
World Journal of
Hepatology

ISSN 1948-5182 (online)

World J Hepatol  2021 November 27; 13(11): 1459-1815

Published by Baishideng Publishing Group Inc



WJH https://www.wjgnet.com I November 27, 2021 Volume 13 Issue 11

World Journal of 

HepatologyW J H
Contents Monthly Volume 13 Number 11 November 27, 2021

FRONTIER

Role of endoscopic ultrasound in the field of hepatology: Recent advances and future trends1459

Dhar J, Samanta J

OPINION REVIEW

Porta-caval fibrous connections — the lesser-known structure of intrahepatic connective-tissue framework: 
A unified view of liver extracellular matrix

1484

Patarashvili L, Gvidiani S, Azmaipharashvili E, Tsomaia K, Sareli M, Kordzaia D, Chanukvadze I

REVIEW

Promising diagnostic biomarkers of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis: From 
clinical proteomics to microbiome

1494

Castillo-Castro C, Martagón-Rosado AJ, Ortiz-Lopez R, Garrido-Treviño LF, Villegas-Albo M, Bosques-Padilla FJ

Fatty acid metabolism and acyl-CoA synthetases in the liver-gut axis1512

Ma Y, Nenkov M, Chen Y, Press AT, Kaemmerer E, Gassler N

Liver involvement in inflammatory bowel disease: What should the clinician know?1534

Losurdo G, Brescia IV, Lillo C, Mezzapesa M, Barone M, Principi M, Ierardi E, Di Leo A, Rendina M

Chelation therapy in liver diseases of childhood: Current status and response1552

Seetharaman J, Sarma MS

Hepatocellular carcinoma: Understanding molecular mechanisms for defining potential clinical modalities1568

Natu A, Singh A, Gupta S

Heterogeneity of non-alcoholic fatty liver disease: Implications for clinical practice and research activity1584

Pal P, Palui R, Ray S

Newly discovered endocrine functions of the liver1611

Rhyu J, Yu R

MINIREVIEWS

Current strategies to induce liver remnant hypertrophy before major liver resection1629

Del Basso C, Gaillard M, Lainas P, Zervaki S, Perlemuter G, Chagué P, Rocher L, Voican CS, Dagher I, Tranchart H

Health-related quality of life in autoimmune hepatitis1642

Snijders RJ, Milkiewicz P, Schramm C, Gevers TJ



WJH https://www.wjgnet.com II November 27, 2021 Volume 13 Issue 11

World Journal of Hepatology
Contents

Monthly Volume 13 Number 11 November 27, 2021

Fungal infections following liver transplantation1653

Khalid M, Neupane R, Anjum H, Surani S

Elastography as a predictor of liver cirrhosis complications after hepatitis C virus eradication in the era of 
direct-acting antivirals

1663

Cerrito L, Ainora ME, Nicoletti A, Garcovich M, Riccardi L, Pompili M, Gasbarrini A, Zocco MA

Role of immune dysfunction in drug induced liver injury1677

Girish C, Sanjay S

Abnormal liver enzymes: A review for clinicians1688

Kalas MA, Chavez L, Leon M, Taweesedt PT, Surani S

Hepatopulmonary syndrome: An update1699

Gandhi KD, Taweesedt PT, Sharma M, Surani S

Mitochondrial hepatopathy: Respiratory chain disorders- ‘breathing in and out of the liver’1707

Gopan A, Sarma MS

Cystic fibrosis associated liver disease in children1727

Valamparampil JJ, Gupte GL

ORIGINAL ARTICLE

Case Control Study

Tumor characteristics of hepatocellular carcinoma after direct-acting antiviral treatment for hepatitis C: 
Comparative analysis with antiviral therapy-naive patients

1743

Fouad M, El Kassas M, Ahmed E, El Sheemy R

Circulating microRNA 9-3p and serum endocan as potential biomarkers for hepatitis C virus-related 
hepatocellular carcinoma

1753

Wahb AMSE, El Kassas M, Khamis AK, Elhelbawy M, Elhelbawy N, Habieb MSE

Retrospective Cohort Study

Do peripartum and postmenopausal women with primary liver cancer have a worse prognosis? A 
nationwide cohort in Taiwan

1766

Tseng GW, Lin MC, Lai SW, Peng CY, Chuang PH, Su WP, Kao JT, Lai HC

Nonalcoholic fatty liver disease is associated with worse intestinal complications in patients hospitalized 
for Clostridioides difficile infection

1777

Jiang Y, Chowdhury S, Xu BH, Meybodi MA, Damiris K, Devalaraju S, Pyrsopoulos N

Observational Study

Six-minute walking test performance is associated with survival in cirrhotic patients1791

Pimentel CFMG, Amaral ACC, Gonzalez AM, Lai M, Mota DO, Ferraz MLG, Junior WM, Kondo M



WJH https://www.wjgnet.com III November 27, 2021 Volume 13 Issue 11

World Journal of Hepatology
Contents

Monthly Volume 13 Number 11 November 27, 2021

SYSTEMATIC REVIEWS

Incidence of umbilical vein catheter-associated thrombosis of the portal system: A systematic review and 
meta-analysis

1802

Bersani I, Piersigilli F, Iacona G, Savarese I, Campi F, Dotta A, Auriti C, Di Stasio E, Garcovich M



WJH https://www.wjgnet.com IX November 27, 2021 Volume 13 Issue 11

World Journal of Hepatology
Contents

Monthly Volume 13 Number 11 November 27, 2021

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Igor Skrypnyk, MD, MDS, PhD, Professor, Internal 
Medicine #1, Poltava State Medical University, Poltava 36011, Ukraine. inskrypnyk@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World J Hepatol) is to provide scholars and readers from 
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and 
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical 
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver 
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic 
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of 
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal 
Database (CSTJ), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020 
Journal Citation Indicator (JCI) for WJH as 0.61. The WJH’s CiteScore for 2020 is 5.6 and Scopus CiteScore rank 
2020: Hepatology is 24/62.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xu Guo; Production Department Director: Xiang Li; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5182 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5182/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

November 27, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJH https://www.wjgnet.com 1629 November 27, 2021 Volume 13 Issue 11

World Journal of 

HepatologyW J H
Submit a Manuscript: https://www.f6publishing.com World J Hepatol 2021 November 27; 13(11): 1629-1641

DOI: 10.4254/wjh.v13.i11.1629 ISSN 1948-5182 (online)

MINIREVIEWS

Current strategies to induce liver remnant hypertrophy before major 
liver resection

Celeste Del Basso, Martin Gaillard, Panagiotis Lainas, Stella Zervaki, Gabriel Perlemuter, Pierre Chagué, 
Laurence Rocher, Cosmin Sebastian Voican, Ibrahim Dagher, Hadrien Tranchart

ORCID number: Celeste Del Basso 
0000-0003-3606-9512; Martin 
Gaillard 0000-0003-1539-2118; 
Panagiotis Lainas 0000-0002-2438-
8519; Stella Zervaki 0000-0001-6289-
6437; Gabriel Perlemuter 0000-0001-
9985-8725; Pierre Chagué 0000-0003-
3992-537X; Laurence Rocher 0000-
0002-3775-6886; Cosmin Sebastian 
Voican 0000-0002-7161-9631; 
Ibrahim Dagher 0000-0002-3989-
7148; Hadrien Tranchart 0000-0003-
2173-2828.

Author contributions: Del Basso C, 
Zervaki S, Voican CS made 
substantial contributions to 
conception and design of the 
study, acquisition of data, analysis 
and interpretation of data; Del 
Basso C, Gaillard M, Lainas P and 
Tranchart H wrote the article and 
made critical revisions related to 
important intellectual content of 
the manuscript; Perlemuter G, 
Dagher I, Rocher L and Chagué P 
approved the version of the article 
to be published.

Conflict-of-interest statement: The 
authors declare that they have no 
conflict of interest.

Country/Territory of origin: France

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 

Celeste Del Basso, Martin Gaillard, Panagiotis Lainas, Stella Zervaki, Ibrahim Dagher, Hadrien 
Tranchart, Department of Minimally Invasive Digestive Surgery, Antoine Béclère Hospital, 
Clamart 92140, France

Gabriel Perlemuter, Cosmin Sebastian Voican, Department of Hepato-Gastroenterology and 
Nutrition, Antoine Béclère Hospital, Clamart 92140, France

Pierre Chagué, Laurence Rocher, Department of Radiology, Antoine Béclère Hospital, Clamart 
92140, France

Corresponding author: Hadrien Tranchart, MD, PhD, Associate Professor, Department of 
Minimally Invasive Digestive Surgery, Antoine Béclère Hospital, 157 rue de la Porte de 
Trivaux, Clamart 92140, France. hadrien.tranchart@aphp.fr

Abstract
Hepatic resection is the gold standard for patients affected by primary or 
metastatic liver tumors but is hampered by the risk of post-hepatectomy liver 
failure. Despite recent impro-vements, liver surgery still requires excellent clinical 
judgement in selecting patients for surgery and, above all, efficient pre-operative 
strategies to provide adequate future liver remnant. The aim of this article is to 
review the literature on the rational, the preliminary assessment, the advantages 
as well as the limits of each existing technique for preparing the liver for major 
hepatectomy.

Key Words: Liver regeneration; Major hepatectomy; Liver insufficiency; Future liver 
remnant; Portal vein embolization
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Core Tip: Hepatic resection is the gold standard for patients affected by liver tumors but 
is hampered by the risk of post-hepatectomy liver failure. We herein review the 
literature on the rational, the preliminary assessment, the advantages as well as the 
limits of each existing technique for preparing the liver for major hepatectomy.
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INTRODUCTION
Hepatic resection is the gold standard for patients affected by primary or metastatic 
liver tumors but is hampered by the risk of post hepatectomy liver failure (PHLF). 
Indeed, PHLF is considered the most frightening complication of liver surgery, repres-
enting a major source of severe morbidity and mortality[1]. Despite recent improve-
ments, liver surgery still requires excellent clinical judgement in selecting patients for 
surgery and, above all, efficient pre-operative tools to provide an adequate future liver 
remnant (FLR).

The liver has a unique capacity of preserving its volume due to regeneration. The 
atrophy-hypertrophy phenomenon is a prime example of the liver’s pathophysiologic 
(atrophy) and restorative (hypertrophy) response to injury[2]. It occurs whenever there 
is impairment of bile or blood flow: the liver reacts with atrophy of the region 
concerned and with compensatory hypertrophy of the less or not impaired regions, 
resulting in characteristic gross deformity of the organ and, in some instances, in 
rotation of the liver around a virtual hilar axis[3]. The mechanisms that induce cellular 
division are complex and based on different inflammatory cytokines. The Hepatocyte 
Growth Factor (HGF) seems to be the main mitogenic factor and its role has been 
established in liver regeneration[4].

The first case of in vivo human hepatic regeneration was described by Pack et al[5] in 
1962. Starting from animal models in the first half of the 20th century, it was recognized 
that liver regeneration could also be induced by portal vein ligation (PVL)[6]. In 1986, 
the first cases of percutaneous transhepatic portal vein embolization (PVE) were 
performed before liver resection in the setting of hepatocellular carcinoma[7], and a 
few years later Makuuchi et al[8] reported the utility of PVE in promoting FLR 
hypertrophy prior to hepatic resection in patients with hilar cholangiocarcinoma. Since 
those initial reports, preoperative PVE has been established as the standard procedure 
for obtaining FRL hypertrophy, increasing the eligibility of patients for major 
hepatectomy as well as improving postoperative outcomes and safety. However, 
concerns regarding the insufficient increase of FLR and/or concomitant tumoral 
progression after PVE have led to the development of recent alternative techniques to 
push further the limits of liver surgery.

The aim of this article is to review the techniques available for preparing the liver 
for major hepatectomy, and to depict their advantages and limitations.

LIVER REGENERATION
The liver’s unique capacity for regeneration was first recorded in the legend of 
Prometheus in Greek mythology and it represents the basis of the treatment of many 
liver diseases. Regeneration of the liver is a pathophysiological process, embracing 
both hypertrophy (increase in cell size or protein content in the prereplicative phase) 
and hyperplasia (increase in cell numbers). Both events can take place independently
[9]. The mechanisms of liver regeneration have mainly been studied after extensive 
hepatectomy. The players of regeneration following the different techniques exposed 
in this article are thought to be similar to those after hepatectomy, but the precise 
mechanism remains unknown. Basically, the regeneration process is a cytokine- and 
growth-factor-mediated pathway. The main cytokine-mediated pathways include 
members of the innate immune system, tumor necrosis factor (TNF)α and interleukin 
(IL)-6, and growth-factor-mediated pathways are regulated by HGF and transforming 
growth factor (TGF)α[10]. It is a multi-step process, starting from the “priming” of 
hepatocytes, the moment they acquire replicative capacity, followed by the prolif-
erative step in which an adequate cell mass is attained, and a termination stage in 
which liver cell proliferation is ended once the necessary functional mass has been 
reached[11]. Proliferation of hepatocytes advances from periportal to pericentral areas 
of the lobule, as a wave of mitoses[12]. Proliferation of biliary epithelial cells occurs a 
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little later than hepatocytes. The particularity of liver regeneration is that replacement 
of the lost hepatic mass is not mediated by selected stem cells proliferation but it 
entirely depends on mature adult hepatocytes and other hepatic cell types. Concerning 
the time interval, as far as we know, normal liver weight is reestablished within 8-15 d 
in humans[13].

POST-HEPATECTOMY LIVER FAILURE
Although morbidity and mortality after liver surgery have improved over the past 10 
years, PHLF is still reported in up to 8%, ranging from 1.2% to 32%, and depends on 
the patient’s condition and functional reserve of the liver before resection[1]. Different 
definitions of PHLF are available. In 2011, the International Study Group of Liver 
Surgery (ISGLS) defined PHLF as “a post-operatively acquired deterioration in the 
ability of the liver to maintain its synthetic, excretory, and detoxifying functions, 
which are characterized by an increased International Normalized Ratio (INR) and 
concomitant hyperbilirubinemia on or after postoperative day 5”[14]. It is worth 
pointing out that severe PHLF is associated with a mortality rate of 54%.

A related syndrome that results in a transient but sometimes fatal form of liver 
failure has been described following liver transplantation (LT) but also after extensive 
liver resection. This is the so-called Small For Size Syndrome (SFSS). In 2005, Dahm et 
al[15] defined SFSS as a graft to recipient weight ratio < 0.8% alongside two of the 
following for three consecutive days; bilirubin > 100 mmol/L, INR > 2 and enceph-
alopathy grade 3 or 4. In this definition, SFSS is a clinical syndrome characterized by 
post-operative liver dysfunction, prolonged cholestasis and coagulopathy, portal 
hypertension and ascites. It can lead to a higher rate of hemorrhage, sepsis and 
gastrointestinal bleeding[16]. The key point of SFSS is the presence of portal 
hypertension and intra-hepatic portal congestion as the underlying cause of liver 
failure[17].

PREDICTION OF PHLF RISK
Despite improvements in surgical and postoperative management, parameters 
determining the degree of possible hepatectomy remain largely uncertain. Different 
patient related and surgical factors have to be considered to decrease PHLF incidence. 
Surgical factors include the extent of resection and volume of FLR, duration of intraop-
erative liver ischemia during portal pedicle clamping, duration of surgery and the 
need for blood transfusion. The risk of PHLF is highly influenced by the quality of 
underlying liver parenchyma. The type of underlying liver parenchyma is frequently 
assessed by preoperative liver biopsy, but noninvasive methods, such as liver stiffness, 
are now available. For example, liver stiffness measurement by transient elastography 
(Fibroscan) predicts persistent hepatic decompensation in patients undergoing 
resection for hepatocellular carcinoma[18].

It is generally thought that the minimal functional liver mass needed for adequate 
postoperative liver function is estimated to be 20%-25% in patients with normal liver 
parenchyma, whereas those with chemotherapy-induced liver injury require a FLR 
volume of approximately 30%, while those with cirrhosis at least a 40% minimal 
functional liver mass[19]. Therefore, standardized FLR volume can be easily evaluated 
by a tridimensional computed tomography (CT) reconstruction method, as FLR/ 
estimated total liver volume[20]. Estimated total liver volume is generally calculated 
using a formula based on body surface area[21].

In addition to volume, estimation of FLR function is an important factor. Typical 
biochemical parameters, such as liver function tests, albumin, and clotting factors must 
be evaluated. The old but effective Child-Turcotte-Pugh score, which was introduced 
in 1964, still represents a simple system for grading liver function[22]. The model for 
end-stage liver disease score, which is mainly used in liver transplantation, can also 
predict the survival rate of cirrhotic patients to better select ideal candidates for 
surgery[23]. A recent study also showed that mean serum level of hyaluronic acid can 
be a useful tool, especially when liver biopsy is not feasible[24].

Dynamic tests of liver function can also be used. The most well-known is 
indocyanine green (ICG) clearance. ICG is a water soluble, inert, fluorescent tricar-
bocyanine dye with protein binding close to 95% (mainly, alpha1- and beta-
lipoproteins and albumin), a hepatic extraction rate above 70%, and is almost 
completely excreted in its unchanged form by the liver. ICG elimination can be 
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expressed as ICG plasma disappearance rate (ICGPDR) or retention rate at 15 min 
(ICGR15), reflecting liver function. Use of the ICG test for patient selection has been 
shown to decrease postoperative mortality[25].

In recent years, there have been several attempts to assess hepatobiliary magnetic 
resonance imaging (MRI) as a tool to predict liver dysfunction. Since it was first 
described in 1991 by Weinmann et al[26], MRI has been showed to provide both global 
and segmental liver function information, and postoperative remnant liver function 
thanks to the measurement of liver signal intensity in the hepatobiliary phase.

Liver function evaluation by nuclear medicine techniques is also more and more 
used. Dynamic 99mTc-mebrofenin hepatobiliary scintigraphy has been used to 
provide quantitative information on total and regional liver function. The hepatic 
uptake of 99mTc-mebrofenin is similar to the uptake of organic anions such as 
bilirubin[27]. This technique efficiently estimates the risk of postoperative liver failure 
especially in patients with uncertain quality of liver parenchyma[28]. The 99m Tc-GSA 
is another recently proposed agent that is not affected by hyperbilirubinemia and can 
be used for liver function assessment in cholestatic patients[29]. Finally, the LiMAx test 
allows real-time in vivo determination of liver Cytochrome P450 1A2 (CYP1A2) 
activity. The CYP1A2 is not influenced by cholestasis or drugs and is ubiquitous in 
liver parenchyma. Intravenous administration of 13C methacetin, a substance 
exclusively metabolized by CYP1A2, with continuous real-time breath analysis 
represents the basis of the LiMAx test[30].

PORTAL VEIN EMBOLIZATION 
Since the first report in 1986, PVE has progressively become the gold standard for 
inducing liver hypertrophy with satisfying safety and efficacy[31]. Initially described 
by laparotomy, the portal system access is now obtained by percutaneous puncture of 
the portal vein. According to the operator’s preference, an ipsilateral or contralateral 
approach can be chosen, in reference to the segment bearing the tumor. The ipsilateral 
approach has the main advantage of protecting the FLR from injury[2] whereas the 
contralateral approach facilitates embolization[32]. Irrespective of the approach 
chosen, PVE is performed in a retrograde manner (Figure 1). Many embolic materials 
have been used for PVE without significant differences in terms of hypertrophy. 
Embolic materials include fibrin glue, N-butyl-2-cyanoacrylate and ethiodized oil, 
gelatin sponge and thrombin, coils, microparticles [e.g., polyvinyl alcohol (PVA) 
particles or tris-acryl gelatin microspheres] and absolute alcohol[33]. A non
absorbable material is generally used. However, interesting results were reported with 
the use of an absorbable powder material (Gelfoam® powder, Pfizer, New York, USA) 
that lasts approximately 2 wk, leading to temporary PVE. In an animal model, this 
method showed efficient and stable liver regeneration[34]. These results were 
confirmed in a limited preliminary series in clinical practice[35] and a prospective 
study is undergoing (EMBORES study, NCT02945059). One of the advantages of 
temporary PVE is that it can theoretically be repeated several times to boost more liver 
hypertrophy, as has been suggested in an animal model[36].

PVE is successfully performed in more than 90% of cases[37]. A computed 
tomography scan with volumetric evaluation is generally performed between 4 and 8 
wk after embolization. PVE induces a FLR hypertrophy than can reach 40%[37], with a 
low 2% morbidity rate and no mortality in the vast majority of studies[37-39]. PVE is 
considered an efficient method, allowing successful hepatectomy in more than 70% of 
cases[37,38,40].

Contraindications to PVE are extensive portal thrombus and important portal 
hypertension[41]. Another potential limit of PVE is the risk of tumor growth during 
the 4 to 8 wk separating PVE and liver surgery. In addition, several authors have 
suggested that PVE itself could promote tumor growth within the embolized liver[42-
45]. Among others, these reasons have led to the development of alternative strategies.

PORTAL VEIN LIGATION (PVL) AND TWO-STAGE HEPATECTOMY
As it requires a surgical procedure with portal pedicles dissection, PVL is nowadays 
mainly indicated in the setting of two-stage hepatectomy (TSH) for the treatment of 
bilobar liver disease[46,47]. In the TSH strategy, the first surgical step includes tumoral 
clearance of the FLR (usually by parenchymal spearing resections or locoregional 
treatment like radiofrequency ablation) and concomitant PVL that allows FLR growth. 
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Figure 1 Right portal vein embolization using. A: Contralateral; B: Ipsilateral approach.

In the second step, after liver regeneration (approximately 4 to 8 wk later), major liver 
resection is performed (usually right or right extended hepatectomy) (Figure 2). 
Similarly, PVL can be performed for the management of patients presenting 
synchronous colorectal metastases or neuroendocrine tumors[47]. The first surgical 
step associates colorectal resection with PVL, followed by major liver surgery in the 
second procedure. However, many centers have adopted PVE (performed by the 
percutaneous approach after FLR clearance or colorectal resection) for two-step 
procedures, avoiding portal pedicle dissection and facilitating the second procedure
[48].

It was initially suggested that PVE resulted in superior FLR growth compared to 
PVL[49] as in theory PVE allows distal portal obstruction which decreases the 
possibility of intrahepatic collateral development. Several studies demonstrated that 
the results are globally similar[50,51]. In fact, the debate concerning the efficiency of 
PVL compared to PVE is no longer relevant. PVL requires a surgical procedure and 
can appear as an alternative to PVE only when a two-step surgery is planned. In other 
cases, percutaneous PVE is clearly a simpler and better tolerated approach.

ASSOCIATING LIVER PARTITION AND PORTAL VEIN LIGATION FOR 
STAGED HEPATECTOMY
The aim of this alternative strategy, described by Schnizbauer et al[52] in 2012, is to 
induce rapid and massive liver hypertrophy, to allow liver surgery in a short period of 
time in patients with initially very limited FRL volume. The first step of the associating 
liver partition and portal vein ligation for staged hepatectomy (ALPPS) procedure 
consists of performing PVL and an in situ splitting of the liver parenchyma, leaving the 
hepatic artery, bile duct, and hepatic vein intact until the subsequent operation. This 
first surgical step can be associated with tumoral clearance of the FRL. During the 
second operation (that can be performed one to two weeks later) the remaining hepatic 
artery, bile duct, and hepatic vein are divided and the liver specimen is extracted 
(Figure 3).

The first report demonstrated a morbidity rate of 44% and a mortality rate of 12%
[52], and triggered an intense debate on the safety of this procedure, limiting its 
promotion worldwide. The morbi-mortality rate decreased with experience but 
remains high, with approximately 40% of major postoperative complications and 9% 
of mortality[53]. Nevertheless, the ALPPS technique induces more than 65% of FLR 
growth in approximately 7 days[52-55] and the second procedure is feasible in more 
than 90% of cases[56]. The main advantage of the ALPPS procedure is the rapid 
increase in FLR volume in a short interval and therefore a shorter interval between the 
two stages. Although the volumetric results of this technique are impressive, several 
authors suggested that FLR volume hypertrophy is not correlated to functional 
improvement[57,58] which could partly explain the high morbidity of the procedure. 
Besides, concerns have been raised by some authors regarding potentially poorer 
oncological results comparing to the classical TSH[59]. The results of a meta-analysis 
comparing ALPPS to TSH showed that the extent of FLR increase was not different 
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Figure 2 Two-stage hepatectomy procedure starts with tumoral clearance of the future liver remnant. A: Concomitant right portal vein ligation; B: 
Allowing left liver growth; C: Ends with right hepatectomy.

Figure 3 Associating liver partition and portal vein ligation for staged hepatectomy procedure. A: Starts with in situ splitting of the liver 
parenchyma with concomitant right portal vein ligation; B: Ends with right hepatectom.

between the two groups[60]. The time needed to reach final liver volume was shorter 
in ALPPS than in the TSH approach[60]. In this meta-analysis, ALPPS was associated 
with a higher incidence of major and overall morbidity and mortality compared to 
TSH[60]. However, in a recent randomized controlled trial, Hasselgren et al[61] 
observed similar morbidity between ALPPS and classical TSH and an improved 
survival in the ALPPS group.

To decrease complication rate, a variety of technical modifications have been 
proposed such as partial-ALPPS, mini-ALPPS, tourniquet-ALPPS, hybrid-ALPPS, 
microwave ablation-assisted ALPPS and radiofrequency ablation-assisted ALPPS. 
Huang et al[62] suggested in a systematic review that a partial ALPPS technique in 
which only partial parenchymal sparing is performed during the first surgical step 
could achieve lower morbidity and mortality rates, reaching the same FLR 
hypertrophy rate as ALPPS in non-cirrhotic patients.

SEQUENTIAL TRANS-ARTERIAL EMBOLIZATION (TAE) AND PORTAL 
VEIN EMBOLIZATION
Although PVE remains the gold standard for FLR hypertrophy, two concerns persist 
with this approach: An insufficient contralateral hypertrophy, particularly in patients 
with underlying liver disease (steatosis, fibrosis or cirrhosis), and the eventuality of 
tumor progression while waiting for the non-embolized liver to hypertrophy. In 
particular, portal flow interruption may induce a compensatory increase in arterial 
blood flow of embolized segments and result in a paradoxical growth of tumors 
vascularized by arterial blood flow. In this context, it has been postulated that the 
addition of trans-arterial embolization (TAE) or trans-arterial chemoembolization 
(TACE) would produce more rapid and extensive FLR growth (by obtaining 
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obliteration of intrahepatic arterioportal shunts) and may help to counteract the 
stimulating effect on tumor growth[63]. Therefore, hepatocellular carcinomas, which 
are tumors particularly vascularized by arterial blood flow and develop generally in 
underlying pathological liver parenchyma, are the main target of this combined 
strategy[64].

During TAE, a catheter is directly inserted via either the common femoral or left 
radial artery and an intra-arterial injection of a combination of microspheres and PVA 
particles is performed in the arterial branches of the segments to be resected. During 
TACE, an intra-arterial injection of a cytotoxic drug is performed such as doxorubicin, 
epirubicin, idarubicin, mitomycin C, or cisplatin, that is emulsified in ethiodized oil 
(Lipiodol® Ultra-Fluid, Guerbet). This is followed by intra-arterial injection of an 
embolic agent, such as gelatin sponge, PVA particles, or microspheres[65] (Figure 4). 
TACE can also be performed using recently developed drug-eluting beads (DEB) that 
allow the slow release of chemotherapeutic agents, and increase ischemia intensity and 
duration[65].

A sequential approach, with a time interval of a few days, is recommended to limit 
the risk of nontumoral liver ischemic necrosis[66] and TAE is mostly performed before 
PVE[66,67]. Although the number of patients reported in studies that evaluated this 
approach is limited, observed FLR hypertrophy is generally superior to that observed 
after isolated PVE. For example, Yoo et al[68] reported a statistically significant 
increase of 7.3% and 5.8% in FLR (over the total liver volume) for sequential 
TACE/PVE and isolated PVE, respectively.

An important elevation of transaminases is generally observed after this sequential 
approach without important clinical consequences. In the largest series reporting this 
approach, Peng et al[64] reported 29 procedures without deaths and only one 
complication and 27 patients (93%) underwent subsequent hepatectomy. Post-
hepatectomy morbidity and mortality among these patients was 27.5% and 6.9%, 
respectively.

Theoretical contraindications of this method include extensive portal thrombus, 
important portal hypertension or previous biliary surgery (biliodigestive anastomosis) 
which exposes the patient to hepatic abscess formation after arterial embolization.

LIVER VENOUS DEPRIVATION
This technique consists of performing conventional PVE and ipsilateral hepatic vein 
obstruction (Figure 5). By associating hepatic vein embolization, the aim is to eliminate 
any residual portal vein flow and reduce hepatic artery inflow which can further 
encourage liver regeneration. Initially described as a sequential approach in which 
hepatic vein embolization is secondarily performed in case of insufficient FLR growth 
after PVE, it was demonstrated that both procedures (portal and hepatic vein 
embolization) can be performed simultaneously[69,70]. This novel approach is partic-
ularly interesting as it allows important liver regeneration with good tolerance. 
Although no study comparing ALPPS to LVD is available, it has been suggested that 
LVD could overcome the limits of ALPPS, abolishing the necessity of two major 
surgical interventions in close sequence.

Firstly, PVE is performed as previously described. For hepatic vein embolization, a 
vascular plug is placed in the proximal part of the hepatic vein to avoid migration of 
embolization agent. The vein is then embolized with a mixture of ethiodized oil and 
N- butyl cyanoacrylate[71]. The term “extended LVD” is used for concomitant 
embolization of the right and middle hepatic vein with the right portal branch[57].

The results of this approach on FLR increase are superior to those observed after 
isolated PVE. In a recent large comparative study, Laurent et al[71] observed a FLR 
volume increase of 28.9% after PVE compared to 61.2% after LVD (P < 0.0001). In this 
study, LVD allowed surgery in 86.4% of patients and no PHLF was reported. 
Kobayashi et al[72] observed similar results with a superior FLR hypertrophy after 
LVD compared to PVE (35% vs 24%, P = 0.034). In addition, the tolerance of LVD 
seems to be similar to the tolerance of isolated PVE[71,72].

RADIATION LOBECTOMY
This recent approach is derived from trans-arterial radioembolization with yttrium-90
[73]. In radiation lobectomy (RL), radioembolization of both the tumor and the non-
tumoral liver parenchyma that will be secondarily resected is performed, which 
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Figure 4 Sequential embolization. A: Trans-arterial embolization; B: Portal vein embolization of the right liver.

Figure 5 Right liver venous derivation associates in a sequential or concomitant approach. A: Right portal vein embolization; B: Ipsilateral hepatic 
vein embolization.

requires higher radiation doses[74,75]. This technique allows concomitant tumoral 
control and FLR increase. One major advantage of this approach is that it could be 
carried out in patients with portal vein thrombosis[75].

The procedure is well-tolerated[74] with transient moderate adverse events. Results 
in terms of FLR volume growth are very similar to those observed after PVE. Vouche 
et al[74] reported 45% of FLR hypertrophy and observed a correlation between the 
presence of a portal vein thrombosis and FLR growth. However, series reporting major 
liver resection after RL are scarce[76,77]. Andel et al[77] recently reported 10 major 
hepatectomies in patients that were initially treated with RL for insufficient functional 
FLR. The RL allowed a 41% increase in FLR volume with 84% of FLR function increase 
(evaluated on scintigraphy). All resections were performed without major intraop-
erative problems. Only one patient developed a serious complication not directly 
related to the liver surgery and other complications were mild.
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Table 1 Indication, advantages, and disadvantages of existing approaches to induce liver remnant hypertrophy before major liver 
resection

Approach Indication Advantage Disadvantage

PVE Insufficient FLR 
volume

Percutaneous approach Contraindicated in patients with extensive portal 
thrombus and important portal hypertension; Could 
promote tumoral growth within the embolized liver

PVL and two-stage 
hepatectomy

Insufficient FLR 
volume and treatment 
of bilobar liver disease

PVL is performed during the first surgical step 
(tumoral clearance of the FLR)

Surgical procedure; Morbidity 

Associating liver 
partition and PVL 
for staged 
hepatectomy 

Insufficient FLR 
volume +/- treatment 
of bilobar liver disease

Liver surgery is performed in a short period of 
time (15 d); First surgical step (PVL and in situ 
splitting of the liver parenchyma) can be 
associated with tumoral clearance of the FLR

Surgical procedure; Morbidity

Sequential trans 
arterial embolization 
and PVE

Insufficient FLR 
volume in patients 
with hepatocellular 
carcinoma

Percutaneous approachMay help to counteract 
the stimulating effect of PVE on tumor growth

Sequential approach (two procedures) is recommended 
to limit the risk of nontumoral liver ischemic necrosis; 
Contraindicated in patients with extensive portal 
thrombus, important portal hypertension or previous 
biliary surgery (biliodigestive anastomosis)

Liver venous 
deprivation

Insufficient FLR 
volume

Percutaneous approach Contraindicated in patients with extensive portal 
thrombus and important portal hypertension; Could 
promote tumoral growth within the embolized liver

RL Insufficient FLR 
volume

Percutaneous approachConcomitant tumoral 
control and FLR increaseCan be carried out in 
patients with portal vein thrombosis

Data reporting liver resection after RL is scarce

PVE: Portal vein embolization; FLR: Future liver remnant; PVL: Portal vein ligation; RL: Radiation lobectomy.

CONCLUSION
Careful initial evaluation of FLR volume and function is crucial before planning major 
liver resection. When required, several approaches are now available to decrease the 
risk of PHLF (Table 1) and thus postoperative mortality. Although PVE remains the 
gold standard, recent techniques that are derived from PVE might play an increasingly 
important role in future years.
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