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Come ottenere l’ipertrofia controlaterale prima della resezione.

Embolizzazione portale o TARE: le evidenze

No guidelines

No consensus

Interdisciplinary Data 

Literature

• Interventional radiology 

• Medical radiation oncology

• Nuclear medicine 

• Medical physics

• Hepatologist - oncologist

• Surgical oncology 

• Transplant surgery  



Come ottenere l’ipertrofia controlaterale prima della resezione.

Embolizzazione portale o TARE:

le evidenze

When evaluating patients for resection, two aspects can qualify the possible

unresectability of the tumour.

[1] the presence of an inadequate future liver remnant (FLR)

strong indipendent predictor of post-operative complicationsstrong indipendent predictor of post-operative complications
[Shoup M et al J Gastrointestinal Surg 2003; Ribero D et al. Br J Surg 2007]

[2] the close proximity of the tumour to vital hepatic structures that can

make any type of intervention impossible



AIM: 

Expanding the room for hepatic resection

RATIONALE

1. The liver has the ability to regenerate

1. The portal vein plays a central role in trasporting trophic factors

Peter Paul Rubens, Prometheus Bound, 1611-18, Philadelphia Museum of 

Art



AIM:

Induce a liver “ side effect”



• Portal vein embolization (PVE)

• Portal vein ligation (PVL)

AIM: 

Expanding the room for hepatic resection

TOOLS:
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• Associating liver partition with PVL for staged 

hepatectomy (ALPSS)

• Trans-arterial radioembolization (TARE)
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• Associating liver partition with PVL for staged 

hepatectomy (ALPSS)
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AIM: 

Expanding the room for hepatic resection

RATIONALE:

To induce a “ side effect”

Portal vein embolization (PVE)

as conversion therapy

TOOLS



Portal Vein Embolization: PVE

Makuuchi M et al Surgery 1990 first described PVE as a means of improving surgical

outcomes by preventing peri-operative liver insufficiency

3 approaches:          - transileocolic (surgical procedure)3 approaches:          - transileocolic (surgical procedure)

- controlateral   (via FLR)

- ipsilateral   

- controlateral   (via FLR)

- ipsilateral   



PVE

Schematic illustrates Couinaud segmental

liver anatomy and the normal portal venous structures

#look at the anatomy# 

#look at the anatomical variants# 



PVE

#look at the surgical plan# 



MDCT and/or MRI of the liver 

- assessment of tumor and non tumor volume 

- vascular assessment (portal vein patency; both tumour and hepatic arterial vascular bed)

- the extent of extrahepatic disease

PVE



PVE

1. FLR future liver remnant (CT/MR volumetry)

Vauthey JN et al Liver Transplantation 2002

1. TELV total estimated liver volume 

1. Body weight

#best method#: TELV 
p<0.005 

Shah A. et al. 

Comparison of different methods to quantify future liver remnants after preoperative portal

vein embolization to predict postoperative liver failure. 

Hepatogastroenterology 2011



PVE

301 consecutive pts:

Kishi Y et al. Ann Surg 2009

301 consecutive pts:

- pre-operative sFLR <20% had 

significantly higher rates of post-

operative liver insufficiency and 

death for liver failure (p<0.005)



PVE

sFLR <20%  and degree of sFLR 

In addition: Ribero D et al Br J Surg 2007

sFLR <20%  and degree of sFLR 

hypertrophy after PVE <5%

predicted outcome after 

resection



PVE

Consensus Conference on the Multidisciplinary

Treatment of Hepatocellular Cancer in 2010 

recommended PVE for sFLR <20% of total estimated 

liver volume (TELV) in pts with preserved liver 

function



PVE

- Steatosis

- Hepatotoxic chemotherapy

However: Ribero D et al Br J Surg 2007

ISSUE:  Timing of regeneration is variable!!!

- Hepatotoxic chemotherapy

- Cirrhosis

PVE when sFLR <30% of total estimated liver volume (TELV) 

in pts with steatosis and hepatotoxic chemotherapy

And sFLR <40% of total estimated liver volume (TELV) in pts 

with well compensated cirrhosis (CPA)



PVE:  Complications



PVE

Combination Therapy in the setting of HCC

135 pts

71 pts: TACE plus PVE

64 pts: PVE

RATIONALE: 

Trans-arterial chemoembolization before PVE induces a greater inflammatory 

response, which is known to contribute to liver regeneration



Increase in FLR OS Recurrence-free survival

1-y 97% 1-y 83%

PVE

Combination Therapy in the setting of HCC

135 pts

71 pts: TACE plus PVE

64 pts: PVE

7.3%

5.8%

p=.035 p=.028

1-y 97%

3-y 83%

5-y 72%

10-y 58%

1-y 89%

3-y 73%

5-y 56%

10-y 31%

1-y 83%

3-y 70%

5-y 61%

10-y 56%

1-y 62%

3-y 51%

5-y 38%

10-y 24%

p=.001

Sequential arterial and PVE is 

effective and safe



PVE

CONTROVERSIES

Combined right (RPVE) and segment IV (4PVE)

13 pts (RPVE)

13 pts (RPVE plus 4PVE)

No difference volume increase (p=0.20)

No difference IIs, IIIs rate of increase (p=0.40)

58 pts (RPVE)

15 pts (RPVE plus 4PVE)

Statistically significant difference

RPVE plus 4PVE better: volume increase (p=0.044)

IIs, IIIs rate of increase (p=0.021)

Different in technical experience and sample size

No difference IIs, IIIs rate of increase (p=0.40)



PORTAL VEIN LIGATION

(PVL)

Definition

� Manipulation of the portal blood flow 

First emphasized by Cantlie in 1897, later by Ros in 1920

Clinical implementation in 1975 by Honjo

� Two-stage procedure: 

1) “cleansing” of the FLR from tumour is performed along with PVL

2) when adequate hypertrophy of the FLR reached, resection of the 

diseased liver part



PVL and PVE in comparison

Portal occlusion (PVE or PVL) increase volume FLR 

up to 40% within 3 to 8 weeks

Mixed results
• Aussilhou B et al. Right portal vein ligation is as efficient as portal vein embolization to induce hypertrophy of the left liver remnant. J Gastrointest Surg

2008; 12: 297–303

• Robles R et al. Comparative study of right portal vein ligation versus embolisation for induction of hypertrophy in two-stage hepatectomy for multiple 

bilateral colorectal liver metastases. Eur J Surg Oncol 2012; 38: 586–593

• Van Lienden KP et al. Intrahepatic left to right portoportal venous collateral vascular formation in patients undergoing right portal vein ligation. 

Cardiovasc Intervent Radiol 2013; 36: 1572–1579

MAJOR ISSUE:

drop-out up to 35% of pts of 

either insufficient liver hypertrophy of the FLR 

or tumor progression within 3-8 weeks interval between portal vein occlusion and 

resection

BUT

WE MUST BE MORE RAPID TO GET THE HYPERTROPHY OF THE FLR



First emphasized by Dr Hans Schlitt in Regensburg, Germany 2007

Data reported by Schnitzbauer et al 2012 (Ann Surg 2012)

Associating liver partition with PVL 

for staged hepatectomy

ALPSS

1. After PVL portal-portal shunts, which can lead to recanalization of

the ligated right portal vein, develop

PVL and transection of the liver

the ligated right portal vein, develop

2. Liver transection, reduces portal-portal shunts

AND 

releases circulatory cytokines and growth factors not ONLY liver –

specific (similar effects by injuring other organs)

International ALPSS registry (http://www.alpss.net/)

May 2016: 553 cases from 84 centers around the world



Associating liver partition with PVL 

for staged hepatectomy

ALPSS

Conventional è il A: 
Stage 1. surgical exploration, right PVL, in situ splitting (ISS) of the liver parenchyma 

along the right rim of the round ligament, divided and are either clipped with metal clips or 

oversewn. Biliary and arterial structures and venous drainage of the right liver are retained

Stage 2. remove the right extended lobe and ligating the right hepatic artery, right bile 

duct and hepatic vein



1. rapid hypertrophy

ALPSS: Advantages

2. feasibility (97%) and R0 resection (83-100%) 

47-93% increase in FLR within 7-14 days
Reasons: 

1. after partial hepatectomy, a STRESS SIGNAL is generated due to the increase of energy demand per 

unit liver volume (ISS)

2. Altered hemodynamic factors (PVL)



1. High mortality and morbidity

Complications 36%

Morbidity rate 68%

In-hospital mortality rate 12%

ALPSS: Disadvantages

2.   Early tumor recurrence

ALPSS may promote tumor growth

Volume: 317 ml vs 475 ml

SUV: 4.3 vs 6.3

Biopsy at the same segment liver mets after 1° and 2°

laparotomy

Ki-67 labeling index for tumor cells was 60% during the 1° surgery but 80% during 

the 2° surgery

Ki-67 labeling index for 

tumor cells 60% vs 80%



PVE vs PVL vs ALPSS in comparison

Which is the best????

2796 publications 90 publications

3670 pts after PVE

290   pts after PVL

367   pts after ALPSS    

179 pts after PVE

123 pts after PVL

55 pts after ALPSS    



PVE vs PVL vs ALPSS

Speed of FLR hypertrophy before resection

PVE vs PVL : 46% vs 35%  p=0.10

ALPSS vs PVE: 76% vs 37% p<0.001

ALPSS vs PVL (only 1 study): 87% vs 29%                                               

p<0.001



PVE vs PVL vs ALPSS
Forest plots comparing morbidity and mortality between strategies

Morbidity PVE vs PVL

p=0.96

Mortality PVE vs PVL

ALPSS vs PVL (only 1 study): 

morbidity 73% vs 62%

British Journal of Surgery
Volume 103, Issue 13, pages 1768-1782, 16 SEP 2016 DOI: 10.1002/bjs.10290
http://onlinelibrary.wiley.com/doi/10.1002/bjs.10290/full#bjs10290-fig-0002

Mortality PVE vs PVL

p=0.62

Morbidity ALPSS vs PVE

p=0.16

Mortality ALPSS vs PVE

p=0.19

morbidity 73% vs 62%

mortality 15 vs 8%

p= ns



Associating liver partition with PVL 

for staged hepatectomy

ALPSS

ALPSS:
BETTER hypertrophy of the FLR in a  SHORTER time

BUT
ALPSS International Registry (http://www.alpss.net/)

showed

1. 93% of deaths after 2 stage for post-hepatectomy liver failure (PHLF)1. 93% of deaths after 2 stage for post-hepatectomy liver failure (PHLF)

2. 16-31% PHLF even when sufficient FLR volumes achieve

3. 75% pts 90-day mortality liver-related (peak of bilirubin >5mg/dL or a MELD score>10)

4. Early tumor recurrence



Volume vs Function 

Preliminary results from small series suggest that

February 2015 ALPSS Consensus Conference in Hamburg 

1. FLR volumetric increase PRECEDES its functional improvement

2. ALPSS might promote tumor growth

ALPSS Registry’s data suggest FLR sufficiency defined by classical volumetric criteria

IS NOT ENOUGH

in this scenario

Shortening times is not the main factor to improve the post-operative outcomes



Volume vs Function 

Key question:

Not  HOW LARGE 

BUT 

HOW GOOD 

the FLR function has to be to avoid PHLF? 

Need to evaluate liver function using Hepatobiliary Scintigraphy (HBS)



• Iminodiacetic acid derivate 

(99mTc-mebrofenin) (IDA)

• High liver uptake and directly excreted 

into the biliary system

Hepatobiliary scintigraphy (HBS)



Posterior ViewAnterior View

Hepatobiliary scintigraphy (HBS) and SPECT

% FLR-C = counts

FLR/counts TLV * 100

J Nucl Med 2010; 51:229–236

P<0.001

FLR counts

SPECT



Surgery 2015

Volume vs Function 

133 pts
32 pts

21 pts

11 pts



55 pts

Hepatobiliary scintigraphy (HBS)

55 pts

FLR cut-off: 2.69%/min/m2 

BSA

Identifies pts with a significant 

risk of developing PHLF



PVE in 24 pts

Hepatobiliary scintigraphy (HBS) after PVE

PVE in 24 pts

Conclusions: 3 pts would not have needed pre-operative PVE

7 pts did not achieve a sufficient increase in FLR function to allow a 

safe resection 3 weeks after PVE, compared with 12 pts and 9 pts  

based on FLR volume and sFRL

FLR cut-off: 2.69%/min/m2 



SPECT-HBS in Bologna

STUDIO OSSERVAZIONALE PROSPETTICO N° SPECT-HR 17-01

USO DELLA SCINTIGRAFIA EPATICA E DELLA SPECT IN PAZIENTI CANDIDATI AD EPATECTOMIA IN UNO O DUE 

TEMPI

Versione finale: 13/3/2017

PRINCIPAL INVESTIGATOR

Matteo Serenari MD

U.O. Chirurgia Generale e dei Trapianti, Policlinico S.Orsola-Malpighi

COORDINATING INVESTIGATORS

Antonio Daniele Pinna MD, PhD
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CO-INVESTIGATORS
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U.O. Chirurgia Generale e dei Trapianti, Policlinico S.Orsola-Malpighi
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Primary Aim:  

PHLF and 90-day mortality using HBS con 99mTc-mebrofenina e SPECT-TC

Secondary Aims: 

- Best method (formula) to evaluate the liver function

- Compare SPECT/TC vs CT or MR volumetric criteria

- Morbidity and mortality rate 

Lucia Zanoni MD

Maurizio Levorato MD

Stefano Fanti MD, PhD

U.O. Medicina Nucleare, Policlinico S.Orsola-Malpighi

Rita Golfieri MD
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AIM: 

Expanding the room for hepatic resection

RATIONALE:

To induce a “ side effect”

TOOLS

Trans-arterial radioembolization (TARE)

as conversion therapy



Radioembolization (TARE) as conversion therapy

HCC

Given that TARE is effective…. 



Given that TARE is effective…. 

Radioembolization (TARE) as conversion therapy:

mets



Intermediate HCC
Child-Pugh A-B

PST 0-1

Large / multinodular

Child-Pugh

B 8-9

Child-Pugh

A-B 7

Given that TARE can downstage pts…. 

1 nodule  

>5 cm

≥4 nodules

RES

TACE or TARE

(±Abl)

Sorafenib

TACE or

Sorafenib

TACE (±Abl) 

or RES 1

TARE2TARE2 (±Abl) 

Sorafenib

2-3 nodules  

>3 cm

1st line

Alternative

Down-stage

with ablation

OLT

Down-staged

No

BSC



Radioembolization (TARE) as conversion therapy



Radioembolization (TARE) as conversion therapy

P=0.51

P=0.40



Radioembolization (TARE) as conversion therapy

We suppose to EXPLOIT

Not only

Given that TARE is effective and can 

downstage pts…. 

Not only

1. to obtain R0 (local tumor control)

But also

2. to increase functional FLR (“side effect” of TARE) 



ISSUEISSUE

SHORTENING TIMES IS NOT OUR MAIN SHORTENING TIMES IS NOT OUR MAIN 

GOALGOAL

ISSUEISSUE

SHORTENING TIMES IS NOT OUR MAIN SHORTENING TIMES IS NOT OUR MAIN 

GOALGOAL

ISSUEISSUE
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LOCAL TUMOR CONTROL LOCAL TUMOR CONTROL thenthen RESECTRESECTLOCAL TUMOR CONTROL LOCAL TUMOR CONTROL thenthen RESECTRESECTLOCAL TUMOR CONTROL LOCAL TUMOR CONTROL thenthen RESECTRESECT

ISSUE

We need to obtain COMPLETE RESPONSE 

before RESECT????



Radioembolization (TARE) as conversion therapy

CCC

PR 25-82.3%

It can be hypotesized, in the best clinical scenario, that a PR/OR can be

50-75% necrosis to downstage pts

HCC

• PR 11-79%

• OR 40-86%

sufficient to induce the disengagement of the tumor from vital hepatic

structures which would otherwise represent the main surgical

controindication



Radioembolization (TARE) as conversion therapy

Increase in FLR 3 months: 21-32%

TARE results in both good local tumor control 

and 

an increase of the FLR



TARE vs PVE: mets 

Liver Mets PVE:  141 pts  

TARE:  35 ptsTARE:  35 pts



TARE vs PVE: mets 



Radioembolization (TARE) as conversion therapy



Radioembolization (TARE) as conversion therapy:

DOSE



� Liver has the ability to regenerate if damaged

� Timing of liver regeneration is variable

� Time is not the main factor of resectability

(prolonged waiting period could select pts at high risk of recurrence)
Elegibility to surgery

IS NOT ONLY A DECISION 

TAKE HOME MESSAGES 

� FLR function vs FLR volume should be evaluated before 

resection

� Local tumor control is our main goal to switch pt from 

unresectable to resectable

IS NOT ONLY A DECISION 

of the Surgeon

BUT ALSO 

of the Interventional Radiologist



alberta.cappelli@aosp.bo.italberta.cappelli@aosp.bo.it

Thank youThank you forfor the the attentionattention

Opera di Mario Lupo (1986).

Monumento al Gabbiano Jonathan Livingston, protagonista del libro di Richard Bach  (Molo Sud SBT)

….“guardare l’orizzonte da un altro punto di vista eleva la conoscenza”….. 


