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Abstract
Portal vein embolization (PVE) is a technique to enable extended liver resections 

by inducing compensatory hypertrophy of the non-embolized future remnant liver. 

Transarterial chemoembolization (TACE) is mostly used for the management of 

unresectable HCC. There is little literature describing the outcomes of the combination of 

PVE and transarterial embolization (TAE) or TACE. A systematic search was performed to 

review the current literature concerning the sequential use of PVE and TA(C)E. Executing 

PVE prior to TAE leads to a larger FRL increase than implementing TACE before PVE. Also, 

the increase in FRL is correlated with a larger fraction of embolized liver.
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Introduction
Surgical resection is the most effective treatment for primary or secondary liver tumors.(1-3) 

The number of liver resections is increasing because of improved diagnostic methods and 

perioperative care.(4) Severe postoperative complications and mortality after extensive 

resection are directly related to the size and function of the remnant liver, especially 

in patients with compromised livers.(2) Preoperative evaluation of future remnant liver 

(FRL) size and function is therefore, crucial to determine if a patient can safely undergo 

major liver resection. Assessment of FRL is usually based on morphological imaging by 

CT volumetry as described by Shoup et al.(5) The volume of the FRL is expressed as a 

percentage of total liver volume (TLV).

The importance of preoperative assessment of hepatic function has further increased 

because of recent availability of preoperative portal vein embolization (PVE) to increase 

the FRL. PVE was introduced to enable more extensive liver resections by inducing 

compensatory hypertrophy of the non-embolized liver segments or FRL.(6) Patients are 

selected for PVE when FRL volume is less than 25-30% of the TLV in livers with normal 

parenchyma, or less than 40-50% of TLV in livers with concurrent parenchymal liver 

disease such as cirrhosis, fibrosis or steatosis.(6) When FRL volume does not meet these 

values, there is a high risk of postoperative liver failure, and consequent mortality.(2;6)

However, in 10-20% of patients PVE does not induce sufficient hypertrophy of the FRL, 

leaving as a result, the patient unresectable.(7-9) This is more often the case in patients 

with extensive tumor(s) and compromised liver parenchyma. Also, because of the dual 

blood supply of the liver by the portal vein and hepatic artery, PVE induces a compensatory 

increase of hepatic arterial blood flow to the embolized liver segments.(10) Furthermore, 

possible tumor progression after PVE creates a dilemma in terms of optimal waiting time 

until resection.(6) 

Taking into account insufficient hypertrophy response, increase of arterial blood flow 

and possible tumor progression, additional transarterial chemoembolization (TACE) or 

transarterial embolization (TAE) might be offered as an additional therapeutic option.

(11;12) TACE and TAE have been used to prevent tumor progression.(13) In TACE, a 

chemotherapeutic agent is administered in the hepatic artery along with embolization 

material. It might induce a greater hypertrophy response and decrease tumor volume, 

due to the fact that the arterial flow to the embolized liver segments is decreased while 

increasing parenchymal injury of the embolized liver.(1;14) Selective ischemia of the 

tumor consequently develops.(11) Most studies concerning TACE include patients with 

hepatocellular carcinoma (HCC), since HCC’s are mainly fed by the hepatic artery, not the 

portal vein. The combination of TA(C)E and PVE has a strong anticancer effect(15-18), 

although there is a risk of liver necrosis, particularly when applied simultaneously.(19;20) 

Some studies discuss the effect of combining PVE with TA(C)E. Little is known about the 

hypertrophy results when TA(C)E is performed before, after or simultaneously with PVE. 
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The aim of this study is to review the increase of the FRL, the decrease of the 

embolized liver segments, and possible tumor progression after different sequences of 

PVE and TA(C)E. 

Methods 
Search Strategy

A systematic literature search was performed in PubMed, EMBASE, Ovid MEDLINE (Ovid 

Technologies New York, NY), and the Cochrane library databases (Cochrane Database 

of Systematic Reviews). Different keywords and medical subject heading (MeSH) were 

separately used for the search: portal vein embolization, hepatic artery embolization, 

hepatic artery chemoembolization, liver neoplasm, and future remnant liver. Three 

authors (L.T.H., J.v.T., and K.P.v.L.) independently assessed study titles, abstracts and full 

texts for inclusion, and individually extracted the data. The reference lists of all relevant 

articles appearing in the search results were scanned to check for additional publications. 

Only English articles were used for this study. 

Study Selection

Studies selected for inclusion had been published as full-length papers; were based on 

observational cohort studies, or retrospective studies; consisted of a group of patients 

with a primary or secondary liver tumor in whom TA(C)E is performed before PVE, PVE is 

followed by TA(C)E, or PVE and TA(C)E are executed simultaneously; comprised patients 

over 18 years of age; reported increase in FRL; and only consisted of humans. The full 

texts of the studies were read to determine whether the studies met the inclusion criteria. 

Exclusion criteria were meta-analyses, reviews; patients with portal vein thrombosis 

or portal vein invasion, or portal vein occlusion otherwise stated than by means of 

embolization materials; only abstracts; case reports; and studies that did not report FRL 

volume before and after PVE and TACE or TAE. 

Primary outcomes were hypertrophy response of the FRL, atrophy of the embolized 

liver segments, tumor size changes and necrosis, and survival. Secondary outcomes were 

technical success, morbidity, mortality, and complications. 

Statistical analysis 

SPSS statistics 17.0 software was used for data entry, and statistical analysis. Continuous 

data are expressed as mean with standard deviations (SD) or standard error of mean 

(SEM) where appropriate. A (individual patient data) meta-analysis was executed. 

Individual patient results were used for analysis if reported in the studies. In the TACE 

prior to PVE group, individual patient characteristics from the study by Aoki et al.(15) and 

mean patient values from the studies by Ogata et al.(14) and Yamakado et al.(17) were 

used for statistical analyses. Mean values were used because individual patient values 

were not mentioned in these studies. In the PVE prior to TAE group, individual patient 
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values from the studies by Gruttaduaria et al.(21) and Inaba et al.(22) were imported. 

However, Inaba et al.(25) did not mention individual FRL increase. For this outcome 

the mean FRL increase of the study was used. The only study in the simultaneous PVE 

and TAE group, i.e. the study by Cheng et al.(1), did not mention individual patient 

characteristics and thus mean values were analyzed. Outcomes were compared using 

the Mann-Whitney U test, and correlations were tested with Spearman’s rho. A p value 

of <0.05 was considered to be statistically significant. 

Results
Studies and patient characteristics

Our search strategies identified 168 articles, of which 158 appeared not to be eligible 

because of failure to meet the inclusion criteria. Ten studies were retrieved for more 

information. Four studies were excluded because liver volumes and hypertrophy 

responses were not investigated(16;23),  a case report was described(24), or patient 

characteristics and embolization technique were not described (figure 1).(25) Finally six 

studies met the inclusion criteria.(1;14;15;17;21;22) An overview of the included studies 

and their outcome characteristics are shown in table 1. Of the included studies, 3 studies 

performed TACE in patients prior to performing PVE(14;15;17), 2 studies investigated 

PVE before TAE(21;22), and 1 study described simultaneous PVE and TAE(1), comprising 

a total of eighty-four patients. Patient characteristics are summarized in table 2. Ogata 

et al.(14) and Yamakado et al.(17) failed to mention patient age range but within the 

remaining studies, age ranged from 33 to 82 years. 

Figure 1. Flow chart overview of included studies.
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Underlying liver malignancy included HCC in eighty-two patients (97.6%) and 

colorectal liver metastases (CRL) in 2 patients (2.4%). Underlying liver disease described in 

the included studies were hepatitis (n=67), and cirrhosis (n=14). There were no statistically 

significant differences in the size of the embolized (p=0.074) and non-embolized liver 

segments (p=0.063) in the TACE prior to PVE and PVE prior to TAE groups. These values 

could not be compared with the simultaneous PVE and TAE group because sizes of the 

embolized and non-embolized liver were not mentioned in this group.

Table 1. Included studies reporting effects of TACE and PVE on the embolized and non-embolized liver segments.

Authors Number of patients Embolization sequence FRL  
(%)

NELS 
(mL)

NELS after 
(mL)

ELS ¯ 
(%)

ELS 
(mL)

ELS after 
(mL)

Yamakado et al.17 5 (subsegmental 
embolization)

TACE prior to PVE 2.4±5.8 986±269 1008±272 8.3 193±20 177±10 

11 (segmental embolization) TACE prior to PVE 15.2±6.4 911±175 1051±195 42 312±102 181±94 

7 (RPV embolization) TACE prior to PVE 56.7±21.6 549±278 843±368 24.8 761±232 572±213 

Aoki et al.15 17 TACE prior to PVE 22±4 534±24 643±27 16 745±47 626±42 

Ogata et al.14 18 TACE prior to PVE 12±5 

Inaba et al.22 4 PVE prior to TAE 40 516±62.1 734.8±121.5 24.9 770.4±262 579±200 

Gruttadauria et al.21 2 PVE prior to TAE 110.90 341±54 719±279

Cheng et al.1 20 Simultaneous PVE and TAE 4.1±6.3

PVE: Portal Vein Embolization, RPV: Right Portal Vein embolization, TACE: Transarterial Chemoembolization, 
TAE: Transarterial Embolization, FRL   : Future Remnant Liver increase, NELS: Non-embolized Liver Segment, 
ELS ¯: Embolized Liver Segment decrease, ELS: Embolized Liver Segment, after: size after embolization 
procedures 

¯

¯

Table 2. Patient characteristics of included studies.

Authors Number of  patients m:f Mean age 
(years)

Age range 
(years)

Tumor 
type

Yamakado et al. 17 5 (subsegmental 
embolization)

68±6 HCC

11 (segmental 
embolization)

66±6 HCC

7 (RPV embolization) 60±3 HCC

Aoki et al. 15 17 17:0 61 36-81 HCC

Ogata et al.14 18 14:4 64±7 HCC

Inaba et al. 22 4 3:1 67 55-71 HCC

Gruttadauria et al. 21 2 2:0 66±6 62-70 CRL

Cheng et al.1 20 48±14 33-82 HCC

Total 84 62.5 HCC (n=82), 
CRL (n=2)

m:f; Male to female ratio, RPV: Right Portal Vein embolization

112



TACE/TAE and PVE sequential groups

The group undergoing TACE prior to PVE consisted of 58 patients. The FRL increased with a 

mean of 22.4% (SEM 3.4) after both procedures, as determined by CT following a varying 

amount of weeks ranging from 2 to 7 weeks after the last embolization intervention. The 

time between the two embolization procedures ranged from 5 to 48 days. 

The PVE prior to TAE group contained 6 patients. The FRL increase in this group had 

a mean of 84.7% (SEM 30.0), determined by CT-volumetry 3 weeks after TAE in the study 

by Gruttadauria et al.,(21) and after an unknown number of weeks in the study by Inaba 

et al.(22) The embolized segments decreased with a mean of 24.9%. The time between 

PVE and TAE was 42 days in the study by Gruttadauria et al.,(21) and 2 to 3 weeks in the 

study by Inaba et al.(22) 

The study by Cheng et al.(1) described simultaneous TACE and PVE in 20 patients. 

Pathologic correlation showed complete tumor necrosis in seven patients (35%). This 

study found a mean FRL increase of 4.1% (SEM 1.4) after 2 weeks. For an overview of the 

three groups and their outcomes see table 3.

Table 1. Included studies reporting effects of TACE and PVE on the embolized and non-embolized liver segments.

Authors Number of patients Embolization sequence FRL  
(%)

NELS 
(mL)

NELS after 
(mL)

ELS ¯ 
(%)

ELS 
(mL)

ELS after 
(mL)

Yamakado et al.17 5 (subsegmental 
embolization)

TACE prior to PVE 2.4±5.8 986±269 1008±272 8.3 193±20 177±10 

11 (segmental embolization) TACE prior to PVE 15.2±6.4 911±175 1051±195 42 312±102 181±94 

7 (RPV embolization) TACE prior to PVE 56.7±21.6 549±278 843±368 24.8 761±232 572±213 

Aoki et al.15 17 TACE prior to PVE 22±4 534±24 643±27 16 745±47 626±42 

Ogata et al.14 18 TACE prior to PVE 12±5 

Inaba et al.22 4 PVE prior to TAE 40 516±62.1 734.8±121.5 24.9 770.4±262 579±200 

Gruttadauria et al.21 2 PVE prior to TAE 110.90 341±54 719±279

Cheng et al.1 20 Simultaneous PVE and TAE 4.1±6.3

PVE: Portal Vein Embolization, RPV: Right Portal Vein embolization, TACE: Transarterial Chemoembolization, 
TAE: Transarterial Embolization, FRL   : Future Remnant Liver increase, NELS: Non-embolized Liver Segment, 
ELS ¯: Embolized Liver Segment decrease, ELS: Embolized Liver Segment, after: size after embolization 
procedures 

Table 3. Mean relative liver volume values at the time of, and after embolization interventions.

Embolization sequence group 
(n=58)

FRL   
(%)

NELS 
(%)

NELS after 
(%)

ELS ¯ 
(%)

ELS 
(%)

ELS after 
(%)

TACE prior to PVE 22.4 (3.4) 46.0 (3.0) 55.2 (2.9) 17.0 (2.2) 54.0 (3.0) 44.9 (2.9)

PVE prior to TAE (n=6) 84.7 (30.0) 44.8 24.9 55.2

Simultaneous PVE and TAE (n=20) 4.1 (1.4)

TACE: Transarterial Chemoembolization, PVE: Portal Vein Embolization, TAE: Transarterial Embolization, 
FRL   : Future Remnant Liver increase, NELS: Non-Embolized Liver Segment, ELS ¯: Embolized Liver Segment 
decrease, ELS: Embolized Liver Segment, after: size after embolization procedures 

¯

¯
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FRL increase

A statistically significant difference (p=0.013) was found in FRL increase between the 

TACE prior to PVE (22.4±3.4%) and the PVE prior to TAE group (84.7±30.0%), showing 

a higher value in the latter group. Comparing FRL increase in the TACE prior to PVE and 

PVE prior to TAE groups, to the simultaneous TAE and PVE group (4.1%±1.4%), no 

statistically significant differences were found (p=0.134 and p=0.180, respectively). Also, 

when combining the TACE prior to PVE and the PVE prior to TAE groups, thus using 

the patient characteristics of these two groups together, FRL increase correlated with 

a higher percentage of embolized liver segments (p=0.007), and a lower percentage of 

non-embolized liver segments (p=0.007).

Atrophy of the embolized liver segments

There were no statistically significant differences (p=0.074) between the volumes of the 

embolized liver segments in the TACE prior to PVE group and the PVE prior to TAE 

group. At follow-up, no statistically significant differences (p=0.248) in decrease of the 

embolized liver segments were found. In the simultaneous TAE and PVE group, no sizes 

of embolized liver segments were reported. 

Tumor size

In the TACE prior to PVE group, Aoki et al.(15) mentioned that tumor size tended to 

decrease after TACE and PVE, although this was not found to be statistically significant. 

Resected specimens showed 50-60% tumor necrosis in 25% of the patients, 70-80% 

tumor necrosis in 12.5% of the patients and, 90-100% tumor necrosis in 62.5% of the 

patients. Necrosis of the noncancerous liver parenchyma was minimal in 87.5% of the 

specimens, whereas in 12.5% of the specimens segmental infarction was found. The 

study by Cheng et al.(1) mentioned tumor size before and after simultaneous TAE and 

PVE. They reported a mean tumor size of 8.97±4.79cm before and 6.85±3.69cm after 

the embolization interventions. Seventy-five percent of the tumors showed a decrease 

in size of between 5 to 33%. Pathologic examination showed 30-70% tumor necrosis 

in 25% of patients, 75-90% in 40% of patients and 100% tumor necrosis in 35% of 

patients. The remaining studies failed to mention tumor size changes or tumor necrosis 

after the embolization procedures.

Technical success

No technical complications of PVE, TACE and TAE were mentioned. In the study by Aoki 

et al.(15), recanalization of the embolized branch was observed 5 days after PVE in one 

patient. Subsequent TACE and repeat PVE was performed in this patient because CT 

scans obtained 14 days after initial PVE showed insufficient hypertrophy of the non-

embolized liver segments.
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Complications after interventions

In the TACE prior to PVE group, 29.4% of patients studied by Aoki et al.(15) had 

complications after TACE and PVE including cholecystitis, pleural effusion, one asthma 

attack, ascites and bowel obstruction. Ogata et al.(14) reported no complications, and 

also in the study by Yamakado et al.(17) no complications were mentioned. In the PVE 

prior to TAE group, all patients in the study by Inaba et al.(22) had slight right upper 

abdominal pain and fever after the TAE and PVE interventions. These symptoms subsided 

with prophylactic antibiotics. Gruttadauria et al.(21) did not mention any complications 

following PVE and TEA. In the study by Cheng et al.,(1) reporting simultaneous PVE and 

TAE, right upper quadrant pain was reported at the end of TAE procedures in 40% of the 

cases, nausea and vomiting in 19% of the patients, 3 days of transient upper abdominal 

pain in 10% of the patients, and fever for 3 days in 15% of the patients.

Morbidity and mortality

No procedure related mortality was seen in any group. In the study by Aoki et al(15), one 

patient died of metastatic disease and terminal liver failure 6 months after PVE, without 

having undergone hepatic resection. The study by Cheng et al(1) included one patient 

who died 3 months after resection due to the effect of extensive lung metastasis.

Survival

In the TACE prior to PVE group the 2- and 5-year overall survival rates after resection, and 

5-year disease free survival were found to be 58.8±6.8%, 49.8±9.6% and 31.4±21.7%, 

respectively. Within this group, Ogata et al.(14) found a 1-year overall survival of 83%. In 

the simultaneous TAE and PVE group, a 1-year survival percentage of 95% was reported.

(1) In the PVE prior to TAE group, no survival details were mentioned.

Discussion
Few studies have described the outcomes of sequential TA(C)E and PVE. The FRL increase 

was significantly higher for PVE prior to TAE in comparison to TACE before PVE. TA(C)

E can be applied in patients who are considered unresectable or be performed as a 

planned procedure before PVE to improve the hypertrophy of the FLR while at the same 

time, restraining tumor growth. Although little is known about the combination of these 

procedures, good results are reported when TACE is performed before PVE in patients 

with HCC.(14;15;26)

Even though a significantly higher FRL increase was seen in the group that underwent 

PVE prior to TAE, it is still possible that the increase in FRL is in part dependent on the 

size of the embolized liver lobe, as found in the study by Yamakado et al.(18) Also, when 

comparing the size of the embolized liver lobe with the FRL increase in this study, a 

significant correlation was found between FRL increase and a larger fraction of embolized 

liver (p=0.007). However, when comparing the size of the embolized liver segments in 
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the TACE prior to PVE group with those of the PVE prior to TAE group, no significant 

differences were found. 

Furthermore, the time between the embolization procedures and assessment of FRL 

increase was not consistently reported in the different studies. A longer time interval allows 

more time for the non-embolized liver segments to regenerate, and could thus show a 

larger increase of FRL. Future studies should investigate timing of sequential PVE and 

TA(C)E and its effect on FRL increase, also taking into account the size of the embolized 

liver lobe and the time interval between embolization and first assessment of FRL increase. 

Tumor progression in the waiting time until resection is another drawback of PVE.

(6) Not all of the included studies looked at tumor progression after embolization 

interventions. Although Aoki et al.(15) did mention tumor size decrease after sequential 

TACE and PVE, and the study by Cheng et al.(1) showed a decrease in size varying between 

5% and 33% in 75% percent of the tumors, no studies mentioned tumor progression in 

the waiting time until resection. Resected specimens in the studies reported by Aoki et 

al.(15) and Cheng et al(1), showed varying degrees of tumor necrosis. Large amounts of 

tumor necrosis possibly lead to less tumor cell dissemination during surgery, and thus, less 

early recurrence as proposed by Ogata et al.(14) The study by Cheng et al.(1) showed a 

decrease in tumor volume between 5% and 33% in 75% of the patients, but was the only 

study performing simultaneous PVE and TAE. Further research should provide more results 

concerning decrease of tumor size after sequential PVE and TAE.

High technical success rates were apparent in the included embolization studies. No 

significant problems were reported except recanalization of the embolized portal vein 

branch, observed 5 days after PVE in one patient in the study by Aoki et al.(15) Although 

complications after the embolization procedures in the TACE prior to PVE have been 

reported, complications in the PVE prior to TAE and the simultaneous PVE and TAE groups 

were limited, primarily consisting of right upper abdominal pain and fever. These results 

suggest that executing PVE prior to, or simultaneously with TAE might induce fewer 

complications. However, patient histories and inclusion of higher risk patients, were not 

mentioned, and could significantly differ between groups.

This review of the literature was undertaken with the intention to perform a systematic 

review and meta-analysis of studies focusing on sequential PVE and TA(C)E. In the process 

however, no randomized controlled trials were identified. Only six retrospective studies 

were found with small sample sizes and these were of such heterogeneity that a bias was 

present. Therefore, it was decided to perform an ‘individual patient data meta-analysis’ 

summarizing data from individual studies.

In conclusion, implementation of PVE prior to TAE gives rise to a larger FRL increase 

than TACE prior to PVE in patients with liver tumors. The procedures can be executed 

safely, and no major complications or tumor progression is seen. A higher percentage 

of embolized liver volume results in larger FRL increase. The optimal timing between 

embolization procedures and liver resection, as well as simultaneous PVE and TAE prior to 

resection, merit further investigation.
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