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Abstract

Purpose Portal vein embolization is performed to

increase the future liver remnant before liver surgery in

patients with liver malignancies. This study assesses the

feasibility of a transsinusoidal approach for portal vein

embolization (PVE) with the ethylene vinyl alcohol

copolymer, Onyx.

Methods Indirect portography through contrast injection

in the cranial mesenteric artery was performed in eight

healthy pigs. Onyx was slowly injected through a micro-

catheter from a wedged position in the hepatic vein and

advanced through the liver lobules into the portal system.

The progression of Onyx was followed under fluoroscopy,

and the extent of embolization was monitored by indirect

portography. The pigs were euthanized immediately

(n = 2), at 7 days (n = 4), or at 21 days postprocedure

(n = 2). All pigs underwent necropsy and the ex vivo livers

were grossly and histopathologically analyzed.

Results Transsinusoidal PVE was successfully performed

in five of eight pigs (63%). In 14 of 21 injections (67%), a

segmental portal vein could be filled completely. A mean

of 1.6 liver lobes per pig was embolized (range 1–2 lobes).

There were no periprocedural adverse events. Focal cap-

sular scarring was visible on the surface of two resected

livers, yet the capsules remained intact. Histopathological

examination showed no signs of recanalization or abscess

formation. Mild inflammatory reaction to Onyx was

observed in the perivascular parenchyma.

Conclusions The porcine portal vein can be embolized

through injection of Onyx from a wedged position in the

hepatic vein. Possible complications of transsinusoidal

PVE and the effect on contralateral hypertrophy need fur-

ther study.
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Introduction

Patients with primary or secondary liver tumors have the

highest chance of cure when treated by surgical resection.

In many of these patients, however, the future liver rem-

nant (FLR), i.e., the part of the liver that remains in situ

after resection, is insufficient to compensate the loss of

liver capacity [1, 2]. To increase the volume of the FLR

and render the patient an adequate candidate for surgery,

preoperative portal vein embolization (PVE) can be per-

formed [3–5]. In PVE, the branches of the portal vein that

supply the affected liver segments (generally the right lobe)

are embolized 2–3 weeks before resection. As a result,

hypertrophy of the nonembolized segments (generally the

left lobe) is induced.

Approaching the portal vein for embolization con-

stitutes a technical challenge. The portal vein is not

directly connected to the central venous system and

therefore cannot be entered via the usual access sites for

venous interventions (e.g., femoral vein, jugular vein, or

subclavian vein). Access to the portal vein is classically

gained by a percutaneous transhepatic puncture but also

can be achieved via catheterization of the ileocolic vein

at laparotomy [6, 7]. A complication rate of 12.8% has

been reported for transhepatically performed PVE,

comprising subcapsular hematoma, hemoperitoneum,

and migration of emboli or coils into a portal vein

branch supplying the FLR [8]. Although this is an

acceptable complication rate, many of these complica-

tions can be attributed solely to the transhepatic

approach. The ideal approach to perform PVE would be

nonoperative, not requiring a transhepatic needle track,

not disturbing the integrity of the liver vessels, nor

jeopardizing the FLR.

In search for alternative approaches, Perarnau et al.

successfully performed transjugular PVE in humans,

based on the method of creating a transjugular intrahe-

patic portosystemic shunt (TIPS) [9]. Madoff et al.

described a method to embolize the portal vein transar-

terially [10]. This method was investigated in five pigs

and proved to be a safe and effective way to induce FLR

hypertrophy.

We present another technique for PVE inspired by

the observation that at wedged hepatic venography,

contrast material can retrogradely traverse the sinusoids

and fill the portal vein [11–13]. We hypothesized that

PVE could equally be performed by retrograde injection

of a liquid embolic agent from a wedged catheter in the

hepatic vein. In this study, we investigated the feasi-

bility of this approach by performing this procedure in a

swine model using the low-viscosity liquid embolic

agent, Onyx.

Materials and Methods

Study Design and Subjects

The feasibility of transsinusoidal PVE was investigated in

eight healthy female pigs of the Piétrain race (body weight

25–32 kg). The objectives were to embolize the left

hemiliver in a limited number of pigs (n = 2) and to em-

bolize the right hemiliver in the rest of the pigs (n = 6).

The right hemiliver was more frequently targeted, because

this reflects the predominant clinical need for PVE of the

right hemiliver. This study was performed in agreement

with the institutional and national Guide for the Care and

Use of Laboratory Animals, and the European Convention

for the Protection of Vertebrate Animals used for Experi-

mental and Other Scientific Purposes (1986), and approved

by the institutional animal care and use committee under

ethical agreement number 693.

Apart from a rudimentary caudate lobe, four liver lobes

can be differentiated in the porcine liver: the right lateral

lobe, the right medial lobe, the left medial lobe, and the left

lateral lobe (Fig. 1A). In contrast to the bifurcated human

portal vein, the porcine portal vein can be described as a

curved trunk out of which four lobar branches emerge [14,

15]. The lobar branches divide into segmental branches for

each individual segment of that lobe. We will refer to these

branches as segmental portal veins. Our purpose was not to

occlude all the small side branches of the portal system but

to push Onyx up to the portal trunk and occlude at least one

segmental portal vein per injection. Each injection of Onyx

was only considered successful if at least one segmental

portal vein could be embolized up to its origin. The overall

procedure was considered successful if the portal veins of

the entire targeted hemiliver were embolized completely.

Embolic Agent

Ethylene vinyl alcohol copolymer (Onyx, ev3, Irvine, CA,

USA) was used for the experiments. Onyx is a nonadhesive

liquid embolic agent that consists of ethylene vinyl alcohol

(EVOH) dissolved in dimethyl sulfoxide (DMSO).

Micronized tantalum powder is added to the suspension to

provide radiopacity for visualization under fluoroscopy.

Inside the vessel, DMSO dissipates into the blood and

interstitium and Onyx forms a spongy, coherent embolus

that does not adhere to the vessel wall [16]. Onyx is

available in different solutions: Onyx-18 (6% EVOH),

Onyx-20 (6.5% EVOH), Onyx-34 (8% EVOH), and Onyx-

500 (20% EVOH). The concentration of EVOH is directly

related to the viscosity of the injectable substance. For

these experiments, Onyx-18 was used to obtain deeper

penetration of the vascular structure, as recommended by
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the manufacturer [17]. In addition, Komemushi et al. [18]

have demonstrated that the penetration of Onyx through

peripheral blood vessels is best for the lowest concentra-

tions of EVOH.

Angiographic Procedure

The pigs were placed in supine position and orotracheally

intubated after sedation with intramuscular injection of

ketamine (20 mg/kg) plus midazolam (0.1 mg/kg). Anes-

thesia was obtained and maintained with isoflurane gas

(2%) plus oxygen (1 l/min). Intravascular access to the

common femoral artery and the internal jugular vein and/or

femoral vein was obtained via the Seldinger technique [19].

6-French (F) access sheaths (Radiofocus introducer II,

Terumo Europe, Leuven, Belgium) were introduced at the

vascular access sites. The cranial mesenteric artery was

catheterized with a 5-F diagnostic Cobra catheter (Cook,

Bjaeverskov, Denmark) over a diagnostic guidewire (Fixed

Core Wire Guide 0.035’’; Cook) and 20 ml of radiopaque

contrast (iodixanol, Visipaque 320 mg I/ml, GE Health-

care, Diegem, Belgium) was administered to obtain an

indirect portogram using a digital C-arm angiography

system (Siremobil; Siemens Medical Solutions, Erlangen,

Germany). A 5-F catheter was introduced through the

jugular or femoral venous sheath and advanced into the

hepatic vein where it was placed in wedge. Then, a mi-

crocatheter (Rebar, DMSO-compatible, 0.010’’ or 0.014’’,

ev3, Irvine, CA, USA) was advanced over a hydrophilic

microguidewire (Silverspeed 0.010’’, ev3, Irvine, CA,

USA) until this microcatheter reached a wedged position in

the hepatic vein as well. This position was approximately

5–10 mm distal to the tip of the guiding catheter.

Embolization

When a wedged position of the microcatheter was

obtained, wedged hepatic venography was performed by a

forceful hand injection of contrast medium. In case the

contrast medium clearly filled the lumen of a target seg-

mental portal vein at wedged hepatic venography, the

microcatheter was primed with DMSO (ev3) with a volume

equal to the death space of the microcatheter to prevent

preterm solidification of Onyx. Onyx was then slowly

injected at approximately 0.1 ml/min under subtraction

fluoroscopy while observing its retrograde progression

through the sinusoids into the portal system (Fig. 1B).

Injection rate and injected amount of Onyx were registered.

Fig. 1 A Preembolization portogram showing the portal supply to the

right lateral lobe (RL), the right medial lobe (RM), the left medial lobe

(LM), and the left lateral lobe (LL), and the position of the arterial

catheter in the cranial mesenteric artery (*). B Injection of Onyx from

a wedged catheter position in the hepatic vein. C Onyx cast is visible

at portography after first injection (injection position marked by the

black short arrow). This injection was unsuccessful, because the

segmental portal vein was not embolized up to its origin (white long
arrow). D Onyx cast during the second injection (injection position

marked by the white short arrow) successfully embolizing the RL

portal vein. E Final portography shows a successfully embolized right

hemiliver after the RM portal vein had been embolized by the third

injection (injection position marked by the black arrowhead). Note

that the Onyx cast from the second injection extends into the portal

trunk (white long arrow). The diameter of the portal vein has

markedly decreased compared with the preembolization portogram

(A)
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During injection, particular attention was paid to possible

reflux of Onyx toward the guiding catheter. Two types of

reflux had to be recognized: reflux along the microcatheter

toward the guiding catheter [20], and reflux into a com-

municating branch of the catheterized hepatic vein (veno-

venous communications) through which Onyx could

escape antegradely instead of progressing retrogradely

through the sinusoids of the liver lobule [13]. In case of

reflux, the injection was paused for 1 minute to allow

solidification of intravascular Onyx. If reflux persisted or if

the segmental portal vein could not be fully embolized, the

injection was deemed unsuccessful and another central

vein was catheterized. The procedure was stopped when

the aimed part of the portal system was embolized or when

the embolic agent advanced to untargeted portal segments.

The extent of embolization was examined during and after

the procedure by indirect portography. The pigs were

sacrificed by an overdose of pentobarbital immediately

(n = 2), 7 days (n = 4), or 21 days after the procedure

(n = 2). The pigs that were not immediately sacrificed

received a single dose of intramuscular antibiotics (amox-

icillin, 30 mg/kg). All pigs underwent necropsy during

which the livers and lungs were collected. The ex vivo

lungs were inspected under fluoroscopy and were evaluated

at gross examination and histopathology to rule out Onyx

emboli. The livers were macroscopically viewed for any

visible defects (e.g., capsular penetration, ulceration, or

hematoma), and fluoroscopy images were obtained from all

ex vivo livers to match the extent of Onyx with the angi-

ograms obtained during the procedure.

Number of Involved Lobules

To improve our understanding of the mechanism of

transsinusoidal PVE, we theoretically reconstructed the

pathway of the Onyx from the microcatheter to the portal

venule. To know how many lobules are involved in a

typical injection with Onyx, we estimated the number of

central veins that supply the wedged hepatic vein by

applying the fractal law for vessel branching [21]. Pre-

suming that the vascular branching follows an area-pre-

serving pattern like most vascular structures, the cross-

sectional surface of a parent vessel equals the sum of that

of the daughter vessels. By applying the fractal law for-

mula pr2
k ¼ npr2

kþ1; in which rk is the radius of the hepatic

vein at the level of the wedged position and rk?1 is the

radius of the central vein of a hepatic lobule, we calculated

the number of central veins (n) that were theoretically

involved in the transsinusoidal PVE. We assumed that the

radius of the wedged hepatic vein (rk) was equal to the

outer diameter of the microcatheter divided by two

(because the microcatheter was in wedged position). For

the radius of the central vein (rk?1), we measured the mean

radius of 50 central veins of two untreated pigs using a

digital microscope (Mirax midi, Carl Zeiss Microimaging,

Jena, Germany). These two pigs were of the same race and

similar body weight as the pigs that underwent transsinu-

soidal PVE. Each lobule has one central vein; therefore, the

number of involved central veins and the number of

involved lobules are interchangeable.

Histopathological Evaluation

Specimens were obtained from multiple parts of the

embolized and nonembolized liver segments. The speci-

mens were sectioned at 4 microns, stained with hematox-

ylin and eosin (H&E) and Masson’s trichrome and were

analyzed under light microscope at 940 magnification.

First, the above-described formula to calculate the number

of involved lobules was compared with the actual number

of Onyx-filled central veins surrounding the injection site

on the histopathological specimens. Second, the embolized

and nonembolized segments were evaluated for the pres-

ence and location of Onyx, signs of fibrosis, necrosis,

abscess formation, perivascular tissue reaction, and vas-

cular recanalization.

Results

The portal veins supplying the target hemilivers were

successfully embolized in five of eight pigs (63%; Fig. 1).

In three of eight pigs (37%), one of the two target liver

lobes could not be embolized. In these cases, we were

unable to find an appropriate wedged position in the

draining hepatic vein of these liver lobes. A total of 21

injections were performed, 14 of which were successful

(67%; Table 1). During these successful injections, Onyx

could be smoothly pushed retrogradely through the lobules

until a segmental portal vein was embolized up to its ori-

gin. The unsuccessful injections were characterized by

swelling of the injection site (3/7) or by early reflux that

could not be solved by 1 min of waiting (4/7). Reflux of

Onyx occurred in four of 14 successful cases (29%); in

total, eight of 21 injections (38%) were complicated by

reflux. In two of 14 successful cases (14%), Onyx ante-

gradely flowed beyond the tip of the microcatheter. This

type of reflux was resolved in both cases after 1 min of

waiting. In another two cases (14%), Onyx escaped ante-

gradely through veno-venous communications. Overall, a

mean volume of 6.8 ml of Onyx was injected per pig

(range 3.3–9.3 ml). Successful injections required a mean

volume of 3.0 ml of Onyx. There were seven unsuccessful

injections (33%), during which Onyx could not be

advanced through the lobules. Accumulation of Onyx was

then observed around the injection site. In three of seven
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unsuccessful injections, another site was found to wedge

the catheter system and successfully inject Onyx. In one

case, the Onyx embolus extended into the portal trunk after

a segmental portal vein had been overfilled (Fig. 1E).

Fortunately, this caused no flow obstruction in the portal

trunk. All branches to untargeted segments stayed patent

and free of Onyx on portographic and histopathologic

control. Marked vasoconstriction of the portal vein was

observed in two of eight pigs after the procedure.

Figure 2 provides a schematic view of the pathway of

Onyx injected from the wedged position through the lob-

ules into the portal system. The microcatheters that we

used had outer diameters of 0.57–0.60 mm, so rk (radius of

the wedged hepatic vein) equals 0.29–0.30 mm respec-

tively. Digital microscope measurement of the radius of the

central vein in the two untreated animals returned a mean

rk?1 (radius of the central vein) of 0.06 mm ± 0.01. By

applying the formula: pr2
k ¼ npr2

kþ1; the number of central

veins (n) through which the Onyx passes would theoreti-

cally equal 23.
After the procedure, the six pigs that were kept alive did

not show any signs of distress and they resumed their usual

activity pattern within a few hours. Necropsy did not reveal

any anomalies. No traces of Onyx were found in the lungs

under fluoroscopy or at histopathological evaluation. Gross

examination of the ex vivo livers of two pigs exhibited

surface irregularities, which were consistent with superfi-

cially embolized sinusoids causing swelling and scarring of

perivascular tissue (Fig. 3). The liver capsule was, how-

ever, intact. Radiographic images of the resected livers

showed no displacement of Onyx compared with the

angiograms of the procedure. The liver of one of the pigs

(sacrificed 7 days postprocedurally) was unfortunately

excluded from histopathological assessment due to insuf-

ficient fixation with 4% formaldehyde.

Table 1 Experiment details

RL right lateral liver lobe; RM
right medial liver lobe; LL left

lateral liver lobe; LM left medial

liver lobe

n

Study subjects

No. of pigs 8

Targeted liver lobes

RL ? RM 6

LL ? LM 2

No. of pigs successfully embolized 5/8 (63%)

Total no. of injections (mean per pig) 21 (2.6)

No. of successful injections 14/21 (67%)

No. of unsuccessful injections 7/21 (33%)

Amount of Onyx injected per pig (ml),

mean (range)

6.8 (3.3–9.0)

Duration of procedure (min),

mean (range)

234 (144–206)

Time between Onyx injections

and euthanasia

0 days 2/8 (25%)

7 days 4/8 (50%)

21 days 2/8 (25%)

Fig. 2 Pathway of Onyx (arrows) from the wedged microcatheter

(M) in the hepatic vein trough the central veins (CV) and the sinusoids

(S) of the hexagonal shaped liver lobules, into the portal venules

(PVV) and branches of the portal vein (PV)
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Histopathological assessment revealed that a mean

number (n) of 33 Onyx-filled lobules (range 20–49) were

found per injection site. This is the number of lobules

involved in the trajectory of Onyx toward the portal vein,

as estimated with the fractal law formula. Some lobules

were completely filled, i.e., Onyx in the central vein, the

sinusoids, and the portal vein, whereas some lobules were

only partially filled. At certain injection sites, the central

veins of several lobules were dilated, reaching a tenfold

size. Their surrounding sinusoids often were compressed

and not filled with Onyx (Fig. 4). Distal to the injection

site, Onyx was present only in the portal veins and not in

the central veins, hepatic veins, or sinusoids. There was

focal granulocytic accumulation around the Onyx-filled

veins of the two pigs that were killed the day of the pro-

cedure. Granulation tissue and multinucleated giant cell

reactions were visible in the wall of the central veins and

portal veins of the embolized lobes of the pigs that were

sacrificed at 7 and 21 days postprocedure. The embolized

vessels showed no signs of recanalization. There were no

signs of abscess formation in any of the livers and the

nonembolized lobes were free of Onyx. The sinusoids in

embolized and nonembolized segments were congested

with blood, as seen in human livers after PVE.

Discussion

In the porcine model, we demonstrated that the portal vein

can be embolized by retrograde transsinusoidal injection of

Onyx. In 67% of the embolization attempts, Onyx was

smoothly advanced into the portal venules and veins up to

the origin of the segmental portal vein. In this way, the

portal supply of at least one (37%) and maximal two liver

lobes (63%) was blocked.

Onyx was considered a good candidate agent for trans-

sinusoidal PVE, because it is a low-viscosity liquid

embolic agent that has the ability to penetrate deep into

complex vascular structures, such as cerebral arteriovenous

malformations (AVM) [16, 20, 22]. Furthermore, the pro-

gression of this highly radiopaque agent can be accurately

monitored under fluoroscopy. Another important feature of

Onyx is its characteristic way of solidification. Inside the

blood vessel, Onyx forms a coherent, spongy embolus that

Fig. 3 A Macroscopic view of

a capsular lesion (arrow),

consistent with B a superficial

injection site (arrow) under

fluoroscopy. C Microscopic

view (H&E, original

magnification 940) of the same

region shows capsular fibrosis

(arrow) around the injection site
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slowly solidifies inwards. In practice, a column of spongy

Onyx is formed that can be pushed further into the portal

vein. A different liquid embolic agent, such as ethanol,

would probably not be very appropriate for transsinusoidal

PVE, because the intravascular distribution of ethanol

cannot be followed under fluoroscopy. N-butyle-2-cyano-

acrylate (nBCA), on the other hand, shares some of the

qualities of Onyx. However, the higher viscosity of lipi-

odol, with which nBCA is mixed for radiopacity, might

impede penetration through the sinusoids.

Performing transsinusoidal PVE with Onyx provided

some new insights, which, from our experience, were dif-

ferent from the use of Onyx for neurointerventional indi-

cations. In brain AVM embolization, controlled reflux of

Onyx along the microcatheter is usually needed to form a

plug, which inhibits further reflux and enables deep nidal

penetration [20]. However, in the wedged microcatheter

position at transsinusoidal PVE, adequate embolization can

be obtained without a plug. Furthermore, brain AVMs are

antegradely embolized, whereas transsinusoidal PVE is

performed retrogradely. Therefore, the hemodynamic for-

ces act in opposite directions. The injection rate with its

retrograde pressure vector and the rate of Onyx precipita-

tion and solidification in the narrow sinusoids should be in

an optimal equilibrium to maximize Onyx penetration

through the sinusoids. This equilibrium was found by trial

and error, guided by the progress of Onyx on fluoroscopy.

Although Onyx was injected at a slow rate of approxi-

mately 0.1 ml/min in all procedures, there was variation in

the interval between Onyx injection and its appearance in

the portal system. At certain injections, Onyx moved

through the sinusoids into the portal vein almost instantly

after having filled only a small area of lobules. At other

sites, a larger area of lobules had to be filled before Onyx

reached the portal vein. A possible explanation for this

observation is that the wedged microcatheter might not

have fully occupied the vessel lumen and that Onyx leaked

back up to the level of the wedged guiding catheter. Reflux

was not always easily recognizable, because the tip of the

microcatheter was near the tip of the guiding catheter.

Furthermore, a large area of Onyx-filled lobules could

obscure reflux on fluoroscopy. We experienced difficulties

to differentiate filling of an adjacent hepatic vein through

veno-venous communications from portal filling.

We estimated and histopathologically verified the

number of lobules that are filled with Onyx around the

injection site, because these lobules are completely

embolized and will lose their function. The fractal law

formula to estimate the number of lobules that are involved

at each injection proved to be fairly accurate. The esti-

mated number of involved lobules of 23 was in the range of

the histopathologically counted number of Onyx-filled

Fig. 4 A Macroscopic image of a resected liver with (B) the related

radiographic image. C Close-up of injection area in (A). D Micro-

scopic view (H&E, original magnification 940) near the injection site

shows a combination of lobules with normal-sized central veins and

Onyx-filled sinusoids (arrowheads) and lobules with dilated central

veins and empty, suppressed sinusoids (arrows). E Lobules near the

injection site (H&E, original magnification 940); Onyx is present in

the central veins (thin arrows), in the sinusoids (arrowheads), and in

the portal veins (thick arrows)
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lobules (mean 33; range 20–59). This means that compared

to the approximately one million lobules of which an

average human liver consists [23], only a relatively small

number of lobules lie distal to the tip of the microcatheter

and a relatively small number of lobules are used (and

sacrificed) to transport Onyx to the portal side. Reflux

might be the reason for a larger number of Onyx-filled

lobules at certain injection sites. In case of reflux, Onyx

spreads to higher branches of the wedged hepatic vein and

therefore more lobules are perfused. There might be a

certain number of lobules critical for successful filling of

the portal vein.

As the lobar portal veins in pigs are all separately

connected to the portal trunk, we had to perform multiple

injections to embolize more than one liver lobe. For

instance, we could not advance Onyx from the right lateral

lobe to the right medial lobe because the portal trunk would

then be embolized as well. This would not be a problem on

the left side where Onyx can be advanced from the left

lateral lobe to the left medial lobe without embolizing the

proximal part of the portal trunk that supplies the right

lobes. In humans, the purpose of PVE often is to embolize

the entire right or left lobe. Therefore, by advancing Onyx

up to the right–left bifurcation of the portal vein, a single

retrograde injection would theoretically be sufficient as

long as there are no anatomical variations, such as a portal

trifurcation. In our series, there was one case where the

Onyx embolus extended into the portal trunk. The FLR

relies on the blood supply from the portal trunk; therefore,

it is of major importance that the portal trunk stays patent.

This complication could possibly have been avoided by

more carefully monitoring the extent of embolization or by

using a DSA overlay of the indirect portography.

On histopathological examination, we observed a com-

bination of empty lobules with dilated central veins and

completely filled lobules near the injection site. We

hypothesize that Onyx was not able to transverse the sinu-

soids of these empty lobules and, as a result, accumulated in

the central veins. Then, Onyx probably followed the route of

the least resistance and perfused other lobules that were

more permeable to Onyx. Although Onyx was injected very

gently during all procedures, the dilated central veins and the

macroscopic scarring of the liver capsule present in two pigs

indicate the impact of transsinusoidal PVE on parenchyma

surrounding the injection site. Despite the fact that the

central veins were approximately tenfold enlarged, the

lobules were still intact. Furthermore, the macroscopic

lesions of the liver capsule were firmly encased in fibrotic

tissue without any signs of rupture of the liver capsule.

Nevertheless, the damage to the liver and the risk of capsule

rupture remains a point of attention.

Hypertrophy as an effect of transsinusoidal PVE with

Onyx on the nonembolized part of the liver was not

assessed, because this was not the purpose of this feasi-

bility study. Next to complete occlusion of the portal

supply, an inflammatory reaction of the perivascular tissue

to the embolic agent might be an important factor for

inducing hypertrophy. A moderate inflammatory reaction

of the perivascular tissue and foreign body giant cell

reactions were seen in the resected livers of the pigs sac-

rificed at 7 and 21 days postprocedural. These are known

reactions to Onyx that can probably be ascribed to the

DMSO-component [16, 18, 24]. nBCA is known to cause a

strong inflammatory reaction as well [25], and in a com-

parative study of different embolic agents by de Baere et al.

[26], livers embolized with nBCA exhibited the highest

hypertrophy rate. The inflammatory reaction to nBCA is

thought to induce the release of tumor necrosis factor

(TNF) and interleukin-6, which stimulate hypertrophy of

the nonembolized liver lobe. The acute inflammatory

reaction noted after embolization with Onyx also might be

a favorable factor for contralateral hypertrophy.

The results of this pig study cannot directly be translated

to humans. One of the differences between the porcine

liver and the human liver is the presence of a fibrous

delineation around the lobules of the pig liver [27]. It is

uncertain whether this fibrous layer influences the way

Onyx can be advanced through the lobules. Another

uncertainty is the level of anesthesia required during and

after the procedure. From our experience with Onyx

embolization in humans under local anesthesia, we know

that DMSO can cause a painful reaction. Taking the focal

swelling at the injection sites into account, we assume that

transsinusoidal PVE may provoke capsular irritation of the

liver. It is, therefore, questionable whether transsinusoidal

PVE can be performed under local anesthesia. Further

studies will have to prove the reproducibility of transsi-

nusoidal PVE and its efficacy in inducing contralateral

hypertrophy.

In conclusion, this study demonstrates transsinusoidal

PVE to be a feasible procedure in pigs with a moderate

success rate. This minimally invasive technique to

embolize the portal vein can potentially be an alternative to

the transhepatic approach. Complications of transsinusoi-

dal PVE and the effect on contralateral hypertrophy war-

rant further study in animals.
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