi.org/10.4240/wjgs.v8.i2.124

	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	We provide a comprehensive overview of the technical evolution of Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) with a special emphasis on safety and oncologic efficacy. Furthermore, we review the contemporary literature regarding indication and benefits, but also limitations of ALPPS. 


	KEY WORDS
	Liver tumor; Resection; Hepatectomy; Staged; Portal vein embolization; Future liver remnant; Liver hypertrophy; Liver failure; Morbidity; Mortality


	COPYRIGHT 
	© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Gastrointestinal Surgery

	ISSN
	1948-9366 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


Ms. Wjg/20xx                                      REVIEW

Associating liver partition and portal vein ligation for staged hepatectomy: From technical evolution to oncological benefit

Jun Li, Florian Ewald, Amit Gulati, Björn Nashan

Jun Li, Florian Ewald, Björn Nashan, Department of Hepato​biliary and Transplant Surgery, University Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany
Amit Gulati, Department of Medical Biometry and Epidemio​logy, University Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany

Author contributions: Li J design of the study, literature review and analysis, drafted and wrote the final version of the manuscript; Ewald F literature review, drafted and wrote the final version of the manuscript; Gulati A literature review, drafted and wrote the final version of the manuscript; Nashan B design of the study, critical revision, edited and final approval of the final version

Correspondence to: Jun Li, MD, Department of Hepatobiliary and Transplant Surgery, University Medical Center Hamburg-Eppendorf, Martinistrasse 52, 20246 Hamburg, Germany. j.li@uke.de
Telephone: +49-40-741058572  Fax: +49-40-741045001 

Received: August 7, 2015   Revised: October 8, 2015    Accepted: December 9, 2015

Published online: February 27, 2016
Abstract

Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a novel approach in liver surgery that allows for extensive resection of liver parenchyma by inducing a rapid hypertrophy of the future remnant liver. However, recent reports indicate that not all patients eligible for ALPPS will benefit from this procedure. Therefore, careful patient selection will be necessary to fully exploit possible benefits of ALPPS. Here, we provide a comprehensive overview of the technical evolution of ALPPS with a special emphasis on safety and oncologic efficacy. Furthermore, we review the contemporary literature regarding indication and benefits, but also limitations of ALPPS. 
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Core tip: We provide a comprehensive overview of the technical evolution of Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) with a special emphasis on safety and oncologic efficacy. Furthermore, we review the contemporary literature regarding indication and benefits, but also limitations of ALPPS. 
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INTRODUCTION

Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS), initially known as “in situ split”, was first performed in September 2007, and until today, more than 600 procedures have been performed worldwide[1-4]. ALPPS has shown to have a promising efficacy regarding the induction of a rapid liver hypertrophy, thereby increasing the resectability of previously unresectable liver malignancy[5]. Further​more, a sufficient volume increase can also be achi​eved by liver partition after unsuccessful portal vein embolization (PVE)[6,7]. 
Since the pioneering publication of Schnitzbauer et al[1] in 2012 with the first 25 cases in a multi-centric study, considerable experiences have been obtained. A technical evolution of this novel procedure has been observed during the last four years. This was accompanied by a better understanding of the importance of patient selection, not only to minimize morbidity and mortality, but also to achieve the most oncological benefit[8].

This review was performed to report a current overview on the development of the ALPPS procedure. The review is based on personal experience from our institute as well as a detailed analysis of the inter​national literature of the last four years.

LANDMARKS

The pioneer case and the first multicenter study 

The pioneer case of ALPPS was performed in Septem​ber 2007 by Dr. Schlitt at the University Hospital Regensburg, Germany in a young patient with hilar cholangiocarcinoma (CCA)[2]. During the exploration, the surgeon decided to perform a left hepaticojejunostomy to relief the cholestasis of the future liver remnant (FLR), which was considered too small for a one stage right trisectionectomy. To provide an access to the left bile duct, the liver was transected along the falciform ligament. The right portal vein was ligated to enhance the hypertrophy of the remnant liver. The patient recovered so well that a computer tomography (CT) was performed at the postoperative day (POD) 8, showing a 94% gain of the future remnant liver volume. Thus the second stage operation was successfully performed on POD 9. 

This method was found to be reproducible and was soon adopted by many other surgeons around the world. In 2012, Dr. Schnitzbauer reviewed the first 25 cases of this novel concept of 2-staged hepatectomy in five German university hospitals between September 2007 and January 2011[1]. The indications were patients with either primary or secondary liver malignancy, who underwent a right trisectionectomy with a preoperative left lateral lobe to body weight ratio of less than 0.5%. After a median interval of 9 d (range, 5 to 28 d) from in situ splitting and right portal vein ligation (PVL), a CT volumetry was performed, indicating a median increase in volume of 74% (range: 21% to 192%). The procedure was then completed on the same or following day without drop-out. None of the patients developed irreversible liver failure after surgery. Sixteen patients (68%) experienced perioperative complications[1]. In-hospital mortality was 12%, the six-month median overall survival was 86%. 

The above procedure was considered as a novel concept representing one of the most promising advan​ces in oncological liver surgery by the editors of the Annals of Surgery[3]. The new strategy was found to elegantly address the most feared complication following major hepatectomy, postoperative liver failure (PHLF). The amount of hypertrophy induced by this procedure is unparalleled by any other techniques. Moreover, the rapid regenerative response offers additional significant advantages. For example, tumor progression is unlikely during this short period, and there are less adhesions during the second stage operation. Furthermore, this procedure thereby allows a faster recovery for the patient, with the possibility to resume chemotherapy earlier. The acronym “ALPPS” was proposed to describe this novel approach: “Associating Liver Partition and Portal vein ligation for Staged hepatectomy”[3].

ALPPS registry

The ALPPS registry was initiated by Dr. De Santibanes, Dr. Lang and Dr. Clavien in 2012 to achieve a more systematic exploration of this new surgical procedure[9]. It is an internet-based international registry for cases performed using the above method. The headquarter is located at the Department of Surgery, University Hospital Zurich, Switzerland. To establish the registry, an electronic case report form using the clinical trials software SECUTRIAL (Interactive System, Berlin, Germany) was presented to selected experts worldwide for approval (Scientific Committee of the ALPPS Registry). Any center willing to report patients in the registry is given access through the internet. The aim of the registry is to systematically and uniformly collect information from multiple centers worldwide[10]. Despite of a possible reporting bias, the registry enables surgeons to study a larger population to overcome shortcomings inherent to small case series reports. In 2014, the first report by the registry consisted of a total of 202 patients from 41 centers, provided complete data sets of procedures and 90 d survival status[10]. Till July 8th, 2015, 583 cases performed worldwide were enrolled into the registry. 

The first consensus meeting on ALPPS

In February 2015, the first ALPPS consensus meeting was held by Dr. Oldhafer and Dr. van Gulik in Hamburg, Germany. Nearly all groups with vast experience in the ALPPS approach were invited to participate as faculty. The key points consisted of indications, preparations, techniques and outcomes. The two-day meeting pro​vided the community a scientific base for future decision-making. The video and slides are available at the official website (www.alpps.com). The meeting not only summarized the development and the limitations of ALPPS, but also inspired the ideas and promoted the cooperation between international centers. The summary of the consensus meeting is yet waiting for publication.

EVOLUTION OF THE SURGICAL TECHNIQUE

Classical ALPPS

The first operation (right portal vein transection and in situ liver splitting): During the first operation, an exploration is carried out to exclude extrahepatic tumour dissemination. Resectability is determined if the remnant segments 2 and 3 have adequate inflow as well as outflow. Tumour involvement of segments 2 and 3 is no contraindication as long as it could be safely resected without tumour residual. The next step is the dissection of the hepatoduodenal ligament. A cholecystectomy is optional. In patients without tumour infiltration of the gall bladder, a cholecystectomy is usually carried out. After lifting the common bile duct and right hepatic artery by a lid retractor, the right portal vein and main portal vein is exposed (Figure 1). At this stage, the main right portal vein branch could be transected after suture ligation at the distal end and continuous suture, e.g., with 5/0 Prolene at the proximal end. In patients with trifurcation of the portal vein with separate entry of the right anterior and posterior sectional branches, the anterior and posterior portal veins should be divided separately. 
The umbilical portion of the left portal vein is exposed by dissecting the umbilical fissure. The portal branches of segment 4 are ligated and divided at its origin. The hepatic artery, the bile duct and the right hepatic vein are dissected and identified with rubber bands. Subsequently, transection of the liver parenchyma along the falciform ligament is performed (Figure 2). The falciform ligament could also be kept in the future remnant side for re-fixation of the left lateral lobe at the diaphragmatic dome if technically possible. Intraoperative ultrasound should be performed to confirm the absence of right portal flow at the end of the operation. Silicone sheeting or drainage could be applied to separate the two parts of the liver and the surrounding organs in order to prevent strong adhesion among the above mentioned structures. Closed drain​age is placed in the liver hilum. An intraabdominal swab should be taken for microbiological analysis at the end of the operation.

Postoperative management after the first oper​a​tion: The patient is usually transferred to the intermediate care unit and discharged to the normal ward according to the postoperative course. Prophylactic antibiotics are given as single shot intraoperatively. If any bacteria are isolated from the intraoperative swab, the antibiotics should be given until the second operation. In patients with stented bile duct, antibiotics and antimycotics are administered during the whole postoperative phase. 
One week after the first operation, depending on the logistics, an abdominal CT scan (native phase) is performed for re-evaluation of the liver volume (Figure 3). When the future liver remnant/total liver volume ratio (FLR/TLV) is more than 30%, the second operation, i.e., right trisectionectomy, could be carried out on the next available operation day. If the FLR/TLV is less than 30%, a repeat CT scan would be carried out in an interval of seven days, and the second operation being postponed accordingly.

The second operation (right trisectionectomy): After relaparotomy, the silicone sheeting or drainage is removed. An intraabdominal swab is taken for microbiological analysis for orientated antibiotic therapy if indicated. The hilar structures are easily identified by the rubber bands, and the right hepatic artery, right hepatic ducts (or the left hepatic duct when extrahepatic bile duct should be resected) and the right and middle hepatic veins are transected (Figure 4). Liver segment 1 could be preserved in patients with non-perihilar CCA without tumour involvement. 
After removal of the transected liver, a lympha​denectomy could be conducted at this stage. Biliodi​gestive anastomosis is followed when resection of the extrahepatic bile duct is indicated in patients with perihilar CCA. The postoperative treatment after the second operation is the same as for the patients undergoing any major hepatectomy.

ALPPS variations

Improvement of patient safety by different approaches of in situ liver splitting: One of the major differences between traditional PVE and ALPPS in liver partition is that the latter, has a liver splitting along the transection line of the FLR. To simplify the first operation, three methods were developed to achieve liver partition without physically splitting the liver: Tourniquet compression, radiofrequency ablation (RFA) or microwave ablation. 
The use of a tourniquet to ensure parenchymal compression and intrahepatic collateral occlusion along the future transection line was first described by Robles et al[11]. He used a 1 cm deep groove to place and tighten a 3 mm Vicryl tourniquet, after which ultrasound confirmed occlusion of the vessels between the two parts. This technique was termed Associating Liver Tourniquet and Portal Ligation for Stage Hepatectomy (ALTPS)[11]. In 22 patients undergoing ALTPS procedure, FLR at 7 d increased by a median of 61% (range: 33% to 189%). 

Jiao et al[12] used in-line radio frequency (Habib Sealer, LH4X, Rita) to create a virtual liver partition in combination with portal vein ligation. The RFA produce a precise avascular area up to 1 cm wide. In the initial report of five patients, Radiofrequency-Assisted Liver Partition with Portal Vein Ligation could significantly increase the FLR by a median of 62.3% (range: 53.1% to 95.4%) after 21.8 ± 9.4 d. 
Similar to RFA, Cillo et al[13] used microwave ablation on segment 4 in the first stage operation to complete the liver partition. The authors reported that this technique could minimize the risk of neoplastic left lobe invasion and limit portoportal shunts. They observed a 78% FLR growth, performing the second stage after 10 d.
All three techniques could be performed laparo​scopically[13,14]. However, superiority of these procedures to the classic ALPPS approach regarding safety has not been confirmed apart from case reports.

Improvement of patient safety by partial ALPPS: To avoid bile leak from incidental transection of the segment 4 bile duct and to avoid segment 4 ischemia due to transection of the segment 4 artery or middle hepatic vein occlusion, non-total parenchymal transection was carried out systematically in the author’s institute (Figure 5) and selectively in other institutes[15-17]. 
The group of De Santibanes identified total paren​chymal transection as an independent predictor of posto​perative complications during ALPPS. They found that most complications in patients with total parenchymal transection were surgical complications following the first stage. Avoiding total parenchymal transection might be related to the better outcomes in terms of liver-related complication in these patients[15]. The Zurich group observed in an experimental model that partial (75%-80%) transection of the liver triggered a similar degree of hypertrophy of the FLR compared to complete transection. On the basis of experimental observation and clinical implications, they switched from a complete to a well-defined partial transection (> 50% of the transection surface) in 2013[16]. In partial-ALPPS, a median hypertrophy of 60% was observed, compared to 61% after classic ALPPS approach, within a median time of 7 d. To facilitate communication among clini​cians, Petrowsky et al[16] proposed to standardize the name of ALPPS with non-total parenchymal transection at stage 1 operation as “partial-ALPPS”. 

Improvement of patient safety by selecting different planes of liver splitting: Various modifi​cations of ALPPS that alter the specific segments comprising the FLR have been described, including right hepatectomy ALPPS (segment 2-4 as FLR), left hepatectomy ALPPS (segment 5-8 as FLR), central hepatectomy ALPPS (segment 4, 5 and 8 as FLR)[18]. Liver partition in different extent of hepatectomy is aimed to increase the FLR, thereby avoiding post-hepatectomy liver failure.
Recently, the concept of a monosegmental ALPPS has been addressed[19,20]. The authors proposed to name such procedures, leaving only a one-segmental FLR in the context of ALPPS, according to the remnant liver segment using third-order segment terms, for example ‘‘Segment 2 ALPPS’’, ‘‘Segment 3 ALPPS’’, ‘‘Segment 4 ALPPS’’ and ‘‘Segment 6 ALPPS’’. Among 333 patients, 12 underwent monosegment ALPPS hepatectomies in six centers, all for extensive bilobar colorectal liver metastases (CRLM). Four patients experienced liver failure, but all recovered. There was no mortality. Complications higher than Dindo-Clavien IIIa occurred in four patients with no long-term sequelae. The authors concluded that extreme liver resections for CRLM based on a single segment liver remnant are feasible and safe using the novel monosegmental ALPPS technique, a new surgical tool in the management of extensive CRLM[20].

Improvement of patient safety by imaging study and liver function test: The estimation of the postoperative liver function is mainly based on the remaining liver volume and liver function blood tests. Volumetric measurement of the intended FLR by CT or MRT is routinely carried out prior to the second stage operation. A FLR/TLV ratio exceeding 30% in patients with normal liver or higher than 40% in patients with parenchymal disease is preferred[8]. In the author’s institute, a FLR to body weight ratio over 0.6% in patients with normal liver, or more than 0.8% in patients with preexisting parenchymal damage is used as a threshold, additionally to FLR/TLV ratio for performing the second stage operation. Otherwise, the operation is postponed for another week or even cancelled.
Tanaka et al[21] performed technetium-99 m galac​tosyl human serum albumin (99mTc-GSA) scintigra​phy single-photon emission computed tomography (SPECT)/CT with 3-dimensional volume-rendering fused images preoperatively and at 7 d after the first surgical procedure. They found that the increase in functional FLR calculated at 7 d after the liver partition by ALPPS was similar to functional FLR at 3 wk after the liver partition by PVE alone (52.1% vs 59.2%). In the group of De Santibanes, hepatobiliary scintigraphy was performed in patients with borderline sufficient FLR volume after first stage operation, or when there were doubts regarding functional sufficiency. The regional FLR function was determined by quantifying 99mTc-dimethyl iminodiacetic acid uptake during 10 min (liver uptake phase) after intravenous injection[15]. They found this method to be helpful to decide the best timing of the second stage operation in four patients of this series. In those four patients with delayed hypertrophy, an increase of the FLR function over time was observed, although there was no significant volume increase. These findings suggested that in some patients, the recommended waiting time until second stage operation may be shorter than indicated by volumetric parameters alone.
Lau et al[22] described an intraoperative indocyanine green (ICG) clearance assessment to estimate the function of the future liver remnant. After complete parenchymal transection, Bulldog vascular clamps were applied to occlude the right hepatic artery and the portal vein, and ICG clearance was carried out. They found the plasma disappearance rate was 7.9%/min and with a 15 min residual (R15) amount of 30.6% during the first stage operation. During the second stage operation 14 d later, the plasma disappearance rate increased to 12.1%/min and an R15 of 16.3% was observed. They concluded that intraoperative ICG clearance allows for the direct assessment of the actual future liver remnant function. However, since no safe cut-off levels were suggested, future validation studies would be necessary. 

Improvement of patient safety by other modifi​cations: In the International ALPPS Registry, 35% of centers did not use any coverage on the raw surface after liver transection, 26% used a plastic sheet, 26% TachoSil, and 16% of centers still used a plastic bag (of a total 192 patients). The use of a plastic bag or plastic sheeting to cover the cut area and prevent adhesions is not an essential component of ALPPS[10,23]. In the author’s institute, Penrose drainages are routinely used to separate the raw surface after liver transection as well as to avoid collections in case of a bile leak (Figure 6). However, the most important aspect to avoid bile leak and consecutive infection is not to perform in situ splitting in patients with dilated bile duct or cholangitis[24].
Improvement of surgical approach under onco​lo​gical aspects: The classic approach of ALPPS includes full mobilization of the liver and dissection of the liver hilum[1]. Aloia et al[25] criticized that ALPPS was supposed to be an “all-touch” technique that would reduce the oncological efficacy to treat liver malignancy. This comment was addressed by two technique refinements: “anterior approach” and “hybrid ALPPS”, to improve the efficacy of surgical oncology as well as to reduce the adhesion at the second stage of the operation[26,27]. An analysis of the registry data found that in 37% (66/175) of patients that underwent transection during the first stage of ALPPS, an anterior approach was applied However, caution has to been taken while applying the anterior approach due to the inability to achieve optimal vascular control during this technically complex procedure[23]. “Hybrid ALPPS” was developed in authors’ institute to treat advanced gall bladder carcinoma in two patients[27]. In situ split of the left lateral liver lobe was combined with postoperative right-PVE as a hybrid procedure. The authors concluded that hybrid ALPPS provided rapid hypertrophy of the FLR for a right trisectionectomy in case of tumor infiltration of the RPV or biliary bifurcation, while allowing to adhere to the non-touch principles. A similar procedure was performed by Robles et al[28] by using a tourniquet-technique and sequential PVE to achieve liver partition in a patient with perihilar tumor burden.
Despite lacking sufficient data for a statistical analysis of disease-free or overall survival, non-touch technique is possible, and should therefore be applied for the resection of hepatic malignancy in ALPPS. Furthermore, hybrid ALPPS combining non-physical liver split and sequential PVE could be employed to reduce the rate of bile leak in patients with dilated bile duct.

Summary: Current results on safety and efficacy

Among the preliminary reports, ALPPS showed a high morbidity (59% to 68%) and mortality (12% to 12.8%)[1,29]. In the first report of the international ALPPS registry, 90 d mortality was 19/202 (9%). Severe complications including mortalities (Clavien-Dindo ≥ IIIb) occurred in 27% of patients[10]. In experienced centers, including the authors’ institute, a much lower rate of major morbidity (13.6% to 14%) and mortality (0% to 6.6%) have been reported[15,17]. As is the case with many new techniques, there will be an inherent learning curve, and lower rates of morbidity and mortality will be observed, along with further technical improvements and standardization of the ALPPS procedure.

ALPPS has been found to result in faster FLR growth in comparison with PVE alone[30]. In a recent syste​mic review with a total of 295 patients, the FLR hyper​trophy was 84%, with a confidence interval (CI) of 78%-91%[31]. This high efficacy in inducing FLR hypertrophy was confirmed universally by the published case series and the international ALPPS registry. Moreover, in contrast to a failure rate of 20%-30% after PVE due to inadequate hypertrophy or disease progression[32] (97%CI: 94%-99%) of all patients underwent stage one operation of ALPPS completed the procedure. Furthermore, histological complete resection (R0) was achieved in (91%CI: 87%-94%) of these patients[31].

BENEFITS OF ALPPS

To decrease the risk of grade C PHLF

Similar to PVE and 2-stage hepatectomy, the aim of ALPPS is to decrease the risk of grade C PHLF after major liver resection in otherwise too small FLR. Beside a more rapid FLR hypertrophy induced by ALPPS, this approach can also be used in cases of failed portal vein occlusion (PVO) or an anticipated extremely small FLR[33]. For an early prediction whether a patient will obtain a sufficient FLR, the concept of kinetic growth rate (KGR) or degree of hypertrophy has been introduced[34]. Growth rate was shown to be a predictor of PHLF. Patients with low KGRs are unlikely to benefit from PVO only and could thus be candidates for ALPPS. Another group of patients who might be especially suitable for ALPPS are those with “extremely low” FLRs, who, given the boundaries of growth achieved with PVO, are unlikely to reach a FLR volume deemed necessary for resection.

In the first report of the international ALPPS registry, a median KGR of 2% FLR or 30 mL FLR per day have been observed[10]. The second stage operations were performed at 10 d (interquartile ranges, 8 to 15) after the liver partition. Only 9% (16/202) of patients experienced liver failure according to the 50-50 criteria[35]. Within them PHLF was regarded as the main cause of mortality in 8 patients[10]. 

To provide more chance of R0 resection

Resection of a large tumor load in the liver may result in an excessive removal of hepatic parenchyma leading to PHLF and associated complications[36]. ALPPS not only allows for resection in patients with very small anticipated FLR that would not be possible with con​ventional techniques, but also enables surgeons to proceed with multi-staged resections in a short interval before a substantial tumor progression[17]. PVO is burdened with a considerable failure rate, and only about two thirds of patients will eventually be eligible for a subsequent curative resection due to tumor progression during the waiting interval between the two stages, or failure of the FLR to grow[37-39]. A retrospective multicenter study was carried out to com​pare the rate of complete tumor resection after ALPPS vs conventional two-stage approaches[5]. Eighty-three percent (40/48) of ALPPS patients achieved complete resection compared with 66% (55/83) in the PVO group. Seventeen percent (8/48) of ALPPS patients failed to achieve the primary endpoint due to mortality (n = 7) or incomplete resection (R1, n = 1). The author concluded that ALPPS offers a better chance of complete resection in patients with primarily unresectable liver tumours[5]. 

Evidences of oncological benefits compared to other two-stage liver resection when R0 achieved 

Colorectal liver metastasis: Colorectal liver metastasis (CRLM) is the most common indication for ALPPS as indicated in the first report of the international ALPPS registry[10]. To compare the benefits of ALPPS to conventional 2-stage hepatectomy by PVO, evaluation of resection rate, postoperative mortality, as well as disease-free survival (DFS) or/and overall survival (OS) are necessary.
Resection rate, the resection rate for CRLM by traditional two-stage liver resection, either PVE or PVL, was reported to be 52%-80%[40-42]. Non-resectability was mainly due to progression of metastasis[40,41]. ALPPS avoided this type of drop-out by effectively indu​cing a sufficient liver hypertrophy within 6 to 15 d[33]. A retrospective study carried out by Tanaka et al[21] found that at first hepatectomy, Ki67 expression was evident in 28.2% ± 42.7% of tumor cells in the ALPPS group and 51.7% ± 35.6% in the conventional 2-stage group (P = 0.09). However, at second hepatectomy, expression of Ki67 was detected in 20.5% ± 24.7% and 54.5% ± 26.9% of patients in the ALPPS and in the conventional 2-stage group respectively (P = 0.01)[21]. Therefore, the reduced expression of Ki67 in tumors resected during the second stage in the ALPPS group may indicate an oncologic benefit from ALPPS, as the short period between the two interventions helps to avoid the risk of tumor progression. Of note, in a recent review on the treatment of CRLM, the resection rate by ALPPS was reported to be about 97.1%[33]. 

Postoperative mortality, PVO is a well-established, state of art procedure for patients with insufficient FLR whereas ALPPS is still among the phase of exploration. Therefore, a comparison of these two procedures should be done when the learning curve of ALPPS is overcome. According to the first report of the international registry data, mortality of ALPPS for CRLM is 8%, and 5.1% in CRLM- patients younger than 60 years of age[10]. In experienced centers, including the authors’ institute, nil mortality after ALPPS for CRLM has been reported[17].

DFS/OS, the 1 and 2-year DFS for patients under​going ALPPS for CRLM from the ALPPS registry is 59% and 41% respectively[10]. Overall survival is 86% at six months postoperatively, dropping to 59% at 2 years[10]. Similar to the high recurrence rate despite a survival advantage observed in patients with advanced CRLM (> 4 metastases) undergoing traditional resection[43-45], high recurrence rates have also been reported in patients undergoing ALPPS[5,33,46]. In some case series, the recurrence of CRLM after ALPPS was quite early. For example, in the 7 patients reported by Oldhafer et al[41] recurrence was observed after 3, 6, 7, 8, 11, 13 and 13 morespectively following ALPPS procedure[46]. However, to date there is no direct comparison of DFS in patients undergoing PVE or ALPPS. Of note, two RCTs investigating ALPPS vs conventional two-stage hepatectomies for CRLM were recently launched (clinicaltrials.gov-identifier NCT01775267 and NCT01842971).

To get the best benefit of ALPPS, Hernandez-Alejandro et al[17] proposed selecting the group of patients with biologically favorable CRLM. The inclu​sion criteria for ALPPS in their group were (1) no evi​dence of extrahepatic disease; (2) good functional capacity Eastern Cooperative Oncology Group performance status grade 0 or 1 and (3) complete or partial response to systemic chemotherapy after 6 cycles. In the 14 patients reported in this series, recurrence developed in 2 patients after a median follow-up of 9.4 mo. Overall survival at the time of follow-up was 100%[17].

Hepatocellular carcinoma: An aggressive surgical approach in patients with locally advanced hepatocellular carcinoma (HCC) has been reported to yield an accep​table long term outcome that is significantly better than that of patients with unresectable HCC treated with Sorafenib[47-49]. In this view, the ALPPS procedure could yield a better outcome and further expand the number of patients undergoing radical major liver resection for HCC in liver cirrhosis that were previously considered non-resectable, compared to non-surgical treatment[49].
Chan et al[50] reported the largest case series with 17 patients having HCC on the basis of chronic hepatitis B infection. Selection criteria included Child-Pugh A liver cirrhosis, indocyanine green retention rate < 20% at 15 min, FLR/sTLV (standardized total liver volume) < 40%, and platelet count ≥ 100 × 109/L. After a median of 6 d, a hypertrophy of the left FLR by 48.7% with a FLR/sTLV ratio of 38.5% (preoperative FLR/sTLV 24.2%) was noted. All patients proceeded to second-stage hepatectomy. Major surgical complications (Clavien–Dindo grade III or above) occurred in 11.8% of patients (n = 2), and in-hospital mortality rate was 5.9% (n = 1). No follow-up data were reported. Chan et al[50] concluded that ALPPS could also promote liver hypertrophy in patients with chronic liver diseases, with a similar safety profile compared to other established series. Another case series by Vennarecci et al[51] suggested that the ALPPS procedure could be very useful in a subgroup of patients with HCC and venous thrombosis. In their series, portal hypertension or liver cirrhosis more than Child-Pugh A was considered as a contraindication[49,52]. However, data regarding the long term outcome of ALPPS in patients with HCC are still very limited, and further reports on the use of the ALPPS in this setting are expected[49].

Perihilar cholangicarcinoma: Although the first case of ALPPS was successfully performed in a patient with hilar CCA, high rates of major postoperative complication and mortality were found in this population after ALPPS[10]. Li et al[24] first questioned the benefit of ALPPS in treatment of perihilar CCA. The authors found that patients undergoing ALPPS for perihilar CCA were at a high risk of intraabdominal infection and bacteraemia as the diseased liver and stented biliary system were not removed between the two operations. Two of three patients with hilar CCA received ERCP and a stent before referral. Both of them had postoperative intraabdominal bacterial infections, and eradication of bacteria failed. The deaths of those two patients account for the 22% mortality observed in the cohort of 9 ALPPS patients from this series. Thus, the authors considered the combination of a stented biliary system and cholestatic liver with low potential of regeneration as a contraindication for ALPPS. This opinion has been shared with the HPB community, in which caution has aroused against the use of ALPPS for hilar tumors[8,53].
Other indications: The other indications of ALPPS comprised of intrahepatic cholangiocarcinoma, gallb​ladder cancer, neuroendocrine tumors and other liver metastases. Because of the limited number of cases, no high quality evidence on the oncological benefit other than increased resectability is available[5,8,10]. 
Summary - current status of oncological benefit by patient selection 

The ALPPS procedure was developed to decrease the morbidity and mortality related to PHLF, to avoid drop-out in patients undergoing conventional two-stage liver resection and to achieve histopathological complete tumor resections (R0) in otherwise non-resectable patients. Although contemporary reports have highlighted the importance of patient selection in avoiding perioperative morbidity and mortality, suitable indications for the ALPPS approach remain to be determined[17]. Till date, there is no clear evidence for the oncological benefit of ALPPS in treatment of CRLM over other procedures as long as R0 resection is achieved. For patients with hilar CCA, ALPPS should be considered with extreme caution due to the afore​mentioned safety issue. For other indications, there are no ongoing studies comparing ALPPS with non-surgical treatment in term of overall survival. 

CONCLUSION

ALPPS is a pertinent alternative approach to the con​ventional two-stage liver resection after PVE or PVL. In selected cases, it could even increase the resectability of previously unresectable liver malignancy by promising rapid hypertrophy of the FLR (Table 1). With the evolution of surgical technique, proper patient selection for ALPPS has been found to be the key element to achieve the best oncological results. 
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Figure 1  Exposure of the portal vein by lifting the common bile duct and right hepatic artery using a lid retractor. Here the right portal vein branches were transected. 
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Figure 2  Liver parenchyma transection along the falciform ligament.
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Figure 3  Computed tomography scan before associating liver partition and portal vein ligation for staged hepatectomy in a patient with intrahepatic cholangiocarcinoma and on day 10 after liver partition. A: The future liver remnant consisted of segment 2 and 3 with volume of 347 mL (23% of the standardized total liver volume); B: Showing the hypertrophy of the segment 2 and 3 with volume of 610 mL (41% of the standardized total liver volume).
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Figure 4  Completion of right trisectionectomy.
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Figure 5  Partial associating liver partition and portal vein ligation for staged hepatectomy. The non-total liver parenchymal transection is indicated by the clips, left along the liver split area in a computed tomography scan performed on day 10 after the liver partition.
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Figure 6  The future liver remnant was separated by two Penrose drains from the right liver lobe in a patient with bilobar colorectal liver meta​stases during the first stage operation. Three lesions at the left hemi-liver were resected. 
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Table 1  Recent published studies on associating liver partition and portal vein ligation for staged hepatectomy (only case series with more than 10 patients are listed)


  Ref.


�
Date (yr)


�
Total cases (center involved)


�
Interval1


(d)�
FLR hypertrophy (median)


�
Completion stage 2


�
R0 resection


�
PHLF 


�
Morbidity2


�
In-hospital mortality


�
Follow-up (median, months)


�
Recurrence


�
Overall survival


�
�
  Schnitzbauer et al[1]


�
2012


�
25 (5)


�
  9


�
 74%


�
      88%


�
  96%


�
-


�
Overall: 64%


≥ III: 40%�
     12%


�
  6


�
20%


�
86% at 6 m


�
�
  Torres et al[29]


�
2013


�
39 (9)


�
14


�
 83%


�
94.80%


�
100%


�
-


�
Overall: 59%


�
12.80%


�
-


�
-


�
-


�
�
  Schadde et al[10]


�
2014


�
202 (56)


�
  7


�
 80%


�
      98%


�
  91%


�
-


�
≥ III: 40%


�
       9%


�
  9


�
40% at 12 m


�
73% at 


12 m�
�
  Truant et al[4]


�
2015


�
62 (9)


�
  8


�
  48.60%


�
95.20%


�
-


�
25.8%


�
≥ III: 40.3%


�
12.90%


�
-


�
-


�
-


�
�
  Robles et al[11]


�
2014


�
22 (1)


�
  7


�
 61%


�
  100%


�
 100%


�
22.7%


�
Overall: 64%


�
       9%


�
  6


�
5%


�
91% at 6 m


�
�
  Nadalin et al[53]


�
2014


�
15 (1)


�
10


�
  87.20%


�
  100%


�
  87%


�
-


�
Overall: 67%


�
28.70%


�
17


�
29%


�
67% at 


17 m�
�
  Alvarez et al[15]


�
2015


�
30 (1)


�
  6


�
  89.70%


�
      93%


�
  93%


�
  14%


�
Overall: 53%


≥ III: 43%�
  6.60%


�
17


�
22% at 12 m


�
67% at 


12 m�
�
  Petrowsk et al[16]


�
2015


�
24 (1)


�
  7


�
61%


�
  100%


�
-


�
-


�
≥ IIIb: 33%


�
16.70%


�
-


�
-


�
-


�
�
  Hernandez-


  Alejandro et al[17]�
2015


�
14 (1)


�
  7


�
93%


�
  100%


�
   86%


�
  29%


�
Overall: 36%


≥ IIIb: 14%�
       0%


�
  9


�
14%


�
100% at 


9 m�
�
  Tanaka et al[21]


�
2015


�
11 (1)


�
  7


�
54%


�
  100%


�
 100% (R0/R1)


�
  18%


�
Overall: 46%


≥ III: 27%�
       9%


�
-


�
-


�
-


�
�
  Chan et al[50]


�
2015


�
17 (1)


�
  6


�
  48.70%


�
  100%


�
-


�
-


�
≥ III: 11.8%


�
  5.90%


�
-


�
-


�
-


�
�
1Interval: Median days from the stage 1 to CT scan; 2Morbidity: Clavien-Dindo classification was applied; FLR: Future liver remnant; PHLF: Post-hepatectomy liver failure according to 50-50 criteria (35).
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