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INTRODUCTION

Gelatin sponge particles (GSPs) have been used in 
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Objective: Arterial stenosis is a major obstacle for subsequent interventional procedures. We hypothesized that the stenosis 
is caused by gelatin sponge embolization and performed an experimental study in a rabbit renal model.
Materials and Methods: A total of 24 rabbits were embolized with porcine gelatin sponge particles injected into the renal 
arteries. Four rabbits were sacrificed on 1 day, 4 days, 1 week, 2 weeks, 3 weeks, and 4 weeks after embolization. 
Microscopic evaluations were performed on hematoxylin-eosin and smooth muscle actin immunohistochemical stained sections.
Results: Gelatin sponge particles were mainly observed in the segmental and interlobar arteries. Transmural inflammation 
of the embolized arterial wall and mild thickening of the media were observed 1 week after embolization. Resorption of the 
gelatin sponge and organization of thrombus accompanied by foreign body reactions, were observed from 2 to 4 weeks 
after embolization. Microscopic images of the 3 weeks group showed vessel lumens filled mostly with organized thrombi, 
resulting in severe stenosis. Additionally, vessels showed a thickened intima that contained migrating smooth muscle cells 
and accompanying interruption of the internal elastic lamina. The migrating smooth muscle cells were distributed around 
the recanalized arterial lumen.
Conclusion: Gelatin sponge embolization may induce arterial stenosis by causing organized thrombus and intimal hyperplasia, 
which consists of migrating smooth muscle cells and intimal collagen deposits.
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transarterial embolization procedures for the treatment 
of hepatocellular carcinoma since the late 1970s, most 
commonly in transcatheter arterial chemoembolization 
(TACE) (1-4). The main goal of embolic therapy is to 
devitalize the target lesion while minimizing ischemia to 
the parenchyma of the underlying organ (5). It is important 
to maintain the patency of the hepatic arteries to enable 
effective further administration of drugs and achieve a 
successful outcome for procedures that require repeated 
sessions, such as TACE (6). The factors associated with 
reduced hepatic artery patency after TACE include the 
accumulated dose of anticancer drug per hepatic artery, the 
number of anticancer drugs administered, and the Child-
Pugh score (7, 8).

We hypothesized that GSPs can be an independent cause 
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of arterial stenosis. The experimental study was performed 
to test the hypothesis and to investigate the underlying 
pathological processes in a rabbit renal model.

 

MATERIALS AND METHODS

The study included 24 New Zealand white rabbits, aged 
3 to 4 months and weighing 3 to 3.5 kg. The animals 
were kept under controlled conditions (12/12-hour light/
dark cycles, ambient temperature of 22 ± 5°C, and relative 
humidity of 50 ± 10%) and fed standard food pellets that 
were sterilized using gamma rays, and autoclaved tap 
water, ad libitum. The pre and postsurgical animal care 
and surgical interventions followed the guidelines of the 
Laboratory Animals Welfare Act, the Guide for the Care and 
Use of Laboratory Animals, and the Guidelines and Policies 
for Rodent Survival Surgery provided by the Institutional 
Animal Care and Use Committee of the School of Medicine 
at our institution.

Gelatin Sponge Particles
Spongostan (Ethicon Inc., Somerville, NJ, USA), a porcine 

gelatin sponge, was used for embolization. Immediately 
before embolization, the gelatin sponge was cut into 1 
x 1 x 1 mm cubes and hydrated with a 50/50 mixture of 
sterile normal saline and iopromide (Ultravist 300; Bayer 
Healthcare Korea, Seoul, Korea).

Angiography and Embolization
Angiography and embolization were performed in all 

rabbits by 2 interventional radiologists. The animals 
were anesthetized by intramuscular injection (1 mL/
kg) of a 50/50 mixture of ketamine hydrochloride 
(Ketalar 50 mg/mL; Yuhan, Seoul, Korea) and xylazine 
hydrochloride (Rompun 23.32 mg/mL; Bayer, Seoul, Korea) 
in one of the hind legs. The skin was incised, and right 
inguinal dissection was performed to locate the common 
femoral artery. Cut-down was performed to enable direct 
visualization of the right common femoral artery during 
catheterization. The common femoral artery was punctured 
with an 18-gauge Teflon intravenous catheter (Sewoon 
Medical, Cheonan, Korea), and the needle and stylet were 
removed. A 2.2-Fr microcatheter (Sirabe; Piolax Medical 
Devices, Yokohama, Japan) with a curved tip, was inserted 
through the catheter and advanced to the main renal artery. 
Selective arteriography was performed, and the tip of the 
microcatheter was placed in the inferior segmental artery. 

The right renal artery was catheterized in most cases. 
The left renal artery was catheterized, if the right renal 
artery was difficult to catheterize. Arterial embolization 
was performed using the hydrated GSPs. The endpoint for 
embolization was defined as stasis of flow for more than 5 
heartbeats, or reflux of contrast material into the main renal 
artery. Completion arteriography was performed to confirm 
occlusion of the embolized artery after embolization. The 
catheter was then removed, the punctured femoral artery 
was ligated, and the skin incision was closed.

Follow-Up
The rabbits were carefully observed for complications 

and changes in behavior after embolization. Four rabbits 
were randomly assigned to be sacrificed at each of the 6 
time points: 1 day, 4 days, 1 week, 2 weeks, 3 weeks, and 
4 weeks after embolization. Prior to sacrifice, each animal 
was anesthetized as described above, laparotomy was 
performed, and the abdominal aorta was punctured with an 
18-guage needle for follow-up angiography.

Histopathological Examination
Each renal specimen was embedded in paraffin, and 

the block was cut into 4 pieces by transverse and coronal 
sectioning along the renal hilum. Two 4-µm-thick sections 
were then cut from each piece and stained with hematoxylin 
and eosin and immunohistochemical staining for smooth 
muscle actin. Pathological examination included evaluation 
of arterial occlusion levels, changes in the arterial walls, 
proliferation and migration of smooth muscle cells, 
inflammatory changes in the adjacent tissues, thrombosis, 
and degeneration of GSPs. The histopathological findings 
were analyzed by 2 radiologists and 1 pathologist by 
consensus.

RESULTS

All embolization procedures were completed without 
procedure-related vascular complications, such as dissection 
or spasm. No accidental embolization of non-target vessels 
was observed. None of the animals had post-procedural 
changes in behavior or sensation. 

Light microscopy on day 1 post-procedure showed GSPs 
mainly in the renal segmental and interlobar arteries, with 
completely occluded vascular lumens and some thrombi. 
There were some inflammatory changes in the tissues 
adjacent to the embolized vessels, but the 3 layers of the 
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arterial walls were intact. On day 4, the 3 layers of the 
arterial walls were still intact, and there was progression 
of arterial thrombi composed of fibrin and platelets. 
The thrombi were partially organized and associated 
with aggregates of macrophages and polymorphonuclear 
leukocytes in the lumens of vessels that contained GSPs 
(Fig. 1A). After 1 week, there was focal intimal destruction 
with transmural inflammation of the arterial wall. 
Polymorphonuclear leukocytes were the main inflammatory 
cells, and were located exclusively in the intima. The 

medial and adventitial layers were mildly thickened with 
proliferation of smooth muscle cells; however the surfaces 
of these layers were intact and the internal elastic lamina 
was well preserved (Fig. 1B). Angiograms performed 
immediately before sacrifice at 1 day, 4 days, and 1 week 
after the procedure showed persistence of the wedge-
shaped defect and complete occlusion of the embolized 
arteries in all rabbits.

Most embolized arteries showed partial resorption of GSPs 
and a foreign body reaction with giant cells, after 2 weeks. 
There was focal dehiscence with propagation of transmural 
inflammation to the internal elastic lamina. In some 
vessels, there was destruction of all 3 layers of the wall due 

Fig. 1. Microscopic images of segmental arteries within 1 week 
after embolization with GSPs.
A. Four days after embolization. There is partially organized thrombus 
(arrow), and aggregation of macrophages and polymorphonuclear 
leukocytes between GSPs (dotted arrow). Three layers of vessel 
wall are preserved. B. One week after embolization. There is focal 
intimal destruction with transmural inflammation (arrow). Medial 
and adventitial layers are slightly thickened with proliferation of 
smooth muscle cells (dotted arrow). Internal elastic lamina is intact 
(hematoxylin and eosin staining, original magnification x 20). GSPs = 
gelatin sponge particles

A B

Fig. 2. Microscopic images of interlobar arteries 2 weeks after 
embolization with GSPs. 
A. There is partial resorption of GSPs. Note focal dehiscence of internal 
elastic lamina with propagation of transmural inflammation (arrows). 
There are some giant cells, indicating foreign body reaction (dotted 
arrow) (hematoxylin and eosin staining, original magnification x 
20). B. There is destruction of all 3 layers in some arteries, resulting 
from extravasation of GSPs (arrows) (hematoxylin and eosin staining, 
original magnification x 10). GSPs = gelatin sponge particles

A B

Fig. 3. Microscopic images of interlobar arteries 3 weeks after embolization with GSPs. 
A. Embolized GSPs have completely disappeared, resulting in recanalization. Original lumen is mainly filled with thick organized thrombi (arrow). 
B. Immunohistochemical staining for smooth muscle actin, showing proliferation of smooth muscle cells in media and thickened intima with 
migration of smooth muscle cells from media, and interruption of internal elastic lamina (dotted arrow). Migrating smooth muscle cells are 
mainly distributed around recanalized arterial lumen (arrows). C. Completion angiography, showing diffuse luminal narrowing and multifocal 
stenosis (arrows) in recanalized arteries of lower pole, compared with non-embolized arteries of upper pole. GSPs = gelatin sponge particles

A B C
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to severe transmural inflammation (Fig. 2). Angiography 
showed partial recanalization of the larger sections of 
the target arteries, with mild luminal irregularities. The 
GSPs were completely resorbed after 3 weeks. The vessel 
lumens were mostly filled with organized thrombi, and 
the recanalized arterial lumens were lined with migrating 
smooth muscle cells. Some small intraluminal collaterals had 
developed in the organized thrombi. Immunohistochemical 
staining for smooth muscle actin showed proliferation of 

smooth muscle cells in the media, thickened intima with 
migration of smooth muscle cells from the media, and 
interruption of the internal elastic lamina. The arteries 
with intimal thickening and severe organized thrombi had 
decreased luminal diameters. The migrating smooth muscle 
cells were mainly distributed around the recanalized arterial 
lumens. Angiography of the recanalized arteries showed 
diffuse luminal narrowing and multifocal stenosis (Fig. 3). 
The inflammation had subsided, and there were completely 
organized thrombi attached to the vessel wall after 4 weeks. 
There was multifocal loss of continuity of the internal 
elastic lamina, and the proliferation of smooth muscle 
cells had decreased (Fig. 4). The histological findings were 
shown in Table 1.

DISCUSSION

Gelatin sponge particles have frequently been used in 
transarterial embolization, since their identification as 
effective material for temporary arterial embolization (1-
4). Embolization with GSPs results in recanalization of the 
embolized artery within a few weeks, which contributes 
to the preservation of normal tissue in the embolized area 

Fig. 4. Microscopic image of interlobar artery 4 weeks after 
embolization with gelatin sponge particles. There are no 
inflammatory cells. Completely organized thrombus attached to vessel 
wall, and decreased proliferation of smooth muscle cells in media is 
observed. Internal elastic lamina has multifocal loss of continuity 
(arrows) (immunohistochemical staining for smooth muscle actin, 
original magnification x 20).

Table 1. Summary of Histologic Findings
1 Day 4 Days 1 Week 2 Weeks 3 Weeks 4 Weeks

Change in arterial wall

Three layers Intact Intact
Focal destruction 
  in intima

Focal destruction 
  in intima

Mostly entire 
  destruction

Mostly entire 
  destruction

Internal elastic 
  lamina

Intact Intact Intact Focal dehiscence
Multifocal 
  dehiscence

Multifocal 
  dehiscence

Smooth muscle cell 
  proliferation

No No Mild Moderate 
Severe migrate 
  to intima

Regression

Recanalization

Complete 
  occlusion 
GSP + some 
  thrombi

Complete 
  occlusion 
GSP + partially 
  organized 
  thrombi

Complete 
  occlusion  
GSP + partially 
  organized  
  thrombi

Partially 
  recanalization 
GSP ± organized 
  thrombi

Partially 
  recanalization
GSP – mostly 
  organized 
  thrombi

Partially 
  recanalization
GSP – completely 
  organized 
  thrombi

Vessel 
  neoformation

No No No No
Yes
Intraluminal   
  collaterals

Yes
Intraluminal   
  collaterals

Inflammatory reaction 
  embolized area

Extent
Minimal 
  perivascular

Minimal 
  perivascular

Mild 
  transmural 

Severe 
  transmural 

Decreased Subsided

Infiltration of
  inflammatory cells

+ ++ +++ ++++ + –

Note.— ++++ = very high intensity, +++ = moderate intensity, ++ = low intensity, + = very low intensity, - = absence. GSP = gelatin 
sponge particle (+ = exist, ± = partial resorption,  – = complete resorption)
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and enables further transarterial embolization to control 
tumor growth (9, 10). Our experience with TACE showed 
that the embolized arteries were recanalized but frequently 
had areas of stenosis or occlusion; and the extent of 
stenosis/occlusion increased with the number of TACE 
sessions. Hepatic arterial stenosis or occlusion increases 
the difficulty of repeat catheterization, which can decrease 
the therapeutic effectiveness of further TACE procedures. We 
focused on the likely causative factors of vascular changes, 
and designed this study to investigate whether GSPs could 
independently induce arterial stenosis.

Histopathological examination showed significant 
stenoses in the recanalized arteries, mainly caused by 
organized thrombi and intimal hyperplasia. Intimal 
hyperplasia is defined as abnormal proliferation and 
migration of vascular smooth muscle cells with associated 
deposition of extracellular connective tissue matrices (11). 
Intimal hyperplasia has been regarded as a significant 
pathophysiological cause of the high restenosis rate in the 
current interventional environment (12, 13), ever since 
it was first described by Carrel and Guthries (14). Factors 
that are frequently associated with intimal hyperplasia 
after endovascular intervention, include angioplasty, 
stent insertion, and mechanical trauma from long-term 
venous catheterization (15). However, several studies 
reported that intimal hyperplasia could be induced 
by infusion of chemotherapeutic agents into arteries, 
even without mechanical injury. Maeda et al. (7) found 
that the accumulated dose of epirubicin during TACE 
was a significant predictor of hepatic arterial damage. 
Chemoembolization may result in as much or more damage 
to the arterial wall endothelium, as angioplasty (16). 
Chemotherapeutic agents such as doxorubicin and epirubicin 
are cytotoxic, and therefore reduce the ability of the hepatic 
arterial endothelium to recover, which triggers intimal 
hyperplasia in addition to the effects of catheterization 
trauma (17). 

Erinjeri et al. (5) found that the main factor associated 
with vascular occlusion after chemoembolization was stasis 
of chemotherapeutic agents in large vessels; and that 
repeated hepatic artery bland embolization did not result 
in significant changes to the arterial vasculature. Their 
findings differ from the results of our study, which found 
that some of the recanalized arterial lumens were almost 
completely occluded after 3 weeks (Fig. 3). This difference 
may have resulted from the use of different embolic agents 
in the 2 studies. Erinjeri et al. (5) used spherical embolic 

agents that were 300 µm or smaller (Embosphere; Biosphere 
Medical, Rockland, MA, USA) for bland embolization. 
Spherical embolic agents form less aggregates and travel 
more distally into smaller vessels because there is little 
variability in particle size (5), resulting in fewer effects on 
the larger and more proximal arteries. Furthermore, spherical 
embolic agents cause fewer inflammatory reactions than 
GSPs, resulting in less intimal hyperplasia and organized 
thrombus (18, 19).

Gelatin sponge particles were mostly located in the 
renal segmental and interlobar arteries, causing proximal 
occlusion, in our study. A severe inflammatory reaction 
to the GSPs was observed for 2 weeks, after which the 
GSPs were partially resorbed. The vessels were completely 
recanalized at 3 weeks. However, the recanalized arterial 
lumens had significant stenoses because of the organized 
thrombi and intimal hyperplasia. The intimal hyperplasia 
was mainly caused by migration of smooth muscle cells 
from the media, in addition to some collagen deposition. 
Massive organized thrombi and intimal hyperplasia induced 
by bland embolization with GSPs, therefore lead to arterial 
stenosis. The massive organized thrombi appeared to be 
induced by acute inflammatory and foreign body reactions, 
and the intimal hyperplasia was caused by arterial wall 
damage from transmural inflammation and migration of 
smooth muscle cells after partial loss of continuity of the 
internal elastic lamina. Based on these results, more distal 
and highly selective embolization with the use of smaller 
embolic particles is essential for preventing stenosis of 
the proximal artery. As transmural inflammation is the 
main cause of intimal hyperplasia, it is possible to prevent 
intimal hyperplasia by using embolic materials that result 
in a less severe inflammatory reaction, or by administering 
anti-inflammatory agents or agents that inhibit migration 
of smooth muscle cells. A recent study found that the use 
of 2-day-soluble GSP was associated with a lower incidence 
of overt stenosis and occlusion (20). Further studies are 
needed to clarify this issue. 

Our experimental study had the following limitations. 
Firstly, the renal artery was selected because it is 
easy to cannulate and has a diameter suitable for the 
experiment. However, transarterial embolization of the 
renal artery differs from hepatic arterial embolization for 
tumors, because the renal artery is an end-artery with 
no collateral circulation. Ideally, evaluation of intimal 
hyperplasia and arterial patency should be performed 
using hepatic or internal iliac arteries, which are not end-



138

Oh et al.

Korean J Radiol 16(1), Jan/Feb 2015 kjronline.org

arteries. However, it is technically difficult to perform 
angiography and embolization of the hepatic and internal 
iliac arteries in the rabbit. Additional studies using larger 
animals are warranted. Secondly, the cross-linkage of 
GSP varies according to the degree of heating during 
the manufacturing process, and the resorption time may 
therefore differ among gelatin sponge products (21), 
resulting in different pathological changes to the vessels. 
Comparison studies using various gelatin sponge products 
are need to evaluate the different reactions.

In conclusion, GSPs are effective for temporary arterial 
embolization. The target arteries may develop severe 
transmural inflammation during the first 2 weeks after 
embolization, with recanalization by week 3. However, 
embolization with GSPs may induce significant arterial 
stenosis as a result of intimal hyperplasia with migration of 
smooth muscle cells, and formation of organized thrombus.
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