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Abstract HepaSphere is a new spherical embolic mate-

rial developed in a dry state that absorbs fluids and adapts

to the vessel wall, leaving no space between the particle

and the arterial wall. The aim of this study was to elucidate

the final in vivo size, deformation, final location, and main

properties of the particles when reconstituted with two

different contrast media (Iodixanol and Ioxaglate) in an

animal model. Two sizes of ‘‘dry-state’’ particles (50–100

and 150–200 lm) were reconstituted using both ionic and

nonionic contrast media. The mixture was used to partly

embolize both kidneys in an animal model (14 pigs). The

animals were sacrificed 4 weeks after the procedure and

the samples processed. The final size of the particles was

230.2 ± 62.5 lm for the 50- to 100-lm dry-state particles

and 314.4 ± 71 lm for the 150- to 200-lm dry-state par-

ticles. When the contrast medium (ionic versus nonionic)

used for the reconstitution was studied to compare (Stu-

dent’s t-test) the final size of the particles, no differences

were found (p [ 0.05). The mean in vivo deformation for

HepaSphere was 17.1% ± 12.3%. No differences

(p [ 0.05) were found in the deformation of the particle

regarding the dry-state size or the contrast medium (Mann-

Whitney test). We conclude that HepaSphere is stable,

occludes perfectly, and morphologically adapts to the

vessel lumen of the arteries embolized. There is no

recanalization of the arteries 4 weeks after embolization.

Its final in vivo size is predictable and the particle has the

same properties in terms of size and deformation with the

two different contrast media (Iodixanol and Ioxaglate).
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Introduction

In recent years the success that embolization has demon-

strated in the management of diseases such as uterine

fibroids [1, 2] and hepatic malignancies [3–5] has prompted

a resurgence of interest in embolotherapy. For this reason,

research has been focused both on the development of new

embolic materials and on the devices needed for a secure

procedure. In recent years, calibrated (spherical) micro-

spheres have been developed to address the shortcomings

of nonspherical polyvinyl alcohol (PVA) particles. The

latter are difficult to calibrate, clump and aggregate, and

cause catheter obstruction and large vessel occlusion [6].

Several types of microspheres are now available commer-

cially. The first microspheres developed were tris-acryl

microspheres [7, 8] (Embosphere; Biosphere Medical,

Roissy, France), marketed in Europe since 1996 and in the

United States since 2000. Contour SE (CSE; Target Ther-

apeutics, Boston Scientific Corp., Fremont CA, USA),

made of PVA, has been available both in the United States

and in Europe since 2000. Finally, another PVA micro-

sphere, Bead Block (Biocompatibles Ltd., UK), has been in

clinical use since 2002. However, despite the continuing
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interest in the clinical use of therapeutic embolization,

there have been relatively few in vivo, experimental,

studies to support these particles [9–13]. More information

is needed in terms of which material produces long-term

occlusion and what effects, other than occlusion, the

material has on the embolized territory.

HepaSphere (Biosphere Medical) is a spherical embolic

agent [14] developed by Dr. Shinichi Hori in 1996. Made

with sodium acrylate and vinyl alcohol copolymer, it is a

nontoxic and nonbiodegradable particle. The particle size

is ‘‘precisely calibrated’’ [15] in the ‘‘dry state.’’ The dry-

state particles absorb fluid and swell within several minutes

when exposed to aqueous-based media [15]. The swollen

particle is reported to be soft, deformable, and easily

delivered through the majority of the currently available

microcatheters. HepaSphere has been used in Japan for the

embolization of large hepatocellular carcinoma and arte-

riovenous malformations. Postprocedural histological

studies demonstrate adequate intratumoral vessel occlusion

without ischemic damage to normal hepatic tissue [15].

Other reports also demonstrate its efficacy and safe use for

transarterial embolization treatment of arteriovenous mal-

formation [16]. To our knowledge there are no existing

in vivo studies specific to the final size of HepaSphere

microspheres in biological tissues after embolization.

The aims of this study were, first, to analyze the

behavior and characteristics of HepaSphere (Biosphere

Medical) when mixed in different contrast media; second,

to determine the final size and deformation of the particles

in a histological specimen (crucial in terms of planning a

safe embolization procedure); and, third, to evaluate the

associated tissue response, with special attention to the

morphology of the vessel occlusion and the vessel wall

response 1 month after embolization.

These items (size and deformation) are important for

safe handling of this new material, especially considering

the fact that these microspheres can be used not only as an

embolic agent but also as a carrier for different substances.

For this particular reason it is important to understand the

relationship between the particle and the arterial wall and

the associated tissue response.

Materials and Methods

Particles

HepaSphere (Biosphere Medical) is a dry, nontoxic, and

nonbiodegradable particle precisely calibrated in 50-lm

increments [15, 16], ranking from 50 to 200 lm (50–100,

100–150, and 150–200 lm). HepaSphere absorbs fluids

and swells within several minutes. In vitro studies dem-

onstrate that particle diameters in ionic contrast media are

approximately 2 and 3.5 times larger than the original

diameters in the dry state and 4 times larger in human

serum (15).

HepaSphere of two different dry size ranges, ‘‘50’’ (50–

100 lm) and ‘‘150’’ (150–200 lm) were reconstituted

using two different contrast media: Iodixanol (Visipaque

270; Amersham Health, Oslo, Norway) as a nonionic

contrast and Ioxaglate (Hexabrix320; Guerbet, Villepinte,

France) as an ionic contrast media. These two contrast

media possess different osmolarities: Visipaque is an iso-

osmolar contrast agent with an osmolarity similar to that of

serum, and Hexabrix is an ionic contrast medium with an

osmolarity approximately two times greater than that of

serum. We used these two contrast media because previous

[14–16] reports only describe the final in vivo size of

HepaSphere after reconstitution with ionic contrast med-

ium (320 mg/ml sodium meglumine ioxaglate;

Hexabrix320; Tanabe, Osaka, Japan). The authors [14–16]

also describe how the particles obtain different final sizes

in vitro after having been suspended in ionic contrast

medium but they do not explain whether the final in vivo

size of the particle is dependent on the ionicity of the

contrast medium used for reconstitution.

In our clinical practice we, as others, use nonionic

contrast media, and we wanted to determine the final in

vivo size of the microspheres after reconstitution with ionic

and nonionic contrast materials. Also, we desired to

determine whether the results using these two contrast

materials were similar.

Animals and Embolization Procedure

The house pig makes an ideal model for experimental

studies of therapeutic embolization because of the close

similarity between its fibrinolytic system [9] and that of

humans. Also, the kidney has terminal circulation and the

caliber of the arteries is well established (Table 1). It is

generally accepted to classify renal vessels into three

groups (segmentary, interlobar, and arciform arteries), but

for the purpose of this study we decided to use five zones as

described by Laurent et al. [6]. This model was introduced

by Laurent et al. for sheep kidney, and the model can also

Table 1 Measurements of the wall thickness and lumen diameter of

the different arterial renal branches of the animal model used in the

study

Renal artery Diameter of lumen (lm) Thickness of wall (lm)

Segmentary 200–400 120–150

Interlobar 60–120 30–50

Arciform 25–60 10–15

Note. Measurements were obtained in a nonembolized kidney specimen

with a calibrated eyepiece (optic microscope)

368 E. de Luis et al.: In Vivo Evaluation of a New Embolic Spherical Particle

123



be applied to this type of swine according to the size of the

kidney arteries of these animals (A. Laurent, personal

communication).

Fourteen female pigs (mean weight, 30 kg) were inclu-

ded in the study. Both kidneys were embolized. In each

animal we utilized one size of the particle (dry size) for both

kidneys. One vial was diluted with Iodixanol and the mixture

was injected into one kidney, and the other vial was diluted

with Ioxaglate and the mixture introduced in the opposite

kidney. We obtained seven samples with each combination

of particle and contrast medim (HepaSphere, 50–100 lm,

mixed with Iodixanol and Ioxaglate and HepaSphere, 150–

200 lm, mixed with the same contrast materials).

The procedures were performed at our university. All

experiments were approved by the institutional ethic and

animal care committee and were conducted according to

European community rules for animal care (Directive EC

86/609).

The pigs were not fed for 24 h before the procedure.

Anesthesia was induced by intramuscular injection of aza-

perone (10 mg/kg body weight) and ketamine (10 mg/kg),

and inhalation of halothane (0.8%–1%) mixed with oxygen.

An electrocardiogram was used to monitor heart function in

every procedure.

HepaSphere (100 mg per vial) was diluted using 15 ml

of each contrast medium (Iodixanol or Ioxaglate) and

mixed using an electronic shaker (laboratory shaker) for at

least 10 min. Other authors [16] report the use of hand

shaking of the mixture (dry particles and the contrast

medium), we prefer the use of an electronic shaker to

standardize the procedure. All embolization procedures and

angiograms were performed utilizing standard sterile

technique. The femoral artery was percutaneously cathe-

terized and an intra-arterial 4-Fr sheath (Cordis, Roden, the

Netherlands) was placed in the artery and a 4-Fr cobra

catheter (Cordis) was used to subselect the lower renal pole

arteries. All particles were passed between two (20- and 2-

ml) luer-lock syringes via a three-way stopcock several

times in order to optimize the suspension. The end point for

embolization was the introduction of as many particles as

possible. Embolization was terminated when fluoroscopy

demonstrated stasis of flow, parenchymal staining, and

reflux of contrast medium into the main renal artery.

Postprocedural care included analgesia that was

administered by intramuscular injection daily over a 3-day

period (ketoprofen, 2 mg/kg, every 24 h). Antibiotic pro-

phylaxis therapy administered every day over a 5-day

period by intramuscular injection of penicillin

(200,000 IU) and streptomycin (250 mg/kg) every 24 h.

One month postembolization, anesthesia was adminis-

tered (Pentothal thiopental, 200 mg/kg, and KCl, 40 mEq,

added for sacrifice) and the animals were sacrificed. Prior

to sacrificing the animals, angiograms were performed.

The animals were sacrificed 4 weeks after embolization.

The timeline for sacrificing the animals was established to

elucidate the behavior and security of the particles prior to

their use within our clinical practice. Our desire, and the

final objective of this study, was to utilize the particles to

perform hepatic arterial embolization, and our institutional

protocol consists of performing a control angiogram every

3–6 weeks after embolization.

The kidneys were removed after identification of the

renal pedicle, ligation of the renal vein and artery. Finally,

the ureter was cut and the kidney removed and fixated with

formalin. The kidneys were labeled with four different

identifiers in order to perform a blinded analysis of the

specimens.

Histological and Morphological Analysis

The kidneys were weighed before sectioning. Three radial

3-mm-thick slices from the upper, medium, and lower

poles were sectioned from each kidney (Fig. 1). We sec-

tioned the entire organ to determine if there were histologic

changes in the nontarget embolization area and to deter-

mine the exact size of the normal nonembolized arteries in

each specimen.

Each slice was embedded in paraffin blocks and 4-lm

sections were obtained and stained with hematoxylin/eosin.

The slices were observed with an optical microscope (Leitz

Diaplan; Leitz, France) and measurements were performed

by a blinded observer using an objective magnification of

910 or 920 with a 912.5 eyepiece containing a calibrated

micrometer.

All slices were studied with the objective of identifying

at least 100 particles of both sizes and dilutions. The fol-

lowing parameters were analyzed.

Histological findings: the tissue response, type of

inflammatory reaction, and arterial wall changes of the

vessel embolized.

Size of the particles: the maximum length (largest

diameter) and width (smallest diameter) of the micro-

spheres. The final size is expressed as the largest axis of

the particles (Fig. 2).

Number of particles present in each occluded vessel.

Deformation of the particles: assuming that their defor-

mation within the vasculature led to the embolic agents’

ellipsoidal shape. In vivo deformation

(Din vivo) is expressed as a percentage and was calculated

as follows: Din vivo = 100 9 (largest diameter – small-

est diameter)/mean diameter, where mean diameter is

calculated as (largest diameter + smallest diameter)/2.

This formula has been slightly modified from the one

used by Laurent et al. [6].

E. de Luis et al.: In Vivo Evaluation of a New Embolic Spherical Particle 369

123



Final location of the particles in the occluded arteries:

determined according to a division of the kidney into

five zones (6):
zone 1: renal artery and its first branches

zone 2: interlobar arteries

zone 3: junction area at the border of the cortex and

medulla

zone 4: deep cortex with proximal interlobular arteries

zone 5: superficial cortex with distal interlobular

arteries

Statistical Analysis

Continuous variables are expressed as mean ± standard

deviation. Statistical analysis was performed with SPSS 13

(SPSS, Chicago, IL, USA). The continuous values of the

particle sizes and the number of particles per vessel were

measured. The Gaussian distribution test, Student’s t-test,

and ANOVA were performed to compare these groups.

Deformation values did not follow a Gaussian distribution

and nonparametric Mann-Whitney and Kruskall-Wallis

tests were performed in order to compare deformation

results. Chi-square test was performed to compare the final

location of the particles.

Results

Animals, Embolization Procedure, and Macroscopic

Findings

All procedures were performed without any technical dif-

ficulties and embolizations were performed without

complications. HepaSphere microspheres were easily

diluted with the electrical shaker (laboratory shaker), and

the final volume (13–13.5 ml) of the diluted mixture was

delivered via a three-way stopcock without any problem.

No particle clumping or catheter occlusion was experi-

enced during any of the embolizations.

The amount of product used for the embolizations was

7.8 ± 3.4 ml (mean ± SD) (Table 2). We used 100-mg

vials of HepaSphere in this study. Reconstitution of the

spheres was performed homogeneously in every case so we

could determine the amount of product: 48.75 ± 21.25 mg

(Table 2).

The amount of product for each group of particle size in

the dry state and in contrast medium was 10.2 ± 3.6 ml

and 63.7 ± 22.5 mg for 50- to 100-lm particles reconsti-

tuted with Iodixanol, 6.8 ± 2.5 ml and 42.5 ± 15.6 mg for

50- to 100-lm particles reconstituted with Ioxaglate,

9 ± 2.6 ml and 56.2 ± 16.2 mg for 150- to 200-lm par-

ticles reconstituted with Iodixanol, and 5 ± 2.6 ml and

31.2 ± 16.2 mg for 150- to 200-lm particles reconstituted

with Ioxaglate.

Comparing these results according to the contrast

medium used, we found there was a difference in the

amount of particles required for embolization. When Iox-

aglate was used for reconstitution the final volume was

5.9 ± 2.6 ml (36.8 ± 16.2 mg) and when Iodixanol was

Fig. 1 A Three radial 3-mm-thick slices from the upper (2), medium (1), and lower (3) pole were sectioned from each kidney. B Right swine

kidney. Appearance 4 weeks after embolization of the renal lower pole

Fig. 2 The maximum length (largest diameter, L; 320 lm) and width

(smallest diameter, W; 270 lm) of the microspheres were measured.

The final size is expressed as the largest axis of the particles
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used the final volume was 9.6 ± 3.1 ml (60 ± 19.3 mg).

No differences were found comparing the results according

to particle size (‘‘dry size’’).

Angiograms were performed immediately prior to sac-

rifice of the animals in order to study the angiographic

effect of embolization. Evidence of recanalization has been

perfecfly studied in a recent article published by Stampfl

et al. [17]. The authors used a numerical score to study the

angiographic results after embolization and the durability

of the embolization.

We found signs of revasculatization of the target area in

the angiograms performed before sacrifice of the animals.

We decided to concentrate in the study on these signs of

revascularization using the histological slices because the

revascularization of the embolized area could be the result

of three different processes [18]: (i) new collateral bran-

ches distal to the embolization; (ii) recanalization of the

vessel as a consequence of the organization of the throm-

bus or because the vascular occlusion was not complete;

and (iii) extravascular migration of the embolic material.

(summarized from Ref. 18).

Histological Findings

HepaSpheres were found to be uniformly spherical, smooth

in appearance, and apposed perfectly to the arterial wall,

leaving no space between the particle and the vessel wall

(Fig. 3). The particles did not aggregate and they occluded

the arterial lumen without formation of thrombus around

them. It is noteworthy that neither recanalization of the

embolized vessels nor extravascular migration of the

embolic material was seen (Fig. 4). The particles were

observed in different-caliber arteries. Some of the micro-

spheres reached small arciform renal arteries, with an

estimated size of approximately 60 lm and associated

dilatation and disruption of the arterial wall layers (Fig. 5).

There was no toxic reaction in renal tissue. Although in

some specimens an inflammatory reaction was found

around some of the particles and the embolized vessel, the

inflammatory cells found were predominantly lymphocytes

Table 2 The amount of product used for embolizations expressed as milliliters and milligrams (mean ± SD)

Animal No. Right kidney Left kidney

Particle size (lm) Contrast medium Amount Particle size (lm) Contrast medium Amount

ml mg ml mg

1 50–100 Ioxaglate 7 43.7 50–100 Iodixanol 12 75

2 150–200 Ioxaglate 10 62.5 150–200 Iodixanol 12 75

3 50–100 Ioxaglate 4 25 50–100 Iodixanol 15 93.7

4 150–200 Ioxaglate 3 18.7 150–200 Iodixanol 9 56.2

5 50–100 Ioxaglate 7 43.7 50–100 Iodixanol 11 68.7

6 150–200 Ioxaglate 5 31.2 150–200 Iodixanol 12 75

7 50–100 Ioxaglate 6 37.5 50–100 Iodixanol 13 81.2

8 150–200 Ioxaglate 4 25 150–200 Iodixanol 9 56.2

9 50–100 Ioxaglate 12 75 50–100 Iodixanol 9 56.2

10 50–100 Ioxaglate 7 43.7 50–100 Iodixanol 8 50

11 150–200 Ioxaglate 3 18.7 150–200 Iodixanol 4 25

12 50–100 Ioxaglate 5 31.2 50–100 Iodixanol 4 25

13 150–200 Ioxaglate 3 18.7 150–200 Iodixanol 9 56.2

14 150–200 Ioxaglate 7 43.7 150–200 Iodixanol 8.5 53.1

Fig. 3 HepaSphere, 50 lm (dry state), diluted with Ioxaglate.

HepaSpheres appear uniformly spherical and smooth in appearance.

The particles adapt perfectly to the arterial wall, leaving no space

between them and the arterial wall. The photograph shows multiple

particles located in the interlobular and arciform arteries. Note that

there is only one particle in each vessel. The largest diameter of the

particles was between 150 and 320 lm. (H&E; original magnifica-

tion, 940.)
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and giant cells; neither basophils nor eosinophils were

found (Fig. 6).

Morphological Findings

Size

At least 100 particles in each group were analyzed (the

total number of measured particles was 608). The final size

of the particles, expressed as the largest diameter

(mean ± SD) of the sphere measured 4 weeks after the

embolization procedure, was 230.2 ± 62.5 lm for the 50-

lm dry-state particles and 314.4 ± 71 lm for the 150-lm

dry-state particles. When the contrast medium (ionic versus

nonionic) used for the dilution was studied to compare the

final size of the particles (Table 3), no differences were

found (Fig. 7).

Number of Particles per Vessel

In the 50-lm dry-state particle group the mean number of

particles found per vessel was 1.13 ± 1.7. In the 150-lm

dry-state particles group no more than one particle per

vessel was found. No differences were found in the number

of particles per vessel in terms of the contrast medium used

for the dilution. (Fig. 3).

Fig. 4 HepaSphere, 50 lm (dry state), diluted with Iodixanol.

Particles are located close to the renal surface (arciform arteries).

Note that the arterial wall is not identified. There is total occlusion of

the artery, and no arterial recanalization was found in any case. There

are signs of cortical necrosis, identified as the pale zone with atrophic

glomerulus distal to the particles (pale cortical zone). The kidney has

a terminal circulation and ischemia generates an infarct with a

cuneiform shape. (H&E; original magnification, 940.)

Fig. 5 HepaSphere, 150 lm (dry state), diluted with Ioxaglate. The

particles are located in arciform arteries with an estimated size of

*60 lm. The largest particle shown is 320 9 270 lm. The arterial

wall layers are not identified and the vessel is dilated, with the

presence of particles that maintain their spherical shape 4 weeks after

embolization. (H&E; original magnification, 9100.)

Fig. 6 HepaSphere, 150 lm (dry state), diluted with Iodixanol.

Particles are round, and there is no space between the particles and the

arterial wall (arciform artery). Note the inflammatory reaction around

the particles; there is a ‘‘foreign body’’ reaction, with giant cells

attached to the particles, forming a corona radiate. Lymphocytes are

also identified. (H&E; original magnification, 9100.)

Table 3 Final size and in vivo deformation [Din vivo = 100 9

(largest diameter – smallest diameter)/mean diameter] of two differ-

ent dry-size particles (50–100 and 150–200 lm): mean ± SD

Particle size: dry

state (lm)

Contrast

medium

Final size: largest

diameter (lm)

Deformation

%

50–100 Iodixanol 222.8 ± 66.9 19.3 ± 12.9

50–100 Ioxaglate 235.8 ± 58.8 16.3 ± 11.7

150–200 Iodixanol 315.1 ± 75.6 16.3 ± 11.2

150–200 Ioxaglate 313.9 ± 68.2 17.2 ± 13.2

Note. There were no significant differences in terms of the final size

of the particles (Student’s t-test, p [ 0.05) or deformation (Mann-

Whitney test, p [ 0.05) according to the contrast medium used for

dilution. There was a significant difference in the final size of the

particles: the 150- to 200-lm dry-state microspheres were bigger than

the 50- to 100-lm dry-state particles (Student’s t-test, p \ 0.001)
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Deformation

In vivo deformation (Din vivo) is expressed as a percentage

and was calculated as follows: Din vivo = 100 9 (largest

diameter – lowest diameter)/mean diameter. If a particle

has a perfectly spherical shape in a histologic specimen, the

Din vivo would be 0; the higher the deformation, the more

ellipsoidal the sphere appears on the histological slice. The

mean in vivo deformation for HepaSphere was

17.1% ± 12.3% (Table 2). No differences were found in

the deformation of the particles in any of the four groups

(Fig. 8).

Final Location

The final location of the particles in the occluded arteries

according to the division of the kidney into five zones was

studied: 56.6% of the particles were located in zone 5,

31.4% in zone 4, 9.5% in zone 3, 2.1% in zone 2, and 0.3%

in zone 1. We compared the groups (particle size in the dry

state and in contrast medium) to determine if there were

differences in terms of the final location of the particles and

found none.

Discussion

Embolization is a term that defines a wide variety of pro-

cedures. Before considering a patient for therapeutic

embolization, several factors must be assessed [9]. Among

them are the type of disease and whether short- or long-

term occlusion is desirable: if hemorrhage is due to an ulcer

or traumatized kidney, temporary occlusion may be suffi-

cient, whereas in malignant lesions permanent occlusion is

desirable. But familiarity with each material used, includ-

ing the duration of the occlusion and the size of the particle

required for each special situation, is mandatory. And

finally, it is important to understand the vessel size, col-

laterals, and associated timing and effects of acute

obstruction or occlusion on distal tissue.

HepaSphere, a nontoxic and nonbiodegradable particle

[14], absorbs fluids and swells within several minutes.

Particle diameters (in vitro) are approximately 2 and

2.5 times larger than their original size in the ‘‘dry state’’

and are four times larger when the particles are mixed with

human serum [15]. The swollen particle is reported to be

soft, deformable, and easily delivered through currently

used micro catheters. It has been used in Japan for large

hepatocellular carcinoma and for embolization treatment of

arteriovenous malformations [15, 16]. However, there is a

Fig. 7 The final size of the particles expressed as the largest diameter

of the microsphere, compared according to the contrast medium used

for dilution of HepaSphere. Two contrast media were used: Iodixanol

as a nonionic contrast media and Ioxaglate as an ionic contrast

material. The figure shows that there were no differences (p [ 0. 05)

in terms of the final size of the spheres according to the contrast

medium used (groups were compared using Student’s t-test as the

measurements follow a Gaussian distribution) in either group: 50- or

150-lm dry-state particles. Exact data on the final size are reported in

Table 3

Fig. 8 In vivo deformation (Din vivo) is expressed as a percentage and

was calculated as follows: Din vivo = 100 9 (largest diameter –

smallest diameter)/mean diameter, where mean diameter is calculated

as (largest diameter + smallest diameter)/2. The figure shows the

deformation of 50- and 150-lm particles according to the contrast

medium used for the dilution of HepaSphere. Deformation values did

not follow a Gaussian distribution and Mann-Whitney test was

applied. No statistically significant differences were found among the

groups (p [ 0.05). Exact data on Din vivo are given in Table 3
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need for more information about the morphology of the

vascular occlusion and what effects such occlusion has on

the embolized circulation. It is also important to know the

exact size of the particles after embolization and whether

the final size of these microspheres, evaluated in vivo, is

dependent on the osmolarity of the liquid in which they are

diluted.

HepaSphere particles are easily handled and mixed

without any technical problems. The dilution can be per-

formed, as with any other particle, by hand shaking.

However, in this particular study, in order to standardize

the technical step, we used an electrical shaker (laboratory

shaker for 10 min). No associated fragmentation of the

particles was found when we utilized the electrical shaker.

Manual preparation is also possible and the manufacturer

(Biosphere Medical) recommends a 10-min preparation

time.

The particles are manufactured in the dry state and they

expand when mixed with different liquids. The associated

particle expansion explains the final volume of 13–13.5 ml

after mixing the particles with 15 ml of contrast medium of

both groups. Unlike other particles (PAV particles), which

clump, aggregate, and are reported to cause catheter

obstruction [15], HepaSphere microspheres do not aggre-

gate or contribute to catheter obstruction. It would be

necessary to perform embolization with HepaSpheres using

microcatheters of different sizes to establish if there is

obstruction with 2.7-Fr or smaller catheters.

The differences found in the amount of product used for

embolization, we think, depend on the procedure and the

end point of the embolization. In this part of the study we

voluntarily used only 4-Fr Cobra catheters, and as a result

of the anatomy of the lower pole of the kidney, in some

cases in which vascularity ramifications were favorable

selective embolization of the lower pole was performed. In

other cases the tip of the catheter, due to the anatomic

findings, had to be placed too proximally and the result was

overembolization of the organ. This is why we found dif-

fuse infarcts of the kidney in some animals.

We cannot assume, based on these results, that the

amount of product necessary for embolization was depen-

dent on the contrast medium or the particle size.

HepaSphere particles maintain their spherical shape in

vivo for 4 weeks after the embolization procedure. They

adapt perfectly to the arterial wall, leaving no space

between them and the wall surface. Unlike other particles

such as PVA [10, 19], there is no aggregation or clumping

of HepaSphere particles inside the arterial lumen and no

thrombus was found around them. As a possible conse-

quence of both these facts, recanalization was not detected

4 weeks after embolization.

Other spherical embolization particles that do not

aggregate have been developed [7, 8],but HepaSphere is

the only embolization particle that is manufactured in the

dry state and can be resuspended in different liquids,

including not only different contrast media but also dif-

ferent drugs, which allows the use of these particles not

only as embolization material but also a carrier for dif-

ferent substances.

A mild inflammatory reaction has been observed, with

the presence of lymphocytes and giant cells around the

embolized vessels. Interestingly, neither basophils nor

eosiphils have been found with the regular staining tech-

nique. This type of inflammatory reaction (specific

inflammatory cells 4 weeks after embolization) was

observed by others using different agents [17, 20]. No

bacterial colonies, history of septicemia, or extrinsic

mechanisms were found to explain the inflammatory

reaction around the vessel wall. In some cases the arterial

wall layers are not well recognized with hematoxylin/eosin

staining; the damage of the wall structure is a possible

explanation of the inflammatory reaction, as suggested by

others. However, the exact mechanism of such action is

still unclear [21].

Another explication for the inflammatory reaction is the

fact that the kidney is a terminal circulation organ with no

collateral vascular supply. In all cases embolization indu-

ces ischemic changes and there are varying degrees of

inflammation that represent the response of the organism

after the presence of necrotic tissue. It is necessary to

complete the study with specific staining techniques to

study the vessel wall damage and also to use HepaSphere

in other organs with no terminal circulation, to study the

inflammatory reaction induced by the particle.

It would be very interesting to use a classification to

compare renal changes after embolization, like the Banff

classification, which was introduced as a standardized

international classification of renal allograft pathology and

acute rejection [22]. However, this classification cannot be

applied to the changes observed after embolization

because, as we already mentioned, the inflammatory

changes found in the kidney specimens, in our study,

depend on two aspects: first, the embolization material

itself and, second, and probably more importantly, the

ischemic effect of the embolization of an organ that has a

terminal circulation. When there is an ischemic insult and

necrosis of the tissue, there is an inflammatory reaction that

tries to ‘‘clean’’ the damaged tissue. However, it would be

very interesting to consider quantification of the inflam-

matory response in other organs such as the liver, which

has a double circulation (portal and arterial) and, thus, the

inflammation depends only on the particles. A recent study

published by Stampfl et al. included a quantification of the

inflammatory response that can be very useful to compare

different inflammatory changes after embolization of renal

arteries of pigs using 40- to 120-lm tris-acryl gelatin
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microspheres [17]. We did not perform such a quantifica-

tion, which could be a limitation of this study, however, we

carefully studied both the type of cells present in the

inflammatory response and the implication of the inflam-

matory reaction in the vessel wall response.

These microspheres reach small arciform arteries, with

an estimated caliber of 60 lm. 50–100-lm particles

increase to about four times their size 4 weeks after

embolization. 150–200-lm spheres also increase in size but

to less than two times their original size, so in any case the

final size of the particles was 200 and 250 lm. Measure-

ments of the particles were made using the maximum

length and width of the microspheres. Also, the size of the

particles may be underestimated because, on histology, the

observed sections were evenly distributed between the

equatorial and the polar planes of the microspheres.

Therefore the real diameter of HepaSpheres could be

approximately 1.4 times larger than those measured

histologically (mean real diameter = mean measured

diameter 9 H2) [23].

The particles migrate distally, reach small arteries, and

dilate them due to their high deformability. Probably the

particle only acquires its final size when it is stocked and

then reaches osmolarity equilibrium with serum and sur-

rounding tissue. This is, we think, the reason for the

differences found between in vitro particle sizes and in

vivo measurements. It may also explain why in vivo there

were no differences in terms of size according to the

contrast medium used for the dilution (ionic and nonionic)

(Table 2, Fig. 7). It will be necessary to complete these

data by doing particle measurements at shorter times after

embolization and, also, to study the timing of arterial wall

changes after embolization with HepaSphere.

It is known that the smaller the vessel, the more distal

the occlusion will be, and the more peripheral and persis-

tent the occlusion, the less effective the collateral

circulation and thus the more effective tumor treatment will

be. But the smaller the particle is, the more migration of the

particle takes place to undesired organs such as the lung,

and the more damage of other structures such as the biliary

ducts [3]. HepaSphere reaches small vessels and induces

stable embolization without recanalization due to its

deformation and spherical shape with a safe size; in any

case the final size of the particle has been \200 lm.

The in vivo deformation of HepaSphere was

15.1% ± 10.2, which is high compared with the defor-

mation of other spherical particles [6]. Tris-acryl

microspheres (TGMS) of 500–700 lm present a deforma-

tion of 9% ± 8.3%, and there are no differences in the

in vivo deformation of HepaSphere according to the con-

trast medium or the initial dry size (Fig. 8).

We found that more than 85% of the particles are

located in the most distal areas of the kidney (zones 4 and

5). However, we did not find differences in terms of the

final location of the particles according to the dry-state

size; these results are probably the consequence of a lim-

itation of the method we used to localize the particles. Four

weeks after embolization was performed (remembering

that our goal was to introduce as many particles as we

could), the changes in the renal parenchyma induced

atrophy of the renal cortical zone and modified the original

five zones described, so we cannot conclude whether or not

there were differences in the final location of the particles.

We conclude that HepaSphere is stable perfectly

occludes the arteries embolized, adapting its morphology to

the vessel lumen. There is no recanalization of the arteries

4 weeks after embolization. Its final in vivo size is pre-

dictable and the particle has the same properties in terms of

size and deformation with different contrast media.

It is necessary to probe these particles in liver emboli-

zation, as their properties offer the possibility to use them

not only as an embolic agent but also as a carrier for dif-

ferent substances. An experimental study in animal liver is

being carried out to address these important issues.
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