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Abstract

Objective This study was designed to establish guinea

pigs as an animal model for uterine artery embolization

(UAE) with tris-acryl gelatin microspheres (TAGM).

Methods Twenty-five female adult guinea pigs were

randomly divided into two groups, including a uterine

artery casting mould group (n = 10) and a UAE group

(n = 15). Pelvic angiography and vascular casting mould

were performed in the first group. The anatomical char-

acters of the pelvic cavity in guinea pigs were described. In

the second group, the technical feasibility of performing

UAE with TAGM in guinea pigs was investigated. The

histopathological slides of the uterus of guinea pigs after

UAE were examined to inspect the outcomes of UAE.

Results The uterine artery springs from the internal iliac

artery, ascends tortuously along the cervix, and gives off

vertically 8–10 branches to the cervix uteri and uterine

horns. The diameters of the trunk of the uterine artery

and its first branch were 0.32 ± 0.027 mm and 0.14 ±

0.01 mm, respectively. For UAE animals, the dosages of

40–120 and 100–300 lm TAGM were 0.033 ± 0.003 ml

and 0.015 ± 0.002 ml, respectively. On histopathological

slides, embosphere particles were found in the first bran-

ches of the uterine artery, the subserous arteries, and the

intramural arteries. Inflammatory reactions in the uterus

were common in guinea pigs after UAE. Local or dispersed

areas of necrosis in uterus also were observed in a few

guinea pigs.

Conclusions Guinea pigs are an appropriate and feasible

model for UAE with TAGM.

Keywords Guinea pig � Uterine artery embolization �
Tris-acryl gelatin microspheres

Abbreviations

UAE Uterine artery embolization

TAGM Tris-acryl gelatin microspheres

DSA Digital subtraction angiography

IVC Inferior vena cava

HE Hematoxylin and eosin stain

Introduction

Uterine leiomyoma is the most common benign tumor of

the female genital tract with an incidence rate of 20–40%

among women of reproductive age [1]. Uterine artery

embolization (UAE) is a minimally invasive technique,

first reported by Ravina and colleagues in 1995 [2] and

consistently proven to be an effective treatment of symp-

tomatic uterine leiomyoma by many following studies

[3–5]. Recently, it also has been suggested as an alternative

treatment to hysterectomy and myomectomy [6–10].

However, it is still controversial whether UAE is safe

for patients ho desire future fertility [3–5, 11–15]. The

effect of UAE remains unclear due to the ethical difficulty

in conducting prospective studies on human fertility. Pre-

vious studies of UAE on fertility mainly focused on

ovarian function, pregnancy, abortion, and production.

However, other factors also play important roles in fertility,

W.-Q. Zhuang � G.-S. Tan � W.-B. Guo (&)

Department of Interventional Radiology, The First Affiliated

Hospital of Sun Yat-sen University, Guangzhou, Guangdong

Province, China

e-mail: patrickguo2008@163.com

J.-Y. Yang

Department of Radiology, The First Affiliated Hospital of Sun

Yat-sen University, Guangzhou, Guangdong Province, China

123

Cardiovasc Intervent Radiol (2012) 35:628–635

DOI 10.1007/s00270-011-0215-x



such as the integrity of the endometrium. Therefore, more

in-depth studies are required to reveal further the impacts

of UAE on fertility.

Guinea pigs have been successfully developed as an

animal model for uterine leiomyoma [16]. We attempted to

investigate the impact of UAE on fertility using guinea pigs

as an animal model. First of all, the possibility of technique

of UAE in guinea pigs has to be answered. This was a pilot

study to examine the use of UAE with tris-acryl gelatin

microspheres (TAGM) in guinea pigs.

Materials and Methods

The study protocol was approved by the Laboratory Ani-

mal Ethics Committee at Sun Yat-sen University. This

study was approved by Institutional Review Board at Sun

Yat-sen University and was in accordance with the ethical

standards of the responsible committee on human experi-

mentation of Sun Yatsen University and with the Helsinki

Declaration of 1975. The study comprised two parts. In the

first part, ten guinea pigs were used to study the anatomical

characteristics of pelvic organs at necropsy, including the

uterus, ovary, bladder, and vagina. Histological features of

pelvic vessels, including the origin of the uterine artery and

the origin and distribution of the internal iliac artery, also

were examined by pelvic angiography. In addition, the

lengths and diameters of the internal iliac artery, uterine

artery, and its first branch were measured by the pelvic

artery casting mould with a vernier caliper.

In the second part, bilateral UAE with TGAM was

performed in 15 guinea pigs. The distribution of embolic

agents in surgical specimens and histopathology of the

myometrium and endometrium were observed.

Animals

Twenty-five female guinea pigs were housed individually

with ad libitum access to food and water and a 12-h light/

dark cycle beginning at 6 a.m. The guinea pigs were

8 months old and weighed 600.8 ± 40.5 g.

Anesthesia and Exposure of Pelvic Organs

After overnight food deprivation, guinea pigs were sedated

by intraperitoneal injection of chloral hydrate (50 mg/kg).

Heart rate and oxygenation were monitored throughout the

procedure using a pulse oximetry.

A longitudinal incision was made at the superior margin

of the pubic symphysis. The intestinal canals were pushed

away with pads to expose the pelvic organs, such as the

uterus, bladder, and ovaries. The normal uterus, fallopian

tubes, ovaries, and bladder were observed.

Uterine Angiography

The midinferior segment of the abdominal aorta was dis-

sected and cannulated with a 26-gauge needle. The needle

tube was fixed on the artery while the stylet was removed.

Contrast media (UTRAVIST�, Schering AG, Guangzhou,

China) were injected into the artery through the stylet.

Angiography of the abdominal aorta was performed with

contrast media injection at a dose of 2.4 ml and a velocity

of 0.8 ml/s, and digital subtraction angiography (DSA) was

acquired at 3/s. The pelvic arteries were observed using

angiography.

Uterine Artery Casting

After the above-mentioned steps, guinea pigs were sacri-

ficed with an overdose intravenous administration of

sodium pentobarbital (100 mg/kg). The abdominal part of

the inferior vena cava (IVC) was cut off. A consistent and

slow perfusion through the remaining needle in the distal

end of the cutoff point of IVC was performed until the

effluent liquid from the proximal end of the cutoff point

turned clear [15]. Then, perchloroethylene acetone solution

dyed in red (200 g/l) was injected slowly into the abdom-

inal aorta through the remaining needle with a 1-ml

syringe. Additional perfusion at a dosage of 0.3 ml was

conducted every 1 h after the first perfusion and was

repeated two to three times. All guinea pigs were kept at

room temperature for 8 h to allow solidification of the

perfusate. The origin and distribution of the uterine artery

were observed under microscope at 910 magnification.

When the perfusate was completely hardened, the guinea

pigs were placed in 37% hydrochloric acid for 24 h to

achieve corrosion. The specimens were washed in water

and allowed to dry in air. The smaller branches disrupted

during washing were repaired with the primary perfusate.

The lengths and diameters of the iliac artery, uterine artery,

and its branches were measured with a vernier caliper.

UAE with TAGM

Preparation of Embolic Agents

A total of 0.4 ml of contrast media was combined with

0.2 ml TAGM of 40–120 lm diameter or 0.2 ml TAGM of

100–300 lm diameter (Biosphere Medical, Rockland,

MA), respectively, and shaken up for embolization.

UAE

Fifteen guinea pigs were anesthetized as described earlier.

After the internal iliac artery was dissected, its origin was

punctured with a 26-gauge needle. The needle tube was
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fixed with ligations, and the tip of the needle was inserted

into the uterine artery. Angiography was performed to

confirm the position of the tip. Contrast media were

injected at a dose of 0.9 ml and a velocity of 0.3 ml/s, and

the DSA acquisition rate was 3/s. A slipknot was tied in the

bladder-perineum branch to temporarily block blood flow.

Furthermore, in order not to embolize the vascular network

of the ovary, the ovarian branch of the uterine artery was

clamped temporarily with a microartery clamp. After the

blood flow of the main trunk of the uterine artery slowed

down, TAGM of 40–120-lm diameter were injected into

the artery through the needle under x-ray fluoroscopy.

Subsequently, when the stasis or reflux of contrast media

was observed in the main trunk of the uterine artery,

100–300 lm TAGM were injected to enhance emboliza-

tion. After UAE, the slipknot in the bladder-perineum

branch was untied to recover the blood flow, and the

microartery clamp on the ovarian branch of the uterine

artery was released. The same procedures were performed

in the contralateral uterine artery. Finally, the incision site

was sutured.

Gross and Histopathological Examination of the Uterus

All guinea pigs were killed 14 days after the UAE with an

overdose intravenous administration of sodium pentobarbi-

tal (100 mg/kg). The uterus was removed in laparotomy and

fixed in 10% formaldehyde. Histological samples were taken

from four different transverse planes and four different

longitudinal planes of the uterine horn and were prepared by

routine hematoxylin and eosin (HE) staining. The uterus,

including myometrium and endometrium, was examined

grossly and histologically. The distribution of TAGM in

arteries was observed under an optical microscope.

Results

The bilateral UAE procedure was successfully performed

in all guinea pigs. Postoperative examination was daily

conducted up to 14 days for signs of fever, loss of appetite,

loss of weight, or lack of movement.

All guinea pigs survived the procedure without severe

complications and resumed normal eating and drinking. No

fever, infection, or bleeding was found in any guinea pig

during the recovery period.

Normal Uterine Anatomy and Pelvic Angiography

in Guinea Pigs

The uterus of guinea pigs was somewhat Y-shaped, with

two separate uterine horns joined by a cylindrical inferior

end (Fig. 1).

The angiography of the internal iliac artery demon-

strated that the uterine artery springs from the ipsilateral

internal iliac artery. The uterine artery ascends tortuously

along the cervix and uterine horn and divides into 8–10

vertical branches to the cervix uteri and uterine horns. It

then turns laterally toward the hilus of the ovary and

anastomoses with the ovarian artery. A bladder-perineum

artery springs from the internal iliac artery and runs down

to the bladder and perineum (Fig. 2).

Vascular Casting

The distribution of pelvic arteries in vascular casting was

similar to that in angiography. The internal iliac artery was

short and thick. The uterine artery rises windingly along

the uterus and gives off branches into the cervix and uterine

horns. The terminal portion twigs of the uterine artery

divides into a small amount of vessels to the ipsilateral

ovary (Fig. 3).

The Lengths and Diameters of the Uterine Artery

and Its Branches

The lengths and diameters of the uterine artery and its first-

level branches were measured in the vascular casting

mould (Fig. 4). Results are summarized in Table 1.

Fig. 1 Y-shaped uterus of guinea pigs
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UAE and Its Impacts

The bilateral UAE procedure was successfully conducted

in all guinea pigs. The uterine artery and its branches were

distinctly visible in angiography before embolization and

became invisible after embolization due to static contrast

media (Fig. 5A, B). The dosage and usage of embolic

agents are shown in Table 2. The embolization was

satisfied without significant complications, because all

guinea pigs were in good postoperative condition.

On day 14, all guinea pigs met the study protocol criteria

for sacrifice. Animals were lapotomized, and the uterus,

including both ovaries, was removed for gross and histo-

logical examination (summarized in Table 3).

At gross necropsy level, the ovaries, bowel, urinary

bladder, liver, and spleen were normal. Nine of 15 guinea

pigs seemed to have a normal uterus under gross exami-

nation. Further histological analysis showed that there was

no degeneration or ischemic necrosis of the endometrium,

and the construction of the myometrium and endometrium

was clear. However, the uterus of all guinea pigs still

suffered from inflammatory reactions. The remaining six

guinea pigs had apparent gross and histological defects in

the uterus. One guinea pig had local ischemic necrosis in

the uterine horn with inflammatory reactions. Two guinea

pigs suffered from edematous and congested uterus. For

another two guinea pigs, their uterus showed a whitish

coloration and ischemic changes under gross analysis and

inflammatory-surrounded dispersed areas of necrosis under

histological analysis. For the last guinea pig, a small

amount of serosanguineous fluid and a few abscesses in the

uterus were noted grossly. Under closer histological

examination, its uterus had local necrotic tissue surrounded

by inflammatory reactions.

Fig. 2 Digital subtraction angiography (DSA) of pelvic arteries.

Black arrow The uterine artery. Red arrow The bladder-perineum

branch (Color figure online)

Fig. 3 Pelvic vascular casting mould. Black arrow The trunk of the

uterine artery. Blue arrow The bladder-perineum branch. Yellow
arrow Left common iliac artery. Red arrow Bladder. Red asterisk
Uterus (Color figure online)

Fig. 4 Measurement of the uterine artery and its first-level branches

in the vascular casting mould with vernier caliper

Table 1 Lengths and diameters of the internal iliac artery, uterine

artery, and its first branch of guinea pigs (average ± SEM, mm)

Iliac artery Uterine artery First branch

of uterine artery

Length (mm) 4.5 ± 0.48 42.4 ± 2.36 5.2 ± 0.52

Diameter (mm) 0.48 ± 0.042 0.32 ± 0.027 0.14 ± 0.017
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In addition, under histopathological examination,

TAGM were observed in the uterus of all guinea pigs with

routine HE staining. Embosphere particles were found in

the uterine artery lumen of the first branches, the subserous

arteries, and some of the intramural arteries (Fig. 6A–C).

Embosphere particles, seen as red globules with well-

defined boundaries, were distributed homogeneously.

Erythrocytes and a small amount of lymphocytes were

found around the embosphere particles.

Discussion

There are several advantages of choosing guinea pigs as an

animal model for UAE with TAGM. Guinea pigs have

been developed as an animal model for uterine leiomyomas

with a high incidence rate of leiomyoma formation [16].

The biological behavior and histopathological features of

leiomyomas in guinea pigs are similar to those in human

beings [16]. In addition, its pregnancy duration (16 days) is

shorter than sheep (150 days) and rabbit (32 days), making

it easier to observe the impact of UAE on the uterus and

ovary, and consequently on female fertility.

Because it is difficult to perform the UAE procedure by

using a catheter in guinea pigs, we adopted the open sur-

gical approach as previously described [17]. Our study

investigated the technical feasibility to use guinea pigs as

an animal model for UAE with TAGM in open abdominal

surgery and measured the lengths and diameters of the

uterine artery and its first branches for choosing the size of

embolic agents.

There were two technical difficulties with the guinea pig

model. First, the uterine arteries of guinea pigs are so thin

and tortuous that it is difficult to cannulate arteries. Fur-

thermore, the uterine artery runs along connective tissues

close to the cervix uteri. Even when the uterine artery is

exposed successfully under a surgical operating micro-

scope, dissection is still time-consuming. Second, fixing

the needle in the circuitous uterine artery is so challenging

Fig. 5 A DSA before

embolization. B DSA after

embolization

Table 2 Application and dosage of embosphere particles for

embolization

Diameter

(lm)

Application Dosage

(average ±

SEM, ml)

40–120 Embolization for the first branches and

smaller arteries of uterine arteries

0.031 ± 0.003

100–300 Embolization for the trunks and the first

branches of uterine arteries

0.015 ± 0.002

Table 3 Gross and histopathological findings after the UAE

procedure

Gross necropsy findings Histopathologic findings No. of

guinea pigs

(n = 15)

No obvious defects in the

uterus

Edema, inflammatory

reaction, foreign body

9

Local ischemic necrosis

in the uterus

Local necrosis in the

uterus, inflammatory

reaction, foreign body

1

Edema and congestion in

the uterus

Edema and hyperiaemia in

the uterus, inflammatory

reaction, foreign body

2

Whitish coloration and

ischemic changes in

serous membranes

Necrotic uterus,

inflammatory reaction,

foreign body

2

Local serosanguineous

fluid and abscesses in

the uterus

Local necrosis in the

uterus, inflammatory

reaction, foreign body

1
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that it is almost impossible to control the embolization

precisely. Moreover, due to the thin vessel of the uterine

artery (only 0.3 mm in diameter), it is easy to cause vas-

cular spasm and perforation during operation. Once these

accidents happen, UAE can no longer be performed. Thus,

the direct cannulation of the uterine artery has a low suc-

cess rate.

In contrast with the uterine artery, the iliac artery is

thicker (almost 0.5 mm in diameter) and diverges from the

aortic abdominal artery at a large angle, making dissection

and cannulation easier. Furthermore, only two major

branches, namely the uterine artery branch and the bladder-

perineum branch, spring from the iliac artery in guinea

pigs. When the bladder-perineum branch is blocked tem-

porarily with a slipknot, the embolic agents only flow into

the uterine artery, avoiding off-target embolization. In this

study, we cannulated the iliac artery, maintained the tip of

the needle close to the opening of the uterine artery, and

blocked the bladder-perineum branch and the ovarian

branch of the uterine artery temporarily. As a result,

embolization of the ovary, bladder, and perineum was

prevented. With this improved method, we successfully

performed the UAE procedure in all guinea pigs. No

ischemia or necrosis in the ovary, bladder, and perineum

was found in any guinea pig. We believed that the UAE

approach in our study is easy to operate and therefore has a

higher success rate.

The diameters are approximately 0.3 mm for the main

trunk of the uterine artery and 0.14 mm for the first branch

in guinea pigs. To mimic the embolization procedure in

humans as close as possible, we applied 40–120-lm

embolic agents to embolize the first branches and the artery

network in uterus, and then injected a small amount of

100–300-lm embolic agents into the main trunk of the

uterine artery to enhance embolization.

In our study, the choice of embolic sizing was deter-

mined by two criteria. One was that the embolic particles

had the potential to penetrate into the second branch or

further vascular of uterine artery. This was for the next

study of UAE for guinea pigs with uterine leiomyoma. On

histopathological study after UAE, embolic agent particles

spread in the cavities of the first branch of the uterine

artery, the subserous arteries and some of the intramural

arteries. It proved that the size of embolic agent met the

criterion. Another was that the pathological change after

UAE in guinea pigs was similar to that in humans as clo-

sely as possible. The pathological findings after UAE in

humans demonstrated that the embolic particles were sur-

rounded by a foreign-body giant cell reaction and acute

inflammatory reaction. Furthermore, foci of myometrial

necrosis away from the leiomyomas were found. In our

study, inflammatory reactions were observed surrounding

the embolic agents in the uterus without degeneration or

necrosis in the myometrium and endometrium in most of

Fig. 6 A Embosphere particles

in the lumen of the first branch

of the uterine artery (HE, 940).

B Embosphere particles in the

subserosal artery (HE, 940).

C Embosphere particles in the

intramural artery (HE, 940)
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the guinea pigs after UAE. There were local or dispersed

areas of ischemic necrosis in the uterus of a few guinea

pigs. Therefore, it met the second criterion, too. We

believed that the size of embolic agent was appropriate for

UAE in guinea pigs.

Under histopathological examination, embolic agent

particles spread in the cavities of the first branch of the

uterine artery, the subserous arteries, and some of the

intramural arteries. In most guinea pigs after UAE,

inflammatory reactions were observed surrounding the

embolic agents in the uterus without degeneration or

necrosis in the myometrium and endometrium. There were

local or dispersed areas of ischemic necrosis in the uterus

of a few guinea pigs. In humans, the embolic agents have

been observed in the small blood arteries of myometrium

[18]. Consistent with our study, the presence of inflam-

matory-surrounded embolic agents and areas of necrosis

was noted in human uterine specimens [17]. Therefore, our

pathological findings in guinea pigs are similar to those in

humans. The sizes of embolic agents chosen in this study

are proper for UAE in guinea pigs.

TAGM is a nonresorbable, deformable, and spherical

embolic agents with calibrated sizes and uniform shapes.

Due to its surface structure, deformability, and regularity of

shape, it never clusters. So, it significantly penetrates

deeper into the blood vessels than do PVA particles of

either size. PVA particles tend to aggregate and thus

occlude larger vessels. In terms of the characteristic of

TAGM, it is easy to reach the goal of our study, which is to

embolize the arterial network in uterus. The particles can

penetrate the deeper vessels in uterus than do the other

embolic agents through the uterine artery whose speed of

blood flow was slow when we intubated iliac artery.

Sone et al. [19] mimicked the procedure of UAE in

swine more closely to that of humans than we did. The

choice of the GP sizes was determined by the size of

embolic agents in humans. It would cause that the arterial

distribution of embolic agents in swine after UAE was

different from that in human, because the size of uterus in

swine was different from that in human. In our study, the

arteries of uterus in guinea pigs was measured first, and

then it ensured that the arterial distribution of embolic

agents in guinea pigs was similar to that in humans with the

proper size of embolic agents according to the measure-

ment of arteries of uterus in guinea pigs.

There are limitations of our study. First, the intubation

by surgical exposure of iliac artery in guinea pigs is dif-

ferent from the clinical approach. Therefore, the arterial

distribution of embolic agents in guinea pigs is not com-

pletely similar to that in humans because the embolic

agents in guinea pigs could not run in uterine artery as

it did in humans. So, it is inevitable that there were some

bias in the results of our study. Second, a continuous

observation of pathological changes of the uterus after

UAE was not established in our study. The pathological

change of uterus on the 14th day after UAE was observed

only in our study. So, the description of acute inflammatory

and necrosis in uterus was incomplete, but it was enough

for the purpose of verifying the arterial distribution in

uterus of embolic agents.

So far, there have been some researches with pig [20]

and sheep [21] on UAE. However, these studies were

flawed because that the animal models do not have uterine

leiomyoma. So did our study. But this study is our pilot

study on UAE for uterine leiomyoma in animal model. We

will validate our technique of UAE on guinea pigs with

uterine leiomyoma in our next study.

The embolization with TAGM ends when the contrast

media are static in the uterine artery [22]. In the study by

Belenky et al., methylene blue was injected intraproce-

durally to determine the completion of UAE [23]. In our

study, in contrast, angiography was used as an endpoint

criterion and performed both before and after the UAE

procedure, therefore more precisely controlling emboliza-

tion. Our current study optimizes the operational proce-

dures and paves ways for future studies on this animal

model of uterine leiomyoma.
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