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Introduction

Management of primary and secondary hepatic malignancies 
has long been a cornerstone of interventional oncology. The 
myriad disease processes that affect the liver combined with 
the many and varied treatment options available helped to 
cement the role of the interventional radiologist (IR) as, 
among other things, an oncologic specialist. However, the 
full utility of the available tools is often underappreciated 
and extends far beyond curative treatment. In particular, the 
supportive role IR can play in establishing and maintaining 
candidacy for surgical intervention is less commonly 
recognized and employed. Herein we provide an overview 
of the available pre-operative interventions with a specific 
focus on bridging to liver transplantation or resection.

Hepatocellular carcinoma (HCC) and liver 
transplantation

Overview and staging

Orthotopic liver transplantation (OLT) is the treatment 
of choice for patients with cirrhosis and early-stage HCC 
because of its ability to eliminate both the HCC lesion(s) 
and the underlying stroma which promotes de novo tumor 
development (1). However, the limited pool of available 
organs necessitates utilization of a system for prioritization 
of allotment. The current transplant allocation system is 
based both on urgency (predicted pre-transplant mortality) 
and utility (maximization of post-transplant outcome). 
Because post-transplant HCC recurrence is associated with 
dismal overall survival (OS), eligibility for transplantation 
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is determined in part by predicted likelihood of disease 
recurrence (2,3). The most commonly utilized system for 
this purpose is the Milan criteria, which was first introduced 
in 1996 (4). It defines candidates for transplantation as 
those who meet the following conditions: (I) single tumor 
with diameter less than 5 cm, (II) no more than three 
HCCs, each not exceeding 3 cm, (III) no macroscopic 
angioinvasion, and (IV) no extrahepatic disease (5). In those 
patients who fall within these criteria, the post-transplant 
5-year OS is 73.3% (6).

Once eligibility for transplantation has been determined, 
patients are stratified for deceased donor liver allocation 
based on disease severity as assessed by the MELD and 
MELD-Na scores. In the United States, patients with HCC 
who meet Milan criteria have since 2002 been provided 
a special allocation benefit, termed MELD exception 
points, which elevates their status on the United Network 
for Organ Sharing (UNOS) allocation list. When the 
policy began in 2002, patients classified by the Organ 
Procurement and Transplantation Network (OPTN) as 
very early HCC (T1: 1 lesion <2 cm) and early HCC (T2: 
1 lesion ≥2 but <5 cm, or as many as 3 lesions <3 cm each) 
received an additional 24 and 29 points, respectively (7). As 
a result, between 2004 and 2015 the ratio of registrants with 
HCC to those without increased 2.7–10.2 fold (8); in fact, 
HCC is currently the leading diagnosis on the 2-year liver 
transplant waitlist among all registrants, comprising 29% 
of diagnoses (2). However, this policy so heavily prioritized 
patients with HCC over those with chronic liver disease 
that the drop-out rate of the latter increased to 35.8% due 
to death or disease progression (7). Several revisions were 
then made such that under the current iteration patients 
with very early HCC (single HCC <2 cm) no longer receive 
exception points and those with T2 disease are initially 
listed with their natural MELD score and receive points 
only after a mandatory 6-month waiting period; thereafter 
they are awarded 28 points, which increases every 3 months 
to a maximum of 34 points (4). Therefore, in order to 
increase the odds of surviving to OLT for adult patients 
with cirrhosis and HCC, management with one of several 
locoregional therapies (LRT) has been proposed: (I) T1: 
LRT or observation, (II) T2: bridging LRT to prevent 
tumor progression beyond T2, and (III) T3: downstaging 
LRT for HCC beyond Milan criteria.

T1: LRT or watchful observation

Pat ients  wi th  T1 d i sease  can  only  be  l i s ted  for 

transplantation for indications other than the tumor 
itself. Among those who are listed, those with good liver 
function can avoid transplantation while maintaining a 
good prognosis by undergoing alternative therapies, such as 
ablation or surgical resection (9) (Figure 1). The American 
Association for the Study of Liver Diseases (AASLD) 
currently recommends only observation with serial 
imaging for these patients (10). This “watchful waiting” 
recommendation stems from the UNOS policy in which 
patients with T1 HCC do not receive MELD exception 
points and can be abandoned depending on anticipated 
wait time to OLT, tumor growth rate, severity of hepatic 
decompensation, current allocation policy, and patient 
preference. This conservative approach is not without risk, 
however, which derives predominantly from the potential 
for disease progression, either from tumor enlargement 
or development of extrahepatic metastases. Two studies 
have attempted to address the frequency with which these 
outcomes occur (10).

Mehta et al. retrospectively evaluated 114 patients with 
T1 HCC measuring 1.0–1.9 cm who were followed with 
imaging every 3 months (11). After a median follow-up 
of 2.4 years, the median growth rate was 0.14 cm/month. 
Of the 114 patients, 6 (5.3%) remained within T1 at the 
end of the follow-up period, 100 (87.7%) progressed 
from T1 to T2 at a median of 6.9 months, and 6 (5.3%) 
progressed directly from T1 to beyond T2 at a median 
of 5.1 months. In this latter group, the progression was 
due to tumor burden alone in four, new portal vein tumor 
thrombus in one, and new adrenal metastasis in one. Huo 
et al. conducted a retrospective study evaluating the rate 
of dropout from the transplant list in patients with T1 and 
T2 disease who underwent LRT (12). Three hundred and 
ninety patients met inclusion criteria, 94 with T1 disease 
and 296 with T2 disease. Three- and six-month waitlist 
dropout rates were 2.1% and 5.3% for patients with T1 
disease, respectively, and 3.0% and 6.8% for patients with 
T2 disease, respectively. Thus, the overall risk of loss-of-
candidacy for patients with T1 disease approximates one 
in twenty at 6 months. Whether this risk is worth taking 
depends on the remainder of the clinical picture as well at 
patient and provider preference.

T2: bridging therapy for OLT

After one year without treatment, HCC will enlarge, invade 
vasculature, and spread to extrahepatic sites in 71%, 21%, 
and 9% of cases, respectively (13). The goal of bridging 
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therapy is to reduce these rates and thereby decrease 
the likelihood of both pre-transplant dropout and post-
transplant recurrence. Therapies available for this purpose 
include thermal and non-thermal ablation, conventional 
transarterial embolization (TAE), conventional or drug-
eluting bead transarterial chemoembolization (cTACE 
or debTACE, respectively; Figure 2),  transarterial 
radioembolization (TARE), or a combination of these. 
Currently, no one therapy has been established as superior 
to any other (10,14). Although the quality of evidence is 
low due to high risk of bias, technical inconsistency, and 
reporting imprecision, there is a trend towards lower 
dropout rates from all causes and from tumor progression 
in those who receive LRT (relative risk 0.38 and 0.32, 
respectively) (15). These therapies have also been shown to 
be effective in reducing dropout among patients with wait 
times of 6 months or longer (14,16).

Given the favorable risk-benefit ratio, both the AASLD 
and international consensus recommend LRT as bridging 

therapy for patients with T2 disease (10,14). Despite this, 
however, a recent metanalysis by Kulik et al. found that 
patients with T2 HCC who underwent bridging therapy 
with LRT showed no significant improvement in rates 
of post-transplant recurrence or recurrence-free survival 
(15,17). This finding was reiterated by Agopian et al. in a 
multicenter study which included 3,601 post-OLT patients; 
rates of 1-, 3-, and 5-year recurrence-free survival were 
not significantly different regardless of whether bridging 
therapy had been administered (17). In fact, the study found 
that the number of LRT sessions was positively correlated 
with likelihood of post-OLT recurrence, although the 
authors attributed this to the confounding factor of tumor 
aggression rather than the effect of the treatment itself.

T3: downstaging therapy

Downstaging refers to treatment administration with the 
intent of decreasing overall tumor burden such that patients 

Figure 1 A 67-year-old male with T1 disease who underwent loco-regional therapy via liver ablation. (A) Axial T1-weighted MRI with 
arterial phase contrast enhancement demonstrating a 1.9-cm arterially enhancing segment 7 tumor (arrow) with associated washout 
(LIRADS-5); (B) axial CT angiography during late arterial phase performed via a 5F catheter placed within the common hepatic artery 
showing the tumor (arrow) during the ablation procedure; (C) microwave ablation was carried with two antennas (*). Note the hypervascular 
rim surrounding the ablation defect during CT arteriography; (D) subtraction imaging from an MRI performed 2 months later showing 
complete tumor response (arrow), confirming primary efficacy of the ablation. MRI, magnetic resonance imaging; CT, computed 
tomography.
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whose disease previously precluded transplant candidacy 
now fall within established guidelines. Multiple forms of 
locoregional therapy have been used for this purpose, with 
TACE and radiofrequency ablation (RFA) accumulating the 
most experience (14). However, available evidence is limited 
with most studies being non-comparative and observational 
in nature; further, no study has directly compared post-
transplantation outcomes in patients who initially met 

Milan criteria with those who underwent downstaging.
Despite this, the current evidence strongly suggests 

that outcomes are comparable between those who met 
criteria at initial evaluation and those who were successfully 
downstaged. For example, two prospective studies reported 
similar disease-free and OS between the two groups (18,19). 
Several retrospective studies have also supported this 
approach. Heckman et al. (20) retrospectively evaluated 

Figure 2 A 52-year-old male with a solitary HCC measuring >5 cm who was listed for liver transplant. (A) Baseline axial T1 fat-saturated 
contrast-enhanced MRI demonstrating segment 5 tumor; (B) DSA performed during the first session of debTACE showing a hypervascular 
lesion which corresponds to the one seen on MR; (C) axial contrast-enhanced CT obtained 4 weeks after treatment demonstrates residual 
enhancement on the arterial phase, consistent with partial response; (D) DSA of the cystic artery demonstrating parasitized tumor supply. 
debTACE was carefully performed via the cystic artery, without complication; (E) axial contrast-enhanced CT performed 4 weeks after the 
second treatment session demonstrating complete response of the target lesion. The patient underwent liver transplantation 4 months later. 
Explant analysis demonstrated >90% histological necrosis of the treated tumor. HCC, hepatocellular carcinoma; MRI, magnetic resonance 
imaging; DSA, digital subtraction angiography; debTACE, drug-eluting bead transarterial chemoembolization; CT, computed tomography.
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123 patients who underwent OLT between 2000 and 2006 
(spanning the pre- and post-MELD exception point eras), 
50 of which were treated with pre-transplantation LRT 
and 73 of which were not. The 1-, 3-, and 5-year OS was 
not statistically different between the two groups (81%, 
81%, and 81% vs. 81%, 71%, and 71%, respectively). 
Furthermore, the 12 patients who were successfully 
downstaged showed similar OS both to those who received 
LRT but did not respond and underwent OLT anyway and 
to those who did not undergo LRT. Kim et al. (21) showed 
that in patients meeting UNOS Region 4 T3 (R4T3) 
criteria (one lesion up to 6 cm, three lesions each up to  
5 cm, total tumor burden up to 9 cm), those with expanded 
T3 disease who underwent pre-OLT LRT had lower 3-year 
recurrence rates (7% vs. 75%, P<0.001) and better 3-year 
OS rates (78% and 25%, P=0.02 ) than those who did not. 
Hołówko et al. (22) retrospectively analyzed 229 patients 
who underwent OLT, 75 of whom had undergone prior 
treatment with TACE. Again, there was no difference in 
5-year recurrence-free survival between the groups.

Despite the absence of conclusive data, the AASLD 
currently supports listing for transplant after successful 
downstaging (10). As such, consideration should be given 
to allocating MELD exception points for patients who 
present with T3 disease but have the potential for successful 
downstaging to T2.

Surgical resection and pre-operative 
regenerative strategies

Overview

As an alternative to transplantation, patients with primary 
or secondary hepatic malignancies can be managed via 
partial hepatectomy. In patients with cirrhosis this does not 
remedy the underlying parenchymal milieu which promotes 
tumor development, but it obviates the need for organ 
procurement and long-term immunosuppression. When 
hepatic resection is being considered, specific attention 
must be paid to the size and functional status of the residual 
native organ, termed the future liver remnant (FLR). As 
surgical techniques have continued to advance allowing for 
more aggressive resections, the size of the FLR has become 
a limiting factor in determining patient candidacy (23,24). 
The FLR must retain enough functional capacity to support 
the needs of the body; thus, the more dysfunctional the 
underlying parenchyma, the greater the minimum FLR size 
necessary to prevent postoperative liver failure and death.

Fortunately, the liver is unique in the human body for its 
prodigious regenerative capacity, which has been recognized 
at least since James Cantlie documented the concept of the 
atrophy-hypertrophy complex in 1897 (25). Compensatory 
hypertrophy of un-involved liver parenchyma following 
ligation of portal vein branches was described in animals in 
the first half of the 20th century (26), but was not leveraged 
for medical use until 1990 when Makuuchi et al. reported 
portal vein embolization (PVE) in 14 patients with hilar 
cholangiocarcinoma (27). PVE is now a well-established 
technique for inducing preoperative hypertrophy of the 
FLR in appropriately selected patients, and attempts 
have been made to iterate and expand upon it to improve 
outcomes, although often without definite benefit.

Physiology

A detailed discussion of the physiology of liver regeneration 
is beyond the scope of this article (28,29). In brief, in 
the absence of hepatic injury, approximately 0.01–0.1% 
of hepatocytes are actively engaged in mitosis while the 
remainder are quiescent (25,30). An injurious stimulus, 
iatrogenic or otherwise, releases growth factors which 
promote hepatocyte proliferation, the degree of which 
depends on both the extent of damage and the health of the 
underlying parenchyma (30). In cases of minor injury (<10% 
parenchymal involvement) the response is predominantly 
local, whereas larger degrees of damage result in an organ-
wide response (30). Although myriad noxious stimuli can 
induce this process, in most cases the underlying cascade 
is similar with the bulk of the regenerative capacity 
resulting from cellular division and to a lesser extent from 
enlargement (31); as such, at a cellular level the response 
is better termed hyperplasia rather than hypertrophy. 
Because regeneration depends upon the proliferation of the 
remaining uninjured hepatocytes, chronically diseased livers 
have less regenerative capacity than healthy ones, a factor 
that must be considered when assessing patient candidacy 
for PVE (32-34).

Induction of hepatic hypertrophy has been specifically 
observed following occlusion of portal vein, biliary, and/
or hepatic vein branches (29). In the first, occlusion of 
portal branches results in redistribution of portal flow 
into the uninjured parenchyma. The affected parenchyma 
undergoes atrophy predominantly via the controlled process 
of apoptosis, which differs from the necrotic response 
seen following TAE and helps to explain the absence of a 
post-embolization syndrome following the former (35).  
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The increased portal flow experienced by the un-
embolized liver produces several changes which promote 
the regenerative response: heightened shear stress which 
stimulates hepatocyte DNA synthesis, relatively decreased 
oxygen saturation resulting from increased deoxygenated 
portal inflow in the setting of uncharged oxygenated arterial 
inflow, and increased delivery of intestinally derived growth 
factors (29,36). The pace of hypertrophy is greatest in the 
first 2 weeks following injury, before a relative plateau sets 
in during which hypertrophy continues at a substantially 
reduced rate (37). Attempts to augment the rate and 
ultimate degree of hypertrophy have prompted several 
modifications to the standard PVE, which are discussed 
below.

Patient selection

Pre-operative PVE should be considered for any patient 
who is being evaluated for partial hepatectomy but has an 
anticipated FLR which is too small to sustain the needs of 
the body in the immediate postoperative period (Figure 3). 
Inadequate post-resection hepatic reserve can have dire 
consequences including liver failure, prolonged hospital 
stays, and/or death (23,38). Because the right hepatic lobe 
is anatomically larger than the left, PVE is commonly 
considered before right hepatectomy to pre-operatively 
augment the size of the left lobe; embolization of segment 
4 can be included or excluded depending on the surgical 

approach.
Assessment of the FLR is typically done using cross-

sectional imaging, most commonly computed tomography 
(CT). 3D volumetry is performed by tracing the hepatic 
contour on each slice, measuring the enclosed cross-sectional 
area, multiplying the area by the slice thickness to calculate 
volume, and then adding the volumes together across 
slices to get the total volume of the measured target (39).  
Although cumbersome, this process has been shown to 
be accurate to within ±5% (40,41). The calculated FLR 
must be interpreted in the context of the patient’s size, 
as larger patients have both bigger livers and a need for 
a larger FLR (40). As such, the FLR is often normalized 
relative to the total liver volume (TLV) and reported as 
the standardized future liver remnant (sFLR) (40,42). The 
TLV can be calculated either using CT volumetry, which 
can be time consuming given the need to measure and then 
subtract the tumor volume from the total liver volume, or a 
formula based on body surface area (BSA) (40,42-44). The 
comparative accuracy of each method remains debated, 
although at least one study suggested BSA outperforms CT 
volumetry (43). The minimum necessary size of the sFLR 
depends on both the health of the liver parenchyma and the 
expected treatment the patient will be receiving: 20% for 
patients with healthy underlying livers, 30% for those with 
healthy livers who are receiving extensive chemotherapy, 
and 40% for those with cirrhosis and/or advanced fibrosis 
(34,37,45-47).

Figure 3 A 54-year-old male with colorectal liver metastases. Given the disease distribution, it was decided to pursue an extended right 
hepatectomy (right hepatectomy with segment 4 resection). The patient was referred for PVE as the pre-embolization FLR was calculated 
to be 21% of the TLV using the BSA formula. (A) Pre-PVE digital subtraction portogram showing R and L portal branches; (B) post-PVE 
portogram showing occlusion of the right portal vein (*) and segment 4 (arrowhead) branches after embolization with 100 μm microparticles 
and coils. Note preservation of segment 2 and 3 patency. CT volumetry performed 4 weeks later demonstrated an increase of the FLR to 
32%. The patient underwent planned surgical resection without complications. PVE, portal vein embolization; FLR, future liver remnant; 
TLV, total liver volume; BSA, body surface area; R, right; L, left; CT, computed tomography; II, segment 2 portal vein branch; III, segment 
3 portal vein branch.
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The only absolute contraindication to PVE is portal 
hypertension precluding surgery. However, in cases in 
which the target portal vein branch is already occluded, 
such as from tumor invasion, PVE should be avoided as it is 
unlikely to produce an effect given that the portal flow has 
already been redirected into the FLR (48).

Technical considerations

As the goal of PVE is to redirect portal flow into the 
FLR, embolization must be as complete as possible so as 
to avoid recanalization or the development of portaportal 
collaterals, either of which can limit the ultimate degree of  
hypertrophy (49). Segment 4 should be included in the 
embolized territory when a trisegmentectomy/extended 
right hepatectomy (removal of the right hepatic lobe as 
well as the medial segment of the left lobe) is planned (50). 
When performed, embolization of segment 4 produces 
greater and more rapid hypertrophy of the FLR without 
an increase in complication rates (51-53), although 
unintentional reflux of embolic material from segment 4 
into the FLR has been described (54).

Access to the portal vein is typically obtained using a 
percutaneous transhepatic approach. Either ipsilateral or 
contralateral access points (in reference to the lobe to be 
resected) may be selected, noting that in most cases PVE is 
performed such that the left lobe, or part of it, comprises 
the FLR. The contralateral approach was described first 
and provides the advantage of relative technical ease at the 
potential risk of damage to the FLR (55). The ipsilateral 
approach, by contrast, avoids damage to the FLR but 
is technically more challenging secondary to extreme 
angulation between right portal vein branches, potentially 
necessitating the use of reverse curve catheters (56). 
Notably, however, access to segment 4 is typically easier 
from an ipsilateral than a contralateral approach (57). Also, 
as embolic is deposited in a retrograde manner with this 
approach, it carries the risk of embolic disruption secondary 
to instrumentation of the treated side; thus, care in catheter 
manipulation is essential, as it is treatment of segment 4 
prior to treatment of the right lobe, when indicated (57). 
Current evidence suggests no clear superiority of one 
approach over the other, although several studies have 
suggested that the contralateral approach may have slightly 
lower complication rates (37,58,59).

The selection of embolic material is largely based on 
operator comfort and preference as nearly every commonly 
used embolic material has been tried and few direct 

comparisons are available. In general, permanent agents are 
believed to be more effective at inducing hypertrophy than 
are temporary ones (60). N-butyl-2-cyanoacetate (NBCA) 
glue has accrued the most experience and current evidence 
seems to suggest that it is the most effective overall (61,62). 
This material induces a potent inflammatory reaction in the 
liver when instilled secondary to the exothermic reaction it 
undergoes during polymerization, and it has been suggested 
that the resulting cytokine release directly stimulates 
liver hypertrophy (62). At least one direct comparison 
found NBCA to be both more effective and less expensive 
compared to combination coils and particles with equivalent 
complication rates (63). However, it can be challenging to 
use for those with less experience and the inflammatory 
reaction and scarring it produces may increase operative 
difficulty, although differing rates of operative success have 
not been reported (62).

Following embolization of the portal vein, tract 
embolization should be undertaken with coils, gelfoam, and/
or glue to reduce the risk of hemorrhage. Bleeding from 
the access site is uncommon (<5%), although ipsilateral 
access appears to be lower risk than contralateral, likely as 
a result of stasis in the ipsilateral vein and increased post-
embolization pressure in the contralateral vein (64).

Outcomes

Rates of technical success are typically reported at greater 
than 95% regardless of the procedural specifics. Mean 
FLR hypertrophy rates range between 37.9–49.4% 
with consequent successful hepatectomy undertaken in 
75.9–96.1% (61,65,66). In patients with chronic liver 
disease hypertrophy is both slower and less exuberant, with 
hypertrophy rates reported to be 28–46% (67,68). Of note, 
kinetic growth rate (KGR), defined as degree of hypertrophy 
divided by time elapsed since PVE, has been reported as 
an alternative outcome measure to FLR (69). In one study 
comparing KGR to sFLR and degree of hypertrophy, 
a KGR of less than 2% per week was the most accurate 
predictor of postoperative hepatic insufficiency (69).  
When surgery is not ultimately performed, it is most 
commonly due to either inadequate FLR growth or 
progression of disease. The latter is of particular concern as 
it has been postulated that PVE accelerates tumor growth 
via release of trophic factors (70,71).

Complications following PVE are typically related 
either to the access, manifesting as bleeding, infection, or 
fistula formation, or to the embolization itself, including 
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non-target embolization and extension of thrombosis to 
involve the left or main portal vein. In either case major 
complications are uncommon and reported in 2.2–3.1% 
of cases; mortality occurs in less than 0.1% (61,65,66). 
Of note, the risk of post-PVE portal vein thrombosis in 
particular is greater in patients with chronic liver disease 
than in patients with healthy livers, likely as a result of 
slower baseline portal flow (59).

Modifications

Although PVE has received widespread adoption, its 
recognized limitations have led to the development of 
several alternative or modified techniques for induction 
of FLR hypertrophy, albeit with varying levels of success. 
Associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS) is a surgical procedure 
which consists of single session portal vein ligation and 
FLR partitioning (72). It was expected that the more 
complete portal occlusion combined with elimination 
of collateral flow would result in more extensive portal 
ischemia and thereby produce more rapid and extensive 
FLR hypertrophy. Indeed, this expectation was borne 
out in several studies showing greater KGR compared to 
PVE and one randomized controlled trial demonstrating 
significantly greater rates of subsequent resection (73,74). 
However, this dramatic growth is not accompanied by 
a concomitant increase in function, which likely results 
from the immaturity of the newly formed hepatocytes and 
supporting stroma (75). As a result, both morbidity and 
mortality are substantially higher than following PVE with 
analysis of an international ALPPS database showing 75% 
of 90-day mortality to be attributable to liver failure (76).  
Consequently, ALPPS is not considered a first-line 
procedure in most patients.

Liver venous deprivation (LVD) is an augmented form 
of PVE in which both the portal and hepatic veins are 
embolized (77) (Figure 4). Occlusion of hepatic venous 
outflow is thought to both further reduce portal vein inflow 
and attenuate the hepatic arterial buffer response, thereby 
producing a greater degree of ischemia than does PVE 
in isolation. However, the ischemia is not so severe that 
staging is necessary; rather concurrent PVE and hepatic 
vein embolization (HVE) has been shown to be safe and 
effective (78). The right hepatic vein is typically embolized; 
when the middle hepatic vein is also treated and the entire 

right hepatic outflow is obstructed, the procedure is termed 
extended liver venous deprivation (eLVD). Preliminary 
results are promising, with one direct comparison suggesting 
increased hypertrophy, decreased length of postoperative 
hospital stay, and decreased 90-day mortality compared 
to PVE (79). These results appear even more dramatic 
when eLVD is performed, with hypertrophy comparable 
to that induced by ALPPS but without the associated  
complications (80). Further studies are ongoing and will 
help to clarify the role of LVD/eLVD in preoperative 
hepatic regeneration moving forward.

Radiation lobectomy (RL) is a transarterial approach 
to induction of FLR hypertrophy which developed as an 
outgrowth of hepatic radioembolization for treatment 
of malignancy (81,82) (Figure 5). Unlike its procedural 
parent, however, the goal is not simply to treat tumor but 
to radiate the entirety of the hepatic parenchyma planned 
for resection. Consequently, particles are administered 
from a more proximal location (likely a lobar rather than 
a segmental or subsegmental artery), and the administered 
radiation dose is greater (83). RL provides several 
advantages when compared to PVE and LVD. Because 
it is a trans-arterial therapy, portal vein thrombosis does 
not preclude performance and in fact may increase the 
overall efficacy (84). It requires only a single access, unlike 
the two that are commonly needed for LVD. In addition 
to producing FLR hypertrophy, it functions as a primary 
treatment in its own right and thereby helps to limit 
tumor progression in the interval between RL and surgical 
resection, and can additionally act as destination therapy 
should surgical resection ultimately not be performed (83). 
As with LVD, only preliminary data on efficacy are available, 
in part because of wide variance in procedural approach. 
Initial results are promising with a 2014 systematic review 
reporting degrees of FLR hypertrophy ranging between 
26% and 47% at 44 days to 9 months (85). However, when 
compared with PVE, RL seems to produce a slower and 
ultimately smaller degree of hypertrophy (84,86,87).

Conclusions

Although surgery plays a major role in the management 
of primary and secondary hepatic malignancy, establishing 
and maintaining candidacy for these surgical interventions 
can be challenging. The IR, therefore, has the potential to 
broaden the candidacy for surgery with various minimally 
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Figure 4 A 27-year-old male with colorectal liver metastases. A two-stage hepatectomy was planned so he was referred for pre-operative 
LVD. (A) Pre-PVE contrast-enhanced CT showing calcified colorectal liver metastases (*). Note surgical clips on the left hepatic lobe 
(arrowhead) as sequelae of first stage hepatectomy; (B) pre-PVE digital subtraction portogram; (C) post-PVE digital subtraction portogram 
showing successful embolization of the right portal vein and major branches of segment 4; (D) right hepatic venogram performed via 
a transjugular approach prior to HVE; (E) embolization of this branch was then performed with a combination of coils and Amplatzer 
plugs; (F) completion digital subtraction venography showing successful occlusion of the right hepatic vein. The middle hepatic vein was 
not embolized as it was already occluded by extrinsic tumor compression (not shown). LVD, liver venous deprivation; PVE, portal vein 
embolization; CT, computed tomography; HVE, hepatic vein embolization.
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invasive locoregional therapies such as embolotherapy, thus 
contributing to an overall improvement in patient outcomes.
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