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Abstract

Obj ect ive:  To describe t he process for inducing atherogenic lesions in rabbit s,  t o show the 

damage to vessels caused by two different  caliber balloon catheters, and to show the usefulness 

of ult rasonography in the quant ifi cat ion of vascular damage.

Material  and methods:  We used 36 rabbits. We studied the levels of t riglycerides and cholesterol 

and examined the aorta and iliac arteries by ult rasonography. We performed arteriography and 

induced a vascular lesion by denuding t he lef t  i l iac art ery wit h a bal loon catheter:  group A 

2.5 mm diameter balloon catheter, group B 3 mm diameter balloon catheter. After 8 weeks on a 

hyperlipidic diet , biochemical and ult rasonographic measurements were repeated.

Result s: Cholesterol before the diet : 37.96 ± 19.3 mg/ dL and after the diet : 1761 ± 296.91 mg/ dL. 

The baseline ult rasonographic measurements of vessel diameter were: aorta 4.1 ± 0.7 mm, right  

i l iac art ery 3 ± 0.3 mm,  lef t  i l iac art ery 3 ± 0.4 mm.  Af t er vascular damage and 8 weeks 

hyperlipidic diet , in group A the ult rasonographic measurements of vessel diameter were: aort ic 

lumen 2.78 ± 1.21 mm, right  iliac artery 2.18 ± 0.81 mm, and the left  iliac artery 1.16 ± 0.63 mm; 

in group B, the aort ic lumen measured 3.07 ± 1.06 mm, the right  iliac artery 2.53 ± 0.9 mm, and 

the left  il iac artery 1.39 ± 1.1 mm.

Four rabbit s died;  in t he 32 remaining rabbit s,  morbidit y was higher wit h a 3 mm bal loon 

catheter.

Conclusion:  Af t er denudat ion wit h a bal loon cat het er and a hyperl ipidic diet ,  t he rabbit s 

developed ar t er ial  st enosis.  The damage wi t h a 2. 5 mm diamet er  cat het er  reduces 

complicat ions.

© 2009 SERAM. Published by Elsevier España, S.L. All rights reserved.
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El conejo como modelo de experimentación. Inducción de lesión vascular: técnica e 

incidencias

Resumen

Obj et ivo: Describir el proceso para conseguir la lesión aterogénica en el conej o, most rar el daño 

vascular producido por 2 catéteres de balón de diferente calibre y el valor de la ecografía para 

su cuant ifi cación.

Mat er ial  y mét odos:  Se emplearon 36 conej os.  Se est udiaron los valores de t rigl icéridos y 

colesterol, y se realizó una ecografía de aorta e ilíacas. Se realizó una arteriografía y se induj o 

la lesión vascular denudando la art er ia i l íaca izquierda con cat ét er de balón:  grupo A, 

catéter-balón 2,5 mm, y grupo B catéter-balón 3 mm de diámet ro.  Tras 8 semanas con dieta 

hiperlipídica se realizaron nuevas mediciones bioquímicas y ecográfi cas.

Result ados: Colesterol antes de la dieta 37,96 ± 19,3 mg/ dl, y t ras la dieta 1,761 ± 296,91 mg/ dl. 

Los hallazgos ecográfi cos most raron un diámetro de la aorta de 4,1 ± 0,7 mm, de la arteria ilíaca 

derecha de 3 ± 0,3 mm, de la arteria il íaca izquierda de 3 ± 0,4 mm. Tras el daño vascular y 

8 semanas de dieta,  en el grupo A la luz de la aorta era de 2,78 ± 1,21 mm, la arteria i l íaca 

derecha medía 2,18 ± 0,81 mm y la arteria ilíaca izquierda 1,16 ± 0,63 mm; en el grupo B la luz 

de la aorta fue de 3,07 ± 1,06 mm, la arteria il íaca derecha 2,53 ± 0,9 mm y la arteria il íaca 

izquierda 1,39 ± 1,1 mm.

Murieron 4 conej os y de los 32 restantes hubo más morbimortalidad con el catéter de balón de 

3 mm.

Conclusión:  Tras la denudación con catéter de balón y dieta los conej os desarrollan estenosis de 

la arteria. El daño con catéter de 2,5 mm de diámetro disminuye las complicaciones.

© 2009 SERAM. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Introduction

Atherosclerosis and its cardiovascular complicat ions are the 
leading cause of mortality in developed count ries. Studies in 
humans and animals indicate that  it  is init iated by changes 
in the endothelial funct ion of vessels. 1

Rabbit s have been used as an experiment al  model  for 
st udying cardiovascular diseases;  t hey quickly develop 
at heromat ous lesions i f  t hey are fed a high cholest erol 
diet .  2,3 These lesions have a higher l ipid and macrophage 
cont ent  t han t hose seen in humans.  In addit ion,  induced 
vascular damage makes t hem more stable and uniform in 
size and dist ribut ion. 4

The aim of  t his study is t o describe the process used to 
achieve atherogenic inj ury in the rabbit ,  including the diet  
and the balloon catheter t echnique to get  a reproducible 
vascular lesion in t he i l iac art ery, ,  t o show t he vascular 
damage produced by 2 balloon catheters of  dif ferent  size, 
and to analyze the value of ult rasound in the quant ifi cat ion 
of vascular damage.

Materials and methods

This study involved 36 New Zealand white rabbits (18 males 
and 18 females),  3 months of  age and weighing approxima-
t ely 6.6 pounds.  Rabbit s were obt ained f rom t he experi-
men t al  farm at  t he Depart ment  of  Animal Science of  t he 
Polyt echnic Universi t y of  Valencia and were maint ained 

according t o Spanish legislat ion for t he maint enance of 
animals used in exper iment at ion and ot her  scient i f i c 
purposes,  ref lect ed in paragraph 3 of  Art icle 11 of  t he 
Spanish Real  Decret o 223/ 1988 on March 14t h,  and t he 
European Union regulat ions regarding Experimentat ion and 
Animal Protect ion (86/ 609/ CCE).

Physical examination of the rabbits

Upon receipt ,  t he animals underwent  a general  physical 
examinat ion to demonst rate their health and eligibil it y for 
the study. They were assessed for general alertness, heart  
and lung auscultat ion,  weight ,  blood tests and ult rasound 
examinat ion t o verify t he integrit y of  both t he aort a and 
common iliac.

Sedation

Sedat ion was performed by inj ect ing the dorsal muscles of 
the back with xylazine (Xylagesic 2 % Calier®) at  3 mg/ kg and 
ketamine (Imalgene 1000, Merial®) at  20 mg/ kg. Morphine 
was added (morphine 2 %, Braun®) as an analgesic at  0.2 mg/ kg. 
Once the animal was sedated and mot ionless, the outside of 
the rabbit ’s ear was shaved and an int ravenous catheter was 
placed in t he marginal ear vein.  Blood was ext racted and 
hematological and biochemical parameters were measured. 
Parameters considered of greatest  importance for our study 
were cholesterol and t riglyceride levels.
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Ultrasound scan

We used a high-resolut ion Acuson 128 XP/ 10® ul t rasound 
usi ng 5 and 7. 5 MHz t r ansducer s.  The l ef t  caudal 
paravertebral abdominal area was shaved to ensure good 
contact  between the t ransducer and the skin.  The animal 
was posit ioned in the right  lateral posit ion so that  a suitable 
acoust ic window for ult rasound recording of  the aorta and 
lef t  common il iac artery was available. The last  sect ion of 
the abdominal aorta and the start  of the left  common il iac 
art ery were ident i f ied in t wo-dimensional  ul t rasound t o 
obt ain t he diamet er of  t he aort a and i l iac ar t ery in a 
longitudinal sect ion.  Color Doppler was used to verify t he 
correct  f low of  t he aort a and i l iac and t he absence of 
alterat ions.

Arterial catheterization technique

The aim of  t he catheterizat ion was t o use an angioplast y 
balloon to achieve arterial damage (denudat ion technique) 
in t he lef t  common i l iac art ery.  This art ery was select ed 
because i t s diamet er is simi lar t o t he coronary and t he 
infrapopliteal arteries’  diameters in humans. These vessels 
are the most  affected by arteriosclerot ic diseases and would 
be most  applicable to humans. The procedure consisted of 
3 phases: anesthesia and posit ioning of the rabbit ,  surgical 
externalizat ion of the carot id and catheterizat ion using the 
Seldinger technique.

1.  Anest hesia and posit ioning of  t he rabbit .  The induct ion 
of  anesthesia was performed wit h propofol (Propofol® 
Lipuro Braun) at  a dose of 3 mg/ kg. Maintenance of the 
anest hesia was done wi t h a cont inuous perfusion of 
propofol (perfusor® fm, Braun) at  a dose of 15 ml/ h.

  The rabbit  was posit ioned in t he supine posit ion,  t he 
forel imbs were caudally extended and t he animal was 
immobi l ized using sandbags (f ig.  1).  The neck was 
extend  ed and was t aped in t hat  posit ion;  each animal 
was ident ifi ed with lead let ters. The area of interest  was 
cleaned and disinfected wit h povidone-iodine solut ion 
and isolated with a sterile cloth.

2.  Surgi cal  ext ernal i zat i on of  t he carot i d ar t ery.  The 
approach was perf ormed t hrough a skin incision in 
t he middle of  t he rabbit ’s neck wit h a No.  10 scalpel. 
The superf icial  muscle of  t he neck was incised wit h 
scissors and j ust  below appear the sternocephalicus and 
sternohyoid muscles, which were cut  longitudinally along 
t he int ramuscular l ine and lat eral ized,  reveal ing t he 
t rachea.  Once t he t rachea was moved lat eral ly,  t he 

carot id sheat h was exposed.  The carot id sheat h is 
composed of  t he carot id art ery,  t he vagosympat het ic 
t runk and t he int ernal  j ugular vein.  The carot id was 
careful ly isolated with a hemostat  forceps (mosquito), 
allowing it  to remained exteriorized and be prepared for 
catheterizat ion.

3.  Cat het er izat ion by Seldinger’s t echnique.  The carot id 

artery was punctured using an 18 g needle abbocath and 
a hydrophi l ic guide was int roduced (0.035 J 180 cm 
Terumo®) a few cent imet ers.  A f luoroscopy (Bennet ® 
X-ray Technologies) guidance was used as the t ip of  the 
guide was moved int o t he descending t horacic aort a 
because t he guide t ends t o go into t he heart  spontan-
eously. The fl uoroscopic anatomic level used as a referen-
ce for t he rotat ion of  t he t ip of  t he guide was the fi rst  
r ib.  Once t he guide was in t he abdominal  aort a,  an 
int roducer was inserted (Radiofocus Int roducer® II 4 f r,  
Terumo) unt i l  i t  was ful ly placed int o t he abdominal 
aor t a.  Sodium hepar ine was inj ect ed t hrough t he 
int roducer at  a dose of 25 IU/ ml to prevent  thrombosis.

  To ensure the normality of the arteries, an arteriogram of 
the abdominal aorta with all its visceral branches as well 
as the pelvic area was performed through the int roducer 
using 10 ml of  iohexol (350® Omnigraf  Schering-Plow) 
diluted to 50 % in heparinized saline (fi g. 2).

Artery denudation using a balloon catheter 
technique

Angioplasty catheters (Symmetry® balloon dilatat ion catheter, 
Bost on Scient if ic®) were int roduced direct ly t hrough t he 
int roducer. All catheters were 20 mm in length. A guide was 
not  used because the catheters navigate well and reache the 
left  common iliac artery with minimum manipulat ion.

The rabbi t s were spl i t  up in t wo di f f erent  groups as 
fol lows:  group A consist ed of  20 animals t hat  underwent  
vascular denudat ion using a bal loon of  2.5 mm maximum 
expansion, and group B was made up of 12 animals in which 
vascular denudat ion was performed by infl at ing the balloon 
to 3 mm thickness. The technique of endothelial denudat ion, 
as described by other authors, 5,6 lied in infl at ing the balloon 
in the area to be inj ured and, once infl ated, perform short  
and fi rm movements backwards and forwards (4 t imes for 
2 sec), causing the desired endothelial damage. The balloon 
catheter was then defl ated and removed, and the int roducer 
was used to perform a new angiography to assess the effect  
on the vessels and rule out  complicat ions (fi g. 3).

Figure 2 Rabbit  normal arteriography.

Figure 1 Posit ioning of the rabbit .
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The carot id artery was closed, with monofi lament  absorb-
able suture (Safi lo® 5 /  0,  Braun®) in order to maintain the 
lumen patency. The muscles were sutured in layers, and the 
skin with int radermal sutures, both with absorbable mult i-
fi lament  material (Safi lo® 3 /  0, Braun®).

Postoperat ive therapy was 1 mg/ kg meloxicam (Metacam®,  
Schering-Plow®), 1 mg/ kg enrofl oxacin (Bayt ril®, Bayer®) and 
0.05 mg/ kg buprenorphine (Buprex®,  Schering-Plow®).

Hyperlipidemic diet

Af ter surgery,  animals were fed a hyperl ipidemic diet  ad 

l ibit um for 8 weeks. The composit ion of the diet  is shown in 
the table 1. Note the addit ion of 1 % pure cholesterol crystals 
and 6 % palm oil to increase the atherogenic effect .

Af t er t he eight  weeks,  a new Doppler ul t rasound was 
performed in the aorta and the right  and left  primit ive iliac 
arteries, evaluat ing the response of the arteries to both the 
diet  and int ra-arterial inj ury in the lef t  il iac artery.  A new 
blood sample was per f ormed and laborat ory analyt ic 
parameters were assessed again.

Statistical analysis

We used descript ive stat ist ics and the x 2 test  for comparison 
of  var iables.  Di f f erences were considered st at ist ical ly 
signifi cant  when a p < 0.05 was obtained.

Results

Thirty-two (78.13 %) out  of thirty-six animals beginning the 
study reached the catheterizat ion and angioplasty process, 
but  only 25 fi nished it ,  represent ing an overall survival rate 
of 69.44 %.

To simpl i f y t he resul t s,  we have analyzed t he dat a by 
dividing it  into two different  phases: anesthet ic management  
and surgical management .

Anest het ic management .  The sedat ion protocol used was 
successful, with no casualt ies and with sat isfactory results. 
Anesthet ic induct ion with Propofol produced 4 casualt ies in 
a total of 36 animals, or 11.11 %.

Surgical  management .  The results were divided into two 
working groups:

—  In group A (consist ing of 20 animals in which we used an 
angioplast y bal loon 2.5 mm in diamet er),  17 animals 
(85 %) survived to the postoperat ive stage and 3 did not  
(2 because of carot id bleeding during catheterizat ion and 
1 because of iliac artery rupture).

—  In group B (consist ing of 12 animals in which we used an 
angioplast y bal l oon 3 mm in diamet er ),  8 animals 
(66.67 %) survived to t he postoperat ive stage and 4 did 
not  (3 because of  rupt ure of  t he lef t  i l iac art ery af t er 
handling with the ball and 1 because of  aort ic rupture) 
(fi g. 4).

The analyt ical results of the biochemical tests at  baseline 
and af t er 8 weeks on t he at herogenic diet  are shown in 
t able 2,  highl ight ing t he signi f icant  increase in blood 
cholesterol levels,  wit hout  t riglyceride level dif ferences. 
There were also no di f f erences in t he cholest erol  and 
t riglyceride levels between males and females.

The result s of  t he ult rasound examinat ion by measuring 
t he l ight  vessel,  bot h basal and af t er art erial  inj ury and 
diet -induced hyperl ipidemia are shown in t able 3.  There 
was no signifi cant  dif ference between both groups in t he 
diameters of  the aorta and both il iac arteries. Dif ferences 
bet ween male and female rabbi t s were not  signi f icant  
either.

Figure 3 Immediate ef fect  of  denudat ion of  the il iac artery. 

The decrease in size is due to spasms that  occur after arterial 

damage.

Table 1 Composit ion of hyperlipidemia diet

Ingredients                                    %

Barley 12.0

Wheat  bran 30.0

Sunfl ower cake 10.0

Sunfl ower seed 1.5

Alfalfa hay 28.0

Beet  pulp 4.0

Cereal st raw 4.0

Sugarcane molasses 1.0

But ter 0.5

Palm oil* 6.0

Cholesterol 1.0

Sodium Bicarbonate 0.6

Calcium carbonate 0.6

Sodium chloride 0.3

Corrector of vitamins and t race elements 0.5

Italicized ingredients were added to the diet .

*GRACOM, Silla, Valencia, Spain.

Figure 4 Rupture of  the lef t  il iac artery with ext ravasat ions 

of cont rast .
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However,  t he lef t  i l iac art ery luminal diamet er,  where 
angioplast y was used f or  denudat ion,  was signi f i cant  
decreased compared to the right  iliac artery.

Discussion

The rabbit  is used as a laboratory animal because of its ease 
of handling, its accessibility and in its physiological similarity 
to humans. 5,7,8 In recent  studies,  ult rasound has proved to 
be very useful in assessing the changes caused by athero-
sclerot ic plaques in main arteries because it  is a noninvasive 
tool that  does not  endanger the animal’s life. 9

The anesthet ic management  used in the sedat ion protocol 
was very effect ive, as no deaths were seen in our group of 
animals. In cont rast ,  induct ion of anesthesia with propofol 
caused 4 deat hs,  most  l ikely because rabbi t s are very 
sensit ive t o st ress,  which leads t o physiological  changes 
such as severe tachycardia,  which makes anesthet ic acci-
dents very common. 10

Two deaths (the second and eighth rabbits) during surgical 
manipulat ion were due to carot id hemorrhage at  the t ime 
of puncture, and they were at t ributed to the learning curve, 
as no deaths occurred after rabbit  #8. As shown previously, 
atheromatous lesions develop rapidly in rabbits if  they are 
fed a hypercholesterolemic diet , 2,3 as shown by the increase 
in basal cholesterol levels af t er t he special diet .  Inj uries 
that  occurs in the vessel accelerate the format ion of athero-
sclerot ic plaques, making them more stable and uniform in 
size and dist ribut ion. 4 In the model of  arterial denudat ion 
used in t his st udy,  angioplast y causes a narrowing of  t he 
artery and subsequent  damage by compression of the media, 
int ramural hemorrhage and dissect ion of the int ima and/ or 
medium layer,  l eading t o an inf l ammat ory response. 
Restenosis is a combinat ion of  mural t hrombus fi l l ing t he 
dissect ion plates and forming a cel l  growth in addit ion t o 
col lagen deposi t s and elast in in t he int ima,  media and 
advent it ia of the artery. 11 This is demonst rated in this study 

by ul t rasound as t he lumen diamet er of  t he inj ured i l iac 
artery was smaller than the cont ralateral.

The choice of  angioplast y bal loon size used t o produce 
vascular damage is important  because the 2.5 mm balloon 
produced fewer compl icat ions t han t he 3 mm diamet er 
bal l oon cat het er.  Because t he di f f erent  sizes caused 
atheromatous lesions of similar magnitude, we suggest  using 
a bal loon of  smal ler diamet er t han t he healt hy art ery t o 
minimize compl icat ions.  It  should be not ed t hat  t he 
angiographic image of  stenosis immediately af t er arterial 
denudat ion is due to arterial spasm as a vessel response to 
inj ury and more reliable values are obtained with ult rasound 
8 weeks later (fi g. 3).

In conclusion,  t he rabbi t  is a good animal  model  f or 
atherogenesis.  In addit ion,  vascular damage wit h bal loon 
angioplast y is best  done wit h a bal l  of  smal ler diamet er 
rather than the vessel it self .  Ult rasound is considered the 
diagnost ic met hod of  choice f or  assessing t he art er ial 
response after vascular damage.
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Table 2 Analyt ical results

 Pre atherogenic diet Post  atherogenic diet

Plasma cholesterol (mg/ dl) 37.96 ± 19.3 1,791 ± 296.91*

Plasma t riglycerides (mg/ dl) 30.04 ± 11.01 36.16 ± 10.20

*Stat ist ically signifi cant , p < 0.01.

Table 3 Ult rasound results

 Light  aorta 

(mm)

Light  right  aorta il iac 

(mm)

Light  left  aorta il iac 

(mm)

Baseline examinat ion  4.1 ± 0.7   3 ± 0.3   3 ± 0.4

Group A After vascular damage + 8 weeks diet 2.78 ± 1.21 2.18 ± 0.81a 1.16 ± 0.63a

Group B. After vascular damage + 8 weeks diet 3.07 ± 1.06 2.53 ± 0.9a 1.39 ± 1.1a,b

There was no signifi cant  dif ferences between group A and group B, p > 0.05.
aStat ist ically signifi cant  dif ferences (p < 0.05) between left  and right  il iac arteries, demonst rat ing the effect iveness of vascular 

damage.
bTwo arteries are the goal of complete obst ruct ion.
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