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Abstract
Background The aim of this national survey on liver hypertrophy techniques was to track the trends of their use and 
implementation in Italy and to detect analogies and heterogeneities among centers.
Methods In December 2022, Italian centers with liver resection activity were specifically contacted and asked to fill an 
online questionnaire composed of 6 sections including a total of 51 questions.
Results 46 Italian centers filled the questionnaire. The proportion of major/total number of liver resections was 27% and the 
use of hypertrophy techniques was required in 6,2% of cases. The most frequent reason of drop out was disease progression in 
58.5% of cases. Most frequently used techniques were PVE and ALPPS with an increasing use of hepatic venous deprivation 
(HVD).
Heterogeneous answers were provided regarding the cutoff values to indicate the need for hypertrophy techniques. Criteria 
to allocate a patient to different hypertrophy techniques are not standardized.
Conclusions The use of hypertrophy techniques is deep-rooted in Italy, documenting the established value of their role in 
improving resectability rate. While an evolution of techniques is detectable, still significant heterogeneity is perceived in 
terms of cutoff values, indications and managing protocols.
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Introduction

Despite the growing attention to the concept of parenchymal 
sparing surgery and the ever-increasing efficacy of 
cytoreductive chemotherapy programs, the need to 
perform major liver resections with extensive parenchymal 
demolitions and consequent drastic reduction of hepatic 
functional reserve to obtain radical treatment of primary 
and secondary liver tumors is a constant in all centers with 
a program of liver surgery [1–5]. Consequently, the need to 
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deal with the issue of the quantity and quality of the residual 
liver (Future Liver Remnant, FLR) is equally constant: 
these factors have indeed a significant impact on the risk of 
postoperative liver failure, which is the most life-threatening 
complication in hepatic surgery, still representing a 
challenging issue in current clinical practice [5–10].

Within this perspective, liver surgeons—often in synergy 
with interventional radiologists—have worked over the 
last 30 years to refine and expand the pool of procedures 
available to induce parenchymal hypertrophy of the 
residual liver, dealing with the limit of a still incomplete 
knowledge about the molecular mechanisms underlying liver 
regeneration and addressing the risk of drop-out linked to 
disease progression while waiting for volumetric gain 
[10–17]. Indeed, portal vein embolization and portal vein 
ligation—alone or as part of a two-stage hepatectomy (TSH) 
program—were described as the gold standard techniques 
for hepatic hypertrophy [11, 12, 18], while more recently 
ALPPS and hepatic venous deprivation (HVD) have trod 
the stage thanks to promising results in terms of drop-out 
rate reduction and faster FLR growth [13, 19–23]. The 
overall scenario, therefore, sees a multiplicity of techniques 
available to induce liver hypertrophy [11, 18–23]—moreover 
in constant and continuous evolution—and an equally vast 
multiplicity of attitudes, which vary according to personal 
preference and available resources. The underlying rationale 
is widening resectability while maintaining safety.

Recognizing the importance of recording trends and 
outcomes of new procedures, both to monitor the quality 
of the interventions performed and to carry out large-scale 
analyses, the need to create a registry dedicated to ALPPS 
was immediately perceived in Italy, where this initiative 
was born in 2013 and saw the active and enthusiastic 
participation of many centers [23].

The purpose of this study is to report the results of a 
survey conducted on a national scale and which involved 
centers with an active program of liver surgery that were 
specifically questioned about the volumes of activity, 
the percentages of use of hypertrophy techniques and 
finally characteristics and indications to each hypertrophy 
technique. The main objective was to track the trends of 
their use and implementation in Italy and to detect analogies 
and heterogeneities among centres in terms of preferred 
techniques, changes of strategy over time and indications 
to detect practice variations, which may improve available 
indications and guidance for the whole community.

Data source and study population

Italian centers with an activity of liver resection, regardless 
of the volume of activity, were specifically contacted 
through a personal email and the existence of the survey 
was advertised through the communication channels of 

Italian surgical societies and the AICEP (Italian Association 
of Hepatopancreatobiliary Surgeons) mailing lists. The 
willingness of surgeons to participate in a survey on the 
topic of liver hypertrophy techniques was requested, 
explaining the main aim of tracing this activity in Italy and 
investigating the perception of the need to create a national 
prospective registry on hypertrophy techniques.

The survey was built and conducted according to the 
Checklist for Reporting Results of Internet E-Surveys 
(CHERRIES) [24] and technical functionality of the 
electronic questionnaire was tested before sending out 
the invitation. Participation was voluntary, no incentives 
for participation were offered and surgeons were asked 
to complete one questionnaire per center. Centers and 
respondents identity was not blinded and was explicitly 
required, to avoid overlapping data (contact data from the 
respondent were required to consider the questionnaire 
valid). The survey was open and shared on Google Forms, 
hence the results were automatically exported in Excel for 
storage and subsequent analysis. Access to responses was 
possible only for survey principal investigators (FR, MS, 
LA, EJ). Check for completeness was not available for 
respondents but was performed from investigators after the 
questionnaire has been submitted. The survey was sent out 
on 12 December 2022. Surgeons were asked to complete it 
within 15 days, but a further deadline extension of one week 
was provided and a reminder email was sent to encourage 
participation. The survey was then closed on December 31, 
2022. No minimal threshold regarding case volume was 
set for survey inclusion, enabling centers to be considered 
irrespectively of their experience. The survey included 
a 51-questions questionnaire (time for questionnaire 
completion ≈ 15 min), organized in five different sections, 
each displayed on a different page. Specifically, the 
first section, consisting of nine questions, addressed the 
centers’ annual volume of activity in liver surgery, in 
major liver resections and in hypertrophy techniques, 
together with drop-out rates and general reasons for drop 
out. Furthermore, preoperative planning resources were 
examined. The second section, consisting of 19 questions, 
focused on general availability of hypertrophy techniques, 
along with indications to hypertrophy (cutoff volumes of 
FLR according to characteristics of liver parenchyma) 
and methods to calculate FLR volume and evaluate liver 
function. The third section, consisting of 12 questions, 
covered the topic of PVE and HVD (indications, technical 
features and drop-out rate). The fourth section, consisting of 
8 questions, assessed the issue of two stage hepatectomy and 
ALPPS (indications, technical features and drop-out rate). 
The fifth session, including two questions, assessed the use 
of radioembolization as a technique for hepatic hypertrophy. 
The final question—in a separate session—addressed the 
topic of perceived need and eventual participation to the 
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prospective national registry I GROWtoH (Italian Group of 
Regenerative and Occlusive Worldwide-used techniques of 
hepatic Hypertrophy).

The work has been reported in line with the STROCSS 
criteria [25].

Statistical analysis

All statistical analyses were performed using the statistical 
package SPSS version 24 (IBM, Armonk, New York, USA). 
Only completed questionnaires coming from Italian centers 
were included. Categorical variables were expressed as 
frequencies and percentages. Median values and interquartile 
ranges were used for continuous variables. When required, 
the weighted mean was used instead of an arithmetic 
mean. The weighted mean considers the proportional 
relevance of each sample (i.e. data from each center had a 
different relevance according to the number of performed 
cases), rather than treat each sample equally. P < 0.05 was 
considered statistically significant for all parameters.

Results

48 respondents from an equal number of centers filled the 
questionnaire. Two questionnaires were excluded from 
analysis since coming from centers outside Italy. The 

estimated Italian response rate was 85.2%, considering an 
estimate of 54 centers performing liver surgery in Italy and 
specifically invited to participate and 46 final responses. The 
degree of representativeness was hence considered adequate.

The recruitment rate (ratio of centers who declared their 
agreement to participate/number of responses) was 100%. 
The completion rate (ratio of respondents who finished 
the survey/respondents who started the survey) was 100%. 
Completeness check was performed by survey investigators 
and detected < 5% questionnaire items blank.

Figure  1 provides a breakdown of ratios of activity 
across centers. Within 46 respondent centers, a median of 
79 (range 10–345) liver resections per year was performed: 
among these, 29 (range 0–83) were major liver resections 
including a median of 9 (range 0–50) right hepatectomies/
trisectionectomies. A median of 5 (range 0–27) patients/year 
per center were candidates to liver hypertrophy techniques. 
The weighted mean number of patients submitted to liver 
hypertrophy techniques was 8.92 per center. The raw ratio 
of patients receiving hypertrophy techniques/total number 
of liver resections was 6.1% (254/4184), while the ratio 
calculated according to weighted mean was 9.8%. The 
ratio of patients who dropped out from surgical program 
after being submitted to hypertrophy techniques was 20.1% 
(51/254). The weighted mean number of drop out per 
center was 1.87. Table 1 reports data regarding hypertrophy 
techniques within the annual caseload of activity. Reported 

Fig. 1  Distribution of cases among participating centers
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most frequent reasons for dropout were disease progression 
(57.1% of respondents) and inadequate hypertrophy (21.4%). 
Other reasons mentioned were surgical complications and 
general conditions of the patient.

93.5% of respondents stated that all patients were 
submitted to multidisciplinary discussion, while 6.5% 
discussed only selectively. 56.5% of centers had a specific 
institutional protocol of management for patients submitted 
to hypertrophy techniques.

Data regarding availability of each technique, as well as 
preferred and eventually abandoned techniques are reported 
in Table 2 and Fig. 2. Briefly, while 10 years ago PVE 
(54.3%) and PVL (52.2) were declared among preferred 
techniques by respondents, 5  years ago an increasing 
trend in ALPPS as preferred technique was reported (37% 
of respondents). Currently—while PVE maintains the 
role among preferred techniques in 73.9% of centers—an 
increasing rate of ALPPS (50%) and HVD (26.1%) among 
preferred techniques was registered. PVE, PVL and ALPPS 
are anyway currently available in > 85% of centers; HVD 
and radioembolization were available in 60.9% and 41.3% 
of centers, respectively. 30.4% of centers have abandoned 
the use of PVL. Figure 3 reports annual use of each single 
technique within the last year.

Table 3 reports cutoff volumes of FLR according to 
characteristics of liver parenchyma: heterogeneous answers 
were provided regarding the cutoff values to indicate the 
need for hypertrophy techniques in the healthy, steatotic 
and cholestatic liver (none of options getting > 50% of 
responses), while 86.7% of respondents indicated 40% as 
a safe cutoff volume in cirrhosis—see Fig. 4 for details. 
In 39.1% of centers volumetric evaluation was performed 
by radiologists, in 21.7% of centers by surgeons and in 
37% of centers by both. Most frequently used formula to 
calculate FLR is FLR/mTLV (Total Liver Volume manually 
measured). Volumetric evaluations are performed both 
before hypertrophy technique and before surgery by 100% 
of centers, while functional evaluation is performed in 
both moments by 71.7% of respondents (15.2% perform 
functional evaluation only before surgery). While functional 
evaluation is performed from most centers (86.7%), the 

method of evaluation is heterogeneous (ICG, scintigraphy, 
MRI), as reported in Table 3. Biopsy of FLR is selectively 
performed to evaluate characteristics of liver parenchyma 
by 52.2% of centers. 56.5% of centers standardly perform 
an evaluation of the nutritional status of patients, 17.4% of 
centers do it selectively and 26.1% do not perform it at all.

Criteria to indicate PVE and HVD are reported in 
Table 4. 60.9% of centers perform segment 4 embolization 
in candidates to right trisectionectomy in selected patients. 
31.8% of centers report a drop out rate < 20% after portal 
vein embolization and 52.9% a drop out rate between 
0 and 5% after hepatic vein deprivation. Most centers 
(52.2%) report an interval of 4 weeks between portal vein 
embolization and surgery, while an interval HVD-surgery 
of 2 or 3 weeks is reported by 34.2% and 31.6% of centers, 
respectively.

Criteria to indicate TSH and ALPPS are reported in 
Table 5. 35.7% of centers report a drop out rate < 20% from 
TSH program and 33.3% a drop out rate between 0 and 5% 
during ALPPS. Within TSH program, technique for portal 
vein occlusion is PVE in 40% and PVL in 48.9% of centers; 
within ALPPS program, technique for portal vein occlusion 
is PVL in 56.8%, PVE in 13.6% of centers while it is defined 
case by case in 27.3% of centers. 46.7% of centers define an 
indication to complete or partial parenchymal transection 
on a case by case discussion, while complete and partial 
transection are standardly performed by 24.4% and 28.9% 
of centers, respectively. While minimally invasive approach 
is not reported from 55.6% of centers, 15.6% of centers 
consider it only for stage 1 and 28.9% for both stages.

Radioembolization is used as a bridge to surgery 
technique to induce liver hypertrophy in 41.3% of centers.

100% of respondents acknowledge the need and express 
their willingness to participate in the prospective national 
registry about hypertrophy techniques.

Table 1  Hypertrophy 
techniques within annual 
caseload of activity

Total number of liver resections Median (range) 79 (10–345)
Total number of major liver resections Median (range) 21(0–83)
Total number of right major liver resections Median (range) 9 (0–50)
Total number of patients submitted to hypertrophy techniques Median (range) 5 (0–27)
Total number of patients who dropped out Median (range) 1 (0–5)
% of patients receiving hypertrophy techniques/total number of resections 6.2
% of patients receiving hypertrophy techniques/major liver resections 22.7
% of patients receiving hypertrophy techniques/major right liver resections 41.4
% drop out from surgical program after hypertrophy techniques 20.1 



Updates in Surgery 

Discussion

The Italian national survey shows the consolidated role of 
hypertrophy techniques as an integral part of the clinical 
practice of centers with dedicated activity of liver surgery, 
regardless of the annual caseload. The availability of 
surgical and interventional radiology techniques throughout 
the country witnesses the constant attention to the issue of 
controlling the risk of postoperative liver failure. In fact, this 
issue concerns a significant proportion of patients—mainly 
undergoing major or extended right-sided resections—and 

overall 6.2% of patients undergoing liver resections in 
2022. Although PVE remains the standard preferred by 
73.9% of centres, more recently described techniques 
such as ALPPS and HVD are available in most centers. A 
significant heterogeneity is instead found both in terms of 
indications for the use of the techniques (cutoff volumes 
depending on the characteristics of the parenchyma), in the 
choice of the technique to be used (and in particular there are 
heterogeneities in the criteria identified as significant in the 
choice) and use of liver function study methods.

Table 2  General preferences 
and time-trends

N %

Multidisciplinary discussion Always 43 93.5
Only selected patients 3 6.5
No 0 0

Internal protocol for patient management Yes 26 56.5
No 20 43.5

Available techniques PVE 43 93.5
PVL 41 89.1
ALPPS 41 89.1
HVD 28 60.9
Radioembolization 19 41.3
Other variants 3 6.6

Preferred technique PVE 34 73.9
PVL 13 28.3
ALPPS 23 50
HVD 12 26.1
Radioembolization 2 4.3
Other variants 4 8.6

Preferred technique 5 years ago PVE 38 82.6
PVL 23 50
ALPPS 17 37
HVD 0 0
Radioembolization 2 4.3
None 3 6.5
Other variants 0 0

Preferred technique 10 years ago PVE 25 54.3
PVL 24 52.2
ALPPS 0 0
HVD 1 2.2
Radioembolization 0 0
None 7 15.2
Other variants 0 0

Abandoned techniques PVE 2 4.5
PVL 14 31.8
Two stage hepatectomy 3 6.8
ALPPS 1 2.3
HVD 0 0
Radioembolization 1 2.3
None 28 63.6
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Fig. 2  Answers provided 
regarding preferred and 
abandoned techniques

Fig. 3  Use of techniques among participating centers
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It is reasonable that—precisely because of this 
heterogeneity and the lack of a uniform attitude—100% 

of the Italian liver surgery centers consider it useful to 
develop and implement a prospective registry dedicated to 
hypertrophy techniques, which also underpins the creation 
of a network.

A recent meta-analysis specifically targeting the 
topic of comparison between HVD and PVE in terms of 
achievement of resectability in the setting of colorectal 
liver metastases concluded that HVD seems to perform 
better than PVE, allowing faster and higher volume 
increase while maintaining a comparable safety profile [11]. 
These results—although based on a moderate/low level of 
evidence—seem to be perceived in Italian centers where, 
in a relatively short distance compared to the first reports 
in the literature (it was in fact described by Guiu in 2016 
[19] and the first series only appeared from 2017 onwards 
[26] 60.9% of the centers currently have this interventional 
radiology technique available, although it is counted among 
the preferred techniques only by 26.1% of the centres. This 
could at least partially explain a still significant dropout rate 
(20.1%)—linked as the main reason to disease progression 
before surgery: it is instead possible that with the large-
scale diffusion of hypertrophy methods that induce rapid 
parenchymal growth, this drop out can shrink. Indeed, in 
the first Italian report of the ALPPS Registry—published 
in 2016—the completion rate of the surgical program was 
100%: however this series still belongs to an initial phase 
of the ALPPS technique, when the indications were in an 
exploratory phase and the morbidity and mortality still 
significant (major morbidity 54%, mortality 20%) [23]. In 
the period following these data—albeit within variations 
related to the experience of individual centers—the 
perioperative outcomes described for ALPPS have globally 
improved, especially in high-volume centers [27].

In Italy—where ALPPS is indicated among the 
techniques preferred by a growing proportion of centers—
this trend is confirmed, in parallel with the refinement of 

Table 3  Indications for hypertrophy techniques

N %

Cutoff in healthy liver  > 20% 5 11.1
 > 25% 18 40
 > 30% 17 37.8
 > 35% 5 11.1
 > 40% 18 40

Cutoff in liver with steatosis/
CALI

 > 20% 0 0
 > 25% 1 2.2
 > 30% 16 34.8
 > 35% 20 43.5
 > 40% 9 19.6

Cutoff in liver with cirrhosis  > 20% 0 0
 > 25% 0 0
 > 30% 1 2.2
 > 35% 5 11.1
 > 40% 39 86.7

Cutoff in liver with cholestasis  > 20% 0 0
 > 25% 0 0
 > 30% 13 28.9
 > 35% 17 37.8
 > 40% 15 33.3

Formula used to measure FLR FLR/sTLV 4 8.7
FLR/mTLV 29 63
FLR/BW 12 26.1
Unknown 1 2.2

Evaluation of liver function No (Only blood tests) 15 32.6
ICG 17 37
Hepatobiliary scintigraphy 7 15.2
Functional MRI 5 10.9
Other 2 4.3

Fig. 4  Cutoffs used to indicate 
the need for liver hypertrophy 
techniques according to 
characteristics of the liver 
parenchyma
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technique and technology. In fact, currently 46.7% of the 
centers define the need to use a complete rather than a partial 
parenchymal transection on a case-by-case basis, while 
28.9% of the centers use the partial transection technique in 
a standard way, described to reduce the biological load of the 
first surgical time by reducing therefore the risk of morbidity 
without paying the price in terms of hypertrophy, as 
documented also in a meta-analysis published in 2019 on 4 
studies including a total of 124 patients [28]. Furthermore—
again aiming to increase protection from surgical stress and 
control the risk of morbidity—in Italy, there is an increasing 
use of the minimally invasive technique (from the data of 
this survey, it emerges that 15.6% of the centers reserve the 
laparoscopic or only in the first surgical stage, while 28.9% 
of the centers use it for both stages): in a series from the 

Italian ALPPS registry and including only the data relating 
to hepatocellular carcinoma, it already appeared that the 
minimally invasive approach—even if only applied in the 
first surgical phase—manages to reduce the overall risk of 
liver failure [29].

The awareness and perception of the importance of the 
preoperative study of liver function (and not only of the 
volume) to confirm the indication to induce preoperative 
hypertrophy is also deep-rooted and widespread. In fact, 
86.7% of the centers currently adopt on a standard basis 
methods for evaluating liver functional reserve, mainly 
implementing tests based on the use of indocyanine 
green, hepatobiliary scintigraphy and functional magnetic 
resonance, with an extremely heterogeneous distribution. In 
fact, the data currently available in the literature are equally 

Table 4  Portal vein 
embolization, hepatic 
deprivation and 
radioembolization

PVE

N %

Criteria for indication Diagnosis 11 23.9
Lesions distributiom 27 58.7
FLR volume 44 95.7
Proximity of lesions to FLR 10 21.7
Failure of other techniques 3 6.5
Others 2 4.4

Access for PVE Ipsilateral 30 65.2
Controlateral 5 10.9
Ileocolic 0
Unknown 11 23.9

Embolization of Sg4 before right trisectionectomy Always 7 15.2
Selectively 28 60.9
Never 11 23.9

Drop out risk estimation after PVE 0
0–5% 2 4.5
5–10% 8 18.2
 < 20% 14 31.8
20–40% 5 11.4
 > 40% 5 11.4

HVD
 Criteria for indication Diagnosis 5 12.5

Lesions distributiom 13 32.5
FLR volume 26 65
Proximity of lesions to FLR 6 15
Failure of other techniques 17 42.5
Others 2 5

 Drop out risk estimation after HVD 0
0–5% 9 52.9
5–10% 6 35.3
 < 20% 1 5.9
20–40% 1 5.9

 Radioembolization as a bridge to resection Yes 19 41.3
No 27 58.7
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heterogeneous, generally based on comparative evaluation 
series of one method with respect to another; however, there 
is still a complete lack of recommendations and guidelines 
on which tests to use, on indications and on timing [30–33]. 
Even though ICG was the most used technique reported by 
centers to measure liver function preoperatively, most of the 
studies published in this regard all agree on the fundamental 
role of hepatobiliary scintigraphy to measure sectorial liver 
function before extended hepatectomies and in particular 

after hypertrophy techniques [32, 33]. It is possible that in 
the immediate future surgical community should therefore 
move in two directions: on one hand further study of the 
characteristics, limits and cutoffs of each functional study 
technique, reasonably providing a stratification based on 
the disease is advisable; on the other hand the definition 
of a shared attitude that provides guidelines depending on 
the disease, the residual liver volume and the parenchymal 

Table 5  Two stage hepatectomy 
and ALPPS

Two-stage hepatectomy

N %

Criteria for indication Diagnosis 17 37
Lesions distribution 37 80.4
FLR volume 41 89.1
Proximity of lesions to FLR 14 30.4
Failure of other techniques 8 17.4
Others 0

Drop out risk estimation after PVE 0
0–5% 3 7.1
5–10% 10 23.8
 < 20% 15 35.7
20–40% 5 11.9
 > 40% 2 4.8

Technique for portal vein occlusion PVE 18 40
PVL 22 48.9
HVD 5 11.1

ALPPS
 Criteria for indication Diagnosis 17 37

Lesions distributiom 33 71.7
FLR volume 42 91.3
Proximity of lesions to FLR 20 43.5
Failure of other techniques 20 43.5
Others 1 2.2

 Drop out risk estimation after PVE 0 9 21.4
0–5% 14 33.3
5–10% 9 21.4
 < 20% 5 11.9
20–40% 2 4.8
 > 40% 3 7.1

 Technique for portal vein occlusion PVE 6 13.6
PVL 25 56.8
HVD 1 2.3
Defined case by case 12 27.3

 Parenchymal transection in ALPPS Complete 11 24.4
Partial 13 28.9
Defined case by case 21 46.7

 Minimally-invasive approach for ALPPS Not performed 25 55.6
Considered only for stage 1 7 15.6
Considered for both stages 13 28.9
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function will represent a watershed for the evolution and 
implementation of these techniques.

To achieve this second objective, the creation of a 
national network based on the foundation of a registry to 
serve as a collector to prospectively develop study projects 
and for peer-to-peer discussions is certainly a milestone 
point. In fact, the dissemination and sharing of a specific 
culture within a community improves clinical results and 
allows easier achievement of desirable benchmarks.

As reported in methods session, no minimal threshold 
regarding case volume was set for survey inclusion, 
enabling centers to be considered irrespectively of their 
experience. This design was chosen to provide a reliable 
snapshot of the Italian situation and to pave the way 
for the establishment of a national registry that should 
have no defined volume cutoffs and no pre-determined 
management protocols. The issue of centralization and 
minimum requirement for annual caseload of activity—as 
well as a standard ratio between volume of liver resections 
and percentage of major hepatectomies—is beyond study 
aims, despite this, it is interesting to underline that the 
establishment of a prospective national registry may 
positively contribute to promote the diffusion of cultural 
background in this setting within the network of liver 
surgeons, aiming to establish the minimum requirements 
to perform these procedures safely and to define correct 
indications to major resections and to hypertrophy 
techniques as well.

The present study has the limitation of being based on 
the results of an individual survey, which consequently is 
unable to follow trends in real time or over short periods 
of time and to measure changes in the population (unless 
two or more surveys are done at different points in time).

Unlike the majority of the surveys, however, the 
population to which the questionnaire was distributed can 
be easily described and is definitively representative of the 
Italian scenario: this constitutes a point of strength of the 
study. The other limitation is the availability of cumulative 
results coming from the experiences of individual centers, 
rather than having detailed data available.

In conclusion, the use of liver hypertrophy techniques 
is now well established in Italy, in consideration of 
the attention to the issue of increasing the chances of 
resectability for primary and secondary liver tumors in 
parallel with the control of the risk of liver failure. The 
technical and technological evolution is perceptible and 
documentable, even within the inevitable differences and 
heterogeneity of attitudes in terms of indications, cutoff 
values   and management protocols.

The present scenario, developed on a history of 
centers with dedicated expertise, paves the way for the I 
GROWtoH prospective national registry, contributing to 
the implementation of a peer network to enhance safety 

and effectiveness of these approaches, together with the 
possibility of analyzing specific outcomes on wide cohorts.

Funding No financial support was received for this study.

Data availability The data that support the findings of this study are 
available from the corresponding author, FR, upon reasonable request.

Declarations 

Conflict of interest The authors declare no conflict of interest.

Ethical approval All procedures perfomed in studies involving 
human participants were in accordance with the ethical standards 
of institutions and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Informed consent Informed consent from subjects was waived.

References

 1. Torzilli G, Serenari M, Viganò L, Cimino M, Benini C, Massani 
M, Ettorre GM, Cescon M, Ferrero A, Cillo U, Aldrighetti L, 
Jovine E (2019) Outcomes of enhanced one-stage ultrasound-
guided hepatectomy for bilobar colorectal liver metastases 
compared to those of ALPPS: a multicenter case-match analysis. 
HPB (Oxford) 21(10):1411–1418. https:// doi. org/ 10. 1016/j. hpb. 
2019. 04. 001. (Epub 2019 May 9 PMID: 31078424)

 2. Ratti F, Cipriani F, Fiorentini G, Burgio V, Ronzoni M, Della 
Corte A, Cascinu S, De Cobelli F, Aldrighetti L (2021) Evolution 
of surgical treatment of colorectal liver metastases in the real 
world: single center experience in 1212 cases. Cancers (Basel) 
13(5):1178. https:// doi. org/ 10. 3390/ cance rs130 51178. PMID: 
33803 257; PMCID: PMC79 67178

 3. Ignatavicius P, Oberkofler CE, Chapman WC, DeMatteo RP, Clary 
BM, D’Angelica MI, Tanabe KK, Hong JC, Aloia TA, Pawlik TM, 
Hernandez-Alejandro R, Shah SA, Vauthey JN, Torzilli G, Lang 
H, Line PD, Soubrane O, Pinto-Marques H, Robles-Campos R, 
Boudjema K, Lodge P, Adam R, Toso C, Serrablo A, Aldrighetti 
L, DeOliveira ML, Dutkowski P, Petrowsky H, Linecker M, 
Reiner CS, Braun J, Alikhanov R, Barauskas G, Chan ACY, 
Dong J, Kokudo N, Yamamoto M, Kang KJ, Fong Y, Rela M, 
De Aretxabala X, De Santibañes E, Mercado MÁ, Andriani OC, 
Torres OJM, Pinna AD, Clavien PA (2020) Choices of therapeutic 
strategies for colorectal liver metastases among expert liver 
surgeons: a throw of the dice? Ann Surg 272(5):715–722. https:// 
doi. org/ 10. 1097/ SLA. 00000 00000 004331. (PMID: 32833764)

 4. Vennarecci G, Grazi GL, Sperduti I, Busi Rizzi E, Felli E, 
Antonini M, D’Offizi G, Ettorre GM (2016) ALPPS for primary 
and secondary liver tumors. Int J Surg 30:38–44. https:// doi. 
org/ 10. 1016/j. ijsu. 2016. 04. 031. (Epub 2016 Apr 22 PMID: 
27112834)

 5. Viganò L, Torzilli G, Aldrighetti L, Ferrero A, Troisi R, Figueras 
J, Cherqui D, Adam R, Kokudo N, Hasegawa K, Guglielmi 
A, Majno P, Toso C, Krawczyk M, Abu Hilal M, Pinna AD, 
Cescon M, Giuliante F, de Santibanes E, Costa-Maia J, Pawlik 
T, Urbani L, Zugna D, CLISCO group (2020) Stratification of 
major hepatectomies according to their outcome: analysis of 2212 
consecutive open resections in patients without cirrhosis. Ann 

https://doi.org/10.1016/j.hpb.2019.04.001
https://doi.org/10.1016/j.hpb.2019.04.001
https://doi.org/10.3390/cancers13051178.PMID:33803257;PMCID:PMC7967178
https://doi.org/10.3390/cancers13051178.PMID:33803257;PMCID:PMC7967178
https://doi.org/10.1097/SLA.0000000000004331
https://doi.org/10.1097/SLA.0000000000004331
https://doi.org/10.1016/j.ijsu.2016.04.031
https://doi.org/10.1016/j.ijsu.2016.04.031


Updates in Surgery 

Surg 272(5):827–833. https:// doi. org/ 10. 1097/ SLA. 00000 00000 
004338

 6. Capussotti L, Viganò L, Giuliante F, Ferrero A, Giovannini I, 
Nuzzo G (2009) Liver dysfunction and sepsis determine operative 
mortality after liver resection. Br J Surg 96(1):88–94. https:// doi. 
org/ 10. 1002/ bjs. 6429. (PMID: 19109799)

 7. Mueller M, Breuer E, Mizuno T, Bartsch F, Ratti F, Benzing C, 
Ammar-Khodja N, Sugiura T, Takayashiki T, Hessheimer A, 
Kim HS, Ruzzenente A, Ahn KS, Wong T, Bednarsch J, D’Silva 
M, Koerkamp BG, Jeddou H, López-López V, de Ponthaud C, 
Yonkus JA, Ismail W, Nooijen LE, Hidalgo-Salinas C, Kontis E, 
Wagner KC, Gunasekaran G, Higuchi R, Gleisner A, Shwaartz 
C, Sapisochin G, Schulick RD, Yamamoto M, Noji T, Hirano S, 
Schwartz M, Oldhafer KJ, Prachalias A, Fusai GK, Erdmann JI, 
Line PD, Smoot RL, Soubrane O, Robles-Campos R, Boudjema 
K, Polak WG, Han HS, Neumann UP, Lo CM, Kang KJ, 
Guglielmi A, Park JS, Fondevila C, Ohtsuka M, Uesaka K, Adam 
R, Pratschke J, Aldrighetti L, De Oliveira ML, Gores GJ, Lang 
H, Nagino M, Clavien PA (2021) Perihilar Cholangiocarcinoma - 
Novel Benchmark Values for Surgical and Oncological Outcomes 
From 24 Expert Centers. Ann Surg 274(5):780–788. https:// doi. 
org/ 10. 1097/ SLA. 00000 00000 005103. (PMID: 34334638)

 8. Olthof PB, Aldrighetti L, Alikhanov R, Cescon M, Groot 
Koerkamp B, Jarnagin WR, Nadalin S, Pratschke J, Schmelze 
M, Sparrelid E, Lang H, Guglielmi A, van Gulik TM, Perihilar 
Cholangiocarcinoma Collaboration Group (2020) Portal vein 
embolization is associated with reduced liver failure and 
mortality in high-risk resections for perihilar cholangiocarcinoma. 
Ann Surg Oncol 27(7):2311–2318. https:// doi. org/ 10. 1245/ 
s10434- 020- 08258-3

 9. Guglielmi A, Ruzzenente A, Conci S, Valdegamberi A, Iacono C 
(2012) How much remnant is enough in liver resection? Dig Surg 
29(1):6–17. https:// doi. org/ 10. 1159/ 00033 5713. (Epub 2012 Mar 
15 PMID: 22441614)

 10. Ratti F, Pulitanò C, Catena M, Paganelli M, Aldrighetti L (2016) 
Serum levels of endothelin-1 after liver resection as an early 
predictor of postoperative liver failure. A prospective study 
Hepatol Res 46(6):529–540. https:// doi. org/ 10. 1111/ hepr. 12585. 
(Epub 2015 Oct 2 PMID: 26331638)

 11. Korenblik R, van Zon JFJA, Olij B, Heil J, Dewulf MJL, Neumann 
UP, Olde Damink SWM, Binkert CA, Schadde E, van der Leij 
C, van Dam RM (2022) Resectability of bilobar liver tumours 
after simultaneous portal and hepatic vein embolization versus 
portal vein embolization alone: meta-analysis. BJS Open 6(6):141. 
https:// doi. org/ 10. 1093/ bjsop en/ zrac1 41

 12. Jaeck D, Bachellier P, Nakano H, Oussoultzoglou E, Weber JC, 
Wolf P, Greget M (2003) One or two-stage hepatectomy combined 
with portal vein embolization for initially nonresectable colorectal 
liver metastases. Am J Surg 185(3):221–229. https:// doi. org/ 10. 
1016/ s0002- 9610(02) 01373-9. (PMID: 12620560)

 13. Schnitzbauer AA, Lang SA, Goessmann H, Nadalin S, Baumgart 
J, Farkas SA, Fichtner-Feigl S, Lorf T, Goralcyk A, Hörbelt 
R, Kroemer A, Loss M, Rümmele P, Scherer MN, Padberg W, 
Königsrainer A, Lang H, Obed A, Schlitt HJ (2012) Right portal 
vein ligation combined with in situ splitting induces rapid left 
lateral liver lobe hypertrophy enabling 2-staged extended right 
hepatic resection in small-for-size settings. Ann Surg 255(3):405–
414. https:// doi. org/ 10. 1097/ SLA. 0b013 e3182 4856f5. (PMID: 
22330038)

 14. Giuliante F, Ardito F, Ferrero A, Aldrighetti L, Ercolani G, 
Grande G, Ratti F, Giovannini I, Federico B, Pinna AD, Capussotti 
L, Nuzzo G (2014) Tumor progression during preoperative 
chemotherapy predicts failure to complete 2-stage hepatectomy 
for colorectal liver metastases: results of an Italian multicenter 
analysis of 130 patients. J Am Coll Surg 219(2):285–294. https:// 

doi. org/ 10. 1016/j. jamco llsurg. 2014. 01. 063. (Epub 2014 Apr 13 
PMID: 24933714)

 15. Lang H, de Santibañes E, Schlitt HJ, Malagó M, van Gulik 
T, Machado MA, Jovine E, Heinrich S, Ettorre GM, Chan A, 
Hernandez-Alejandro R, Robles Campos R, Sandström P, 
Linecker M, Clavien PA (2019) 10th anniversary of ALPPS-
lessons learned and quo vadis. Ann Surg 269(1):114–119. https:// 
doi. org/ 10. 1097/ SLA. 00000 00000 002797. (PMID: 29727331)

 16. Settmacher U, Ali-Deeb A, Coubeau L, Cillo U, Line PD, Guba 
M, Nadalin S, Rauchfuß F (2023) Auxilliary liver transplantation 
according to the RAPID procedure in noncirrhotic patients: 
technical aspects and early outcomes. Ann Surg 277(2):305–312. 
https:// doi. org/ 10. 1097/ SLA. 00000 00000 005726. (Epub 2022 
Oct 13 PMID: 36226590)

 17. Heil J, Schiesser M, Schadde E (2022) Current trends in 
regenerative liver surgery: novel clinical strategies and 
experimental approaches. Front Surg 7(9):903825. https:// doi. 
org/ 10. 3389/ fsurg. 2022. 903825. PMID: 36157 407; PMCID: PMC94 
91020

 18. Ratti F, Soldati C, Catena M, Paganelli M, Ferla G, Aldrighetti L 
(2010) Role of portal vein embolization in liver surgery: single 
centre experience in sixty-two patients. Updates Surg 62(3–
4):153–159. https:// doi. org/ 10. 1007/ s13304- 010- 0033-8. (Epub 
2010 Nov 30 PMID: 21116886)

 19. Guiu B, Chevallier P, Denys A, Delhom E, Pierredon-Foulongne 
MA, Rouanet P, Fabre JM, Quenet F, Herrero A, Panaro F, Baudin 
G, Ramos J (2016) Simultaneous trans-hepatic portal and hepatic 
vein embolization before major hepatectomy: the liver venous 
deprivation technique. Eur Radiol 26(12):4259–4267. https:// 
doi. org/ 10. 1007/ s00330- 016- 4291-9. (Epub 2016 Apr 18 PMID: 
27090112)

 20. Della Corte A, Fiorentini G, Ratti F, Cipriani F, Canevari C, 
Catena M, Gusmini S, Augello L, Palumbo D, Guazzarotti G, 
Aldrighetti L, De Cobelli F (2022) Combining laparoscopic liver 
partitioning and simultaneous portohepatic venous deprivation 
for rapid liver hypertrophy. J Vasc Interv Radiol 33(5):525–529. 
https:// doi. org/ 10. 1016/j. jvir. 2022. 01. 018. (PMID: 35489784)

 21. Korenblik R, Olij B, Aldrighetti LA, Hilal MA, Ahle M, Arslan 
B, van Baardewijk LJ, Baclija I, Bent C, Bertrand CL, Björnsson 
B, de Boer MT, de Boer SW, Bokkers RPH, Rinkes IHMB, 
Breitenstein S, Bruijnen RCG, Bruners P, Büchler MW, Camacho 
JC, Cappelli A, Carling U, Chan BKY, Chang DH, Choi J, Font 
JC, Crawford M, Croagh D, Cugat E, Davis R, De Boo DW, De 
Cobelli F, De Wispelaere JF, van Delden OM, Delle M, Detry 
O, Díaz-Nieto R, Dili A, Erdmann JI, Fisher O, Fondevila C, 
Fretland Å, Borobia FG, Gelabert A, Gérard L, Giuliante F, 
Gobardhan PD, Gómez F, Grünberger T, Grünhagen DJ, Guitart 
J, Hagendoorn J, Heil J, Heise D, Herrero E, Hess GF, Hoffmann 
MH, Iezzi R, Imani F, Nguyen J, Jovine E, Kalff JC, Kazemier 
G, Kingham TP, Kleeff J, Kollmar O, Leclercq WKG, Ben SL, 
Lucidi V, MacDonald A, Madoff DC, Manekeller S, Martel G, 
Mehrabi A, Mehrzad H, Meijerink MR, Menon K, Metrakos P, 
Meyer C, Moelker A, Modi S, Montanari N, Navines J, Neumann 
UP, Peddu P, Primrose JN, Qu X, Raptis D, Ratti F, Ridouani 
F, Rogan C, Ronellenfitsch U, Ryan S, Sallemi C, Moragues JS, 
Sandström P, Sarriá L, Schnitzbauer A, Serenari M, Serrablo A, 
Smits MLJ, Sparrelid E, Spüntrup E, Stavrou GA, Sutcliffe RP, 
Tancredi I, Tasse JC, Udupa V, Valenti D, Fundora Y, Vogl TJ, 
Wang X, White SA, Wohlgemuth WA, Yu D, Zijlstra IAJ, Binkert 
CA, Bemelmans MHA, van der Leij C, Schadde E, van Dam RM. 
2022 Dragon 1 Protocol Manuscript: Training, Accreditation, 
Implementation and Safety Evaluation of Portal and Hepatic Vein 
Embolization (PVE/HVE) to Accelerate Future Liver Remnant 
(FLR) Hypertrophy. Cardiovasc Intervent Radiol, 45(9), 1391–
1398. https:// doi. org/ 10. 1007/ s00270- 022- 03176-1.

https://doi.org/10.1097/SLA.0000000000004338
https://doi.org/10.1097/SLA.0000000000004338
https://doi.org/10.1002/bjs.6429
https://doi.org/10.1002/bjs.6429
https://doi.org/10.1097/SLA.0000000000005103
https://doi.org/10.1097/SLA.0000000000005103
https://doi.org/10.1245/s10434-020-08258-3
https://doi.org/10.1245/s10434-020-08258-3
https://doi.org/10.1159/000335713
https://doi.org/10.1111/hepr.12585
https://doi.org/10.1093/bjsopen/zrac141
https://doi.org/10.1016/s0002-9610(02)01373-9
https://doi.org/10.1016/s0002-9610(02)01373-9
https://doi.org/10.1097/SLA.0b013e31824856f5
https://doi.org/10.1016/j.jamcollsurg.2014.01.063
https://doi.org/10.1016/j.jamcollsurg.2014.01.063
https://doi.org/10.1097/SLA.0000000000002797
https://doi.org/10.1097/SLA.0000000000002797
https://doi.org/10.1097/SLA.0000000000005726
https://doi.org/10.3389/fsurg.2022.903825.PMID:36157407;PMCID:PMC9491020
https://doi.org/10.3389/fsurg.2022.903825.PMID:36157407;PMCID:PMC9491020
https://doi.org/10.3389/fsurg.2022.903825.PMID:36157407;PMCID:PMC9491020
https://doi.org/10.1007/s13304-010-0033-8
https://doi.org/10.1007/s00330-016-4291-9
https://doi.org/10.1007/s00330-016-4291-9
https://doi.org/10.1016/j.jvir.2022.01.018
https://doi.org/10.1007/s00270-022-03176-1


 Updates in Surgery

 22. Serenari M, Ratti F, Guglielmo N, Zanello M, Mocchegiani F, 
Lenzi J, Colledan M, Mazzaferro V, Cillo U, Ferrero A, Cescon 
M, Di Benedetto F, Massani M, Grazi G, Valle RD, Vivarelli 
M, Ettorre GM, Aldrighetti L, Jovine E, ALPPS Italian Registry 
(2023) Evolution of minimally invasive techniques and surgical 
outcomes of ALPPS in Italy: a comprehensive trend analysis over 
10 years from a national prospective registry. Surg Endosc. https:// 
doi. org/ 10. 1007/ s00464- 023- 09937-4

 23. Serenari M, Zanello M, Schadde E, Toschi E, Ratti F, Gringeri E, 
Masetti M, Cillo U, Aldrighetti L, Jovine E (2016) Importance of 
primary indication and liver function between stages: results of 
a multicenter Italian audit of ALPPS 2012–2014. HPB (Oxford) 
18(5):419–427. https:// doi. org/ 10. 1016/j. hpb. 2016. 02. 003

 24. Eysenbach G (2004) Improving the quality of web surveys: the 
checklist for reporting results of internet E-surveys (CHERRIES). 
J Med Internet Res 6(3):e34. https:// doi. org/ 10. 2196/ jmir. 2042

 25. Mathew G, Agha R, for the STROCSS Group (2021) STROCSS 
2021: strengthening the Reporting of cohort, cross-sectional and 
case-control studies in Surgery. Int J Surg 96:106165

 26. Panaro F, Giannone F, Riviere B, Sgarbura O, Cusumano C, 
Deshayes E, Navarro F, Guiu B, Quenet F (2019) Perioperative 
impact of liver venous deprivation compared with portal 
venous embolization in patients undergoing right hepatectomy: 
preliminary results from the pioneer center. Hepatobiliary Surg 
Nutr 8(4):329–337. https:// doi. org/ 10. 21037/ hbsn. 2019. 07. 06. 
PMID: 31489 302; PMCID: PMC67 00017

 27. Wanis KN, Linecker M, Madenci AL, Müller PC, Nüssler N, 
Brusadin R, Robles-Campos R, Hahn O, Serenari M, Jovine E, 
Lehwald N, Knoefel WT, Reese T, Oldhafer K, de Santibañes 
M, Ardiles V, Lurje G, Capelli R, Enne M, Ratti F, Aldrighetti 
L, Zhurbin AS, Voskanyan S, Machado M, Kitano Y, Adam R, 

Chardarov N, Skipenko O, Ferri V, Vicente E, Tomiyama K, 
Hernandez-Alejandro R (2021) Variation in complications and 
mortality following ALPPS at early-adopting centers. HPB 
(Oxford) 23(1):46–55. https:// doi. org/ 10. 1016/j. hpb. 2020. 04. 009

 28. Huang HC, Bian J, Bai Y, Lu X, Xu YY, Sang XT, Zhao HT 
(2019) Complete or partial split in associating liver partition and 
portal vein ligation for staged hepatectomy: a systematic review 
and meta-analysis. World J Gastroenterol 25(39):6016–6024. 
https:// doi. org/ 10. 3748/ wjg. v25. i39. 6016. PMID: 31660 037; 
PMCID: PMC68 15793

 29. Serenari M, Ratti F, Zanello M, Guglielmo N, Mocchegiani F, 
Di Benedetto F, Nardo B, Mazzaferro V, Cillo U, Massani M, 
Colledan M, Dalla Valle R, Cescon M, Vivarelli M, Colasanti M, 
Ettorre GM, Aldrighetti L, Jovine E (2020) Minimally invasive 
stage 1 to protect against the risk of liver failure: results from the 
hepatocellular carcinoma series of the associating liver partition 
and portal vein ligation for staged hepatectomy italian registry. J 
Laparoendosc Adv Surg Tech A 30(10):1082–1089. https:// doi. 
org/ 10. 1089/ lap. 2020. 0563. (Epub 2020 Sep 9 PMID: 32907480)

 30. Olthof PB, Arntz P, Truant S, El Amrani M, Dasari BVM, 
Tomassini F, Troisi RI, Bennink RJ, Grunhagen D, Chapelle 
T, Op de Beeck B, Zanoni L, Serenari M, Erdmann JI (2023) 
Hepatobiliary scintigraphy to predict postoperative liver failure 
after major liver resection; a multicenter cohort study in 547 
patients. HPB (Oxford). https:// doi. org/ 10. 1016/j. hpb. 2022. 12. 005

 31. Serenari M, Bonatti C, Zanoni L, Peta G, Tabacchi E, Cucchetti 
A, Ravaioli M, Pettinato C, Bagni A, Siniscalchi A, D’Errico A, 
Golfieri R, Fanti S, Cescon M (2021) The role of hepatobiliary 
scintigraphy combined with spect/ct in predicting severity of 
liver failure before major hepatectomy: a single-center pilot 

https://doi.org/10.1007/s00464-023-09937-4
https://doi.org/10.1007/s00464-023-09937-4
https://doi.org/10.1016/j.hpb.2016.02.003
https://doi.org/10.2196/jmir.2042
https://doi.org/10.21037/hbsn.2019.07.06.PMID:31489302;PMCID:PMC6700017
https://doi.org/10.21037/hbsn.2019.07.06.PMID:31489302;PMCID:PMC6700017
https://doi.org/10.1016/j.hpb.2020.04.009
https://doi.org/10.3748/wjg.v25.i39.6016.PMID:31660037;PMCID:PMC6815793
https://doi.org/10.3748/wjg.v25.i39.6016.PMID:31660037;PMCID:PMC6815793
https://doi.org/10.1089/lap.2020.0563
https://doi.org/10.1089/lap.2020.0563
https://doi.org/10.1016/j.hpb.2022.12.005


Updates in Surgery 

study. Updates Surg. 73(1):197–208. https:// doi. org/ 10. 1007/ 
s13304- 020- 00907-2

 32. Serenari M, Collaud C, Alvarez FA, de Santibañes M, Giunta D, 
Pekolj J, Ardiles V, de Santibañes E (2018) Interstage assessment 
of remnant liver function in ALPPS using hepatobiliary 
scintigraphy: prediction of posthepatectomy liver failure and 
introduction of the HIBA index. Ann Surg 267(6):1141–1147. 
https:// doi. org/ 10. 1097/ SLA. 00000 00000 002150. (PMID: 
28121683)

 33. Tomassini F, D’Asseler Y, Giglio MC, Lecluyse C, Lambert B, 
Sainz-Barriga M, Van Dorpe J, Hoorens A, Geboes K, Troisi 
RI (2019) Hemodynamic changes in ALPPS influence liver 
regeneration and function: results from a prospective study. HPB 

(Oxford) 21(5):557–565. https:// doi. org/ 10. 1016/j. hpb. 2018. 09. 
005. (Epub 2018 Oct 10 PMID: 30314713)

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Francesca Ratti1,51  · Matteo Serenari2,3 · Alfonso Avolio4 · Giacomo Batignani5 · Ugo Boggi6 · 
Alberto Brolese7 · Lucio Caccamo8 · Andrea Celotti9 · Umberto Cillo10 · Nicola Cinardi11 · Christian Cotsoglou12 · 
Raffaele Dalla Valle13 · Luciano De Carlis14 · Paolo De Simone15 · Fabrizio Di Benedetto16 · Giorgio Ercolani3,17 · 
Giuseppe Maria Ettorre18 · Massimo Fedi19 · Alessandro Ferrero20 · Antonio Giuliani21 · Felice Giuliante22 · 
Gian Luca Grazi5 · Salvatore Gruttadauria23,24 · Alfredo Guglielmi25 · Francesco Izzo26 · Quirino Lai27 · 
Dario Lorenzin28 · Marcello Maestri29 · Marco Massani30 · Vincenzo Mazzaferro31,32 · Riccardo Memeo33,52 · 
Bruno Nardo34 · Nazario Portolani35 · Matteo Ravaioli2,3 · Aldo Rocca36,37 · Renato Romagnoli38 · Fabrizio Romano39 · 
Edoardo Saladino40 · Giuseppe Tisone41 · Roberto Troisi42 · Luigi Veneroni43 · Giovanni Vennarecci44 · 
Luca Viganò45,46 · Giuseppe Viola47 · Marco Vivarelli48 · Giacomo Zanus49 · Luca Aldrighetti1,51 · Elio Jovine3,50 on 
behalf of the IGROWtoH (Italian Group of Regenerative, Occlusive Worldwide-used Techniques Of hepatic 
Hypertrophy) group

 * Francesca Ratti 
 ratti.francesca@hsr.it

1 Hepatobiliary Surgery Division, IRCCS San Raffaele 
Scientific Institute, Milan, Italy

2 Hepato-Biliary Surgery and Transplant Unit, IRCCS, 
Azienda Ospedaliero-Universitaria Di Bologna, 
Sant’Orsola-Malpighi Hospital, Bologna, Italy

3 Department of Medical and Surgical Sciences, Alma Mater 
Studiorum, University of Bologna, Bologna, Italy

4 General Surgery and Liver Transplantation, Fondazione 
Policlinico Universitario Agostino Gemelli IRCCS, Rome, 
Italy

5 Department of Experimental and Clinical Medicine, 
Hepatobiliary Pancreatic Surgery, University of Florence, 
Florence, Italy

6 Department of Surgery, University Hospital of Pisa, Pisa, 
Italy

7 Department of General Surgery 
and Hepato-Pancreato-Biliary (HPB) Unit-APSS, Trento, 
Italy

8 Unit of General Surgery and Liver Transplantation, 
Foundation IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico, Milan, Italy

9 Department of Surgery, ASST Cremona, Cremona, CR, Italy
10 General Surgery 2-Hepato-Pancreato-Biliary Surgery 

and Liver Transplantation Unit, Padua University Hospital, 
Padua, Italy

11 Hepato-Pancreato-Biliary (HPB) Surgery Unit Azienda Di 
Rilevanza Nazionale e Alta Specializzazione (ARNAS) 
Garibaldi-PO “Nesima”, 95100 Catania, Italy

12 General Surgery Unit, IRCCS San Gerardo Dei Tintori, 
Monza, Italy

13 Hepatobiliary Surgery Unit Department of Medicine 
and Surgery, University of Parma, Parma, Italy

14 Department of General Surgery and Transplantation, School 
of Medicine, University of Milano-Bicocca, Niguarda 
Hospital, Milan, Italy

15 Division of Hepatic Surgery and Liver Transplantation, 
University of Pisa Medical School Hospital, Pisa, Italy

16 Hepato-Pancreato-Biliary Surgery and Liver Transplantation 
Unit, University of Modena and Reggio Emilia, Modena, 
Italy

17 General and Oncology Surgery, Morgagni-Pierantoni 
Hospital, Ausl Romagna, Forlì, Italy

18 Department of Surgery, San Camillo Forlanini Hospital, 
Rome, Italy

19 Hepatobiliary Surgery Unit, USL Toscana Centro–San 
Jacopo Hospital, Pistoia, Italy

20 Department of Surgery, Mauriziano Hospital, Turin, Italy
21 Unit of General Surgery, San Giuseppe Moscati Hospital, 

Aversa, Italy
22 Hepatobiliary Surgery Unit, Fondazione Policlinico 

Universitario A. Gemelli IRCSS, Università Cattolica del 
Sacro Cuore, Rome, Italy

https://doi.org/10.1007/s13304-020-00907-2
https://doi.org/10.1007/s13304-020-00907-2
https://doi.org/10.1097/SLA.0000000000002150
https://doi.org/10.1016/j.hpb.2018.09.005
https://doi.org/10.1016/j.hpb.2018.09.005
http://orcid.org/0000-0002-8108-9064


 Updates in Surgery

23 Department for the Treatment and Study of Abdominal 
Diseases and Abdominal Transplantation, Istituto Di 
Ricovero E Cura a Carattere Scientifico-Istituto Mediterraneo 
Per I Trapianti E Terapie Ad Alta Specializzazione 
(IRCCS-ISMETT), 90127 Palermo, Italy

24 Department of Surgery and Medical and Surgical Specialties, 
University of Catania, 95124 Catania, Italy

25 Department of Surgery, Dentistry, Gynecology 
and Pediatrics, Division of General and Hepatobiliary 
Surgery, University of Verona, G.B. Rossi University 
Hospital, Verona, Italy

26 Division of Surgical Oncology, Hepatobiliary Unit, Istituto 
Nazionale Tumori IRCCS Fondazione “G. Pascale” Napoli, 
Naples, Italy

27 General Surgery and Organ Transplantation Unit, AOU 
Policlinico Umberto I, Sapienza University of Rome, 
00161 Rome, Italy

28 General Surgery Clinic and Liver Transplant Center, 
University Hospital of Udine, Udine, Italy

29 Division of General Surgery 1, Department of Surgery, 
Fondazione IRCCS Policlinico San Matteo, 27100 Pavia, 
Italy

30 Regional Center for HPB Surgery, Regional Hospital 
of Treviso, Treviso, Italy

31 Department of Surgery, Division of HPB Surgery and Liver 
Transplantation, Fondazione IRCCS Istituto Nazionale 
Tumori Di Milano, Milan, Italy

32 Department of Oncology and Hemato-Oncology, University 
of Milan, Milan, Italy

33 Department of Hepato-Pancreato-Biliary Surgery, “F. Miulli” 
General Regional Hospital, Acquaviva Delle Fonti, Bari, 
Italy

34 Department of Pharmacy, Health and Nutritional Sciences, 
University of Calabria, 87036 Rende, Italy

35 Department of Clinical and Experimental Sciences, Surgical 
Clinic, University of Brescia, Brescia, Italy

36 Department of Medicine and Health Sciences “V. Tiberio”, 
University of Molise, Campobasso, Italy

37 HPB Surgery Unit, Pineta Grande Hospital, 
81030 Castel Volturno, Italy

38 General Surgery 2U-Liver Transplant Unit, Molinette 
Hospital, Azienda Ospedaliero Universitaria Città Della 
Salute E Della Scienza Di Torino, Università Di Torino, 
Turin, Italy

39 School of Medicine and Surgery, University of Milan 
Bicocca, HPB Surgery, Fondazione IRCCS San Gerardo, 
Monza, Italy

40 Oncological Surgical Unit, Papardo Hospital, Messina, Italy
41 Department of Surgical Sciences and Medical Sciences, 

University of Rome-Tor Vergata, Rome, Italy
42 Division of HPB, Minimally Invasive and Robotic Surgery, 

Transplantation Service, Federico II University Hospital 
Naples, Naples, Italy

43 General Surgery Division, Ospedale Infermi, Rimini, Italy
44 Department of Hepatobiliary and Liver Transplantation 

Surgery, A.O.R.N. Cardarelli, Naples, Italy
45 Division of Surgery, Humanitas Gavazzeni Hospital, 

Bergamo, Italy
46 Department of Biomedical Sciences, Humanitas University, 

Pieve Emanuele, Milan, Italy
47 Chirurgia Generale Azienda Ospedaliera Card. G. Panico, 

Tricase, Italy
48 HPB Surgery and Transplantation Unit, Department 

of Clinical and Experimental Medicine, Polytechnic 
University of Marche, Ancona, Italy

49 Department of Surgery, Oncology and Gastroenterology - 
DISCOG, University of Padua, Padua, Italy

50 Department of General Surgery, IRCCS, Azienda 
Ospedaliero-Universitaria Di Bologna, Maggiore Hospital, 
Bologna, Italy

51  Vita-Salute San Raffaele University,  Vita-Salute San 
Raffaele University, Milano, Italy

52  Department of Medicine and Surgery, LUM University, 
Casamassima, Bari, Italy


	Cornerstones and divergencies in the implementation and use of liver hypertrophy techniques: results from a nationwide survey for the set-up of the prospective registry
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Data source and study population
	Statistical analysis

	Results
	Discussion
	References


