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Effect of Balloon Angioplasty in Femoropopliteal Arteries Assessed 
by Intravascular Ultrasound 

A. van der Lugt 1, E. J. Gussenhoven~% W. P. 1". M. Mali 2, J. A. Reekers 3, J. L. Seelen 4, 
A. V. Tielbeek s and H. Pieterman ~ 

~University Hospital Rotterdam-Dijkzigt,  2University Hospital Utrecht, 3Academic Medical Center Amsterdam, 
4Maria Hospital Tilburg and 5Catharina Hospital Eindhoven, The Netherlands 

Objective: To study the effects of balloon angioplasty (PTA) of the femoropopliteal artery with intravascular ultrasound 
(IVUS). 
Materials and methods: Corresponding IVUS cross-sections (n=1033) obtained before and after PTA from 115 
procedures were analysed. Vascular damage including plaque rupture, dissection and media rupture was assessed. Free 
lumen area (FLA), media-bounded area (MBA) and plaque area (PLA) were measured. 
Results: After PTA vascular damage was seen at the target site in 83 (72%) arteries: plaque rupture in 30 (26%), 
dissection in 66 (57%) and media rupture in 20 (17%) arteries. The FLA increased from 5.44-3.4 mm 2 to 14.1 +5.0ram 2 
(p<O.O01), MBA increased from 26.9 +_ 10.0 m m  2 to 32.9 ± 10.7 mm 2 (p<O.O01) and PLA decreased from 21.6 ++ 8.5 mm 2 
to 18.8 +_ 8.0 mm 2 (p<O.O01). The increase in MBA accounted for 68% of lumen gain. The frequency of vascular damage 
and the relative contribution of MBA increase and PLA decrease to luminal gain were not different in procedures with 
balloon diameter < 5 mm and > 6 ram. 
Conclusions: Vascular damage is common following PTA. Lumen gain is mainly due to vessel expansion and, to a 
lesser extent, to a decrease in plaque area. 

Key Words: Intravascular ultrasound; Balloon angioplasty; Femoropopliteal artery. 

Introduction Material and Methods 

Interventional therapy could benefit from greater 
understanding of the mechanism of balloon an- 
gioplasty (PTA) and subsequent outcome. Since the 
clinical introduction of intravascular ultrasound 
(IVUS) in the 1980s, there are indications that this 
technique may reveal parameters related to the success 
and failure of intervention. Therefore, in September 
1992 a multicentre study was started, named EPISODE 
(acronym for Evaluation Peripheral Intravascular 
Sonography On Dotter Effect). ~ One of the aims of this 
study was to address the effects of balloon angioplasty 
of the femoropopliteal artery. 

This study describes the effects of balloon an- 
gioplasty as assessed by IVUS imaging. The effects 
seen at the target site were compared with those seen 
in the entire dilated segment. The influence of balloon 
diameter on these effects was investigated. 

* Please address all correspondence to: Elma J. Gussenhoven MD, 
Erasmus University Rotterdam (Ee 2312), Dr. Molewaterptein 50, 
3015 GE Rotterdam, The Netherlands. 

Study group 

The study group comprised 109 patients (69 men, 40 
women; age range 36-92 (median 67) years) with 
femoropopliteal artery disease eligible for balloon an- 
gioplasty. These 109 patients were selected from the 
EPISODE study group (n = 142) based on the avail- 
ability of IVUS images before and after balloon an- 
gioplasty, Thirty-three procedures from the EPISODE 
study were not included in the present study: in 19 
procedures IVUS images were not available for ana- 
lysis due to the following reasons: no intervention was 
performed (n =3), machine failure (n = 6), inability of 
the ultrasound catheter to pass the aortobifurcation in 
cases of contralateral entry of the artery (n =4), and 
inability to advance the guidewire and the ultrasound 
catheter along the diseased segment (n=6); in the 
remaining 14 procedures IVUS data were not available 
before intervention because the guidewire or the ultra- 
sound catheter could not be advanced across the lesion 
(two stenoses and 12 occlusions). The investigation 
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was approved by the local Committee on Human 
Research. Patients were included in the study after 
informed consent. The contribution of patients from 
each hospital was as follows: University Hospital Rot- 
terdam-Dijkzigt 43 patients; University Hospital Ut- 
recht 20 patients; Academic Medical Center 
(Amsterdam) 18 patients; Free Hospital (Amsterdam) 
12 patients; Catharina Hospital (Eindhoven) eight 
patients; Maria Hospital (Tilburg) five patients; Groot 
Ziekenhuis Gasthuis (Den Bosch) three patients. The 
studies performed in the last four hospitals were 
guided by researchers from the first two hospitals. 

Balloon angioplasty of both femoropopliteal arteries 
was performed in six patients, resulting in 115 pro- 
cedures (88 stenotic and 27 occluded lesions). Patients 
were referred for intermittent claudication (n=70), 
rest and/or  night pain (n=18), and ischaemic ul- 
ceration (n=21). The decision to perform an inter- 
vention was made in consultation between the vascular 
surgeon and interventional radiologist. Experienced 
interventional radiologists performed or directly su- 
pervised the intervention. 

Balloon angioplasty 

Standard balloon angioplasty was performed from 
the femoral artery approach. The intervention was 
preceded and followed by routine single plane angio- 
graphy and IVUS study. The selection of balloon type, 
diameter, inflation time and inflation pressure were 
left to the discretion of the interventionalist, and were 
based on angiography only. Data collected on each 
procedure included the stenotic or occluded status of 
the artery, the length of the dilated segment and 
balloon diameter. The length of the dilated segment 
was recorded with the help of a radiopaque ruler. 

Intravascular ultrasound 

The IVUS studies were performed using mechanical 
systems based on a single ultrasound element 
(30 MHz). The circular image is produced by either a 
rotating element (DuMED, Rotterdam, The Neth- 
erlands) or by a rotating mirror (CVIS, Sunnyvale, CA, 
U.S.A.) .  2 Both transducers are mounted on a guidewire 
tipped 4.3 F catheter (Du-MED 0.018" or 0.035"; CVIS 
0.014"). 

The ultrasound catheter was introduced through an 
introducer sheath in an antegrade manner into the 
femoral artery. If the lesion was totally occluded, 

attempts were made to advance the guidewire and 
subsequently the ultrasound catheter into and across 
the lesion. According to an established protocol, a 
series of IVUS images of the diseased segment were 
obtained with a 0.5 or i cm interval before and im- 
mediately after intervention by manual pull-back of 
the ultrasound catheter (Fig. 1). Under fluoroscopic 
control the location of the ultrasound catheter was 
systematically compared with the radiopaque ruler 
(calibration 0.5 cm); the catheter tip location was in- 
dicated manually on the video monitor. 1 The resulting 
images were displayed on the monitor via a video- 
scanned memory and stored on an S-VHS recorder. 
Care was taken to collect images before and after 
intervention on the same depth setting. During pull- 
back the gain setting was optimised and altered if 
necessary. When blood hampered detection of the 
luminal boundary, saline (5 cc) was injected via the 
sideport of the sheath in order to eliminate the echo- 
genic blood (Fig. 2). Cross-sections obtained before 
and after intervention were matched using the location 
derived from the radiopaque ruler. Anatomic markers 
such as sidebranches and calcium were helpful in 
checking that the IVUS images corresponded. Cor- 
responding cross-sections obtained within the dilated 
segment before and after balloon angioplasty (interval 
0.5 or 1.0 cm) underwent a qualitative and quantitative 
off-line analysis. 

Qualitative analysis 

Cross-sections obtained after balloon angioplasty were 
evaluated for vascular damage including plaque rup- 
ture, dissection and media rupture (Figs. 1 and 3). 
Plaque rupture was defined as a radial tear in the 
intimal surface; dissection was defined as the presence 
of a tear in the intimal surface separating the lesion 
from the underlying arterial wall; and media rupture 
was defined as an interruption in the internal elastic 
lamina and media which exposes the hyperechoic 
adventitia to the arterial lumen. 1'3 These morphological 
features could be present simultaneously in one cross- 
section. Vascular damage was defined as the presence 
of plaque rupture, dissection and/or  media rupture. 
The extent of dissection, graded as an arc of the 
circumference (in steps of 30°), was categorised into 
four groups: absent (0°), minor (30-90°), moderate 
(120-180 ° ) and severe (210-360°). 

Quantitative analysis 

Measurements were performed using a digital video 
analyser system. 4"5 It was noticed that in still-frames 
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Balloon Angioplasty Evaluated with IVUS 551 

Fig. 1. Angiograms and corresponding intravascular ultrasound (IVUS) cross-sections obtained with a 0.5 or i cm interval from a patient 
before (left) and after (right) balloon angioplasty of the superficial femoral artery. The IVUS cross-sections are contour traced off-line 
facilitating the recognition of free lumen area (inner contour) and media-bounded area (outer contour). Note the variety in morphological 
features seen on IVUS before and after PTA. Dissections were seen at levels 34-36.5 cm. Catheter = ÷; calibration = i mm. 

the in tens i ty  of b loodsca t te r  m a y  be similar in m a g -  
n i tude  to vessel  wal l  scat tering,  caus ing  diff iculty in 
d i sc r imina t ing  the lumina l  bounda ry .  To d imin i sh  this 
p rob lem,  echo images  were  r ep l ayed  in real- t ime on  
an  addi t iona l  v i d e o m o n i t o r  to d is t inguish  the lumina l  
b o u n d a r y .  Ana lys i s  inc luded  free l u m e n  area, def ined 
as the area e n c o m p a s s e d  b y  the inner  b o u n d a r y  of the 
int imal  surface (character ised also b y  the presence  of  
b lood  flow), and  m e d i a - b o u n d e d  area, def ined  as the 
nat ive  vessel  area b o u n d e d  by  the hypoecho ic  media l  

layer  (Figs. 1 and  3). The p l aque  area wa s  calcula ted 
b y  subt rac t ing  free l u m e n  area f r o m  m e d i a - b o u n d e d  
area. The pe rcen tage  area stenosis wa s  calcula ted as 
p l aque  area d iv ided  b y  m e d i a - b o u n d e d  area. In  the 
absence of  a visible med ia  on  u l t r a sound ,  the advent i t ia  
was  used  as reference. W h e n  extensive  d r o p o u t  due  
to calcification w a s  encoun t e r e d  the m e d i a - b o u n d e d  
area was  no t  assessed,  l ead ing  to miss ing  data  for the 
p l aque  area a nd  percen tage  area stenosis.  In  arteries 
w i th  occ luded  segments  the free l u m e n  area before  

Eur J Vasc Endovasc Surg Vol 13, June 1997 



552 A. van der Lugt et al. 

Fig. 2. Intravascular ultrasound cross-sections obtained at the same level after balloon angioplasty of the superficial femoral artery 
without (left) and with (right) flushing with saline. Saline is used to eliminate the echogenic blood to clearly visualise the dissection 
and the free lumen area. Catheter = +; calibration = i mm. 

Fig. 3. Angiograms and corresponding intravascular ultrasound (IVUS) cross-sections of the superficial femoral artery obtained before 
(left) and after (right) balloon angioplasty (PTA, 19-23 cm). Before PTA both angiography and IVUS showed a significant stenosis at 
level 22. Following intervention the IVUS cross-section showed a dissection and media rupture at 4 o'clock. Note that the plaque area 
remained unaltered. Catheter = +; calibration = i mm. 

in te rvent ion  was  the same  as the area occup ied  b y  the 
u l t r a s o u n d  catheter. 

Analysis of data 

Qual i ta t ive  and  quant i ta t ive  analyses  of the IVUS im- 
ages were  basical ly p e r f o r m e d  b y  four  researchers  
al located to the par t ic ipa t ing  un ivers i ty  hospitals .  The 
analyses  were  centra l ly  r ev iewed  b y  a second  observer.  
Differences be tween  the observers  were  reso lved  by  
consensus .  

In te robserver  a nd  in t raobserver  variabi l i ty has  been  
s tud ied  and  r epor t ed  previously .  6'7 Briefly, f rom 38 
pat ients  of the EPISODE s t u d y  g roup ,  in cross-sections 
ob ta ined  before  (n = 192) and  after ba l loon  ang iop las ty  
(n =212) ,  in te robserver  a g r e e m e n t  wa s  g o o d  for dis- 
sect ion and  vascular  d a m a g e  (kappa  va lues  0.69 and  
0.66, respectively);  fair for m e d i a  r up tu r e  (kappa  va lue  
0.25); and  p o o r  for p l aque  rup tu r e  (kappa  va lue  0.04). 
In te robserver  differences for the extent  of  dissect ion 
wa s  18_+48 ° (p=0.001).  In te robserver  differences for 
free l u m e n  area before  and  after in te rvent ion  were  
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0.22 + 2.07 m m  2 (p = 0.15) and  0.03 + 1.94 m m  2 (p = 0.93), 
respectively; and for m ed i a -bounded  area 0.02+ 
3.05 m m  2 (p =0.85) and  0.11+3.03 m m  2 (p =0.62), re- 
spectively. 7 In t raobserver  differences were  slightly 
smaller than interobserver  differences. 6 

A compar i son  was  m a d e  be tween  the f requency of 
vascular  damage  seen wi th  IVUS at the target  site 
(defined as the cross-section wi th  the smallest  l umen  
area before bal loon angioplasty),  in all cross-sections 
in the dilated segment ,  and per  dilated segment .  In 
addit ion,  the extent of dissection at the target  site, in 
all cross-sections, and the m a x i m u m  extent of dis- 
section seen in the dilated segment  were  compared .  

Area measu remen t s  obtained at the target  site were  
compa red  wi th  the measu remen t s  in all cross-sections 
der ived f rom the dilated segment .  The relative con- 
t r ibut ion of med i a -bounded  area increase to luminal  
gain (increase in free lumen  area) was  calculated b y  
the ratio of m e d i a - b o u n d e d  area increase to luminal  
gain. Similarly, the relative contr ibution of p laque area 
decrease was  calculated b y  the ratio of p laque  area 
decrease to luminal  gain. Differences in effects at 
the target  site in procedures  wi th  a bal loon d iameter  
< 5 m m  and >_ 6 m m  were  compared .  

Data  are presented  as m e a n  + S.D. or as med ian  and 
range  if appropr ia te  for cont inuous variables and  as 
a percentage for categoric variables. Chi-squared ana- 
lyses were  used  to assess differences in categoric vari-  
ables. The Student 's  t-test and  the M a n n - W h i t n e y  test 
were  used  to assess differences in the area meas-  
u rements  and  extent of dissections, respectively. A p- 
value <0.05 was  considered statistically significant. 

Results 

After PTA, i m p r o v e m e n t  in d iameter  stenosis was  
evident  angiographical ly  in 102 of the 115 procedures.  
In four p rocedures  reocclusion ( thrombus)  was  seen 
angiographically,  while  in nine other procedures  no 
i m p r o v e m e n t  was  shown,  which  resulted in addi t ional  
intervent ions (re-PTA three times, stent p lacement  four 
times, bypass  twice). No  complicat ions related to the 
IVUS s tudy  were  encountered.  The med ian  length of 
the diseased segment  subjected to dilation was  8 cm 
(range 4-32 cm). Dur ing pull-back of the u l t rasound 
catheter it was  evident  that  the lumen  size changed 
markedly ,  as did the vascular  d a m a g e  after inter- 
vention.  There were  1033 corresponding IVUS cross- 
sections before and  after intervent ion available for 
analysis. The med ian  n u m b e r  of cross-sections col- 
lected per  dilated segment  was  7 (range 3-26). Balloon 
d iameter  used  was  < 5 m m  in 45 and  > 6 m m  in 70 
procedures.  

Table 1. The frequency  of vascular damage  seen  wi th  intravascular 
ul trasound after ba l loon  angioplasty  of the femoropopl i tea l  artery 
at the target site (n = 115), in all cross-sect ions (n = 1008), and per 
di lated s egment  (n = 115). 

Target All cross- Dilated 
site sections segment 
(n = 115) (n = 1008) (n = 115) 

Plaque rupture 30 26% 148 15%t 69 60%* 
Dissection 66 57% 457 45%~: 101 88%* 
Media rupture 20 17% 140 14% 47 41%* 
Vascular damage 83 72% 560 56%# 105 91%* 

t The differences between target site and all cross-sections, p<0.01, 
$ idem p<0.05. 
* The differences between target site and dilated segment, p<0.001. 

Qualitative analysis 

In total 1008 (98%) IVUS cross-sections were  qual- 
i tatively analysed. Poor image quality was  en- 
countered in 25 cross-sections. Data on the f requency of 
vascular  damage  including p laque  rupture ,  dissection 
and  media  rup ture  at the target  site, in all cross- 
sections, and per  dilated segment  are presented  in 
Table 1. The f requency of vascular  d a m a g e  at the target  
site was  72%, in all cross-sections 56%, and  per  dilated 
segment  91%, respectively. Vascular damage  not  seen 
at the target  site in 22 procedures  was  found  wi th  
IVUS elsewhere in the dilated segment .  Dissections 
seen at the target  site were  g raded  as minor  (62%), 
modera te  (26%) and severe (12%). A similar dis- 
t r ibution was  encountered in the dissections (n = 457) 
seen in a l l  cross-sections (67%, 24% and 9%, re- 
spectively). However ,  the distr ibution of the m a x i m u m  
extent of dissection in the dilated segment  was  dif- 
ferent (39%, 42% and 19%, respectively). Nei ther  the 
f requency of vascular  damage  nor  the extent of dis- 
section seen wi th  IVUS at the target  site were  different 
in procedures  wi th  a bal loon d iameter  < 5  m m  and 
> 6 m m  (Table 2). 

Table 2. The frequency  of vascular damage  and extent of d issect ion  
seen  wi th  intravascular ultrasound at the target site in procedures  
wi th  a ba l loon  diameter  G 5 m m  (n ~ 45) and > 6 m m  (n = 70). 

Balloon diameter Balloon diameter 
G5mm >6mm 

Plaque rupture 12 (27%) 18 (26%)* 
Dissection 24 (53%) 42 (60%)* 
Media rupture 7 (16%) 13 (19%)* 
Vascular damage 32 (71%) 51 (73%)* 
Dissection 
Absent 21 (47%) 28 (40%)* 
Minor 17 (38%) 24 (34%) 
Moderate 6 (13%) 11 (16%) 
Severe 1 (2%) 7 (10%) 

* The differences between procedures with a balloon diameter 
< 5 mm and > 6 mm were not significant. 
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Table 3. Area measurements before and after balloon angioplasty 
of the femoropopliteal artery assessed with intravascutar ultra- 
sound at the target site and in all cross-sections. 

Intravascular ultrasound 

Before After % change 

Free lumen area (ram 2) 
Target site (n=78) 5.4±3.4 
All cross-sections (n = 724) 11.8 ± 7.1 

Media-bounded area (ram 2) 
Target site (n = 78) 26.9 ± 10.0 
All cross-sections (n = 724) 27.4 ± 9.8 

Plaque area (mm 2) 
Target site (n = 78) 21.6 ± 8.5 
All cross-sections (n = 724) 15.7 ± 7.4 

Percentage area stenosis (%) 
Target site (n = 78) 80.0 ± 9.8 
All cross-sections (n = 724) 57.6 -- 18.3 

14.1±5.0 +161% 
17.0±6.5 +44% 

32.9_+10.7 +22% 
31.9+10.0 +16% 

18.8 + 8.0 - 13% 
14.9_+6.7 -5% 

56.2_+10.2 -30% 
46.4_+12.7 -19% 

the target  site and  in all cross-sections (Table 3; Fig. 
4). Differences in area m e a s u r e m e n t s  before  and  after 
in te rvent ion  were  larger at the target  site w h e n  com-  
pa red  wi th  m e a s u r e m e n t s  ob ta ined  f rom all cross- 
sections. The relat ive con t r ibu t ion  of vessel  expans ion  
(i.e. m e d i a - b o u n d e d  area increase) and  p l aque  area 
r educ t ion  was  68% and  32% at the target  site, and  85% 
and  15% in all cross-sections,  respectively.  

At  the target  site the lumina l  gain  w a s  smaller  in 
the p rocedu re s  w i th  a ba l loon  d iamete r  __< 5 m m  than  
in the p rocedu re s  wi th  a ba l loon  d iamete r  > 6 m m  
( 6 . 9 + 3 . 2 m m  2 and  1 0 . 0 ± 4 . 4 m m  2, respectively,  p =  
0.001). H o w e v e r ,  no  differences in relative cont r ibu t ion  
of m e d i a - b o u n d e d  area increase were  encoun te r ed  
(70% and  68%, respect ively;  p = 0.82). 

The differences between measurement before and after PTA are 
significant (p<0.001). n=number of cross-sections; + = increase; 
- = decrease. Discuss ion  

Quantitative analysis 

In  724 of 1033 (70%) c o r r e s p o n d i n g  IVUS cross-sect ions 
( including 78 of the 115 (68%) cross-sect ions at the 
target  site) bo th  free l u m e n  area and  m e d i a - b o u n d e d  
area cou ld  be calculated before  a nd  after intervent ion.  
Poor  image  qual i ty  a n d / o r  presence  of calcification 
were  the m a i n  reasons  w h y  quant i ta t ive  analysis  cou ld  
no t  be p e r f o r m e d  in 309 cross-sect ions (range 0-21, 
m e d i a n  2). As  a resul t  of ba l loon  angioplas ty ,  a sig- 
nif icant  increase in free l u m e n  area a nd  media -  
b o u n d e d  area and  a signif icant  r educ t ion  in p l aque  
area and  pe rcen tage  area stenosis wa s  no t ed  bo th  at 

Since the in t roduc t ion  of  IVUS in clinical practice,  
inves t igators  have  a c k n o w l e d g e d  the ability of this 
t echnique  to p r o v i d e  m o r e  ins ight  into the effects of 
ba l loon  ang iop las ty  s 16 w h e n  c o m p a r e d  to angio-  
graphy.  Studies dea l ing  wi th  IVUS bo th  in c o r o n a r y  
and  per iphera l  arteries genera l ly  consider  one arterial 
cross-sect ion for analysis,  s-16 In  the presen t  s tudy,  mu l -  
tiple adjacent  c o r r e s p o n d i n g  u l t r a s o u n d  cross-sect ions 
ob ta ined  before  and  after ba l loon  ang iop la s ty  of  the 
femoropopl i t ea l  a r te ry  were  analysed.  

This s t u d y  revea led  that  vascular  d a m a g e  seen wi th  
IVUS was  a c o m m o n  feature  encoun t e r ed  fo l lowing  
ba l loon angioplasty.  In  91% of the p rocedu re s  vascular  
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Fig. 4. Differences in area before and after balloon angioplasty of the femoropopliteaI artery seen in all cross-sections and in those at 
the target site. (ll) All cross-sections (n=724); ([]) target site (n=78). 
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damage was seen, including plaque rupture (60%), 
dissection (88%) and media rupture (41%). Similarly, 
Losordo et al. 16 reported vascular damage following 
balloon angioplasty of the iliac artery in all 40 patients 
studied with IVUS. The frequency of vascular damage 
seen with IVUS is higher than reported from an- 
giographic studies} 7'18 This reflects the advantage of 
this tomographic imaging technique to display more 
accurately the vascular anatomy compared to angio- 
graphy. 

Moreover, the present study revealed that the fre- 
quency of vascular damage at the target site seen with 
IVUS was lower compared to the frequency per dilated 
segment (72% vs. 91%). The lower frequency of vas- 
cular damage seen at the target site may be related to 
the inability of IVUS to detect vascular damage at the 
target site in all instances. Similar observations were 
found in an in vitro IVUS study on coronary arteries 
(63% vs .  95%).  19 In this in vitro study dissections seen 
in histological sections were missed on ultrasound for 
the following reasons: the dissected lesion remained 
adherent to the vessel wall; dissection occurred with- 
out connection with the lumen, and calcium hindered 
visualisation of a dissection} 9 Thus, in order to have 
insight in the presence of arterial damage, analysing 
the entire vascular specimen rather than one single 
cross-section is recommended. 

The majority of dissections present were graded as 
minor (30o-90 ° ) both at the target site (62%) and in all 
cross-sections (67%). However, on evaluating the entire 
dilated segment it was found that the maximum extent 
of dissection was >90 ° in 61% of the procedures. The 
importance of the presence and extent of vascular 
damage for outcome will be determined in an ongoing 
follow-up study. 

Surprisingly, the balloon diameter used did not 
influence the presence nor the extent of vascular dam- 
age at the target site. Comparing quantitative data 
before intervention in the procedures performed with 
a _<5 mm balloon with those treated with a >_ 6 mm 
balloon, it was found that the free lumen area before 
intervention was not different (5.3_+3.0mm 2 and 
5.4___3.7 mm 2, respectively; p = 0.91). Conversely, the 
media-bounded area was larger (23.8+7.8mm 2 and 
29.0 + 10.8 mm 2, respectively; p<0.001). Thus, the fact 
that larger balloons were used in larger native vessels 
may explain the same amount and degree of vascular 
damage in procedures with a balloon diameter ~ 5 mm 
and >_ 6 mm. 

The basic mechanism of balloon angioplasty has 
been under investigation since the introduction of this 
technique by Dotter and Judkins in 1964. 20 Initially, 
most of these studies were performed using cadaver 

arteries} 1'22 The introduction of IVUS has enabled the 
mechanism of balloon angioplasty in vivo to be studied 
more precisely. The present study reveals that the 
increase in free lumen area following balloon an- 
gioplasty was predominantly related to an increase in 
media-bounded area (i.e. vessel expansion) and, to a 
lesser extent, to a decrease in plaque area. As expected, 
the magnitude of increase in free lumen area seen at 
the target site was larger as compared with the mean 
increase measured in all cross-sections. This was ac- 
companied by both a larger media-bounded area in- 
crease and plaque area decrease. Based on histological 
sections and angiographic records, Castenada-Zuniga 
et a/.  22 proposed that the increase in lumen size was due 
to the fact that the media stretches, without significant 
compression or redistribution of plaque. The present 
IVUS study confirms the mechanism proposed by 
Castaneda-Zuniga: when all the cross-sections ob- 
tained from the dilated segment were taken into ac- 
count the plaque area decreased slightly (5%). 
However, the relative contribution of plaque reduction 
was higher at the target sites, suggesting that the 
plaque at the target site may be crushed more ex- 
tensively, leading to redistribution of plaque material. 23 

Other IVUS studies revealed a similar mechanism of 
lumen enlargement in coronary arteries, m15"19 However, 
Losordo et al., I6 using IVUS in iliac arteries, reported 
that: "plaque compression and plaque fracture were 
the principal factors for increased luminal patency; 
stretching of the arterial wall provided an additional 
but minor contribution". The reason for this contrary 
result remains speculative. Probably, the difference in 
native artery size and vessel structure may result in 
another mechanism of balloon angioplasty. Although 
a larger balloon diameter resulted in an increased 
luminal gain, the relative contribution of media- 
bounded area increase and plaque area decrease re- 
mained the same. 

Limitations 

In this study IVUS cross-sections were matched using 
a radiopaque ruler and anatomic markers such as 
calcification and sidebranches. It is realistic to argue 
that the accuracy of the matched data may not be 100%. 
Data on multiple cross-sections mask this potential 
mismatch. It should be acknowledged that 33 pro- 
cedures were not included in this study, and that due 
to calcification and inadequate image quality, both the 
free lumen area and media-bounded area could be 
calculated in only 70% of the corresponding IVUS 
cross-sections. The latter may have influenced the 
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results, as severe calcification may show a different 
pattern of dilation. Finally, the assessment of IVUS 
parameters is subjective. However, the kappa value of 
dissection was good and the variability in meas- 
urements was minimal, with the exception of the 
variability in the extent of dissection. 

Conclusions 

Vascular damage is a common finding following PTA 
of the femoropopliteal artery. Lumen gain is mainly 
due to vessel expansion and, to a lesser extent, to 
plaque decrease. No relationship was observed be- 
tween balloon diameter and (1) the incidence and 
extent of vascular damage, and (2) the relative con- 
tribution of media-bounded area increase and plaque 
area decrease to luminal gain. 
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