
INTRAVASCULAR ULTRASOUND: 

VALIDATION AND CLINICAL APPLICATION 



ISBN 90-9009779-1 

Cover illustrations: intravascular ultrasound cross-section obtained in vitro after balloon 

angioplasty and the histologic counterpart. A dissection is seen at the thinnest region of the 

plaque. + = catheter; calibration = 1 mm. 

Printed by: Ridderprint B.Y., Ridderkerk. 

© A. van der Lugt, 1996 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, 

or transmitted in any form of by any means, mechanical, photocopying, recording, or otherwise, 
without permission from the copyright holder. 



INTRAVASCULAR ULTRASOUND: 

VALIDATION AND CLINICAL APPLICATION 

INTRA V ASCULAIRE ECHOGRAFIE: 

TOETSING EN KLINISCHE TOEPASSING 

PROEFSCHRIFT 

Ter verkrijging van de graad van doctor 

aan de Erasmus Universiteit Rotterdam 

op gezag van de rector magnificus 

Prof. Dr P.W.C. Akkermans M.A. 

en volgens besluit van het college voor promoties 

De openbare verdediging zal plaatsvinden op 

woensdag 18 december 1996 0111 11.45 uur 

door 

ADRIANUS V AN DER LUGT 

geboren te Berkel en Rodenrijs 



PROMOTIECOMMISSIE 

Promotor: Prof. Dr. H. van Urk 

Overige leden: Prof. Dr. Ir. N. Born 

Prof. Dr. J.S. Lameris 

Prof. Dr. P.W. Serruys 

Co-promotor: Dr. E.J. Gussenhoven 

Studies presented in this dissertation were supported by the Netherlands Heart Foundation (grant 

number 900.574.002 and 94.006) and the Interuniversity Cardiology Institute of the Netherlands 

(project 12,16 and 18). 

Financial support by the Netherlands Heart Foundation and the Interuniversity Cardiology 

Institute of the Netherlands for the publication of this thesis is gratefully acknowledged. 



voor KJN 





Auch der Artz - zumindest der von der modernen naturwissenschaftlichen Medicin 

gepragte - iibt eine Tatigkeit polemischen Typs aus; was in der positiven Sehweise als 

"Heilkunde" praktiziert wird, erscheint in pragmatischer Perspectieve als Bekiilllpjilllg der 

Krankheiten. Heilen (Ganzmachen) und Bekampfen sind zwei Aspekte derselben Sache. 

Wahrend aber fUr den Voyeur der nackte Kiirper das gesuchte Bild ist, geht der Artz 

heute vom nackten Karper aus, um in dessen Innern die Gefahrenquellen aufzudecken. 

Die Analogien zwischen der modernen medischinischen Diagnostik und den 

Machenschaften der Geheimdienste spring (bis in sprachlichen Details) grell ins Auge; der 

Artz betreibt gewissermaBen somatischen Spionage. Der Karper ist der Geheimnistrager, 

der so lange beschattet wird, bis iiber seine innern Umstande so viel bekannt ist, daB 

"MaBnahmen" getroffen werden kiinnen. Wie in der Geheimdiplomatie und del' Spionage 

wird auch in der Medizin viel "sondiert", adgehorcht und beobachtet. In die Kiirper 

werden medizinische Hilfsgerate wie Agenten "eingeschleust", Sonden, Kameras, 

Verbindungsstiicke, Katheter, Lampen, und Leitungen. 

Peter Slotendijk, Kritik der zynischen Vernunft, Suhrkamp Verlag Frankfurt am Main 

1983: 627-628. 
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INTRODUCTION 
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Atherogenesis is a process with an insidious onset and course. Once clinical signs and 

symptoms have become manifest, the obstructive lesion is usually at an advanced stage. 

Arteriography is the standard method for evaluation of atherosclerotic disease and has 

been useful in identifying the location and approximate severity of the stenotic lesion. 

Although arteriography provides a silhouette of the vessel lumen, it does not provide 

accurate knowledge on cross-sectional lumen area, vessel area, shape and morphology of 

the stenotic lesion. Intravascular ultrasound (lVUS) may overcome these limitations by 

providing a tomographic image of the vessel. 

The aim of this work is to validate IVUS and to evaluate subsequent clinical 

application of this imaging technique. The subjects dealt with in this dissertation are 

categorised into 5 main topics. 

I) displacement sensing device; 

2) validation of IVUS-derived parameters; 

3) the spectrum of vascular morphology before and after intervention determined by 

IVUS; 

4) IVUS as a research tool; 

5) IVUS as a clinical tool. 

Displacement sensing device 

IVUS depicts a two-dimensional tomographic image of a vessel. During pull-back of 

the ultrasound catheter a sequence of cross-sectional images of a vessel segment is 

obtained. However, this teclmique does not provide information on the exact location of 

the obtained images, nor the distance between consecutive images (spatial orientation). 

Continuous fluoroscopy may solve this problem, but is imprecise and requires additional 

exposure to radiation. To overcome tllis limitation a displacement sensing device has been 

developed, which allows on-line documentation of the location of the cathetertip. The 

accuracy of this system was tested (chapter 2) and the advantage of this device, used 

during in-vitro studies, was demonstrated (chapters 3 and 4). 

Validation of IVUS-derived parameters 

The accuracy of IVUS to document vascular damage after balloon angioplasty was 

assessed in an ill-vitro study on coronary arteries using histologic sections as gold standard 

(chapter 3). After histologic validation, IVUS was compared with current standard 

angiography to define its additional value (chapter 6). 

Besides accuracy, the observer reproducibility is an inlportant indicator for the 
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reliability of this diagnostic technique. The observer reproducibility of both qualitative and 

quantitative parameters determined with IVUS was assessed in coronary (chapter 3) and 

femoropopliteal arteries (chapter 5). 

Spectrum of vascular morphology before and after intervention determined by IVUS 

The spectrum of arterial responses to balloon angioplasty both in-vitro in coronary 

arteries (chapter 5) and clinically in femoropopliteal arteries (chapter 7) was documented 

with IVUS. Pull-back of an IVUS catheter, which provides a sequence of consecutive 

slices tln'oughout the vessel, demonstrated that these responses differ throughout the 

treated artery. Therefore the question was addressed whether the effects of balloon 

angioplasty at the most stenotic site were representative of the outcome (chapters 3 and 

7). 

In addition, IVUS was used during peripheral venous bypass surgery to investigate 

whether this technique is able to document qualitative and quantitative parameters of veins 

and to detect potential causes for bypass failure (chapter 10). 

IVUS as research tool: mechanism of balloon angioplasty 

With the use of IVUS some old questions could be answered in a new way. The 

underlying mechanism of balloon angioplasty had been studied using animal models, 

human cadaver arteries, and human arteries subjected to balloon angioplasty during life 

and subsequently studied histologically at autopsy. IVUS enables to study these 

mechanisms during life by imaging the treated arterial segment before and after 

intervention. The following questions were studied. 

1) What is the relation between lesion morphology and topography and the location 

and presence of dissection seen after balloon angioplasty (chapter 4)? Angiographic studies 

showing that dissections were related to adverse outcome formed the background to this 

study. Prediction of the occurrence and location of dissection based on lesion 

characteristics assessed before intervention might be helpful in preventing an adverse 

outcome. 

2) Is vessel stretch or plaque compression the predominant mechanism of balloon 

angioplasty? This question was addressed both in an in-vitro (chapter 3) and in an in-vivo 

study (chapter 7). 

3) What is the influence of balloon size on the incidence and extent of vascular 

damage, and on the quantitative mechanism of balloon angioplasty (chapter 7)? 
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Besides investigating the mechanism of balloon angioplasty in arteries, IVUS can also 

be used to study this mechanism in venous bypass graft stenosis. The role of this 

technique to assess the relation between the pre-existent status of the vein and the 

development of stenoses, as well as the effect of balloon angioplasty, is described (chapter 

11). 

Clinical value of lVUS 
Until recently interventional procedures have been based on angiographic findings 

alone. The clinical value of IVUS was investigated in a multicenter study which attempted 

to identify IVUS parameters related to the outcome of balloon angioplasty of the 

femoropopliteal artery. The interim and the final results of this study are presented 

(chapters 8 and 9). 





CHAPTER 2 

DISPLACEMENT SENSING DEVICE 

ENABLING ACCURATE DOCUMENTATION OF 

CATHETER TIP POSITION 

Elma J. Gussenhoven, Aad van del' Lugt, Marco van Strijen, 

Wenguallg Li, Hugo Kroeze, Salem H.K. The, 

Frans C. van Egmond, Jan Honkoop, Ron J.G. Peters, 

Pim de Fey tel' , Hero van Urk, Herman Pieterman 

Published in: J. Roelandt, E.J. Gussenhoven, N. Bom (eds). Intravascular ultrasound. 

Kluwer Academic Publishers, Dordrecht 1993: 157-166. (ISBN 0-7923-2301-7). 

Reprinted with permission from Kluwer Academic Publishers, 0 1993. 
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ABSTRACT 

The need for reproducible positioning of an intravascular ultrasound catheter tip before 

and after intervention in relation to the angiographic records, resulted in the development 

of a dedicated displacement sensing device that provides instantaneous information about 

the catheter tip position on the videoscreen. The relative distance information can be 

displayed together with the ultrasound image. The accuracy of this device was tested in 

vitro. 

Intravascular ultrasound images were recorded in 16 pressurized arterial specimens 

(8 iliac and 8 coronaries) affected by atherosclerosis. From each specimen the free lumen 

area from 3 pull-back series was determined over a mean distance of 1.85 cm with 

increments of 0.05 cm. A total of 1,895 cross-sections were analyzed. The variations in 

free lumen area were very small: 1.7% in iliac and 3.0% in coronary arteries. The cross­

correlation in 15 arteries showed no position mismatching. In only one pull-back obtained 

in a coronary artery was a position shift of 0.05 cm seen. 

In conclusion, the displacement sensing device provides accurate reproducible images. 

Further application of this device in vitro and in vivo in humans before and after balloon 

angioplasty has shown that the device is a unique tool to accurately compare intravascular 

ultrasound unages before and after intervention and to compare these images with its 

histologic or angiographic counterpart. 

INTRODUCTION 

Intravascular ultrasound is a promising technique to document vascular morphology 

in conjunction with vascular intervention. Currently, comparison of the intravascular 

ultrasound images obtained before and after intervention is done using a radiopaque ruler 

or marker as reference [1-4]. The same procedure allows comparison of the ultrasound 

images with their angiographic counterpart [4-6]. 

In practice, after introduction of the ultrasound catheter via the sheath, a series of 

ultrasound cross-sections are recorded under fluoroscopic guidance. The location of the 

catheter is systematically compared with the ruler and is manually typed via a keyboard 

on to the videoscreen. Tins procedure should be performed in the same way following 

intervention; such a protocol will provide the investigator with an accurate and reliable 

comparison. 

As this procedure is time-consuming and requires additional fluoroscopy, we 
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developed a displacement sensing device that provides instantaneous information of the 

catheter tip position on a videoscreen. For clinical use the device can simply be attached 

to the regular introducer sheath. The reproducibility of tllis device to image the same 

location has been tested in vitro using vascular specimens affected by atherosclerosis. 

METHODS 

Displacement device 

The displacement sensing device (7 cm x 3 cm x 3 cm; patent application number: 

PCT-NL92-00072) consists of2 parts: a sensing unit through which the catheter is pushed 

or pulled and a registration part which converts the linear movement into an electronic 

signal (Figure 1). In the sensing unit, a disk with 4 permanent magnets placed 

equidistantly at its circumference, is mounted on the displacement sensing roller shaft. 

Each time a catheter is advanced or retracted between the displacement sensing roller and 

an idler roller, the disk with the magnets will rotate. 

The registration part comprises a two-channel optical incremental encoder module and 

a disk with permanent magnets (identical to the disk in the sensor unit) mounted on the 

same shaft. The 2 disks with permanent magnets form a tight magnetic coupler of the 

displacement sensing roller and the optical encoder disk. Rotation of the displacement 

sensing roller causes identical rotation of the optical encoder disk. The registration part 

is connected to an electronic box which converts the electronic signal, provided by the 

optical incremental encoder module, into a video signal that can be displayed on a 

videoscreen (Figure 2). This signal, which indicates the displacement of the catheter in 

steps of 0.01 cm, is mixed together with the ultrasound information. The measurement 

values range from -99.99 to +99.99 cm. The electronic box has the possibility to reset 

and preset the position values. 

HlUnan specimens 

Eight coronary and 8 iliac arteries removed at autopsy from humans were used. The 

arterial specimens, approximately 6 cm long, were stored frozen (-20°C). For in vitro 

studies, the specinlens were thawed, side-branches were tied-off with sutures and the 

proximal and distal ends were cOll11ected to a sheath fixed into a water-bath at room 

temperature. A reference segment was indicated distally using a needle at the 12 o'clock 

position. Via the side-arm of the sheath the arteries were filled with saline solution. 

During the study, the pressure was kept at 100 mmHg and controlled via a 

syringomanometer cormected to the infusate. 
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The ultrasound catheter is advanced through the sensing unit via the sheath distally 

into the artery. When the catheter reaches the level of the needle, the displacement device 

is set to zero. The needle present at the 12 o'clock position in the artery is set to the 12 

o'clock position on the ultrasound image (Figure 2). 

Figure 1. Displacement sensing device showing the sensing unit (A) and the registration part (B). The 
ultrasound catheter (C) is advanced via the sensing unit and the sheath. 

displacement 
sensing device vascular specimen 

pressure 
100mmHg 

Figure 2. In vitro set-up showing the ultrasound catheter advanced vi". the sensing unit and the sheath 
towards the vascular specimen. The needle on the artery is seen at 12 o'clock in the ultrasound cross­
section (arrows). The catheter tip position in relation to the needle (00.00 cm) is indicated in the right 
upper corner of the ultrasound image. Calibration 1 mm. 
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A series of ultrasound images are then obtained by manual pull-back of the catheter. 

The speed used varies depending on the time required to optimize the time gain. The 

sensing device automatically indicates on the videoscreen the position of the catheter tip 

in relation to the reference needle (Figure 3). When the proximal sheath becomes visible 

on ultrasound the catheter is taken out the sheath and reintroduced again into the sheath 

and advanced distally to the reference needle for the second and third pull-back. 

DIstance (em) 

Figure 3. Graph showing the reproducible variation in free lumen area in a coronary artery as assessed 
by intravascular ultrasound. Calculations (expressed in mm2

) were made at 0.05 em increments over a 
distance of 2 ern. The ultrasound cross-sections corresponding to the arrows in the graph exemplify the 
changes in free lumen area. The catheter tip position in relation to the needle is indicated in the right 
upper corner of the ultrasound images. Calibration 1 mm. 

Intravascular ultrasound 

A mechanical 30 MHz imaging system designed for clinical use was employed (Du­

MED, Rotterdam, The Netherlands) [3]. The transducer is mounted on a blunt-tipped 5F 

catheter which rotates up to 16 images per second. The axial resolution of the system is 

80 I'm. Lateral resolution is better than 225 I'm at a depth of 1 mm. The resulting images 
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are displayed on a monitor by means of a video-scanned memory and stored on a VHS 

system. 

Analysis of data 

For analysis a digital video analyzer system was used, as described previously [7,8]. 

Briefly, the analysis system was developed on an IBM PC/AT (IBM Corp. Boca Raton, 

USA) equipped with a framegrabber and a PC mouse device. Each selected ultrasound 

cross-section reproduced on the analyzer videoscreen was contour traced for free lumen 

area. Free lumen area (in mm2
) was defined as the area encompassed by the inner 

boundary of the intimal surface. 

The reproducibility of the displacement sensing device was determined by calculating 

the free lumen areas from the 3 pull-back series over a distance of maximally 2 cm with 

increments of 0.05 cm, yielding a total of 41 analyses per pull-back. Care was taken to 

select a region of the artery showing clear changes in free lumen area either due the 

presence of atherosclerosis or as a result of a side-branch. When extensive dropout was 

involved (side-branch) the images were excluded from quantitative analysis. In those 

instances where partial dropout of echoes of the luminal contour were noted, the contours 

were identified by means of continuity from adjacent sections [4]. 

Statistics 

The data are presented as mean value ± standard deviation in mm2
• Measurement 

repeatability was assessed by analysis of data variance in the 3 pull-backs. The degree of 

the measurement variability was indicated by the coefficient of the variations defined as: 

standard deviation/mean value of the measurements. Intra-observer variability was tested 

by repeating the measurements in the 3 pull-back series in one of the experiments. 

Observer variations were analyzed using the variance method and are also presented as 

variation coefficient. Cross-correlation analysis was applied to determine a possible 

shifting of the catheter position between the pull-backs. A non zero lag of the maximum 

value in the cross-correlation function was used to indicate the position mismatching of 

the 2 data series. 

RESULTS 

From all 16 vascular specimens high quality intravascular images were obtained. The 

free lumen area imaged by intravascular ultrasound varied in size depending on the degree 

of atherosclerosis or the presence of side-branches (Figure 3). From each specimen the 

free lumen area from 3 pull-back series was determined over a mean distance of 1.85 cm 
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(Figure 3). A total of 1 ,895 cross-sections were analyzed. Seventy-three ultrasound images 

(3.7%) were excluded for quantitative analysis due to the extensive dropout of echoes. 

The means of the 3 pull-backs iu the iliac arteries were 49.1 ± 23.3 mm', 49.3 ± 
23.1 mm' and 49.4 ± 23.0 mm', respectively. Measurement variations were 1.7%. The 

means of the 3 pull-backs in the coronary arteries were 8.35 ± 3.4 mm', 8.35 ± 3.4 

mm' and 8.36 ± 3.4 mm" respectively. Measurement variations were 3.0%. The intra­

observer variation test showed the variations of the 2 measurements to be 1.2%. 

The cross-correlation showed that only one pull-back in the coronalY artery had a 

position shift of 0.05 cm; no other mismatching was found in the remaiuiug data. The 

mismatch was likely caused by a 0.05 cm movement of the sheath (to which the vessel 

is connected) duriug the 2 studies. 

Figure 4. Corresponding intravascular ultrasound cross-sections obtained prior to and following balloon 
angioplasty (4 mm) and the histologic counterpart. The displacement sensing device indicated the levels 
(03.90 em up to 04.40 em). The presence of a plaque rupture and media rupture is indicated by the 
arrows. Calibration 1 mIll. 
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DISCUSSION 

Currently, intravascular ultrasound imaging systems provide unique tomographic 

details but restricted axial data. Using the radiopaque ruler ultrasound images can be 

compared to the corresponding angiograms, both before and after vascular intervention. 

For accurate comparison, the location of the ultrasound catheter tip must be manually 

indicated at any site of interest. This procedure is time consuming and requires additional 

fluoroscopy. Therefore we developed a device capable to provide the information 

instantaneously. 

TillS in vitro study indicates that the displacement sensing device provides accurate 

reproducible hnages. Measurement variations were very small in both iliac and coronary 

arteries (1.7% and 3.0%, respectively). These variations may be related to the variations 

in the images and to the intra-observer variation (1.2%). 

Figure 5. Intravascular ultrasound cross-section and angiogram obtained clinically. The position of the 
ultrasound catheter at 37.03 cm is indicated on-line by the displacement sensing device. The accuracy of 
this information was verified by identification of sidebranches seen with angiography and ultrasound. 
Calibration 1 mm. 

The advantage of the displacement sensing device is the possibility to manually move 

the catheter forward and backward withont losing the accurate on-line data of the catheter 

tip position on the videoscreen. The device provides instantaneous axial information about 

lesion length and morphology. Ongoing studies using the device in vitro have shown its 
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unique ability to accurately compare ultrasound images prior to and following intervention 

with its histologic counterpart (Figure 4). Furthermore, by advancing the catheter via this 

device, externally connected to the sheath, into the coronary or femoral artery, 

reproducible images could be obtained in the clinical setting. Assessment of the location 

of the lesion, a dissection or stent implantation thus became feasible. Moreover, 

instantaneous information on the position of the catheter tip in relation to the angiographic 

records became available (Figure 5). This implies that the amount of time required for 

fluoroscopy and documentation of the required intravascular data will be shortened. 

Another advantage is that, by connecting the device to a computer, a sequence of echo 

slices can be obtained for on-line three-dimensional reconstruction. Current efforts are 

aimed at devising a sterilization method for the prototype device, to enable its use on a 

more regular basis in humans. 

We believe that this device, used in the clinical setting in humans, may be a unique 

tool to accurately compare intravascular ultrasound images before and after intervention 

(using the radiopaque ruler as reference) and to compare these images with angiographic 

data. 
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Comparison of Intravascular 
Ultrasonic Findings After Coronary 

Balloon Angior.lasty Evaluated 
In Vitro With Histology 

Aad van der lugt, MD, Elmo J. Gussenhoven, MD, Thea Stijnen, MSc, 
Marco van Strijen, MD, Erik van Driel, Frans C. van Egmond, 

Robert J. van Suylen, MD, and Hero van Urk, MD 

This study investigated whether vascular damage and 
quantitative changes observed with intravascular ultra­
sound at the most stenotic site ore representative of the 
ultimate outcome after coronary bolloon angioplosly. 
Atherosclerotic coronary orteries (n = 40) were studied 
in vitro with intravascular ultrosound. From each vas· 
cular specimen, 10 corresponding intravascular ultra­
sound cross sections obtained before and after balloon 
ongioplastywere selected forcomparison with their his­
tologic counterpart. Morphologic and quantitative data 
obtained from all cross sections were compared with 
data derived from the most stenotic site. The incidence 
of vascular damage li.e., dissection, plaque rupture, 
and media rupfurel at the most stenotic site was low­
er than that seen for each vascular specimen. The sen­
sitivity of intravascular ultrasound in detecting these 
morphologic features for each vascular specimen was 

W ith the introduction of intravascular ultrasound, a 
unique tool became available that provides mor­

phologic and quantitative data of the disea~ed arterial 
wall before and after intervention. I- I5 To date, no sys­
tematic validation studies have been undertaken to estab­
lish whether intravascular ultrasound is a reliable tech­
nique for documenting vascular damage and quantitative 
ellects after corollary balloon angioplasty. TIle aims of 
this in vitro study were: (I) to document the incidence 
and sensitivity of the vascular damage observed with 
intravascular ultrasound after coronary balloon angio­
plasty; (2) to assess the quantitative effects of balloon 
angioplasty; and (3) to investigate whether 1 single ultra­
sound cross section obtained at the most stenotic site 
(i.e., smallest free lumen area) is representative of the 
outcome rather than a sequence of cross sections. 

METHODS 
Human specimens: Coronary arteries with athero­

sclerosis (n = 40) were removed from humans at autop­
sy (n = 21) or from explanted hearts that became avail-
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high for disse<lion and media rupfure (7'r1o and 76%, 
respectively), and low for plaque rupfure (37%). After 
balloon angioplasty, quantitative changes seen at the 
most stenotic site were greater than those in 011 cross 
sections: free lumen orea +58% versus +2'rIo, media­
bound area + 17% versus + 12%, and plaque area re­
duction -'rio versus -6%, respectivefy_ The increase in 
free lumen area was caused predominantfy by media­
bound area increase (81%) and to a lesser extent by 
plaque area de<rease (19%), This study revealed that 
a higher incidence of vascular damage is found when 
the Whole segment is analyzed rather than 1 sing~e cross 
section at the most stenotic site. Quantitative effects of 
coronary bolloon angioplasty seen with intravascular 
ultrasound were greater at the most stenotic site than 
at all cross sections. 

(Am J CardioI1995;76:661-666) 

able from patients referred for cardiac transplantation (n 
= 19) (median age 51 years, range 38 to 76). The spec­
imens were stored frozen at _20oe. The investigation 
was approved by the local COllullittee on human research. 

For in vitro studies, the specimens were thawed, side~ 
branches were tied off with sutures, and the proximal 
and distal ends were connected to sheaths fixed to a 
waterbath at room temperature. Distally, a reference seg­
ment was indicated using a needle at the 12 o'clock posi­
tion (Figure 1). During the study, the arteries were pres­
surized at 100 mm Hg by means of a fluid reservoir 
containing water connected to the side-ann of the prox­
imal sheath. 

For this study, coronary arteries with ~40% area 
stenosis at the most stenotic site, as seen by intravascu­
lar ultrasound, were subjected to balloon angioplasty. 
The largest free lumen diameter seen in the segment by 
intravascular ultrasound wa~ used as a reference for the 
balloon diameter (Speedy, Schneider AG, Zurich, Swit­
zerland). Balloon angioplasty was performed for 2 min­
utes with a manometer-controlled pressure of 8 to 10 
atm. Intervelilion was judged successful if the lumen 
area at the most stenotic site seen on ultrasound in­
creased; otherwise, a larger balloon was used. 

Intravascular ultrasound: A mechanical 30 MHz 
imaging system designed for clinical use was used (Du­
MED, Rotterdam, The Netherlands). For comparison of 
intravascular ultrasound images before balloon angio­
plasty with the same segment after interYention, a dis­
placement sensing device was used. 16 Displacement of 
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TABLE I Inddence of Vascular Domage Including Disseclion, 
Plaque Rupture, and Media Ruplvre Seen With Intravasculor 
Ullrosound After Bolloon Angioplosty at the Mosl Stenotic Site 
and at Each VoscIJlor Specimen {n '" 40), and Sensitivity of 
Intravascular Ultrasound for These Morphologic Features 

Incidence 
Sensitivity of 

Most Stenotic Voscv[or Vascular 
Site Specimen Specimen 
I%} I%} I%} 

Dissection 4O 78 79 
Plaque rupture 15 " 37 
Medic rupture 43 75 76 
Vascular domage 63 85 87 

the ultrasound catheter lip in sleps 0(0.01 em was relat­
ed to a reference needle and mixed automatically with 
the ultrasound information on the video screen. 

Histology: For histologic comparison, arteries were 
fixed under pressure (100 mm Hg) in 10% buffered for­
malin for 2 hours, and subsequently decalcified in a stan­
dard RDO solution (Apex Inc., Plainfield, lllinois) for 5 
hours. The arteries were then processed for routine paraf­
fin embedding. The site of the reference needle was 
marked using India ink. Transverse sections (5 11m thick) 
perpendicular to the long axis of the vessel were cut at 
I IllIn intervals. Sections were stained with elastic van 
Gieson and hematoxylin-eosin techniques. 

Data analysis: Intravascular ultrasound images ob­
tained before and after balloon angioplasty were pho­
tographed at increments of I Illlll. For comparison with 
the corresponding histologic sections, the site of the 
reference needle and anatomic markers such as side­
branches, calcium, or dissection were used. For each 
specimen, a total of 10 sets of corresponding intravas­
cular ultrasound images and histologic sections, includ­
ing the most stenotic site. were selected. These 10 sets 
were subjected to qualitative and quantitative analysis. 
To assess whether histologic preparation may introduce 
laceration to the vessel wall mimicking the effects ofbal-

",ho 

di"pfacement 
sensing dtlY.oo 
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loon angioplasty (dissection, plaque rupture, and media 
rupture), additional sections (4 per specimen) obtained 
far from the dilated segment were subjected to a quali­
tative analysis. 

QUALITATIVE ANALYSIS: Histologic sections (n::: 400) 
were evaluated by I observer (RJvS). and intravascular 
ultrasound images (n ::: 400) were evaluated by 2 ob­
servers without knowledge of the histologic results 
(AvdL and EJG). The presence of vascular damage 
including dissection, plaque rupture, media rupture, or a 
combination of all 3. was documented.7 Dissection was 
defined as the presence of a radial tear in the internal 
surface associated with a separation of the lesion from 
the underlying arterial wall. Plaquc mpture was defined 
as a radial tear in the intimal surface. Media rupture wa<; 
defined as an interruption in the internal clastic lamina 
and media that exposes the hyperechoic adventitia to the 
lumcn. The incidence of these morphologic features seen 
at the most stenotic site and at each vascular specimen 
was assessed with intravascular ultrasound. In addition. 
using histologic data as the gold standard, the sensitivi­
ty of intravascular ultrasound to detect these morphologic 
features in each vascular specimen was calculated. 

QUAl'.'TITAllVE ANALYSIS: Quantitative measurements 
of intravascular ultrasound cross sections were per­
fonned using a digital video analyzer system. 17 Analy­
sis included measurement of free lumen area and me­
dia-bound area. The plaque area was calculated by sub­
tracting free lumen area from media-bound area. Percent 
area stenosis was calculated as plaque area divided by 
media-bound area (Figure 2). In the absence of a visi­
ble media on ultra<;ound, the outer hyperechoic layer rep­
resenting the adventitia was used as reference. When ex­
tensive dropout due to calcification was encountered, the 
media-bound area was not calculated. Cross sections 
showing side-branches were excluded for quantitative 
analysis. TIle contribution of media-bound area increase 
and plaque area decrease to the increase in free lumen 
area was calculated by the ratio of media-bound area in­
crease and plaque area decrease to the increase in free 

prOSSUfO 
tOOmmHg 

FIGURE 1. In vitro selup show­
ing the intravascular ultrasound 
catheter advanced through the 
sensing unit of the displace· 
ment sensing device and 
sheolh toward the pressurized 
vascular spe<imen. The needle 
aHached distally 10 the ortery 
used as reference is seen at the 
12 o'clock position in the ultra· 
sound cross section (arrow). 
The (alhehwlip position in re!\l' 
tion to the needle (00.00 (mj is 
indicated in the right upper 
corner. Displocement-sensing 
device is seen in the insert in 
leh upper pilnel. Calibration is 
1 mm. 
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lumen area. To assess intra- and interobserver variabili­
ty, the free lumen and media-bound areas of 100 corre­
sponding ultrasound cross sections before and after in­
tervention were analyzed by the same observer (MvS) 
after 2 weeks and by another observer (EvD). 

Statistical anolysis: Quantitative mea')uremen(s ob­
tained before and after intervention were compared using 
Student's paired t test. A p value <0.05 was considered 
statistically significant. Observer ditl'erences arc expressed 
as mean ± SD of the paired differences. All values are 
presented as mean ± SD. 

RESULTS 
Qualitative results: In 39 of the 40 vascular specimens 

subjected to dilatation. damage was encountered. TIle in­
cidence of vascular damage (Le., dissection, and plaque 
and media ruptures) seen with intravascular ultrasound 
and the sensitivity of intravascular ultrasound in detect­
ing these features are summarized in Table L At the most 
stenotic site, a lower incidence of vascular damage was 
seen compared with that for each vascular specimen 
(Table I). Intravascular ultrasound showed a high sensi­
tivity in detecting dissection and media rupture; the sen­
sitivity for plaque rupture wa.;; low. Dissections, often 
seen at the thinnest part of the lesion, were usually asso­
ciated with media rupture (Figures 2 to 4). False-posi­
tive dissections were not encountered. The reasons for 
dissections missed on intravascular ultrasound were: (I) 
the dissected lesion remained adherent to the vessel wall; 
(2) dissection occurred without connection with the 
lumen; (3) the ultrasound catheter pushed the dissected 
lesion against the vessel wall; (4) calcium hindered visu­
alization of a dissection; or (5) plaque mpture was diag­
nosed instead of dissection (Figures 3 and 4). In sections 

FIGURE 3. Corresponding intravas(Ular 
ultrasound cross se<tions obtained before 
and after balloon angioplasly {5 mm} and 
histologic counterparts. The displacement 
sensing device indicated the leveh. On 
ultrasound, the increase in free lumen area 
affer intervention is clearly seen allevel 
1.6 em; plaque and media ruptures pres· 
ent histologicollr at this level {al the 9 
o'dock position were nol seen on ultra· 
sound. Level 0.4 cm: On ultrasound a 
plaque rupture wos (orre<t/y seen (at 12 
o'c!IXk); 01 3 o'c!IXk a disse<tion and 
media rupture were not seen. Level 5.1 
(m: Images obtained far from the dilated 
site, used as reference, are virtually 
unchanged. Morphologic features mimick· 
ing the effe<t of balloon an~ioplasty were 
nol seen on ultrasound or hls/ology. Cali· 
bration is I mm. 

Before 

I-LA 
MBA 
PtA 

After 

6.2mm> 
i42mm' 
8.0 mil)' 

8.4 ml11' 
16.4 111111' 
8.0 mm' 

Histology 
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7.0 111m' 
148mm' 
7,3 !1111\' 

FIGURE 2. Intravoscular ultrasound cross se<tions obtained 
before and after balloon angioplasty (4 mm) from an athero· 
sclerotic (oronary artery and corresponding histologic section. 
The free lumen area (FLAt inner (on/out) and media·bound 
area (MBA, ouler con/out) show quantitative results. Nole the 
eccentric soft lesion thai become disse<led at the thinnest 
region. AI the 9 o'cllXk position, the origin of a side·branch is 
seen. Calibration is 1 mm. PLA = plaque area. 

obtained far from the dilatation site (n ::: 160), morpho· 
logic feature-s specific for balloon angiopla~ty were not 
seen 011 ultrasound and histologic examination (Figure 3). 

False-negative results in detecting media wpture 
were intimately related to the presence of these mptures 
behind an intact plaque or intima, and to the failure of 
intravascular ultrasound to identify a dissection (Figures 
3 and 4). 

Quantitative effect of balloon ongioplosty: For com­
parison purposes, cross sections with significant calcifi­
cation preventing measurement of the media-bound area 
(n ::: 35) and those with side-branches (n ::: 23) were ex­
cluded from quantitative analysis. 
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Quantitative data including mean values derived from 
all cross sections (n :::: 342) as well as data obtained at 
the most stenotic site (n :::: 34) from corresponding 
intravascular ultrasound cross sections are summarized 
in Table II. 

As a result of balloon angioplasty, the free lumen area 
increase was associated with an increase in media-bound 
area, whereas plaque area decreased slightly. Quantita­
tive differences encountered from 342 cross sections 
were compared with data obtained exclusively at the 

FIGURE 4. Corresponding intravoscular ultrasound «(055 sec­
tions obtained offer balloon ongioplosly (S mm), and the histo­
logic counlerports showing variability in vascular damage. Lev­
el 0.4 em: Dissection and media rupture were correctly 
diagnosed 01 the 7 o'clock position. Laceration (at I o'clock) 
caused by the intervention was also nol seen on intravascular 
ultrasound. Level 0.8 cm: Media rupture (016 o'clock) was not 
seen on ultrasound, nor was a disse<:tion (at 12 o'clock). level 
1.2 em: AI 11 o'clock a media rupture was correctly diag­
nosed. A dissection and media rupture were not seen on ultra­
sound at 3 and 6 o'clock. level 1.9 cm: Bolt. dissection and 
media rup.ture were correctly diagnosed on ultrasound (at 2 
and 5 o'clock). Colibration is 1 mm. 

Chapter 3 

most stenotic site: greater alterations in areas were seen 
at the most stenotic site. TIle contribution of media­
bound area increase to the increase in free lumen area 
was 81%, and the contribution of plaque area decrease 
was 19%. 

Intra- and interobserver variability: Intraobserver dif­
ferences for measurements before and after intervention 
were 0.1 ± 0.6 and 0.3 ± 0.6 mm2 for free lumen area, 
and 0,0 ± 0.7 and 0.0 ± 0.9 Imn2 for media-bound area, 
respectively. Interobserver difrerences for measurements 
before and after intervention were 0.3 ± 0.7 and 0.1 ± 
0.7 mm2 for free lumen area, and 0.1 ± 1,0 and 0.3 ± 1.1 
mm2 for media-bound area, respectively. 

DISCUSSION 
In the present study, the accuracy of intravascular ul­

trasound to establish anatomic and quantitative changes 
after coronary balloon angioplasty was examined. Use 
of a displacement sensing device offered the unique op­
portunity to obtain a sequence of tomographic cross sec­
tions of the artery with an exact localization within a 
segment. Consequently, the opportunity was available to 
answer the question as to whether I single cross section 
at the most stenotic site studied with intravascular ultra­
sound is representative of qualitative and quantitative 
outcome rather than a sequence of cross sections. 

Qualitative analysis: The results of this study show 
that at the most stenotic site, the incidence of vascular 
damage was lower than the incidence for each vascular 
specimen. Thus, in order to have insight into arterial 
damage, the entire va~cular specimen should be ana­
lyzed. Sensitivity for both dissection and media rupture 
was reasonably good (79% and 76%, respectively), but 
was low for plaque rupture (37%). Similar sensitivity 
values for dissection have been reported by other inves­
tigators.3.18.19 We believe that the low sensith'ity for 
plaque rupture in this study can be explained by the fact 
that axial tears in the plaque were difficult to demon­
strate with intravascular ultrasound. 

It is noteworthy that the characteristic va<;cular dam­
age seen after balloon angioplasty with intravascular 
ultrasound was not encountered before intervention. It 
is likely that histologic processing itself may have 
induced arterial disruption, leading to false-negative 
results on ultrasound.2o However, in the present study, 
the histologic sections studied far from the dilatation site 
did not show vascular damage (Figure 3); the absence 
of these artifacts may be related to the selection of rel­
atively mildly atherosclerotic segments. 

Although media rupture has been diagnosed clinical­
ly after balloon angioplasty of the superficial femoral 
artery,7 to the best of our knowledge, this anatomic fea­
ture has not been documented as a separate feature in 
coronary artery studies. This may be related to the reso­
lution of the ultrasound transducer used. In most studies, 
a transducer frequency of 20 to 25 MHz was used9- 15; in 
I study, 30 MHz ultrasound catheters were used.8 Potkin 
et al 12 differentiated between dissection and extensive dis­
section. We assume that extensive dissection Illay include 
the media rupture described in om study. 

Quantitative analysis: The increase in free lumen area 
after balloon angioplasty in this study was caused by an 
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TABLE II Quantitative Effect, of Balloon Angiop!osty Assessed With IntravoS(lJlor 
Ultrosound' 

Intravascular Ultrosound 

Before A&er % Chongel 

free lumen area (mm2J 
All crOIS sections (n .. 342) 9.0;to 4.5 11.6 ± 5.0 ,29 
Most stenotic site (n "" 34) 6.4:1: 3.3 10.1 ± 4.3 ,58 

Medio-bound oleo (mm2) 
All cross sections In ~ 342) 17.6 ± 6.6 19.7:t 7.1 ,12 
Most stenolic sile In = 34) 16.1 ± 6.2 18.8 j; 6.9 ,17 

Plaque oreo (mm2J 
All cross sections (n "" 342) 8.6:1: 3.7 8.1 ± 3.6 -4 
Most stenotic site (n '" 34) 9.6 ± 4.2 8.7 ± 3.B ~9 

Percentage area stenosis (%) 
All cross se<:lions (n = 342) 49.2 ± 12.3 41.3 ± 10.8 ~16 

Most stenotic site In = 34) 60.4 ;t; 1l.7 46.9 ± 11.0 ~22 

'Do~o [rom all "fOIl ladio'" and do'a oj the mOl! s'enolic ,:fa where /ree lumen mea and 
med,o-bo-Jnd meo coo'd be InKed are p,e!en~ed 

IOif!ererKe, are ,ignifi(or.1 01 p <0.01. 
Vo!uel o'e e'dJe11ed 01 mean ± SD unle,s ol'l1erw;sa noted. 
% (ho"ge ~ ilferM(e be:V.een U~!rOlO'Jnd do'o before and alter bof!wn o"9iopiOlIy; 

+ ~ irKfeose, _ D decreose. 

TABLE III Quantitative Effe<ts of Bolloon Angioplasly on Coronary ond lIiofemorol 
Arteries Assessed With Inlrovos<;ulor Ulfrosound 

Number of FLA MBA PLA 
PoHen!s y~, (%) (%) (%) 

Coronory orferies 
Potkin 12 9 1992 +130 ,17 ~18 

Koyoch13 39 1993 ,33 ,13 ,5 
SunejoU 25 1993 tl26 ,1 ~21 

Broden l5 30 1994 t lOB ,14 ~, 

Present study " 1995 ,5B ,17 ~9 

Iliofemorol orferies 
The7 ". 1992 ,89 ,30 ~1 

losordon '0 1992 +120 ,6 ~33 

'Oo'a provided hom mu!!:p!a uhosour.d crall sediolll COI!ected from 16 pot:enll 
FLA _ ['ev lumen oreo; MBA ~ ",edio-bouoo orro; PLA D pl",,!c'<I 0'''''. 

increase in media-bound area (81%) and by a decrease 
in plaque area (l9%). The magnitude of increase in free 
lumen area and media-bound area obtained at the most 
stenotic site was greater than the mean values derived 
from all cross sections. TIle observation that the plaque 
reduction values obtained at the most stenotic site were 
in the same order as the overall mean values implies that 
the decrease in plaque area may be related to a discharge 
of fluid from the plaque21 rather than to redistribution of 
plaque. 

The quantitative mechanisms of balloon angioplasty 
assessed in this study are in agreement with data ob­
served by other investigators7,12.IJ.15 Cfable TIl). Howev­
er, in 2 intravascular ultrasound sttldies, a different expla­
nation has been proposed for the increase in free lumen 
area after balloon angioplasty. Losordo et aI22 reported 
"that plaque compression and plaque fracture in iliac 
arteries were the principal factors for increased luminal 
patency; stretching of the arterial wall provided an addi­
tional but minor contribution." In the absence of va~cu­
lar damage, Suneja et all~ reached similar conclusions 
for coronary arteries. Rea~ons why the conclusions with 
respect to the quantitative effects of balloon angiopla,~ty 
arc controversial remain unclear. 

Study limito~ons: Initially, 124 proximal straight coro­
nary arteries were selected to facilitate comparison with 
histology. The fact that most were not used because the 
area of stenosis was <40% at the most stenotic site or 
because of the inability to cross the stenotic lesion with 
the ultrasound catheter reflects the difficulty in obtaining 
appropriate segments for this type of in vitro study. Also. 
because arteries with severe stenosis were excluded from 
this study owing to the inability to cross the lesion before 
intervention, one might not apply the results of this study 
to severe stenotic lesions encountered clinically. Neither 
pulsatile flow nor blood was used in this study. Pulsatile 
blood flow may have facilitated detection of the dissec­
tions that were missed because the dissected lesion 
remained adherent to the vessel wall. Finally, data de­
rived from specimens may represent an anatomic sub­
strate different from that in clinical series of patients un­
dergoing therapeutic balloon angioplasty. 
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ABSTRACT 

Intravascular ultrasound (IVUS) may be more sensitive than angiography in the assessment 

of plaque morphology pre-intervention and vascular damage after balloon angioplasty. 

This has risen the hope of clinicians to better treat patients by reducing (severe) 

dissections after PTA by the use of IVUS information. We therefore studied the relation 

between plaque characteristics and dissections resulting from balloon angioplasty. First, 

an in vitro study in atherosclerotic arteries (n=42) was performed in which IVUS images 

were compared with histologic sections to validate this new technique; secondly, the in 

vitro findings were compared with IVUS fmdings obtained in vivo (n=73). Dissections 

were observed in 37 histologic sections and visualized by IVUS in 22 (59 %) of the 

corresponding ultrasonic cross-sections; in vivo dissections were demonstrated by IVUS 

in 46 (63 %) cases. Dissections were generally seen at the thinnest region of the plaque 

on both histologic sections (92 %) and IVUS cross-sections (in vitro 83 %; in vivo 93 %). 

No significant relation was found between pre-interventional plaque characteristics such 

as morphology and eccentricity and the incidence, extent, and location of post­

interventional dissections. Thus, IVUS is able to identify dissections after balloon 

angioplasty, generally occurring at the site of the thinnest plaque diameter. However, the 

incidence and severity of these dissections were not related to any of the pre-interventional 

plaque characteristics. 

INTRODUCTION 

Intravascular ultrasound (IVUS) is a tomographic imaging technique which allows to 

determine plaque characteristics before and the presence, location and extent of dissection 

after catheter -based interventions [1-13]. It has been suggested that plaque characteristics, 

including plaque composition and eccentricity, may be determinants of the incidence and 

location of vascular damage after vascular interventions [14-18]. Elucidation of this 

relationship is an important issue as it may result in a more targeted strategy for the 

treatment of atherosclerotic disease. In this in vitro and in vivo study IVUS was used 

before and after balloon angioplasty of atherosclerotic arteries to document the presence, 

extent, and location of post-interventional dissection, and to evaluate a possible relation 

with plaque characteristics. Histologic sections were used to validate the in vitro IVUS 

findings. 
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METHODS 

Intravascular ultrasound 

A mechanical 30 MHz IVUS imaging system was used (Du-MED, Rotterdam, The 

Netherlands), mounted on a 4.1 F catheter. The axial resolution of the system is 80 I'm; 

lateral resolution is 225 I'm at a depth of I mm. Images were displayed on a videomonitor 

via a videoscanned memory and stored on an S-VHS recorder. Both the in vitro and in 

vivo study were approved by the Local Committee on Human Research. 

III vitro studies: Atherosclerotic human vascular specimens including coronary (n =33) 

and iliofemoral arteries (n=9) were harvested at autopsy and stored at -20'C. The 

specimens were thawed, side-branches were tied off with sutures, and proximal and distal 

ends were connected to sheaths, fixed to a waterbath at room temperature. Distally, a 

reference segment was indicated using a needle at 12 o'clock (Figure 1). During the study 

the arteries were pressurized at 100 mmHg by means of a fluid reservoir containing water 

connected to the side-arm of the proximal sheath. The specimens were studied with IVUS 

before and after balloon angioplasty. The largest lumen diameter seen in the segment by 

IVUS was used as reference for the balloon diameter; balloon angioplasty was performed 

for 2 minutes, with a manometer-controlled pressure of 8 to 10 atm. Intervention was 

judged successful, if the lumen area at the narrowest lumen site as seen on IVUS 

increased; otherwise a larger balloon was used. A displacement sensing device was used 

to assure reliable comparison of IVUS images before balloon angioplasty with the same 

segment obtained after interventioll [19]. Briefly, the ultrasound catheter was advanced 

through the displacement sensing unit via the sheath distally into the artery. A series of 

images were obtained during a mallual pull-back of the IVUS catheter. The distance 

between the tip of ultrasound catheter and the reference needle was mixed automatically 

with the IVUS images on the videoscreen in steps of 0.01 cm (Figure 1). 

For histologic comparison the arteries were fixed under pressure (100 nnnHg) in 10% 

buffered formalin for 2 hours and subsequently decalcified in a standard RDO solution 

(Ampex, Plainfield, Illinois) for 5 hours. The arteries were then processed for routine 

paraffin embedding. The site of the reference needle was marked using Indian ink. 

Transverse sections, 5 I'm thick perpendicular to the long axis of the vessel, were 

obtained at 1 mm intervals. The sections were arranged from proximal to distal with 

notation of the 12 o'clock position indicated by ink. The sections were stained with the 

elastic van Gieson and the hematoxylin eosin techniques. Qualitative and quantitative 

analysis of the histologic sections and the corresponding IVUS images was performed. 

From each vascular specimen studied, the IVUS cross-section at the narrowest lumen area 
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(target site) before intervention and its corresponding ultrasound image after intervention 

were selected for comparison with the histologic sections. The ultrasound images and the 

histologic sections were analyzed by different independent and blinded observers. 

Figure 1. In vitro set up showing the intravascular ultrasound catheter advanced via the sensing unit of 
the displacement sensing device and sheath towards the pressurized vascular specimen. The needle attached 
distally to the artery used as reference is seen at 12 o'clock in the ultrasound cross-section (arrow). The 
cathetertip position in relation to the needle (00.00 em) is indicated in the right upper corner. Insert left 
upper panel: displacement sensing device. Calibration = 1 mm. 

III vivo studies: After giving informed consent, patients (n=73) undergoing balloon 

angioplasty of the iliofemoral artery were studied with IVUS before and after intervention. 

An introducer sheath was placed into the femoral artery; the ultrasound catheter was 

advanced through the sheath in a retrograde manner into the iliac artery (n = 10) and in 

an anterograde manner into the femoral artery (n=63). A series of IVUS cross-sections 

of the treated segment were recorded before and after intervention with I cm interval 

during manual pull-back of the IVUS catheter. Corresponding IVUS cross-sections 

obtained before and after balloon angioplasty were analyzed. From each patient studied, 

the cross-section with the narrowest lumen area (target site) before balloon angioplasty 

was selected for comparison with the corresponding image obtained after intervention. 

Data analysis and statistics 

IVUS cross-sections obtained before intervention were assessed for plaque 

composition and eccentricity. Plaque composition was divided into soft (echodense without 
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shadowing), mixed (bright echoes with shadowing ';;90°) and hard (bright echoes with 

shadowing > 90°). The extent of calcification was graded as an arc of the circumference 

with the center of the lumen as reference point (steps of 300). Minimum and maximum 

plaque thickness was measured to determine plaque eccentricity (Figures 2 and 3). Plaque 

thickness was calculated as the perpendicular distance between the plaque surface, i.e. 

intimal leading edge, and the internal elastic lamina; in the absence of a distinct internal 

elastic lamina on ultrasound, the transition between plaque and media or adventitia was 

used. An eccentric plaque was defined as a ratio between maximum and minimum plaque 

thickness ~ 3; a concentric plaque as a ratio < 3. 

In the IVUS cross-sections following intervention and in the corresponding histologic 

sections the presence, extent and location of dissection was scored. Dissection was defined 

as the presence of a tear in the intimal surface, separating a part of the plaque from rest 

of the underlying arterial wall (5). The extent of dissection was graded in the same way 

as the extent of calcification. Dissections were graded as minor (,;; 90°) or major (> 90°). 

The location of the dissection in relation to the plaque thickness was scored; a nominal 

yes or no score indicates whether the dissection occurred at the thinnest region or not. 

Figure 2. Corresponding intravascular ultrasound cross-sections obtained in vitro at level 0.4 em before 
and after balloon angioplasty and the histologic counterpart. Minimum (8 o'clock) and maximum (12 
o'clock) lesion thicknesses are indicated by arrowheads. A dissection is seen at the thinnest region of the 
lesion (arrow). + = catheter; calibration = 1 mIll. 

In order to test the reproducibility of IVUS plaque thickness measurements in the in 

vitro and in vivo IVUS images, measurements were repeated by a second blinded 

observer. The mean and standard deviations of the paired differences between the two 

observers were calculated. The significance of the interobserver differences were 
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determined by a paired t-test; the degree of observer variability was presented with a 

coefficient of variation defined as the standard deviation of paired differences divided by 

the mean of the absolute values. Interobserver variability of IVUS to assess the presence 

and extent of hard plaques and the presence of dissections in vivo has been assessed 

previously (hard plaque: kappa value 0.67, agreement 85%; dissection: kappa value 0.69, 

agreement 85%; paired difference of the extent of hard plaque 6 ± 33°) [20]. Chi-squared 

test was used to assess differences in categorical variables and Mann-Whitney test in 

continuous variables. A p-value < 0.05 was considered significant. 

Figure 3. Corresponding intravascular ultrasound cross-sections obtained in vitro at level 1.8 COl before 
and after balloon angioplasty and the histologic counterpart. Minimum (3 o'clock) and maximum (9 
o'clock) lesion thicknesses are indicated by arrowheads. After balloon angioplasty a dissection is seen at 
the thickest region of the lesion (arrow). + = catheter; calibration = 1 nml. 

RESULTS 

In vitro studies 

Dissections were seen in 37 of the 42 histologic sections occurring at the thinnest site 

of the plaque circumference in 34 (92 %) specimens (Table I). In the corresponding IVUS 

cross-sections the dissection was correctly detected in 22 (sensitivity = 59%); 18 of those 

detected dissections were seen at the thinnest plaque site (Figure 2). The occurrence of 

dissections not seen at the thinnest region on IVUS were histologically confirmed in 3 of 

the 4 cases (Figure 3). Histologic review of these 3 sections demonstrated fibrous plaques; 

in 2 of these specimens the dissection was seen at the thinnest region in a nearby cross­

section both on IVUS and on the histologic section. Dissections were graded as minor in 

19 and as major in 18 histologic sections. IVUS revealed minor and major dissections in 

15 and 7 cases, respec.ively. The extent of dissections measured in the histologic sections 
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was larger (median 900; range: 0 - 270°) than in the corresponding IVUS images (median 

30°, range 0 - 1800 )(p<0.00l). 

In 15 cases dissections demonstrated by IVUS (7 minor and 8 major) were not 

identified by IVUS due to one of the following reasons: (1) the dissected portion of the 

plaque remained adherent to the vessel wall, (2) the ultrasound catheter pushed the 

dissected plaque against the vessel wall, and (3) calcium hindered the visualisation. 

Plaque composition as assessed with IVUS images before intervention was soft, 

mixed, and hard in 24, 10 and 8 cases, respectively. Thirtyseven of the 42 IVUS cross­

sections were available for eccentricity analysis (calcification hampered quantitative 

assessment of plaque thickness in 5 cases): 21 eccentric plaques and 16 concentric plaques 

were observed. Data on the relation between plaque characteristics and the incidence and 

extent of dissection obtained in the in vitro study are summarized in Table II. No relation 

was found between plaque characteristics and the incidence, extent, and location of 

dissection. Slightly more major dissections were observed in soft plaques than in the 

plaques with calcification (mixed and hard plaques)(p = 0.06). However, analysing the 

histologic sections, more major dissections were found in plaques with calcification than 

in soft plaques (11118 and 7119, respectively; p = 0.19). 

Table I. Incidence, location and extent of dissection seen in the histologic sections and with 
intra\'ascular ultrasound (IVUS). 

Total Thinnest region Minor Major 

II/ vitro (n=42) 
Histology 37 (88%) 34 (92%) 19 (51 %) 18 (49%) 
IVUS 22 (52%) 18 (82%) 15 (68%) 7 (32%) 
III vivo (n=73) 
IVUS 45 (63%) 42 (93%) 33 (72%) 13 (28%) 

In vivo studies 

In 46 of the 73 cases a dissection was evidenced at the target site (63 %) (Table I). 

Dissections were minor in 33 and major in 13 cases; dissections were seen at the thinnest 

region in 43 cases (Figure 4). The plaques were classified as soft, mixed, and hard in 38, 

27 and 8 cases, respectively. Plaques were eccentric in 47 and concentric in 26 cases. 

Data on plaque characteristics and the incidence and extent of dissection in the in vivo 

study are summarized in Table II. No significant relationship was found between plaque 

composition and eccentricity, and the incidence and extent of dissection. 



Prediction of dissection by plaque characteristics 35 

Interobserver analysis 

There was good agreement between the two observers for the IVUS measurements, 

without significant differences for the minimum and maximum plaque thickness and ratio. 

For in vitro IVUS images the mean difference for minimum thickness, maximum 

thickness, and ratio were low (0.00 ± 0.05 mm, 0.02 ± 0.08 mm, and 0.06 ± 0.88, 

respectively); in vivo the mean differences were similar (0.01 ± 0.08 nun, 0.01 ± 0.09 

mm, and 0.07 ± 0.63, respectively). The coefficient of variation for these measurements 

did not exceed 17 %. 

Table II. Relation between plaque characteristics (composition and eccentl'icity) and the 
incidence and extent of dissection seen with intravascular ultrasound (IVUS) in vitro and 
in vivo. 

III vitro 
Plaque composition 

Soft 
Mixed 
Hard 

Plaque eccentricity 
Eccentric 
Concentric 

III vivo 
Plaque composition 

Soft 
Mixed 
Hard 

Plaque eccentricity 
Eccentric 
Concentric 

DISCUSSION 

II 

24 
10 
8 

21 
16 

38 
27 

8 

47 
24 

Dissection 

Absent 

t3 (54%) 
4 (40%) 
3 (38%) 

12 (57%) 
6 (38%) 

13 (34%) 
10 (37%) 
4 (50%) 

19 (40%) 
8 (31 %) 

I\1inor Major p 

5 (2t %) 6 (25%) 0.15 
5 (50%) (10%) 
5 (62%) 0 

6 (29%) 3 (14%) 0.40 
8 (50%) 2 (13%) 

17 (45%) 8 (21%) 0.16 
15 (56%) 2 (7%) 

(13%) 3 (37%) 

19 (40%) 9 (19%) 0.54 
14 (54%) 4 (15%) 

Intravascular ultrasound enables to study not oniy the lumen but also the vessel wall 

before and after intervention. This explains the superiority of IVUS over angiography in 

assessing plaque characteristics and the presence of vascular damage [4,7,8,10]. Previous 

histologic studies have shown that the presence and extent of dissection was related to 

lesion characteristics [14,15,17] which gave rise to the hope to better treat patients by 
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reducing the incidence of (severe) dissections following vascular interventions, using 

IVUS-derived parameters of plaque characteristics. 

In this study we investigated the potential of IVUS to detect the presence, extent, and 

location of dissection following balloon angioplasty, and we assessed the relationship of 

these findings with plaque characteristics. 

Fjgure 4. Intravascular ultrasound cross~sections obtained before and after balloon angioplasty in vivo. 
According to the definition the plaque was defined eccentric. + = catheter; calibration = 1 nml. 

In the present study the incidence of dissection at the target site was 88 % in the 

histologic sections, and 52 % and 63 % in the in vitro and in vivo IVUS images, 

respectively. Reviewing the IVUS images obtained in the whole vascular specimen the 

frequency of dissection increased in vitro from 22 (52 %) to 30 (71 %) and in vivo from 

45 (63%) to 72 (99%) dissections, respectively). Tltis raises the question, whether 

dissections at the target site are in fact absent or rather not visualized by IVUS. It has 

been suggested that histologic processing may have induced dissections, leading to false 

negative results by IVUS; tItis is not likely as we experienced that dissections did not 

occur in histologic sections far from the dilation site [21]. 

Moreover, comparison of the histologic sections and corresponding IVUS images 

revealed that IVUS underestimates the extent of dissections. This is particularly evident 

in hard plaques where calcification may prevent imaging of the dissection cleft: the 

median difference in extent of dissection in the ltistologic section and IVUS image was 

15° (range -30° - 150°) for soft plaques and 105° (range 0 - 270°) for hard plaques 

(p<O.OI). 

In the present study dissections were found generally at the thinnest site of the plaque. 

Lee and coworkers [22] used a computational structural analysis based on IVUS images 
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to identify regions of high stress in the atherosclerotic vessel wall. They concluded that 

with the use of this computational method it was possible to predict the location of plaque 

fracture after angioplasty, but that IVUS may not be useful for predicting the ultimate 

balloon inflation pressure necessary to cause plaque fracture. Generally, these high stress 

regions were located near the junction of plaque with more normal vessel wall, which 

corresponds with the thinnest plaque regions in our study. Our findings are also in 

agreement with histologic studies following balloon angioplasty showing a separation of 

the relatively inelastic plaque from the arterial wall near the edges of the plaque, and a 

stretching of the arterial wall [23-25]. 

We found no relation between plaque composition and eccentricity, and the incidence, 

extent, and location of dissection both in vitro and in vivo. This result differs from 

fmdings of other IVUS studies; the fmdings were equivocal as several studies established 

a relation between hard (calcified) plaque and the incidence of dissection following balloon 

angioplasty [8-10], while others found a trend towards more post-angioplasty dissections 

in soft (non-calcified) plaque than in hard (calcified) plaque [5]. The underestimation of 

the extent of dissection in calcified plaques in the present study may partly explain the 

absence of a relation between plaque composition and dissection as more major 

histologically confirmed dissections were found in plaques containing calcium (hard and 

mixed plaques) than in soft plaques. The latter result confirmed the previously mentioned 

histologic studies [15,17]. 

Similarly, contradictory IVUS results regarding plaque eccentricity and dissection 

were encountered: Tenaglia et al. [6] found 50% dissections in both eccentric and 

concentric plaques, while Honye et al. [8], found fractures predominantly in eccentric 

plaques (77 % vs 22 %). As these contrary results may be explained by different definitions 

of plaque eccentricity we also searched for a relation between dissection and plaque 

eccentricity based on the presence of a partly disease-free wall; however no significant 

relation was found. 

Stndy limitations 

The sensitivity of IVUS in detecting dissections at the target site in the in vitro study 

may have been lower compared to the in vivo study, as mainly coronary arteries were 

studied in which a stenting effect of the catheter may occur [9]. The incidence of 

dissection increased when the whole dilated segment rather than the target site was 

studied. In the present study the relation between plaque characteristics and dissection was 

studied at the target site as plaque morphology and eccentricity varies significantly 

thronghont the artery. The technical development of 3D-IVUS may result in an axial 

assessment of plaque morphology in atherosclerotic segments and in a classification of 
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plaque eccentricity based on volumetric measurements [26-28]. Tissue identification by 

radio frequency signal processing may perhaps in the future permit the classification of 

plaques which are prone to severe dissection [29]. 
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Abstract-In Ihis study, intcrobsCn'cr agreement on intravascular ultrasound data obtained before and 
after balloon angioplasty (PTA) of Ihe superflclal femoral arlery was assessed. Two observers analyzed 
intra\'ascular uUrasound cross·sections from 38 palleuls. Interobscncr agreement was good for soft and 
hard lesions, dissection and \'aseular damage (kappa values 0.61, 0.67,0.69 and 0.66, respectinly); moderate 
for ecccntric Icslons (kappa 0.45); fair for media ruptures (kappa 0.25); and poor for lipid deposits and 
plaque ruptures (kappa 0.0 and 0.04, respectively). Differences for the arc of normal wall and hard lesion 
were not significant, but were for dissection. There were no significant interobsernr differences between 
area measurements, The coefficient of \'ariation for free lumen area and media· bounded area before PTA 
was 17.2% and 10.5% and after PTA 11.2% and 9.2%, respecth·ely. This study identified the intravascular 
ultrasound parameters that are reproducible. 

Key Words: Intra\'ascular ultrasound, Reproducibility, Peripheral arteries, Balloon angioplasty. 
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INTRODUCTION 

From intravascular ultrasound studies performed in 
vitro it was shown that the characteristics of both the 
atherosclerotic lesion and arterial wall seen on ultra­
sound relate to the histologic composition (Gussenho­
yen et al. 1989a,b; Mallery et a1. 1990; Potkin et a1. 
1990; Tobis et al. 1989). The location and thickness 
of the lesion measured from the ultrasound images 
correlated well with the data derived from the corre­
sponding histologic sections. Intra- and interobserver 
agreement of ill vitro and ill vivo images obtained prior 
to intervention from normal and diseased peripheral 
arteries have shown good correlation for quantitative 
measurements (di Mario et al. 1992; Wenguang et al. 
1990, 1991). However, a systematic analysis of the 
interobserver agreemeut on the qualitative and quanti­
tative intravascular ultrasound parameters obtained 
clinically prior to and following balloon angioplasty 
in peripheral arteries is lacking. 

The purpose of this study was to determine thc 
interobservcr agreement on qualitative and quantitative 
intravascular ultrasound parameters obtained in a clini­
cal setting before and after balloon angioplasty of the 
superficial femoral artery. 

Address for correspondence: Dr. E. J. Gussenho\'eo, Erasmus 
University Rotterdam (Ee 23(2), P.O. Box 1738.3000 DR Rotter­
dam, The Netherlands. E-mail: Iugt@tch.fgg.eur.ni 

METHODS 

/ntrm'asclliar ultrasound imaging 
In 38 patients (29 men, 9 women; ages 64 ± 10 

years), intravascular ultrasound was performed before 
and after balloon angioplasty for treatment of occlusive 
superficial femoral artery diseasc. Patients were in­
cluded in the study after written informed consent. 
Intravascular ultrasound studies were performed using 
mechanical systems based on a single ultrasound ele­
ment (30 MHz). Nine patients were studied with the 
CVIS "Insight" system (Sunnyvale, CA) using a 4.3F 
flexible catheter containing a rotating mirror; 29 pa­
tients were studied with the Du-MED system (Rotter­
dam, The Netherlands) using a 4.3F flexible catheter 
("Princeps") containing a rotating element. Before 
and immediately after balloon angioplasty the intravus-
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cular ultrasound catheter was advanced distally and 
cross-sections were recorded during pull-back of the 
catheter together with their frame number. Images for 
analysis were recorded with I -em interyuls. Under 
fluoroscopic control, the location of the intravascular 
ultrasound catheter was systematically compared with 
the radiopaque ruler; its location was indicated manu­
ally on the video monitor (Gussenhoven et al. 1991). 
The resulting images were displayed on the monitor 
via a video-scanned memory and stored on an S-VHS 
recorder. The videotapes were reviewed and, according 
to the protocol, all cross-sections within the treated 
segment (intervall COl) obtained before and after bal­
loon angioplasty underwent qualitative and quantita­
tive analysis. 

Two experienced observers from different institu­
tions took part in the data acquisition in their own 
hospitals. TIle cross-sections selected by one observer 
were subsequently analyzed by the other observer us­
ing the unique frame number as marker for the cross­
sections. 

First, the intravascular ultrasound parameters used 
in tlus study were defined. To get acquainted with the 
application of these definitions the selected intravascu­
lar ultrasound cross-sections (64 before and 38 after) 
of the rust five patients (not included in this study) 
were analyzed by the two observers after which dis­
agreement was discussed and solved by consensus. 
Subsequently, the selected intravascular ultrasound 
cross-sections of each patient in this study (median 
five per patient; range 2-12) were independently ana­
lyzed by the two observers (1/ = 192 before and n = 
212 after balloon angioplasty). 

Qllalitative aI/a lysis 
Cross-sections were assessed for lesion topogra­

phy and morphology seen before balloon angioplasty 
and for presence of vascular damage seen after inter­
vention. Criteria for evaluating the qualitative features 
with intravascular ultrasound have been described pre­
viously (Gerritsen et al. 1993; Gussenhoven et al. 
1991, The et al. 1992). Lesion topography may be 
either eccentric or concentric. Lesion morphology may 
include fibromuscular/fibrous/thrombus (echo-soft), 
calcification (echo-hard with shadowing) and/or lipid 
deposit (echo-poor). These morphologic features may 
be present simultaneously in one cross-section. After 
balloon angioplasty, the presence of dissection, plaque 
mplure and media mpture was documented. These fea­
tures may be present simultaneously in one cross-sec­
tion. Tn the presence of one or more of these features 
"vascular damage" was scored. 

The arc of normal wall, hard lesion and dissection 
that subtcnds the circumference was graded by visual 
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estimation according to the hours of a clock with the 
center of the vessel as reference (1 h corresponding to 
300 of a sector). In the presence of multiple calcium 
deposits and or dissections, the total sum was calcu­
lated. For instance, a lesion may involve 5 adjacent 
hours of the circumference leaving the remaining 7 
disease-free (nomlal). 

Quantitative analysis 
Quantitative measurements were performed using 

a computer-based analysis system (Wenguang et al. 
1990, 1991). Analysis included measurement of free 
lumen area and media-bounded area (Fig. I). In the 
absence of a visible tunica media on intravascular ul­
trasound, the ad\'entitia was llsed as reference. 

During off-line quantitative analysis of the free 
IUlllen area, it was experienced that the presence of 
strong scattering due to blood may cause difficulties 
in discrimination of the luminal boundary. To diminish 
this problem, echo images were replayed several times 
on real-time on an additional video monitor to distin­
guish the luminal boundary from the echoes of blood­
scatter. 

Definitions 
Eccentric lesion was involved when part of the ves­

sel wall was disease-free. The vessel wall was judged to 
be normal when the lesion thickness was 0.5 mm or less. 
Soft lesion was defined as having a homogeneous or 
bright echostructure superimposed on the arterial wall 
without shadowing. Hard lesion was recognized by the 
presence of a bright cchostructure superimposed on the 
arterial wall ca<;ting peripheral shadowing. Lipid deposit 
was defined as a hypoechoic region inside a lesion. 

Dissection was defined as the presence of a tear 
in the intimal surface separating the lesion from the 
underlying arterial wall. Plaque rupture was defined 
as a radial tear in the intimal surface perpendicular to 
the arterial wall. Media rupture (i.e., internal elastic 
lamina mpturc) was defined as an interruption in the 
internal elastic lamina which exposes the hypoechoic 
media or hyperechoic ad\'entitia to arterial lumen. \'as­
cldar damage was defined as the presence of dissec­
tion, plaque rupture and/or media rupture. 

Free b,melj area (mm2
) was defined as the area 

encompassed by the inner boundary of the intimal sur­
face (characterized also by the presence of blood). 

Media-bollnded area (111m2) was defined as the 
native vessel area bounded by the inner medial border. 

Statistical analysis 
First, the interobserver reproducibility for the pres­

ence or absence of each qualitative parameter was ex­
pre-ssed as unweighted Cohen's kappa coefficient (Cohen 
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Fig. l. Corresponding intravascular ultrasound cross-sections obtained from a patient before and after balloon 
angioplasty (PTA) of the superficial femoral artery using the CVIS system. Before PTA (left), a soft eccentric 
lesion was involved; after PTA (right) a dissection was diagnosed. The extent oflhe arterial wall that was discase­
free was I h (6 o'clock) and of the dissection, 4 h. The intravascular ultrasound cross-sections are contour-traced 

off-line for free lumen area (inner contour) and media-bounded area (mIter contour). Calibration = 0.5 mOl. 

1960). Kappa values range from -1 to + 1. Kappa equals 
+ I when there is complete agreement between two ob­
servers, Kappa equals 0 when observed agreement is 
equal to that expected by chance alone. When agreement 
is less than chance agreement then kappa has a negative 
value. Kappa values below 0.20 represent poor 
agreement; values ranging from 0.20 to 0.40 represent 
fair agreement; values from 0.40 to 0.60 represent moder­
ate agreement; those from 0.60 to 0.80 represent good 
agreement; and values greater than 0.80 represent very 
good agreement (Landis and Koch 1977). 

Second, the total percentage of agreement wa" cal­
culated as a percentage of all comparisons for each diag­
nostic categOI), that showed agreement, regarding either 
the absence or the presence of the diagnostic category. 

Third, to describe the agreement between the ob­
servers in the extent of the qualitative parameters and 
the measurements of the free lumen area and media­
bounded area, mean and standard deviations of the 
paired differences between the two observers were 
given, For data related to the extent of qualitative pa­
rameters, images in which both observers agreed on 
the presence of these features were considered. The 
Student's I-test for paired observations was used to 
test whether there were systematic differences between 
observers. The degree of interobserver variation is pre­
sented with a coefficient of variation defined as the 
standard deviation of the paired difference divided by 
the mean of the absolute value. A p-value < 0.05 was 
considered statistically significant. 

Fourth, the absolute paired differences in quantita-

tive measurements between the systems used were 
compared using the Wilcoxon two-sample test. 

RESULTS 

The interobserver reproducibility of the qualita­
tive intravascular ultrasound parameters obtained be­
fore and after balloon angioplasty are summarized in 
Table I. There was good agreement for soft lesion, 
hard lesion, dissection and for vascular damage (Figs. 
1-3). lVloderate agreement was observed for eccentric 
lesion. Fair agreement was found for media rupture. 
Poor agreement was found for lipid deposit and for 
plaque rupture. 

Table l. Kappa values and total percentage of agreement 
(TA) for all intravascular ultrasound qualitative parameters 

seen before (11 = 192) and after (II = 212) balloon 
angioplasty (PTA). 

Kappa TA 

Before PTA 
Eccentric lc,ion 0.45 73% 
Soft lesion 0.61 9--1-% 
Hard lesion 0.67 85% 
Lipid deposit 0.00 95% 

After PTA 
Disseetion 0.69 85% 
Plaque rupture om 71% 
Media rupture 0.25 86% 
Vascular damage 0.66 83% 

/I '" Numba of cross-sections. 
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Fig. 2. Intrava5cularultrasound cross-section obtained from a 
patient before balloon angioplasty of the superficial femoral 
artery using the Du-l\.1ED system. The lesion involved was 
eccentric and soft in nature. The hypoechoic region seen at 
10-11 o'clock may suggest the presence of lipid deposit, 
but could also be an artifact of attenuation. TIle arc of dis­
ease-free arterial wall is 2 h (5 o'clock). + = catheter; 

calibration = I mm. 

Differences between the two observers were lIot 
significant for the arc of nonnal wall and hard lesion; 
differences for the arc of dissection were significant 
(Table 2). 

In 165 of the 192 cross-sections obtained before 

Fig, 3. Intravascular ultrasound cross-section obtained from 
a patient after balloon angioplasty of the superficial femoral 
artery. The lesion involved, eccentric and soft in nature, 
became dissected from the arterial wall. Both the extent of 
the dissection (between 2 and 4 o'clock) and media rupture 
were 2 h (at 3 and at 7 o'clock). + = catheter; calibration 

= I mm. 
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Table 2. Paired difference and coefficient of variation 
between the two obsef'/ers of qualitative parameters 

(nomlal wall, hard lesion and dissection) 
expressed as arc in hours. 

Coefficient 

" Paired difference of variation 

NonnaI waIl 75 0.2 ± 2.1 (NS) 5% 
Hard lesion 50 -0.2 ± 1.1 (NS) 34% 
Dissection 70 0.6 ± 1.6 (S) 21% 

Data represent mean and standard deviation; /I = number of cross­
sections; NS = not significant; S = significant. 

intervention, and 177 of the 212 cross-sections ob­
tained after intervention, media-bounded area could be 
assessed. In 62 cross-sections (27 before and 35 after 
intervention), media-bounded area could not be as­
sessed due to calcification and/or inadequate image 
quality. There was no significant interobserver bias for 
free lumen area and media-hounded area calculated 
before and after balloon angiopiasty (Table 3). The 
coefficient of interobserver variation was 17.2% and 
10.5% for free lumen area and media-bounded area, 
respectively, before intervention and 11.2% and 9.2% 
for free lumen area and media-bounded area, respec­
tively. after intervention. Results of tile Wilcoxon Iwo­
sample test showed that the mean absolute difference 
of the free lumen area and media-bounded area ob­
tained with the two intravascular ultrasound systems 
used was not significantly different. 

DISCUSSION 

Reliable distinction between different qualitative 
features and assessment of quantitative parameters 
with intravascular ultrasound both before and after in­
tervention is important for clinical practice. Tenaglia 
et al. ( 1992) were the first to report on the observer 
agreement on qualitatiye analysis of intracoronary ul­
trasound images. The reported kappa values were 0.70 

Table 3. Paired differences and coefficient of variation 
between the two observers of the area measurements 
obtained before and after balloon angioplasty (PTA). 

Paired difference 

Before PTA 

Coefficient 
of variation 

Free lumen area +0.22 ± 2.07 mml (NS) 17.2% 
Media-bounded area -0.02 ± 3.05 mm~ (NS) 10.5% 

After PTA 
Free lumen area +0.03 ± 1.94 mml (NS) 11.2% 
~Iedia-bounded area -0.11 + 3.03 mm! (NS) 9.2% 

Data represent mean and standard deviation. NS = not significant. 
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for hard, 0.42 for eccentric and 0.66 for dissection, 
respectively. Similar kappa values were found by Pe­
ters et a1. (1994) for calcium (0.9) and for eccentric 
lesion (0.5). In addition, they reported low kappa val­
ues for intimalthickerung (0.3). and for lipid (-0.1). 
Furthermore. Hausmann et a1. (1994) established that 
intravascular ultrasound parameters assessed qualita­
tively (presence of nomlal wall, plaque or calcium) 
showed excellent agreement within and between ob­
servers; quantitative parameters also showed low vari­
ability. Unfortunately. important issues such as vascu­
lar damage and quantitative analyses seen after inter­
vention were not part of their study (Hausmann ct a1. 
1994; Peters ct at 1994). 

The present study with intravascular ultrasound 
performed in peripheral arteries revealed a high repro­
ducibility for the detection of soft lesion, hard lesion, 
dissection and vascular damage. We postulate that the 
moderate agreement found for eccentric lesions (kappa 
value 0.45) may be due to the definition used: "eccen­
tric lesion was involved if the lesion measured 0.5 
mm or less at the normal vessel wall." This arbitrary 
criterion assessed by visual estimation might have in­
fluenced the outcome of data. 

Unequivocally, the diagnostic accuracy for lipid 
deposit was poor (see also Fig. 2). Although the total 
agreement was high, the kappa value was low. Total 
agreement was high because both observers had not 
seen lipid deposits inside the lesion in most of the 
cross-sections. However, as they did not agree in the 
few cases in which they scored lipid deposit. kappa 
value was therefore low. The accuracy of intravascular 
ultrasound to detect lipid deposit in coronary arteries 
may be hampered because echolucent areas may alter­
natively represent acoustic drop-out, a dissection, or a 
thick media (Peters et al. 1994). Tn addition to lesion 
composition, gain setting of the system and angle of 
incidence are known to be important determinants that 
inflUence the echogenicity of a lesion (di Mario et a1. 
1992; Potkin et a1. 1990). Recent ill vitro studies 
showed that the sensitivity for lipid detection was low 
( <30%) and the specificity of this finding was high 
(>80%) (Gussenhoven et a!. 1994; Sechtem et a!. 
1993). For this reason, we are reluctant in diagnosing 
lipid deposit (i.e., "instable plaque") with the current 
intravascular ultrasound systems. 

After balloon angiopiasty, we found a good 
agreement for dissection and vascular damage; similar 
kappa values for dissection (0.66) were reported by 
Tenaglia et al. (1992). However, agreement for media 
rupture was fair and. for plaque rupture, poor. This 
may be related to the resolution of the intravascular 
ultrasound system used. Whereas a dissection may 
present as a large well-delineated feature, both plaque 
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rupture and media rupture were usually small and may 
potentially be overlooked. 

It is also noteworthy, that differences for the arc 
of normal wall and hard lesion were not significant, 
but were for dissection (see Table 2). The reason for 
this difference may be related to the visual estimation 
of the arc of the dissection. It is not uncommon that 
the arc of dissection represents a sum of dissections 
seen in one cross-section. We assume that, if a protrac­
tor was used, a more reproducible measure might have 
been obtained. 

Finally, the reproducibility of the quantitative data 
in this study was high for free lumen area and media­
bounded area calculated before and after balloon angio­
plasty. Moreover, data obtained with the two ultra­
sound systems used were not significantly different 
both before and after intervention. This observation is 
of crucial importance given the fact that recent intra­
vascular liitrasound studies in both coronary and pe­
ripheral arteries have shown that quantitative assess­
ment of free lumen area and diameter seen following 
balloon angioplasty are predictive factors of failure 
(Gussenhoven et al. 1995; Jain et al. 1994). 

It should be noted that a limitation of this study 
is the low number of cross-sections available with the 
CYIS system. In addition, the analyses for this study 
were executed off-line. It is a challenge to know 
whether similar results can be obtained on-line, for 
example, in "battle-field conditions" for decisionmak­
ing during intervention. 

In view of the clinical application of intravascular 
ultrasound, it is important to know which intravascular 
ultrasound parameters are reproducible for clinical de­
cisionmaking. 

SUMllIARY 

This study indicates that highly reproducible intra­
vascular ultrasound parameters include: (1) soft lesion, 
hard lesion and dissection; (2) the arc of nomlal wall 
and hard lesion; and (3) the quantitative assessment 
offree lumen area and media-bounded area both before 
and after balloon angioplasty. 
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Intravascular ultrasonography before and 
after intervention: In vivo comparison 
with angiography 
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Nicolaas BOItl, PhD, Lukas C. van Dijk, MD, Nico A. J. J. Du Bois, MD, 
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Pmpo1t: To compare the additional capacity of intravascular ultrasonography \'crSliS 

angiography to assess morphologic features and lumen dimension, 37 patients wldcrgoing 
vascular inten'cntion of the common iliac or superficial femoral artery were studied. A 
total oflSI ultrasonic cross sections were anal)'zed (94 before and 87 after intervention). 
Afethodr and Ruulh: Before intervention intravascular Ultrasonography distinguished 
normal cross sections (IJ = 17) from cross sections with a lesion (11 = 77): soft (51%) 
versus hard (31%) lesions, and eccentric (75%) versus concentric (7%) lesions. After 
intervention intravascular ultrasonograph),documented dissection (43%), plaque rupture 
(10%), and internal clastic lanlina rupture (8%). A good correlation between ultrasonog­
raph)' and angiography was found for the recognition of eccentric or concentric lesions and 
dissections. The degree of stenosis was assessed semiquantitatiYely by yisual estimation of 
the degree of luminal narrowing from the angiograms and intravascular ultrasonic imagcs 
and was categorized into four classes: (1) normal, (2) less than 50% stenosis, (3) 50% to 
90% stenosis, and (4) greater than 90% stenosis. Intra\'asctdar ultrasonographic 
assessment of stenosis was in agreement with angiograph)' in 78% of cases and showed 
more severe lesions in 22% before intervention. Similar data were observed after 
inten'ention, with 72% of results being in agreement and 28% of cases showing more 
severe lesions. The degree of stenosis was also quantitatiycJ), e,'aluated by computer-aided 
analysis of the intra,'ascular ultrasonic images. The semiquantitative analysis by intra\'as­
cular ultrasonograph)' corresponded well with the quantitative analysis done by the 
computer-aided system. When both echography and angiography suggested that arteries 
were normal, quantitative intra\'ascular ultrasonograph)' identified lesions that occupied 
an average of 18% of the cross-sectional area of the vessel. 
COlldm;om: This in yiYO study shows that intrayascular ultrasonography is capable of 
documenting detailed morphologic features. Semiquantitath'e ultrasonic data correlate 
closely with those of angiography, albeit stenoses were assessed as more severe on 
ultrasonography. a VAse SURG 1993;18:31-40.) 

Balloon angioplasty is a \vidcI}' used technique for 
the endovilscular treatment of limited vascular ob· 
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stmcth'e disease. There seems, however, to be a 
discrepancy between the initial (technical) success 
rate (88%) and the disappointing late patenc), rate as 
a result of the high incidence (48%) of restenosis after 
5 years. I ,2 Apparently, there is room for improve­
ment by better diagnostics and, perhaps, intravascu­
lar ultrasonography may lead the way. 

Contrast angiography is still the standard proce· 
dure for evaluation of vascular diseases. The system is 
able to map the vascular tree, by giving a luminal 
silhouette of the vessel. However, data on the compo­
sition of the atherosclerotic lesion are difficult to 
obtain. In contrast, intnwascular ultrasonography 
enables analysis of the vessel wall components by 
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Fig. 1. Intra\'ascular ultrasound catheter together with diagram. Ultrasound crystal inside 
dome rotates so thatcrosNtttional image of artery em be obtained. (Reprinted with permission 
of the EIIYOPffI/J Jotll1U11 fW V(I$wfnY StnlJoy from Gussenhoven \VJ, Essed CE, Frietman p. et 
al. Eur J Vase Surg 1989;3:571-6.) 

providing cross-sectional images. 3
.
8 Changes in size 

can be measured quantitatively, thereby defining 
criteria for eflectiveness of intervention.9 •16 

This study was done in patients undergoing 
recanaliz.1tion procedures to identify the additional 
value of intravascular ultrasonography compared 
with single-plane angiography in determining mor­
phologic features and the reliability of intravascular 
ultrasonography for semiquantitative assessment of 
luminal dimensions. 

PATIENTS AND METHODS 

From NO\'ember 1989 to February 1992, 29 
male and eight female patients (mean age 67 years; 
range 49 to 83 years) underwent vascular recanali­
zation for disabling claudication. The common iliac 
artery was inmh'ed in six patients and the superficial 
femoral artery in 31 patients. Balloon angioplasty was 
performed in 28 patients of whom five underwent a 
laser-assisted balloon angioplasty. Balloon angio­
plasty was performed with a standard 10 mm balloon 
for the iliac artery and a 6 mm balloon for the 
superficial femoral artery (Cordis, Roden, The Neth-

erlands). A Gore-Tex* fabric bypass graft was used in 
six patients (one common iliac artery, five superficial 
femoral arteries) and a saphenous vein bypass graft in 
three other patients (superficial femoral artery). 

Intravascular ultrasonography. A 5F (1.6 mm 
dianleter) real-time imaging catheter with a 1 mill 
diameter, 30 ]o,1Hz single-element transducer at the 
tip was used (Du-MED, Rotterdam, The Nether­
lands) (Fig. 1). The system is based on a mechanically 
motor-dri,'en rotating catheter tip element connected 
to a flexible drive shaft. The element is covered by an 
acoustically transparent dome. A-xial resolution is 75 
p.m and lateral resolution is better than 225 p.m at a 
depth of 1 mm. The unit is connected to a prototype 
instmmem that provides continuous real-time cross 
sections of the vessel wall (up to 16 images per 
second). The ultrasonic images are displayed on a 
monitor by means of a video-scanned memory of 
512 X 512 pi.xels with 256 gray lewis. 

Procedure. The intravascular ultrasonography 

'Gore-Tex is a regi'itered trademark ofW.L. Gore & Associates, 
Inc., F!agstJ.fl: Ariz. 
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study was approved by the local Committee on 
Human Research and informed consent was ob­
tained from each patient. 

First a 7F introducer sheath, either percutane­
ously or by direct puncture of the common femoral 
or superficial femoral artery, was positioned. In cases 
of origin occlusion of the femoral artery the sheath 
was placed via surgical dissection through a small 
groin incision. The presence and location of obstruc­
tive lesions were first reconfirmed routinely by 
single-plane angiography. A radiopaque ruler was 
used to match angiographic with ultrasonographic 
data. Then the ultrasound catheter was ad\ranced. 
After the catheter was introduced beyond the steno­
sis, or as far as possible in cases of total occlusion, 
cross-sectional images were obtained by slow retrac­
tion of the catheter. The position of the catheter tip 
was recorded under fluoroscopy with the use of a 
radiopaque ruler (Fig. 2). If necessary, 5 tnl of 
heparinized saline solution was injected through the 
introducer sheath to replace the echogenic blood to 
achieve a better outline of the lumen.15,16 After 
intervention a repeat angiogram was made followed 
by a second examination with intravascular ultra­
sonography (Fig. 2). The total ultrasonic investiga­
tion took no longer than 15 minutes. 

Definition of edlOgraphic features. Soft lesion 
was recognized as having a homogeneous echo 
structure without shadowing. Hard lesion was recog­
nized by the presence of a bright echo stnIcture with 
complete shadow of the ultrasonic signal beyond the 
lesion. I6 COllcmhic lesion \vas defined as a lesion 
distributed along the entire circumference of the 
vessel wall in a cross section. I7 ECCCllhic lesion was 
defined as a lesion that involved one part of the 
circumference of the vessel wall in a croSS section, 
leaving the remaining part free of disease. I7 Dissection 
was defined as the presence of a separation of the 
lesion from the underlying arterial wall. Plaque 
mptlll'e was identified as an interruption in the lesion 
(intimal) surface. Internal elastic lamillll mpttll'e was 
defined as an interruption in the internal elastic 
lamina. I6 

Analysis of data, From each patient correspond­
ing angiographic sites and intravascular cross sec­
tions with and without pathologic conditions before 
and/or after intervention were selected for com­
parison. Angiographic and ultrasonographic data 
were analyzed independently by two blinded in­
vestigators (M.F. and E.J.G.). QlIantitau\'C ultra­
sound measurements were performed by one in-

Fig, 2. Angiographic and intravascular ultrasonographic 
cross sections obtained from superficial femoral artery 
before and after baHoon angioplasty. Under fluoroscopy 
radiopaque ruler is used to mark position of ultrasound 
catheter. Before intervention normal arterial segment is 
seen proximally (at level 24). From b'eI 26 to 32, 6 em 
long stenosis is observed. At level 26 stenosis seen 
angiographicallr is 50% to 90%; with ultmsonography 
stenosis is greater than 90%. At level 32 angiography and 
ultrasonography dassif).' obstruction as 50% to 90% 
stenosis. Aneurysm is seen at lewl 33. At !eYeI 34 
obstruction is classified as less than 50% by both angiog­
raphy and ultrasonography. Lesions seen at b·els 26, 32, 
and 35 are classified as eccentric soft lesions. After balloon 
angioplast)', normal cross-sectional site is seen at le\'c1 24 
angiographically and on ultrasonography. At lewl 26 
disstXtion is seen with both techniques, but degree of 
stenosis is discordant: less than 50% on angiography and 
50% to 90% on ultrasonography. Obstmction is related to 
large lesion dissected from arterial wall. At le\'c132 similar 
discordant analysis is found: on angiography less than 50% 
and on ultrasonography 50% to 90%. At level 34 aneurysm 
is seen. Note echogenicity of blood imide aneurysm in 
postinteryentional photograph compared with other cross 
sections in which saline is used to replace blood. At le\'c135 
both angiography and ultrasonography reveal residual 
stenosis of less than 50%. PIllS sign indicates catheter; 
calibration, 1 mm. 

vcstigator (Y.Z.) without knowledge of the semi­
quantitative data. 

QJ((I/itatiJ'e analysis included determination of 
lesion composition (hard/soft) and lesion topogra­
phy (eccentric/concentric) before intervention and 
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Fig. 3. Intravascular ultrasonographic cross sections of superficial femoral artery before and 
after balloon angioplasty showing traced contours of free lumen and media-bounded lumen 
area. Region enclosed by two contours is lesion area. Quantitative results before and after 
intervention are provided. (Reprinted in part with permission of Cirm/nfiOJJ trom The SHK, 
Gusscnhm'en EJ, Zhong Y, et al. Circulation 1992;86:483-93.) 

Fig. 4. Angiographic and intr.l.vJ.scular ultrasonogmphic cross section of superficial femoral 
artery after balloon angioplasty. At le\'e133 both techniques rc\'ea1 dissection. Semiquantitative 
and quantitative anal),ses with respect to degree of stenosis were not possible echographically 
given inadequate ultrasound information seen beyond dissection (l11'ro1l'). PIllS sigll indicates 
catheter; calibration, 1 mm. 

assessment of dissection, plaque mpturc, and internal 
elastic lamina mpture after intervention. 

In qllfwtitatil'c allalysis the degree of stenosis was 
semiquantitativeiy characterized by visual estimation 
from angiograms and intravascular ultrasonic images 
into four classes: (1) normal, (2) less than 50% 
stenosis, (3) 50% to 90% stenosis, and (4) greater 
than 90% stenosis. 

Angiographically, with the normal proximal ves­
sel segments used as reference, the percentage diam­
eter stenosis was determined. Because only single-

plane (anteroposterior) angiogranls were available, 
no absolute quantit<1tive measurements could be 
obt<1ined. 

Echographicilly the pen.:cntage flr((J stenosis W<1S 
determined with the area bounded by the hypoechoic 
media layer used as reference to the free lumen area. 
\Vhen the hypoechoic media was not well seen 
circumferentiaJl}, because of a calcified lesion, an 
adjacent cross section was used to determine the 
media-bounded area. Ultrasonic cross sections that 
showed the remaining frce lumen completely filled by 
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Fig. 5. Angiographic and intravascular uItrasonographic cross sections obtained before 
int~r\'Cntion showing discrepancy in classification of stenosis. At Ie\'el II angiography judges 
stenosis Ic5s than 50% (mnmQ. On ultrasonography large eccentric soft lesion is seen classified 
as 50% to 90% stenosis. PillS sign indicates catheter; calibration, 101m. 

the ultrasound catheter were classified as having 
greater than 90% stenosis. 

The accuracy of the proposed semiquantitative 
assessment by visual estimation derived from the 
ultrasonic cross sections was first tested with data 
derived from a computer.aided method for quanti­
fication available from 100 ultrasonic cross sections 
with atherosclerosis. 18,19 With this computer-aided 
analysis system the quantitative assessment of lumen 
area and lesion area was performed by tracing the 
contours of the free lumen and the lumen bordered 
by the arterial media (Fig. 3). To facilitate the oil·line 
quantitative analysis ultmsound images were re­
played on a separate video monitor. In those in­
stances in which partial dropout of the echoes from 
the luminal contours (for free lumen are-a) or medial 
layer (for media-bounded area) was noted, the 
contours were estimated by means of continuity from 
the adjacent cross sections. From these data the 
percentage area obstruction was calculated. 

For the present study all ultrasonic cross sections 
selected were analyzed with this computer-aided 
system to compare the absolute measurements with 
the semiquantitati\'e assessment by \'isual inspection. 

RESULTS 
In this study no adverse e(fects attributable to the 

use of the ultrasound catheter were observed. In 23 
patients intravascular ultrasonographic data were 
available both before and after intervention. In three 
of these 23 patients no corresponding angiographic 
data were available before the intervention because of 
occlusion of the origin of the superficial femoral 
artery. In se\'en patients the ultrasonographic data 

were obtained before intervention only for the 
following reasons: no inten'ention was deemed 
necessary in two patients; operation was more 
appropriate than the planned balloon angioplasty in 
two other patients; the sheath was accidentally 
removed after balloon angioplasty in another two 
patients; and in one patient the radiologist refrained 
to use the ultrasound catheter ,vithin the dilated 
segment given the potential risk for additional vessel 
dissection. 

In se,'en other patients ultrasonographic data 
were obtained only after inten'ention for the follow­
iog reasons: a total occlusion was known in four 
patients for which saphenous vein bypass (in three 
patients) or prosthetic bypass grafting (in one 
patient) was plarmed, ,md in three other patients 
inexperience with logistics of the procedure resulted 
in absence of data before ioten'ention. 

J nitially 193 ultrasonic cross sections were se­
lected for comparison with the corresponding angio· 
graphic site (as determined by the radiopaque mler): 
of these, 12 sites could not be used for semiquanti­
tative analysis by visual inspection because of inade­
quate quality of the angiognml at SLX sites and 
inadequate qualityofthe ultrasonic image in six cross 
sections because of a dissection that resulted in <1 

dropout of the echoes in a large sector of the images 
(Fig. 4). 

Qualitative analysis 

Before intervention (11 = 94). For eight ultra­
sonic cross sections no corresponding angiographic 
sites were available for comparison because of total 
obstmction. On comparison of the remaining 86 
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Fig. 6. Intravascular ultmsonographic cross sections obtained trom superficial fcmoml artery 
at corresponding leyels before (Itft) and after (ligbt) balloon angioplasl)' with 6 nun diameter 
balloon. No angiogmm W;ts available before intervention because of origin obstruction of 
superficial femoral artery. Before laser angioplasty, ultrasound catheter was advanced blinded 
proximally to distally through lesion. Ultrasound catheter is seen to be completely surrounded 
by soft concentric lesion. H}'poechoic media is circumfercntially seen, indicating diameter of 
yessel of 3.5 nun (between ntTOWS). After intervention, lesion for major part has disappe.ucd; 
diameter of vessel incre-ased to 4.5 mm. Internal clastic lamina rupture is seen at 9 o'dock 
position c\'idenced as interruption of internal elastic lamina echoes (small arrows). PIlls sign 
indicates catheter; calibration, I mm. (Reprinted in part with permission of Circulation from 
The SHK, Gussenhoyen EJ, Zhong Y, et ,II. Circulation 1992;86:483·93.) 

Fig. 7. Angiographic and intr.lvascular ultrasonographic cross sections obtained from super· 
ficial femoral artery before and after balloon angioplasty. Before intervention, concordant 
classification is obtained from angiogr;lph)' and ultrasonography. At 1,,+e!18 stenosis of greater 
than 90% was obser\'Cd. Lesion is classified as concentric soft. After intervention, dissection is 
seen both angiogr.lphically and on ultrasonography. Angiography judges stenosis as less than 
50%; ultrasonogmph)" howe\'er, reveals 50% to 90% stenosis. Lesion is seen dissected from 
arterial W.lU. Plus Sigll indicates catheter; calibration, I mm. 

Chapter 6 

intravascular ultrasonographic and angiographic 
data, a total of 74 concordant obsen'ations (86%) 
were noted with respect to the absence or presence 
(eccentric/concentric) of the lesion. 

In 17 (18%) of 94 ultrasornc cross sections no 
pathologic conditions were obsen'cd. The lesions 
present were classified as being eccentric in 70 (75%) 
cross sections (Fig. 5), concentric in 7 (7%) cross 
sections (Fig. 6), soft in 48 (51%) cross sections 
(Figs. 5 and 6), and hard in 29 (31%) cross sections. 
Similarly, in 22 (25%) of 86 corresponding angio· 
graphic sites no pathologic conditions were observed 

(no angiogram was available for comparison at eight 
sites for reasons previousl), cited). An eccentric lesion 
was noted in the majority of the sites (11 = 60; 70%) 
and in four (5%) a concentric lesion was invoked. 
The available angiograms did not allow distinction 
between hard and soft lesions. 

After hltervention (u = 87). The occurrence of 
a dissection was the most common finding seen both 
ultrasonographically (11 = 37, 43%) and angio· 
graphicall), (11 = 34; 39%; Figs. 2 through 4 and Fig. 
7). In ani}' three sites a smaH dissection seen 
echographically was missed angiographically. Con· 
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vcrsely) plaque mpture was morc common on 
ultrasonogmphy (11 = 9, 10%), whereas its incidence 
noted on angiography was lower (1/ = 4, 5%). 
Internal elastic lamina rupture present in seven cross 
sections (8%) was evidenced on ultrasonography 
only (Fig. 6). Dissectionoccurred after either balloon 
angioplasty or laser angioplasty; plaque rupture and 
internal clastic lamina rupture were seen only after 
balloon angioplasty. A combination of these mo(­
phologic features noted in the same patient occurred 
in nine patients (12 cross sections). 

Quantitatl\'c analysis 

Computer-aided method versus semiquantita­
tive assessment. The degree of pen:entage area 
obstruction assessed with the computer-aided 
method for quantification available from 100 ultra­
sonic cross sections with atherosclerosis was com­
pared with the semiquantitati\'e method by visual 
inspection. The methods were in agreement in 97 
cross sections. In three cross sections the judgments 
were discordant: visual inspection suggested 50% to 
90% area obstntctions, but the computer analysis 
subsequently revealed 42%, 45%, and 48% area 
obstructions. 

Semiquantitative assessment. Table I Slmlma­
rizes the semiquantitative analysis by \'isual inspec­
tion of the intravascular ultrasonographic and angio. 
graphic d.ata derived from 181 corresponding sites. It 
was found that before intervention (94 sites) the 
intravascular ultrasonographic data were for the 
majority of the cases (73 sites, 78%) in agreement 
with the angiographic data. In the remaining 21 cases 
(22%), the ultrasonic inlages indicated a more severe 
stenosis than judged angiographically (Figs. 2 and 5). 

After intervention similar observations were 
found: of87 corresponding sites, intravascular ultra­
sonography and angiography were concordant in 63 
(72%). In 24 cross sections (28%) intravascular 
ultrasonography showed a higher percentage of area 
stenosis compared with that found by angiography 
(Figs. 2 and 7). In no instance did angiography score 
a higher degree of stenosis than ultrasonography. 

Computet'-aided method. The data of 181 
ultrasonic cross sections subjected to the computer­
aided analysis method are summarized in Table II. It 
was found that the mean percentage area obstfilction 
calculated before and after intervention was in 
accordance with the percentage area obstntction 
classified by the semiquantitative analysis by visual 
inspection. Before intervention, in segments that 
were angiographically and echographically judged as 
normal, the computer-aided analysis method re-

Table I. Semiquantitati\'e assessment by 
visual inspection of the degree of stenosis 
assessed by angiography (percent diameter 
stenosis) and intravascular ultrasonography 
(percent are-a stenosis) before and 
after intervention 

IlItml'llmdnr tdtrmrmogrnpby 

Allgiogmphy NOl1llnl <50% .')0%·90% >90% 

Before (11 = 94) 
Nonnal (II = 22) 17 5 
<50% (/I = 31) 21 10 
50%-90% (II = 27) 21 6 
>90% (/I = 14) 14 

After (/I = 87) 
Normal (11 = 16) 13 3 
<50% (11 = 57) 37 20 
50%-90% (II = 11) 10 I 
>90% (/I = 3) 3 

11, Number of sites analyzed. 

vealed the presence of a lesion that resulted in 
18.8% ± 9.5% obstruction of the media-bounded 
area. Similar data were fOlmd in the "normal" 
cross sections analyzed after intervention (16.8% ± 
11.0%). The degree of stenosis from the ultrasonic 
cross sections semiquantitati\'c1y classified as having 
more than 90% area obstruction was judged as being 
Jess severe when analyzed by the computer-aided 
method (before intervention 83.6% ± 9.1%; after 
intervention 85.8% ± 5.0%). This maybe related to 
a potential stenting effect of the ultrasound catheter, 
which itself has an area of 2.3 01ln2. 20 

The mean luminal diameter of the native iliac 
artery derived from the media-bounded area, mea­
sured by intravascular ultrasonography, varied from 
5 to 10.5 nUll (mean 8.06 ± 1.74 mm). In the 
femoral artery the dianleter measured from 4.5 to 
8 nun (mean 5.82 ± 0.89 nml). 

DISCUSSION 

Parallel with the rapid de\'e1opment of vascular 
interventions, there is a need for new and improved 
instrumentation for vascular imaging. The introduc­
tion of intravascular ultrasonography has received 
considerable interest because it not only yields 
high. resolution images of the vessel lumen but also 
has the unique potelUiai to enable visualization of the 
vessel wall and its pathologic condition. This stimu­
lated the application of intravascular ultrasonography 
as an important research direction in several centers 
throughout the world. 

This article reports our experience with conYen­
tional single-plane angiography and intravascular 
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Table II. Results of the quantitati\7C assessment of the percentage area obstruction with a 
computer-aided analysis system compared with semiquantitative assessment by visual inspection of 
the 181 ultrasonic cross sections before and after intervention 

Before (1/ = 94) 

After (11 = 87) 

D.lt.l are presented as me-JIl ± SD. 
IJ, Number of sites analyzed. 

Nannal 

18.8 ± 9.5 
(II = I7l 

16.8 ± 11.0 
(11 = 13) 

ultrasonography to assess morphologic and semi­
quantitative data in a group of patients before and/or 
after vascular intervention. 

Qualitative analysis. When intravascular ultra­
sonographic and angiogmphic data before interven­
tion were compared, a total of 74 concordant 
observations (86%) were noted by visual inspection 
with respect to absence or presence (eccentric/ 
concentric) of a lesion. This is in contrast to studies 
in coronary arteries in which the two methods 
corresponded in onl}' 73% of the cases.20 The reason 
for this discrepancy is speculative. In addition, there 
was a good correlation between intrav.1Scular ultra­
sonography and angiography for recognition of 
dissection iller intervention. In only three sites was a 
small dissection seen echographically missed angio­
graphically. Conversely, plaque mpture was more 
frequently seen on ultrasound imaging. Internal 
elastic lanlina ntphlre was uniquely e\'idenced by 
intravascular ultmsonography. With respect to the 
imerna! clastic ianlina ntpmrc, which occurred only 
in the superficial femoral artery, it was found that the 
original diameter of the vessel was relatively small 
(4 mm) in relation to the balloon size (6 mm) used 
(Fig. 6). This suggests that intravascular ultrasound 
imaging may help in the identification of the tntly 
normal reference segment for selection of the proper 
size of the balloon. 

It should be realized that the morphologic 
feahlres seen in this study, including dissection, 
plaque mpture, and internal elastic lanlina ntphlre, 
can all be obserYCd together in one patient. As yet we 
do not know the significance of these feahlres with 
regard to restenosis. For tills reason a collaborative 
Shld), involving four universities in The Netherlands 
has been established. Patients will be studied with 
intravascular ultr;lsonography before and after bal­
loon angioplast:y to determine the predictive value of 
intravascular ultrasonography in assessing restenosis. 

PI7((lJf(lge IIrm cbifmawlI 

<50% 

42.9 ± 8.1 
(1/ = 26) 

43.5 ± 6.8 
(1/ = 40) 

50%-90% 

68.2 ± 8.1 
(1/ = 31) 

63.9 ± 8.9 
(II = 30) 

>90% 

83.6 ± 9.1 
(1/ = 20) 

85.8 ± 5.0 
(II = 4) 

Quantitative analysis. This study shows that the 
standard semiquantitative angiographic analysis that 
pro\'ides percentage diameter stenosis corresponds 
weU with the intravascular ultrJ.Sonographic image 
technique that yields semiquantitative percentage 
area stenosis. The data were in agreement in 78% of 
cases before ;lnd 72% of cases after imer\'Cntion. The 
degree of the stenosis was found to be more evident 
byechographic analysis in the remaining sites (before 
intervemion in 22% and ;lfter intervention in 28%). 
It is, of course, questiol1;lble \vhether angiography or 
intravascular ultr,lsonography is the more accurate 
method. The reported data from the literature 
support the conception that intravascularultrasonog­
raphy may indeed provide accurate quantitative 
data.4 .7,18,20.14 

One reason intra\'ascular ultrasonographic analy­
sis in this shldy overestimated the degree of obstruc­
tion is that, from a mathematic point of vie\\', a 50% 
diameter stenosis is equivalent to a 75% area stenosis. 
Thus the ultmsonic grade would appear more se\'ere 
than the angiographic grade. Tllis was confirmed in 
one quarter of the analyses in this Shld),. Hmve\'er, 
Tabb;lra et 31.,21 who compared luminal cross­
sectional area measurements obt;lined from both 
angiography and intnwilscular ultrasonogr,lphy, 
found that in diseased segments the ultrasonic gmde 
\YilS more se\'ere than the angiographic grade. In the 
present Shlci)" however, no ;lbsolute angiographic 
diameters were available, therefore the percentage 
di;lilleter reduction and not percentage area stenosis 
was determined. Conversion of the ilngiographic 
di;lmeter stenosis to an area stenosis with the use of 
a formula is onl}' valid in a perfect circular model;:!1 
\ye belie\'C that the percentage area stenosis deri\'ed 
from intravascular ultrasonography is more informa­
th'e than that derived from angiography (for both 
percentage diameter .md area stenosis). 

A second reason \vhy contrast .mgiography may 
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overestimate the true lumen diameter during projec· 
tion im.1ging is that angiogmphy uses the alleged 
normal \'esse! segment as reference. In contrast, 
intravascular ultrasonography uses the arterial media 
as reference to quantify the degree of area obstruc­
tion. The existence of a lesion in the normal segments 
found by quantitati\'c analysis from the ultrasonic 
images resulting in an 18% area obstruction (Table 
II) underlines the fact that angiographic reference 
segments may indeed not be as "normal" as alleged,20 

A third explanation is that contrast will fill the 
dissection plane bqond a lesion that occurred after 
balloon angioplasty. This latter situation perhaps 
exemplifies the disappointing late patency rate given 
the high incidence of restenosis after balloon angio-
plasty.' . 

A fourth reason angiography may overestimate 
the lumen area is that in diseased arteries the free 
lumen may be elliptic. To address the question of 
whether biplanar angiography would have been more 
accurate in this suld)' to describe the degree of area 
stenosis, we reviewed the ultrasonic cross sections 
that showed a greater percentage stenosis than their 
angiographic counterparts. It was found that before 
intervention the free lumen was circular in 16 of21 
and elliptic in 5 of21 ultrasonic cross sections. Thus 
biplanar angiography might have been beneficial at 
five sites. Similarly, after inten'ention biplanar angi­
ography might have been beneficial at 10 of 24 sites 
inasmuch as ultrasonography evidenced an elliptic 
lumen. Conversely, a circular lumen (5 of24) and the 
presence of a dissection (9 of 24) would not have 
provided more accurate estimation by the biplanar 
angiographie technique. 

From the computer-aided method we learned 
that the semiquantitative analysis of intravascular 
ultrasonic images used in this stud)' was adequately 
performed. This suggests that the technique may 
sen'e as an on-line decision-making device before and 
after inten'ention to provide independent objective 
information. 

FollO\y-up studies will sen'e to determine the 
prognostic value offered by intravascular ultrasono­
graphic information to predict in which patient 
restenosis may develop that necessitates reinter­
vention. 

It is known that the likelihood of restenosis is 
related to the degree of residual stenosis.2s In this 
study, the significance of residual stenosis e\'idenced 
echographically after intervention is suggested by the 
fact that, so far, 7 of the 30 patients (23%) examined 
by intravilscular ultrasonography after inten'ention 
needed reinten'ention for recurrent stenosis. 

During this preliminary study it was not a specific 
aim to use intravascular ultrasonographic data to alter 
the physician's decision; however, in some patients 
the information derh'ed from intravascular ultra­
sonography did in fact have an impact on the course 
of the intervention when the surgeon or radiologist 
deemed the information to be beneficial to the 
patient.26 

Limitations. The transducer used in this study 
was blunt-tipped and rather inflexible; this was 
believed to be disadvantageous. For this reason one 
patient was not studied after balloon angioplasty for 
fear of damage to the freshly dilated vessel wall. This 
problem is soiyed with the introduction of a new type 
of flexible, ('o\,er the wire" catheter (4. IF) available 
(Du-MED, Rotterdam, The Netherlands) in our 
department. In four patients ,,,ith known femoral 
artery occlusion the ultrasound catheter was not 
applied before imen'entioll, whereas in five other 
patients, despite an occlusion, the ultrasound catheter 
could be advanced distally through the obstructed 
vessel before inten'ention. 

Conclusion. Albeit angiograph}' has been con­
sidered the gold standard for diagnosis in vascular 
disease, this study shows that intravascular ultra­
sonography supplements angiography by providing a 
real-time topographic and tomographic perspective 
of the yessel. An important potential benefit of the 
technique is its use as an on-line decision-making 
device before and after surgical reconstruction or 
endovascular inten'ention. Particularly, the reliability 
of the semiquantitative analysis by visual inspection 
might be ad\'ilntageol1s in the assessment of signifi­
cant residual stenosis that requires additional inter­
vention. Furthermore, the potential role for intravas­
cular ultrasonography exists in assessment and in­
creased understanding of the eflects of vascular 
inten'ention, which can subsequently be applied for 
the enhanced benefit of patient care. 

We thank Y. Zhong for the quantitative analysis of the 
ultrasound images, A'L Fillipini, MD, for his angiographk 
expertise, and R. Hall, FRCS, for his valuable suggestions. 
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ABSTRACT 

To study the effects of balloon angioplasty (PTA) of the femoropopliteal artery with 

intravascular ultrasound (IVUS). 

Corresponding IVUS cross-sections (n= 1033) obtained before and after PTA from 

115 procedures were analyzed. 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. 

After PTA vascular damage was seen at the target site in 83 (72%) arteries: plaque 

ll1pture in 30 (26%), dissection in 66 (57%) and media rupture in 20 (17%) arteries. The 

FLA increased from 5.4 ± 3.4 mm' to 14.1 ± 5.0 mm' (p<O.OOI), MBA increased 

from 26.9 ± 10.0 mm' to 32.9 ± 10.7 mm' (p<O.OOI) and PLA decreased from 21.6 

± 8.5 nun' to 18.8 ± 8.0 mm' (p<O.OOI). 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 :0:5 mm and 2':6 mm. 

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. 

INTRODUCTION 

Interventional therapy conld benefit by greater understanding of the mechanism of 

balloon angioplasty 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 success and failure of intervention. Therefore, in September 

1992, a multicenter study was started named EPISODE (acronym for Evaluation 

Peripheral Intravascular Sonography On Dotter Effect) [I]. 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 angioplasty 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. 
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MATERIAL AND METHODS 

Study group 

The study group comprised 109 patients of the EPISODE study (69 men, 40 women; 

age range 36-92 (median 67) years) in which patients with femoropopliteal artery disease 

eligible for balloon angioplasty were included. Patients were selected from the EPISODE 

study group based on the availability of IVUS images before and after balloon angioplasty. 

Thirty-three procedures were not included in the present study. In 19 procedures IVUS 

images were not available for analysis 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 ultrasound catheter could not be advanced across the lesion (2 stenoses 

and 12 occlusions). The investigation 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 Rotterdam-Dijkzigt 43 

patients; University Hospital Utrecht 20 patients; Academic Medical Center (Amsterdam) 

18 patients; Free Hospital (Amsterdam) 12 patients; Catharina Hospital (Eindhoven) 8 

patients; Maria Hospital (Tilburg) 5 patients; Groot Ziekenhuis Gasthuis (Den Bosch) 3 

patients. The studies performed in the last 4 hospitals were guided by researchers from 

the first 2 hospitals. 

Balloon angioplasty of both femoropopliteal arteries was performed in 6 patients 

resulting in 115 procedures (88 stenotic and 27 occluded lesions). Patients were referred 

for intermittent claudication (n=70), rest andlor night pain (n= 18), and ischemic 

ulceration (n=21). The decision to perform an intervention was made in consultation 

between the vascular surgeon and interventional radiologist. Experienced interventional 

radiologists performed or directly supervised the intervention. 

Balloon angioplasty 

Standard balloon angioplasty was performed from the femoral artery approach. The 

intervention was preceded and followed by routine single plane angiography and IVUS 

study. The selection of balloon type, diameter, inflation time and inflation pressure were 

left at 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 help of a radiopaque ruler. 
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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 

(Du-MED, Rotterdam, the Netherlands) or by a rotating mirror (CVIS, Smmyvale, Ca, 

USA) [2]. Both transducers are mounted on a guidewire tipped 4.3F 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 0.5 or I cm interval before and immediately after intervention by 

manual pull-back of the ultrasound catheter (Figure I). Under fluoroscopic control the 

location of the ultrasound catheter was systematically compared with the radiopaque ruler 

(calibration 0.5 cm); the cathetertip location was indicated manually on the videomonitor 

[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 optimized 

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 echogenic blood 

(Figure 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 to check that the IVUS images corresponded. Corresponding 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 rupture, dissection and media rupture (Figures I 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 morphologic 

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 categorized into 

4 groups: absent (0°), minor (30°-90°), moderate (120°-180°) and severe (210°-360°). 
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Figure 1. Angiograms and corresponding intravascular ultrasound (IVUS) cross-sections obtained with 
0.5 or i em intervat from a patient before (left) and after (right) balloon angiopiasty (PTA) 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 
morphologic features seen on IVUS before and after PTA. Dissections were seen at levels 34 to 36.5 cm. 
Catheter = +; calibration = 1 mm. 

Quantitative aualysis 

Measurements were performed using a digital video analyzer system [4,5]. It was 

experienced that in still-frames the intensity of bloodscatter may be similar in magnitude 

to vessel wall scattering causing difficulty in discriminating the luminal boundary. To 

diminish this problem echo images were replayed in real-time on an additional 
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videomonitor to distinguish the luminal boundary. Analysis included free lumen area 

defined as the area encompassed by the inner boundary of the intimal surface 

(characterized also by the presence of blood flow), and media-bounded area defined as the 

native vessel area bounded by the hypoechoic medial layer (Figs. I and 3). The plaque 

area was calculated by subtracting free lumen area from media-bounded area. The 

percentage area stenosis was calculated as plaque area divided by media-bounded area. In 

the absence of a visible media on ultrasound the adventitia was used as reference. When 

extensive dropout due to calcification was encountered, media-bounded area was not 

assessed leading to missing data for media-bounded area, plaque area and percentage area 

stenosis. In arteries with occluded segments the free lumen area before intervention was 

the same as the area occupied by the ultrasound catheter. 

Figure 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 visualize the dissection and the free lumen area, Catheter = +; calibration 
= 1 mm. 

Analysis of data 

Qualitative and quantitative analyses of the IVUS images were basically performed 

by 4 researchers allocated to the participating university hospitals. The analyses were 

centrally reviewed by a second observer. Differences between the observers were solved 

by consensus. Intraobserver and interobserver variability has been studied and reported 

previously [6,7]. Briefly, in cross-sections obtained before (n=I92) and after balloon 

angioplasty (n=212) from 38 patients interobserver agreement was good for dissection and 

vascular damage (kappa values 0.69 and 0.66, respectively); fair for media rupture (kappa 
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value 0.25); and poor for plaque rupture (kappa value 0.04). Interobserver differences for 

the extent of dissection was 18 ± 48° (p=O.OOl). Interobserver differences for free lumen 

area before and after intervention were 0.22 ± 2.07 mm' (p=0.15) and 0.03 ± 1.94 mm' 

(p=0.93), respectively; and for media-bounded area 0.02 ± 3.05 mm' (p=0.85) and 0.11 

± 3.03 mm' (p=0.62), respectively [7]. Intraobserver differences were slightly smaller 

than interobserver differences [6]. 

Figw'e 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 em). 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 = 1 mIll. 

A comparison was made between the frequency of vascular damage seen with IVUS 

at the target site (defined as the cross-section with the smallest lumen area before balloon 

angioplasty), in all cross-sections in the dilated segment and per dilated segment. In 

addition, the extent of dissection at the target site, in all cross-sections and the maximum 

extent of dissection seen in the dilated segment were compared. 

Area measurements obtained at the target site were compared with the measurements 

in all crosNections derived from the dilated segment. The relative contribution of media­

bounded area increase to luminal gain (increase in free lumen area) was calculated by the 

ratio of media-bounded area increase to luminal gain. Similarly, the relative contribution 

of plaque area decrease was calculated by the ratio of plaque area decrease to luminal 

gain. Differences in effects at the target site in procedures with a balloon diameter ,,; 5 
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mm and ;;, 6 mm were compared. 

Data are presented as mean ± SD or as median and range if appropriate for 

continuous variables and as a percent for categoric variables. Chi-square analyses were 

used to assess differences in categoric variables. The Student's t test and the MaIm­

Whitney test were used to assess differences in the area measurements and extent of 

dissections, respectively. A p-value <0.05 was considered statistically significant. 

RESULTS 

No complications related to the IVUS study were encountered. The median length of 

the diseased segment subjected to dilation was 8 cm (range 4-32 cm). During pull-back 

of the ultrasound catheter it was evident that the lumen size changed markedly, as did the 

vascular damage after intervention. There were 1033 corresponding IVUS cross-sections 

before and after intervention available for analysis. The median number of cross-sections 

collected per dilated segment was 7 (range 3-26). Balloon diameter used was ,,;;5 mm in 

45 and ;;, 6 mm in 70 procedures. 

Table I. Frequency of vascular damage seen with intravascular ultrasound after balloon 
angioplasty of the femoropopliteal artery at the target site (n~l1S), in all cross-sections 
(n~1008), and per dilated segment (n~l1S). 

Target site All cross-sections 

n~1l5 n=1008 

Plaque rupture 30 26% 148 15% t 
Dissection 66 57% 457 45% tt 
Media rupture 20 17% 140 14% 
Vascular damage 83 72% 560 56% t 

t Differences between target site and all cross-sections, p<O.Ol, tt idem p<O.05; 

*' Differences between target site and dilated segment, p<O.OOl. 

Qualitative analysis 

Dilated segment 

n=115 

69 60%' 
101 88% • 

47 41% • 

105 91% • 

In total 1008 (98 %) IVUS cross-sections were qualitatively analyzed. Poor image 

quality was encountered in 25 cross-sections. Data on the frequency of vascular damage 

including plaque rupture, dissection and media rupture at the target site, in all cross­

sections, and per dilated segment are presented in Table I. The frequency of vascular 
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damage 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 

evidenced with IVUS elsewhere in the dilated segment. Dissections seen at the target site 

were graded as minor (62%), moderate (26%) and severe (12%). A similar distribution 

was encountered in the dissections (n=457) seen in all cross-sections (67%, 24% and 9%, 

respectively). However, the distribution of the maximum extent of dissection in the dilated 

segment was different (39%, 42% and 19%, respectively). Neither the frequency of 

vascular damage nor the extent of dissection seen with IVUS at the target site were 

different in procedures with a balloon diameter ,;; 5 mm and ;:, 6 mm (Table 2). 

Table II. Frequency of vascular damage and extent of dissection seen with intravascular 
uUrasound at the target site in procedures with a balloon diameter ,,5mm (n=45) and :>:6 
nllll (n=70). 

Balloon diameter Balloon diameter 
~ Smm ~ 6mnt 

Plaque rupture 12 (27%) 18 (26%) • 

Dissection 24 (53%) 42 (60%) • 

Media rupture 7 (16%) 13 (19%) • 

Vascular danlage 32 (71 %) 51 (73%) • 

Dissection 
Absent 21 (47%) 28 (40%) • 

Minor 17 (38%) 24 (34%) 

Moderate 6 (13%) 11 (16%) 
Severe (2%) 7 (10%) 

* Differences between procedures with a balloon diameter s5 mm and ~6 mm were not significant. 

Quantitative analysis 

In 724 of 1033 (70%) corresponding IVUS cross-sections (including 78 of the 115 

(68 %) cross-sections at the target site) both free lumen area and media-bounded area could 

be calculated before and after intervention. Poor image quality and/or presence of 

calcification were the main reasons why quantitative analysis could not be performed in 

309 cross-sections (range 0-21, median 2). As result of balloon angioplasty, a significant 

increase in free lumen area and media-bounded area and a significant reduction in plaque 

area and percentage area stenosis was noted both at the target site and in all cross-sections 

(Table 3; Figure 4). Differences in area measurements before and after intervention were 

larger at the target site when compared with measurements obtained from all cross-
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sections. The relative contribution of vessel expansion (Le. media-bounded area increase) 

and plaque area reduction was 68 % and 32 % at the target site, and 85 % and 15 % in all 

cross-sections, respectively. 

At the target site the luminal gain was smaller in the procedures with a balloon 

diameter ,,;5 mm than in the procedures with a balloon diameter;:' 6 mm (6.9 ± 3.2 mm2 

and 10.0 ± 4.4 mm" respectively, p = 0.001). However, no differences in relative 

contribution of media-bounded area increase were encountered (70% and 68%, 

respectively; p=0.82). 

Table III. AI'ea measurements before and after balloon angioplasty (PTA) of the 
femoropopliteal artery assessed with intravascular ultrasound at the target site and in all 
cross-sections. 

Before PTA After PTA % change 

Free lumen area (mIl12) 

Target site (n = 78) 5.4 ± 3.4 14.1 ± 5.0 +161 % 
All cross-sections (n = 724) 11.8 ± 7.1 17.0 ± 6.5 + 44% 

Media-bounded area (01011) 

Target site (n = 78) 26.9 ± 10.0 32.9 ± 10.7 + 22% 
All cross-sections (n = 724) 27.4 ± 9.8 31.9 ± 10.0 + 16% 
Plaque area (mml) 

Target site (n = 78) 21.6 ± 8.5 18.8 ± 8.0 13% 
All cross-sections (n = 724) 15.7 ± 7.4 14.9 ± 6.7 5% 
Percentage area stenosis (%) 

Target site (n = 78) 80.0 ± 9.8 56.2 ± 10.2 30% 
All cross-sections (n = 724) 57.6 ± 18.3 46.4 ± 12.7 19% 

Differences between measurement before and after PTA are significant (p < O.OOl), n = number of cross-sections; 

+ = increase; - = decrease. 

DISCUSSION 

Since the introduction of IVUS in clinical practice investigators have acknowledged 

the ability of this technique to provide more insight in the ultimate effects of balloon 

angioplasty [8-16] as compared to angiography. Studies dealing with IVUS both in 

coronary and peripheral arteries generally consider one arterial cross-section for analysis 

[8-16]. In the present study, mUltiple adjacent corresponding ultrasound cross-sections 

obtained before and after balloon angioplasty of the femoropopliteal artery were analyzed. 

This study revealed that vascular damage seen with IVUS was a common feature 

encountered following balloon angioplasty. In 91 % of the procedures vascular damage was 
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seen including plaque IUpture (60%), dissection (88%) and media IUpture (41 %). 

Similarly, Losordo et a1. [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 angiographic studies [17,18]. This reflects 

the advantage of this tomographic imaging technique to display more accurately the 

vascular anatomy compared to angiography. 

Moreover, the present study revealed that the frequency 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 vascular 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 histologic sections were missed on 

ultrasound for the following reasons: the dissected lesion remained adherent to the vessel 

wall; dissection occurred without connection with the lumen, and calcium hindered 

visualization of a dissection [19]. Thus, in order to have insight in the presence of arterial 

damage it is recommended to analyze the entire vascular specimen rather than 1 single 

cross-section. 

161% o all cross-sections n=724 

o narrowest site n=78 

44% 
" ',: 

16% 22% . S', 

, . I I I ·5% ·13% -19% -30% 
I·, :( 

FLA MBA PLA %8 

Figure 4. Differences in area before and after balloon angioplasty of the femoropopliteal artery seen in 
all cross-sections and in those at the target site. FLA = free lumen area; MBA = media-bounded area; 
PLA = plaque area; %S = percentage area stenosis. 
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The majority of dissectiollS present was graded as minor (30°-90°) both at the target 

site (62 %) and in all cross-sections (67 %). However, evaluating the entire dilated segment 

it was found that the maximum extent of dissection was> 900 in 61 % of the procedures. 

The importance of the presence and extent of vasculatr damage for outcome will be 

determined in an ongoing follow-up study. 

Surprisingly, balloon diameter used did not influence the presence nor the extent of 

vascular damage at the target site. Comparing quantitative data before intervention in the 

procedures performed with a ,,;; 5 mm balloon with those treated with ~ 6 rum balloon it 

was found that the free lumen area before intervention was not different (5.3 ± 3.0 mm' 

and 5.4 ± 3.7 mm', respectively; p=0.91). Conversely, the media-bounded area was 

larger (23.8 ± 7.8 nnn' and 29.0 ± 10.8 mm', 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 Dolter and Judkins in 1964 [20). Initially, most of these 

studies were performed using cadaver arteries [21,22). The introduction of IVUS has 

enabled to study the mechanism of balloon angioplasty in vivo more precisely. The 

present study revealed that the increase in free lumen area following balloon angioplasty 

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 accompanied by both a larger media­

bounded area increase and plaque area decrease. Based on histologic sections and 

angiographic records Castenada-Zuniga et al. [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 cross-sections obtained in the dilated segment were taken into 

account 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 extensively, leading to redistribution of plaque material [23]. 

Other IVUS studies revealed a similar mechanism of lumen enlargement in coronary 

arteries [12,15,19]. However, Losordo et al. [16), 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 
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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 

remained the same. 

Limitations 
In tWs study IVUS cross-sections were matched using a radiopaque mler 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 procedures were not included in tWs study 

and that due to calcification and inadequate image quality in only 70% of the 

corresponding IVUS cross-sections both the free lumen area and media-bounded area 

could be calculated. The latter may have influenced the 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 

measurements 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 a plaque decrease. 

No relation was observed between balloon diameter and the incidence and extent of 

vascular damage and the relative contribution of media-bounded area increase and plaque 

area decrease to luminal gain. 
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Objective: This study ilH'I;'stigates tlie potel/tial role of jl/trmwsC1Ilar ultrasound m'US) il/ trle outcome ill palimts 
IIndergoing percutaneolls tralls/lllllillail1l1giop/asty (PTA) oj the slIperficial femoral arlen)_ 
Materials: Al/gfogmplJic al/d tilt' qllalitatil'c (md qurmtitatke IVUS data obtained at tlte lIarrowest site derit't'd from 39 
paticnts hjore (lIld after PTA wcre al/alyscd. 
Results: Al/giograplJically tltc diameter of UIC rcmail/illg stcllosis seclI after PTA was classificd as < 50% ill 31 paticllfs 
(sllccess); ill eight paticnts a failllrc was t'ncarmtcred. EmflmUllg at 6 mOil tits tlte fUllctional alld allatolllie ft'S/I!tS of tlrt' 
PTA iI/ 31 patients, tlte inten'ellfioll was a success hi 14 patients (Group I) alld a failure ill 17 p<lfiellts (Group 11). Tltc 
remail/illgciglltpatiellts dtjilled as allgiograpltic failure followillg PTA colllprised Group lll. Neilher qualitatil'e lIor 
qUaI/litatil'e IVLlS dala obtained before PTA cOIlld predict outcollle. COllversely, after PTA, tlie extellt of dissectioll was 
sigllificallfly 1II0re setwe ill Groups 11 ami III thall ill Group I. Silllilarly, Sigllificallt difjcrellct's were fOlllld bctu'Ct'lI GrollpS 
1 alld II for 1IIt'!l1l free llllllell arm (13.2 vs. 9.7 111m2, ft'spectivdy) alld IIIca/l free 11I1IIt'1I diallleter (4.1 vs. 3.5 mm, 
respedil,e[y). Qwwtitatit'e liata obtaillcd ill GrouI' Ill/we similar to thost' in Group Ill. 
COllclllsioll: This prdimillan} stlldy dt'J/JOIlstratcs that followillg PTA tlte cxtent of disscction, free l11111C11 arm alld 
diamefer seell witli IVUS are prcdictit'e factors of patcllcy. Future stlldit's willi II/ore paticnts are lIIalldatory to furtlter 
ltjgllligltt tlie sensitivity oj tllt'SC obst'n'(Jtiolls. 

Key Words: IlItran/sCIIlar ultrasOlmd; Ballooll (lIIgioplasty; Jlngiography; Superficial fClI/oralarlen); Restel/osis. 

Introduction 

Since the introduction of intravascular ultrasound 
(IVUS) numerous investigators have acknowledged 
the opportunity of this technique to obtain unique 
additional information about the vessel wall in com­
parison to angiography.1-16 One of the benefits of 
IVUS is the ability to provide more insight in the 
ultimate effect of balloon angioplasty (PTA) and to 
measure accurately cross-sectional free lumen area 
and percentage (%) area stenosis in both coronary and 
iliofemoral arteries. Studies in which IVUS parameters 

'Presented at the 8th annual meeting of the European Sodety for 
Vascular SurgeT)~ Berlin, Germany (September 1994). 
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are related to the occurrence of restenosis are limited 
to coronary arteries.1I ,12 It appeared that qualitative 
and quantitative variables, other than dissection, 
derived from IVUS "were not of predictive value for 
restenosis.ll,12 

The purpose of this study was to determine whether 
IVUS data on morphologic and quantitative parame­
ters, obtained at the site of the smallest free lumen area 
seen before and after PTA of the superficial femoral 
artery are predictors of the outcome. This may answer 
the question whether one single cross-section with the 
most significant free lumen area obstruction, obtained 
with IVUS, can be used exclusively for future deci­
sion-making. Analysis of the IVUS data combined 
with angiographic data, clinical and hemodynamic 
follow-up data up to 6 months, form the basis of this 
study. 



80 

Patients and Methods 

Stlldy group 

In tlus multicentre study, EPISODE (Evaluation of 
Peripheral Intravascular Sonography On Dotter 
Effect), in which four university hospitals cooperate, 
angiographic and IVUS data were collected from 39 
patients who underwent a PTA for treatment of de 
/lOVO symptomatic superficial femoral artery occlusive 
disease. Patients were referred for disabling claudica­
tion (1/:;: 29), rest pain (1/ ::: 4), and! or ischaemic 
ulceration (1/ :;: 6). The decision to perform a PTA was 
made in consultation between the vascular surgeon 
and intervention radiologist. There were 23 men and 
16 women: age range 36--85 (mean 64) years. The 
investigation was approved by the local Committee on 
Human Research. Patients were included in the study 
after written Informed consent and if they were 
assumed to be able to return for the follow-up at 1 and 
6 months. All PTA procedures were preceded and 
followed by standard angiography and IVUS study. 
Experienced vascular radiologists performed or 
directly supen'ised the PTA procedure and scored the 
angiographic results. Each hospital was responsible 
for collection and analysis of the data including 
angiographic, lVUS, clinical and hemodynamic fol­
low-up data. Data were stored llsing a database 
program written specifically for this study. 

Allgiograpfly 

Before PTA the length of the diseased segment 
subjected to dilation and the type of lesion (stenosis or 
occlusion) involved were scored angiographically. 
After PTA the outcome (success or failure) was 
defined. Success was classified semiquantitatively as 
remaining diameter stenosis < 50% using the alleged 
normal vascular segment as reference. 

[lIlravasClflar ultrasolllld 

The IVUS study was performed using mechanical 30 
MHz imaging systems. In two hospitals a CVIS system 
was used (Sunnyvale, Ca, U.S.A.), in two other 
hospitals a Du-MED system (Rotterdam, The Nether­
lands) was used. Care was taken that systems were 
calibrated properly. Catheters used contained a guide 
wire lumen (CVIS 0.014"; Du-MED 0.018" or 0.035"). A 
radiopaque ruler was used to match the lVUS data 
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obtained before and after PTA with the angiographic 
data. Before, and immediately after, intervention the 
IVUS catheter was advanced distally beyond the 
lesion and cross-sections were recorded during pull­
back of the catheter. If lesions consisted of a total 
occlusion, attempts were made to advance the guide 
wire and subsequently the IVUS catheter into and 
across the lesion. These attempts were terminated if 
major resistance \\'as encountered. Images were 
recorded with 1 em interva1. Under fluoroscopic 
control the location of the IVUS catheter was system­
atically compared with the radiopaque ruler; its 
location was indicated manually on the video mOIl­
itor.5

,6 The resulting images were displayed on the 
monitor via a video-scanned memory and stored on 
an S-VHS system. 

The videotapes were reviewed for analysis and all 
cross-sections within the dilated segment obtained 
before and after PTA underwent qualitative and 
quantitative analyses (interval 1 em). For the present 
stud)~ qualitative and quantitative data viewed at the 
cross-section with the smallest free lumen area seen in 
each patient before and after PTA were selected. 

Qualitative allalysis. Cross-sections were assessed for 
lesion topography and morphology before PTA and 
for vascular damage after PTA (Table I). Criteria for 
evaluating the morpholOgiC features with IVUS have 
been described previously.3--6 A lesion was judged to 
be present when the lesion thickness was 0.5 mill or 
more. The topography of the lesion may be either 
eccentric or concentric (Figs. 1-3). An eccentric lesion 
was defined as a lesion involving one part of the 
circumference of the vessel wall in a cross-section 
which leaves the remaining part disease-free. Plaque 
composition lllay include fibromuscular/fibrous 
(echo-soft), calcification (echo-hard with shadowing) 
and lipid deposit (echo-poor). After PTA the presence 
of dissection, plaque rupture and internal elastic 
lamina rupture was documented. In the absence of 
these featmes 'no effect' was scored. First, the inci­
dence of these features seen before and after PTA was 
scored. Second, the extent of the normal vessel wall, 

Table 1. Qualitati\'C and quantitative intr,l\'aswiar ultrasound data 
evaluated in the (foss-sedions showing the smallest free lumen 
are,] before and after balloon angloplast)' of the stlpl'rficiai femoral 
artery 

Qu,ilitative 

Eccentric, concentric 
Soft, hard, lipid 
Di55ection 
Plaque rupture 
Internal elastic l,mIDM rupture 

Free lumen area 
Free lumen diameter 
Media-bounded ']re,l 

Plaque Mea 
~~, ared stenosis 



IVUS predictors of outcome 

the ·composition of the lesion and the severity of 
vascular damage involved were graded sellliqllantita~ 
tively as a sector of the circumference (in steps of 30°; 
range 0--360°). For instance, an eccentric lesion may 
involve 1800 of the circumference leaving the remain­
ing 180" disease-free (normal). If part of the circum­
ference could not be analysed due to a strut or guide 
wire interposition, then that segment was classified as 
not analysable. 

Qualltitative (lIUllysis. Quantitative measurements were 
performed using a digital video analyser system.17

•
18 

Images that contain strong backscatter echoes from 
flowing blood may present difficulties in the determi­
nation of the lumen boundary on a still-frame. For 
quantitative analysiS echo images have to be replayed 
on a separate video monitor to facilitate distinction 
between the luminal boundary from the echoes of 
blood backscatter. Analysis included measurement of 

Fig. 1. Corresponding intrav,lscular uitr,lsotmd cross-sections and 
angiograms obtained from a p,ltient before and after balloon 
angioplasty (PTA) of the superficial femoral artery (Group i: 
angiographic diameter stenosis < 50;{.). Before PTA a soft eccentric 
lesion (330') was involved at the smallest free lumen area (level 22 
cm). After PTA the corresponding cross-section revealed a dissec­
tion (60') and an internal elastic lamina rupture at 4 o'clock. The 
intravascular ultrasound cross-sections are contour traced off-line 
facilitating the recognition of free lumen area (FLA; inner contour) 
and media-bounded area (},IBA; outer contour). The FLA increased 
from 1.9 mm2. to 18.7 mm2.; the MBA increased from 26.8 mnl to 43.0 
mm2; the plaque area decrt'ased from 24.9 mmz to 2.J..4 mm2.; and the 
frcc lumen diameter increased from 1.5 mm to 4.9 mm. + = cathe­
ter; calibration = 1 mm. 
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free lumen area, free lumen diameter and media­
bounded area (Table 1, Figs. 1-3). The plaque area was 
calculated by subtracting free lumen area from media­
bounded area. The % area stenosis (obstruction) was 
calculated as plaque area divided by media-botmded 
area. In the absence of a visible tunica media on IVUS 
the adventitia was used as reference. When extensive 
dropout due to calcification was encountered, media­
bounded area was not calculated. 

11lterobserver. Because data were collected from differ­
ent hospitals, for the present study the qualitative and 
quantitative analyses collected from the first 29 
patients studied with IVUS were controlled and 
discussed centrally (University Hospital Rotterdam). 
Differences between observers were solved by con­
sensus. Ultrasound analyses of the remaining 10 
patients ·were repeated by an independent observer 
(1/ = 74 cross-sections before and 64 cross-sections 

Fig 2. Corrcsponding intra\'ascular ultrasound cross-sections and 
angiograms obtained from a p3tient before and after balloon 
3ngiopl3sty (PTA) (Group II: angiographic diameter stenosis 
< 50%). Before PTA the srnallest free lumen area is seen at level 13 

em. The lesion im'oh'ed W3S eccentric and soft in n<}ture. After PTA 
the lesion became dissected from the arterial wall (dissec­
tion '" ISO'). The free lumen area (FLA; inner coritour) and media­
bounded area (MBA; outer counter) display the quantitative results. 
The FLA increased from 3.8 mmz to 4.6 mm2.; the MBA increased 
from 20.3 mm2 to 21.0 mmz; the plaque area decreased from 16.52 to 
16.4 mm2.; and the free lumen diameter increased from 2.2 mm to 2.4 
mm. As restenosis developed within 1 month, the patient was 
referred for repeat balloon <lngioplasty. + = catheter; c,llibration = 1 
=L 
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after PTA). Interobserver differences of the qualitative 
data were expressed as Kappa's coefficient and total 
percentage of agreement. Illterobserver differences in 
the measurements of the free lumen area and merua­
bounded area were expressed as mean values and 
standard deviation of the paired differences, 

FollOW-lip 

After discharge (usually the day after the procedure) 
patients returned for follow-up at 1 month and at 6 
months, or until an adverse event occurred. Criteria 
for evaluating the continuolls success of PTA have 
been described previously,19 Success and failure were 
defined using a combination of clinical and objective 
vascular laboratory findings. Unequivocal success of 

Fig. 3. Intrav,lscuiar ultrilsound cross-section and angiogr'lm 
obt,lined from a patient after angiogr'lphic'l11y defined non­
successful balloon angioplasty (Group HI). Vascular damage W,lS 

not encountered (no effect = 36{1'). The free lumen are,l (FI.A; inner 
contour) and media·bounded area (MBA; outer counter) display the 
quantitative results: FLA '" 6.6 mm2

, MBA = 56.6 mm2
, plaque 

area'" 50 mm2 and free lumen diameter 2.9 mm. Two days later the 
patient was refelTl"d for bypass surgery. + '" catheter; calibra­
tion = 1 mm. 
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PTA was defined as improvement in the clinical 
condition by at least one Fontaine level (Le. from 
ulceration to ischaemic night pain, or rest pain to 
disabling claudication, or claudication to as?'mpto­
matic); and on haemodynamic improvement. 9 Hae­
modynamic improvement is defined as an improve­
ment in the ankle/brachial index (ABI) of at least 15%. 
In the presence of noncompressible vessels the ABI 
was not used. In addition, the information provided 
during the intervention of both the radiopaque ruler 
and patella were used as reference when the balloon 
dilated segment was studied with duplex. The ratio 
between the peak systolic velocities evidenced within 
the treated segment and proximal to the stenosis was 
used to determine the diameter stenosis.2o A diameter 
stenosis < 50% (PSV ratio < 2.5) was defined as a 
successful PTA. Both vascular laboratory findings 
(ABI and Duplex) were decisive in assessing the 
outcome. 

Statistical allalysis 

The IVUS data are presented as mean ± standard 
deviation. The IVUS data were divided into two 
groups according to the data evidenced angiograph­
ically « 50% diameter stenosis and failure) and 
further subdivided at follow-up. The Student's f-fesf 
was used to compare the IVUS data before and after 
PTA between the groups; a p value < 0.05 was 
considered statistically significant. 

Results 

Intravascular ultrasound studies 'were completed suc­
cessfully with good quality in all patients. No compli­
cations related to angiography or IV US were encoun­
tered. Because the IVUS catheter could not be 
advanced across the lesion, IVUS data were not 
available before PTA in five patients (Fig. 3). 

The level showing the smallest free lumen area on 
IVUS before PTA did not necessarily correspond to the 
level showing the smallest free lumen area after PTA: 
in 29 patients the levels corresponded within < 5 cm; 
in three patients the distance was between 5 and 10 
Cfilj in two patients the distance was 11 and 14 em, 
respectively; in five patients IVUS data were not 
obtainable at the smallest free lumen area (vide 
supra). 

Angiographically, the PTA procedure was classified 
as < 50% diameter stenosis (success) in 31 patients and 
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Table 2. Inddence (%) of lesion topography and morphology seen before and pathologic fealrnes seen 
after ballon angiopJasly (PTA) of Ihe superficial femoral artery with inh:a\'ascuiar ultrasound at Ihe site 
showing the smallest lumen area 

Angiographlc success ( .,~,e~3_1),---__ _ Angiogrilphic failure 

Before PTA' 
Concentric 
HMd 
Lipid 

After PTA' 
Dissection 
Plaque mplure 
IELmplure 

1/= number of patients. 

Group I (110014) 
success 

71% 
29% 
7% 

43% 
36% 
14~,';, 

IEL= internal €laslic l~mina . 
• Differt'!lccs were not significantly different. 

as a failure in eight patients (Table 2). The 31 patients 
were followed using a combination of clinical and 
objective vascular laboratory findings to show the 
degree of success and the time of failure up to the 
census date of 6 months. Success was scored in 14 of 
the 31 patients (Group I); failure was scored in 17 of 
the 31 patients (Group II). Nine of the 17 failures 
occurred within 1 month after PTA. Of the patients 
failed: seven had no further treatment within 6 
months; three had repeat PTA; five had vascular 
surgery; and two underwent amputation. The eight 
patients, classified angiographically as failure follow­
ing PTA, comprised Group III; all these patients 
subsequently unden\'ent vascular reconstntctive 
surgery. 

The mean length of the diseased segment subjected 
to dilation was 13.4 cm (range 4-32 cm). No significant 
differences in the length of the diseased segment was 
encountered in Group I (12 ± 7 cm) and Group II 
(11 ± 5 cm). The length of the diseased segment in 
Group ill (21 ± 11 cm) was significant different from 
that seen in Groups I and II. Angiographically, a 
stenosis was present in 23 patients and an occlusion in 
16 patients. The ratio stenoses VS, occlusions in the 
three groups was: seven stenoses liS, seven occlusions 
in Group I; 14 stenoses liS, three occlusions in Group II; 
and two stenoses liS, six occlusions in Group Ill. 

Qunlitatillc alwlysis 

Data on lesion topography and morphology seen 
before and pathologic features seen with IVUS after 
PTA are summarised in Tables 2 and 3. Due to stmt or 

Group II (1/=17) 
f.,i1ure 

88% 
41~''O 
6% 

71% 
12% 
18% 

Group III (n=8) 

63% 
0% 
O;~. 

50% 
0% 

guide wire interposition a mean of 10° of the cross­
sectional image per cross-section could not be ana­
lysed for all groups. When considering the incidence 
of topography (eccentric/ concentric), morphology 
(soft/hard/lipid) and pathologic features (dissection, 
plaque mpture and internal elastic lamina rupture), no 
significant difference between the three groups of 
patients was encountered (Table 2). In addition, no 
significant difference in extent of lesion topography 
and morphology was encountered between the three 
groups of patients (Figs. 1-3). Conversely, the extent of 
dissection seen after PTA in Groups II and III was 
significantly higher compared with the data from 
Group I (Table 3). 

Qllalltitafivc allalysis 

Quantitative data obtained before and after PTA are 
summarised in Table 4. Before intervention, no sig­
nificant differences in the quantitative data were 
observed between the three groups of patients. As 
result of PTA, a significant increase in free lumen area 
and free lumen diameter and a significant decrease in 
% area stenosis was noted in all groups. In addition, 
after PTA significant larger values were encountered 
in free lumen area and free lumen diameter in Group 
I vs. Group II. No significant differences were seen in 
media~bounded area, plaque area and % area stenosis 
between Groups I and II. Free lumen area, free lumen 
diameter and % area stenosis seen in Groups I and III 
were Significantly different (see Table 4). 
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Table 3. Extent of the nonnal vessel wall and lesion morphology seen before and sewrity of pathologic 
features seen after ballon i1ngiopJasly (PTA) of Ule superficial femoral artery l~ith intravascular 
ultrasound at the site shO\~ing the smallest free lumen area 

Angiogr.lphic success (11,,31) Ang!ographk failure 

Group I (11=14) Group II (1/=17) Group 11l (11=8) 
success failUn"' 

Brfoft> PTA 
Normal 24"±48' 6"±21' 24°.±33' 
Hard 12'±21' 57'±93' 0' 
Soft 306'±96" 267'±135' 279'±108' 
Upid 3'±9' 3 ±6' 0' 

After PTA 
Dissection 18'±21' 78'±69' • 75'±102' 
Plaque rupture 15'±21' 6'±15' 0' 
tEL rupture 6"±18' 12'±24' 12'±3O' 
No effect 330'±3O' 249'±81' • 279'±99' 

Data repn:'sent the me"n and S.D. of the degrees C) invoked along the boundary of the cross-section image. 
11= number of patients. 
tEL" intemal elastic lamina . 
• Differences between Groups I and II ill\'" SignifiC,lllt (1-'<0.05). 
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Table 4. Quantitative intr'lYascular uUrasound data obtained at the site showing the smallest free lumen area before 
and after balloon angioplasty (PTA) of the superficial femoral artel), 

Angiographic success (11.=031) Angiographic f,lilure 

Before PTA 
Free lumen area (mm!) 
Free lumen diameter (mm~ 
Media-bounded area (nun) 
Plaque area (mm2) 
% area stenosis 

After IYfA 
Free !tunen area (mm2)t 
Free lumen diameter (mm)t 
Media-bounded area (mm2) 
Plaque area (mm!) 
% area stenosist 

Data represent the mean and S.D. 
11.=0 number of patients . 

Group I (11=14) 
success 

6.0±3.6 
2.7±0.8 

26.4±8.4 
20.4±6.4 
77.7±9.2 

13.2±3.6 
4.1±0.5 

29.3±8.5 
16.1±8.2 
51.8±16.9 

Group n (11,,=17) 
failure 

3.6±2.0 
2.1±0.5 

25.3±5.3 
22.2±6.0 
86.5±7.3 

9.7±3.2' 
3.5±0.6< 

29.1±11.6 
21.5±8.2 
61.7±2{].3 

Group m (11.=08) 

3.4±1.6 
2.0±0.5 

25.3±7.1 
22.0±7.7 
B4.4±1O.8 

7.2±2.8t 

3.0±0.6' 
32.4±12.6 
252±12.1 
75.4±9.9t 

• Differences between Groups 1 and 11 are signific,lnt (p<0.05). 
'Differences between Groups I and III ill\'" significant (1'<0.05). 
t Differences in quantitative dat,l between before and after PTA are Significant (p<0.05) for all groups. 

11lferobserver mrirlbitity 

There was moderate agreement for topography 
(eccentric/concentric) and morphology (soft/hard) 
and dissection (Kappa values 0.54, 0.59 and 0.46; total 
agreement of 77%, 91% and 73%). A poor agreement 
was observed for lipid, plaque rupture and internal 
elastic lamina rupture (Kappa values 0.0, 0.02 and 
0.08i total agreement of 96%, 72% and 70%). The 
interobserver differences of the area measurements 
before and after intervention were + 0.6 ± 2.3 mm2 

and + 0.6 ± 2.1 mm2
, respectively, for free lumen area 

and -0.3 ± 3.5 mm2 and -1.7 ± 3.4 nun2
, respectively, 

for media-bounded area. 

Discussion 

Given the fact that there is a lack of correlation 
between angiography and the outcome after PTA, 
there dearly is a need for a better understanding of the 
mechanism of restenosis and failure in angioplasty.l 
Since the introduction of IVUS, it has been suggested 
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that -this technique is capable to uncover the parame­
ters related to success and failure of PTA. For this 
purpose we started in September 1992 a Illulticenter 
study named EPISODE in which four university 
hospitals participated. One of the aims of this study 
was to address the question of whether qualitative 
and quantitative lesion characteristics-as assessed 
by IVUS before and after PTA of the superficial 
femoral artery-are predictors of the long-term out­
come. The present study is the first in which IVUS 
data, obtained at different centres before and after 
PTA, are analysed in a uniform manner. Besides IVUS 
studies, the investigation includes a systematic folio\\'­
up including clinical assessment, Doppler and Duplex 
studies. 

The following issues of the present study deserve 
specific comments: 
(1) Given the advanced technology and experience 
with balloon angioplasty in peripheral arteries, results 
obtained nowadays with PTA should be considerably 
better than series available a decade ago. However, the 
overall 6 months success rate, including early failure 
observed in this study, is markedly low (36%). Failure 
in this study, noted after angiographically classified 
< 50% diameter stenosis, was an early phenomenon: 
9/17 failures were evidenced within 1 month. Our 
data are even worse compared to those previously 
reported by Jeans et al.(49%).21 \Ve realise that varia­
tions in results reported from different centers reflect 
the variation in selection of patients and lesions for 
intervention. The lesion length is an acknowled~ed 
parameter that determines suitability of PTA. 1,22 

Becker et al. reported a 6 month patency rate of 23% in 
patients ·with long (> 7 cm) superficial femoral artery 
stenosis.28 In our study, the overall length of the 
diseased segment subjected to PTA was large (mean 
13.4 em). Nonetheless, no significant difference in 
length was encountered between the success group 
(Group I) and the failure group (Group II). Fur­
thermore, it has been suggested that the outcome for 
stenosis is significantly better than for occlusion.21

-
23 

Although the number of occlusions in the present 
study was high 16 (41%) the type of lesion involved 
(stenosis vs. occlusion) did not unequivocally influ­
ence the outcome. In Group I the ratio stenosis vs. 
occlusion was seven vs. seven, while in Group II this 
"was 14 vs. three. These results are in keeping with 
those of others.24,25 Altogether, we believe that the 
high incidence of failure in the present study Illay be 
influenced by both the length of the diseased segment 
as well as the type of lesion involved. 
(2) Studies dealing with IVUS both in peripheral and 
coronary arteries generally consider one arterial cross­
section for analysis?-16 In the present study, we were 
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able to document different morphologic and quantita­
tive data during pull-back of the IVUS catheter both 
before and after PTA. Recently, we have executed an ill 
vitro study with NUS to elucidate the effect of PTA on 
diseased coronary arteries. We learned that the quanti­
tative effects were greater at the site of the smallest 
free lumen area compared with data obtained from 
multiple adjacent cross-sections within the dilated 
segment.29 Consequently, for the present study we 
have chosen to select the site showing the smallest free 
lumen area seen with NUS for analysis, rather than 
the available sequence of corresponding cross-sec­
tionallevels analysed within the dilated segment. 

It proved that the most severely stenotic site seen 
before PTA may not necessarily correspond with the 
most stenotic site seen after intervention: in 29/39 
cross-sections the levels corresponded closely with a 
distance < 5 CIll. The reason for this Illay be that the 
effect of PTA may differ according to the lesion 
characteristics involved. It is noteworthy; that the 
observed quantitative changes in the free lumen area 
and diameter were caused by overstretching of the 
arterial wall by radial pressure of the balloon, leaving 
the plaque area virtually unchanged (see also Figs. 1, 
2). 
(3) Albeit plaque morphology is alleged to be an 
inlportant determinant in pathologic outcome after 
PTA, published data do not show consensus.23--25,30 
The presence of calcium may either be propnostic for 
failure 23 or it does not influence outcome.2" Similarly, 
eccentric lesions were more likely to be successfully 
dilated than were concentric lesions.24,3o The opposite 
was claimed by Spies et al.23

: i.e. concentric lesions 
were easier to treat than eccentric lesions. Similarly; 
reports on the significance of angiographically evi­
denced dissection for subsequent restenosis are con­
flicting. Patients with evidence of dissection may have 
a decreased long-term patencyJI, J2i others demon­
strated that the possibility of restenosis is not more 
likely in patients with dissection.30,33-3S 

According to the current library the ultimate benefit 
of IVUS is to provide additional information about the 
vessel wall in comparison to angiograph)~ and its 
ability to measure accurately the cross-sectional free 
lumen area and % area stenosis during treatment of 
vascular disease. 1

-
16 The results of the present study 

show that, irrespective of stenosis or occlusion, both 
qualitative (soft, hard, lipid, eccentric, concentric) and 
quantitative IVUS data obtained prior to PTA, were 
comparable in the three patient groups. This suggests 
that the qualitative IVUS data obtained before PTA 
delivered no predictors for the ultimate outcome. 
These conclusions are consistent with those reported 
by Tenaglia el aI. 12 
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(4) The incidence of qualitative IVUS data after PTA 
including dissection, plaque rupture and internal 
elastic lamina rupture were not associated ·with the 
outcome. In contrast, the extent of dissection seen on 
IVUS related Significantly with the outcome. Such a 
relation was also established by Tenaglia et nl. in 
coronary arteries. 12 Others, however, suggested that 
restenosis \vas more likely to occur when a concentric 
plaque was involved without a fracture or dissec­
tiOll.

ll Although in our study the severity of dissection 
rather than the incidence of dissection was related to 
the outcome, we believe that care should be taken to 
deSignate this feature being of prognostic value given 
the small number of patients studied. 
(5) Quantitative IVUS data obtained following PTA 
reveal that the effect of PTA on free lumen area, free 
lumen diameter and % area stenosis ·was significant 
for all three groups of patients. Because of the delay 
between balloon deflation after PTA and subsequent 
IVUS examination we assume the quantitative IVUS 
data obtained following PTA are not subjected to 
recoil? 

The most important observations in the present 
study are that after PTA significant differences were 
encountered for free lumen area and free lumen 
diameter between Group I VS. Groups II and III, 
respectively. The difference in % area stenosis was 
significant only between Groups I and III (52% VS. 

75%). Conversely. no significant difference in % area 
stenosis was noted between Group I (52%) and Group 
II (62%). Honey et al. 11 reported that restenosis was not 
related to the % area stenosis involved (62% area 
stenosis: no restenosis vs. 5970 area stenosis: reste­
nosis). In this respect, it is important to realise that the 
calculated degree of % area stenosis does not reflect 
the actual free lumen area size, given the variability in 
remodelint-3 of the vessel wa11.36

,37 In addition, Tena­
glia et af. 2 reported that neither free lumen area, 
diameter nor % area stenosis were predictive for the 
outcome. The reason why quantitative IVUS parame­
ters in our study were of predictive value for failure, 
while those obtained following coronary balloon 
angioplasty were not. is merely speCUlative. 

Limitatiolls 

This study WaS aimed to assess the usefulness of the 
IVUS parameters obtained at the smallest free lumen 
area site to predict success or failure of PTA in the 
superficial femoral artery. Other parameters such as 
patients' demographic data, the type and calibre of 
balloon used, qualitative angiographic data, run-off 
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and IVUS data of adjacent segments were not taken 
into account. The IVUS cross-sections used (the 
smallest free lumen area) were obtained after off-line 
analysis. However, in order to use IVUS as a decision­
making device during intervention one should be able 
to pinpoint the haemodynamically significant obstruc­
tive stenoses. This implies that the investigator needs 
to have the skill to recognize on-line the significance of 
the bottle-neck evidenced by IVUS. Images should be 
inunediately reviewed and quantitatively analysed. 
Although semi-quantitative analysis of % area stenosis 
can readily be performed;t free lumen area and 
diameter are more difficult to assess~particularly 
because PTA causes extensive irregularity of the free 
lumen area contour. Thus, for on-line quantitative 
analysis, appropriate analytic equipment is required. 

Conclusion 

This study indicates that IVUS data obtained follow­
ing PTA may predict whether a patient is likely~or 
not~ to have a long-term, event-free outcome. Failure 
is more likely to occur in the presence of a large 
dissection and a small residual free lumen area and 
diameter evidenced following PTA. Other qualitative 
and quantitative IVUS parameters seen before and 
after PTA were considered to be of no prognostic 
value. The findi.ng on IVUS of significant luminal 
narrowing at sites with minor diameter stenosis on 
angiography « 5070) underscores the difficulty to 
accurately assess luminal narrowing using angiog­
raphy alone. 

A large number of failures after angiographic 
successful « 5070 diameter stenosis) PTA have been 
shown to occur within the first month (53%). This 
observation suggests that residual stenosis rather than 
restenosis due to fibrocellular tissue response may be 
the underlying mechanism responsible for the failures 
evidenced. A second significant determinant of failure 
noted in this study may be the length of the diseased 
segment. Nonetheless, the large number of success­
fully treated lesions seen in Group I justifies an 
aggressive approach when attempting angioplasty of 
lengthy obstructive superficial femoral artery 
disease. 

Our results have important prognostic implications. 
Knowing the IVUS parameters associated with an 
adverse outcome this information may be helpful to 
more rationally decide when reintervention is indi­
cated. The information could, in addition, be used to 
indicate which of the available therapeutic options 
(additional PTA, atherectomy, stent implantation or 
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bypass surgery) is warranted for the individual 
patient. 

Confirmation of the hypothesis that free lumen area 
and diameter seen on lVUS after PTA may serve to 
influence the course of interventional management 
might be gained in the near future when more patients 
in this multicenter study have a complete follow-up. 

Note 

Recently. 4 additional hospitals were willing to partici­
pate in this study, namely: Maria Hospital TIlburg. 
Catharina Hospital Eindhoven, Groot ZiekenGasthuis 
Den Bosch, and Slingeland Hospital Doetinchem. 
Follow-up of these patients is not completed. 
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ABSTRACT 

Intravascular ultrasound (IVUS) provides unique information on the vessel wall before and 

after intravascular procedures which can not be obtained by other imaging techniques. 

This study attempts to identify IVUS parameters related to the outcome of percutaneous 

transluminal balloon angioplasty (PTA) of the femoropopliteal artery. 

Patients (n = 109) were studied with IVUS before and after angiographic successful 

PTA (n= 114). IVUS cross-sections obtained with I cm interval in the dilated segment 

were analyzed. Outcome was assessed within I month and at 6 months after PTA. A 

distinction was made between anatomic (duplex scanning) and clinical (Rutherford criteria) 

restenosis. The prognostic value of clinical, angiographic and IVUS parameters obtained 

before and after PTA to predict restenosis was evaluated. IVUS parameters evaluated 

were obtained from the dilated segment with special attention to the site with the smallest 

lumen area (LA) before PTA and its matched site after PTA, and the site with the smallest 

LA after PTA. 

Anatomic and clinical restenosis were evidenced in 36 and 49 procedures, 

respectively. Multivariate analysis revealed that a larger area stenosis after PTA at the 

matched site of the smallest LA before intervention was an independent predictor of both 

I month (odds ratio = 1.16 (95% CI: 1.07-1.26); p=O.OOOI) and 6 months anatomic 

outcome (odds ratio = 1.08 (95% CI: 1.02-1.15); p=0.017). Independent predictor of 

clinical outcome was the mean arc of hard (calcified) lesion (odds ratio = 1.69 (95% CI: 

1.21-2.36) per increase of 30°; p=0.007). No predictors for 6 months clinical outcome 

were found. 

This study revealed that IVUS is able to elucidate parameters predictive of outcome. 

IVUS can identify a subset of patients in whom restenosis is likely to develop and may, 

therefore, be used to influence interventional management in order to improve the results. 

INTRODUCTION 

Percutaneous transluminal angioplasty (PTA) is an accepted technique in the 

management of patients with obstructive disease of the femoropopliteal artery. Success 

rates vary considerably among series of reported cases (I year patency: 47% to 73%) [1-

6]. Given the lack of correlation between successful angioplasty assessed angiographically 

and the outcome, there is a need for better prediction of restenosis evidenced following 

intervention. It has been suggested that intravascular ultrasound (IVUS) is capable to 
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reveal the parameters related to outcome of balloon angioplasty [7-9]. 

We conducted a multicenter study named EPISODE (Evaluation Peripheral 

Intravascular Sonography On Dotter Effect). The main objective of this study was to 

determine the additional value of IVUS compared with angiography in predicting the 

outcome following PTA of the femoropopliteal artery. Clinical, angiographic and IVUS 

data obtained before and after PTA were evaluated to identify parameters associated with 

the outcome of PTA. 

METHODS 

Study group 

Between September 1992 and September 1994 a total of 137 patients referred for 

treatment of symptomatic obstructive disease of the femoropopliteal artery (n= 148) were 

enrolled in the study. The centers and investigators participating in this study are listed 

in appendix I. The investigation was approved by the local Committee on Human 

Research. Patients were included in the study after informed consent. 

Data collected on each patient included age, gender, hypertension (medication 

dependent), hypercholesterolemia (medication dependent or serum cholesterol > 6.5 

mmol/I), diabetes, history of smoking and indication for intervention (intermittent 

claudication, rest pain, ischemic ulceration). Preoperative assessment included 

measurement of ankle-brachial blood pressure index (AB!) at rest and after treadmill 

exercise, and angiography using intra-arterial subtraction angiography. 

Balloon angioplasty 

The intervention was preceded and followed by routine single plane angiography and 

IVUS study. The selection of balloon type, diameter, inflation pressure and additional 

inflations were determined by the radiologist in charge and were based on angiography 

only. Data collected on each patient included the status of the artery before intervention 

(stenosis; occlusion) and the number of open runoff vessels, the length of the dilated 

segment and the angiographic diameter stenosis after intervention. Crural runoff vessels 

were categorized in 2 groups (good: 2 or 3; bad: none or I). The length of the dilated 

segment, recorded using a radiopaque ruler, was categorized in 4 groups ("; 5 cm, 6-10 

cm, II-IS cm, > 15 cm). The degree of angiographic diameter stenosis was visually 

assessed on the basis of a reduction of the diameter at the most stenotic part of the artery, 

compared with a nearby" normal" arterial segment. Angiographic diameter stenosis after 

PTA was categorized into <50% and ;0: 50%. Angiographic success assessed by the 
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radiologist in charge was defined as a decrease in angiographic diameter stenosis. 

Intravascular ultrasound 

93 

The IVUS study was performed using mechanical 30 MHz imaging systems. In 3 

hospitals a CVIS "Insight" system was used (Sunnyvale, Ca, USA), in 5 other hospitals 

a Du-MED "Intrasound" system (Rotterdam, The Netherlands) was used. Care was taken 

that systems were calibrated properly. Before intervention the ultrasound catheter was 

advanced via the sheath over the wire distally beyond the lesion and IVUS cross-sections 

were recorded along the dilation tract during manual pull-back of the catheter. After 

completion of the intervention, when the procedure was deemed angiographically 

successful or no additional interventions would be performed to further improve the 

angiographic result, the IVUS study was repeated in the same way. Care was taken to 

image the site with the smallest lumen area (Le. bottle-neck) both before and after PTA. 

In order to match the IVUS cross-sections obtained before and after PTA a radiopaque 

ruler was used. Under fluoroscopic control the location of the ultrasound catheter was 

systematically compared with the radiopaque ruler; its location was indicated manually on 

the videomonitor [10], or the fluoroscopic images were mixed automatically together with 

the IVUS information. The resulting images were stored on an S-VHS recorder. The 

videotapes were reviewed off-line for analysis. The radiopaque ruler and anatomic 

markers such as side-branches and calcium deposits were used to match the IVUS cross­

sections obtained before and after PTA. The matched cross-sections within the dilated 

segment (including the bottle-neck) were selected with 0.5 or 1 cm interval for analysis. 

Qualitative and quantitative analyses of the IVUS images were performed by one of the 

4 researchers of the participating academic hospitals. The analyses were centrally 

reviewed by a second observer. Differences between the observers were solved by 

consensus. 

Qualitative analysis 

IVUS cross-sections were assessed for lesion topography and morphology before PTA 

and for vascular damage after PTA. Criteria for evaluating these features with lVUS have 

been described previously [10-12]. The topography of the lesion may be either eccentric 

or concentric. An eccentric lesion was dermed as a lesion which leaves part of the vessel 

wall disease-free. A lesion was judged to be present when the lesion thickness was 0.5 

nun or more. Lesion topography in cross-sections obtained from occluded segments was 

based on the position of the ultrasound catheter. Lesion morphology included the presence 

or absence of a hard lesion (bright echo with shadowing) representing calcification 

(Figures 1 and 2). 

After PTA, the presence or absence of vascular damage (dissection and media 
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Figure 1. Angiograms and corresponding intravascular ultrasound (IVUS) cross-sections obtained before 
(left) and after (right) balloon angioplasty (PTA) of the femoropopliteal artery display the variety of 
anatomic features involved. The IVUS cross-sections are contour traced off-Hne facilitating the Jecognition 
of lumen area (LA; inner contour) and media-bounded area (outer contour). Before PTA soft eccentric 
lesions were seen. After PTA no effect (level 50), dissection and media rupture (open arrow) were seen 
(levels 49 and 52). At 6 months follow-up no restenosis was evidenced clinically and anatomically. * = 

cross-section with the smallest LA. + = catheter; calibration = I mm. 
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rupture) was documented. Dissection was defined as the presence of a tear in the internal 

surface associated with a separation of the lesion from the underlying arterial wall; media 

rupture was dermed as an interruption in the internal elastic lamina which exposes the 

hyperechoic adventitia to the lumen [10, II]. These morphologic features could be present 

simultaneously in one cross-section (Figures I and 2). 

Quautitative analysis 

The extent of hard lesion and dissection was graded as an arc of the circumference 

with the center of the lumen as reference point (arc in steps of 30°; range 0-360°). 

Measurements of lumen and media-bounded areas before and after PTA were performed 

using a digital video analyzer system [13]. Plaque area was calculated by subtracting 

lumen area from media-bounded area. The percentage area stenosis was calculated as 

plaque area divided by media-bounded area x 100. In the absence of a visible media on 

ultrasound the outer hyperechoic layer representing the adventitia was used as reference. 

When extensive dropout due to calcification was encountered (± > 120°), media-bounded 

area was not calculated (Figures I and 2). The difference between the measurements 

obtained at the smallest lumen area before PTA and its matched site after PTA was 

calculated. In the occluded segments seen angiographically the most proximal IVUS cross­

section obtained was considered as the location with the smallest lumen area. In order to 

rule out a Dotter effect of the wire andlor ultrasound catheter at this site, lumen area of 

the occluded lumen on IVUS was considered as 0.0 mm' and the area stenosis as 100%. 

IVUS parameters selected for the analysis are listed in Table 1. They included: I) 

qualitative and quantitative data obtained at the smallest lumen area before PTA and its 

matched site after PTA and those obtained at the smallest lumen area after PTA; 2) the 

mean arc of hard lesion and the mean and maximum arc of dissection encountered in the 

dilated segment; and 3) the presence of dissection and media rupture encountered in the 

dilated segment. 

Interobserver analysis 

Reproducibility of IVUS parameters assessed by researchers from the participating 

academic hospitals in cross-sections obtained before (n= 192) and after PTA (n=212) 

from 38 patients has been previously reported [12]. Interobserver agreement was good for 

hard lesion, dissection and vascular damage (kappa values 0.67, 0.69 and 0.66, 

respectively); moderate for lesion topography (kappa value 0.45); fair for media rupture 

(kappa value 0.25); and poor for lipid and plaque rupture (kappa value 0.0 and 0.04, 

respectively). Interobserver differences for the extent of hard lesion and dissection was 

6 ± 33° (p=0.22) and 18 ± 48° (p=O.OOI), respectively. Interobserver differences of 

lumen area before and after intervention were 0.22 ± 2.07 mm' (p=0.15) and 0.03 ± 
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Figure 2. Corresponding intravascular ultrasound (lVUS) cross-sections obtained before (left) and after 
(right) balloon angioplasty (PTA) of the femoropopJiteal artery. The IVUS cross-sections are contour 
traced off-line facilitating the recognition of lumen area (LA; inner contour) and media-bounded area 
(MBA; Quter contour). At level 38 the presence of a hard lesion prevented measurement of the MBA. 
Distally the lesion was classified as soft. After PTA, dissections were seen at level 39 to 41. * = cross­
section with the smallest LA; + = catheter; calibration = 1 mm. 
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1.94 mm2 (p=0.93), respectively; and for media-bounded area 0.02 ± 3.05 mm2 

(p=0.85) and 0.11 ± 3.03 nun2 (p=0.62), respectively. 

Table 1. Intravascular ultrasound parameters selected for analysis at different locations. 

Hard lesion 
Eccentric lesion 
Dissection 
Media rupture 
LA, MBA, PLA, %S 

Location 

Smallest LA before and Smallest LA after PTA All cross-sections 
matched site after PTA 

+1-, extent 
+/-
+1-, extent 
+/-
before, after. difference 

+1-, extent 
+/-
after 

extent (mean) 

+1-, extent (mean; maximum) 
+/-

PTA = percutaneous transluminal angioplasty; +1- = present/absent; LA = lumen area; MBA = media-bounded 
area; PLA = plaque area; %S = area stenosis. 

FollOW-Up 

The follow-up protocol included clinical assessment, ABI pressure measnrements at 

rest and after treadmill exercise, and color-flow duplex examination within 1 and at 6 

months after intervention. 

Anatomic outcome was determined by color-flow duplex scanning of the 

femoropopliteal artery with special emphasis on the dilated segment. A radiopaque ruler 

was used to determine the site of a stenosis. Stenotic segments were identified by a locally 

increased velocity and poststenotic turbulence characterized by color changes. The peak 

systolic velocity at the site of a stenosis (PSV stenosis) was compared with the peak 

systolic velocity of a nearby normal proximal arterial segment (PSV artery). The peak 

systolic velocity ratio was calculated as PSV stenosis/PSV artery. A ratio ;,,2.5 was 

considered a stenosis of ;" 50% [14-16], An occlusion was characterized by the absence 

of detectable arterial flow. Early (within 1 month) and late (at 6 months) anatomic 

restenosis were defined as a stenosis ;" 50%. 

Clinical outcome was classified according to the Society for Vascular 

Surgeons/International Society for Cardiovascular Surgery criteria on a scale from -1 to -

3 for deterioration of symptoms and ABI; 0 for unchanged symptoms; + 1 for either a 

categorical improvement of clinical classification or increase of ABI >0,10; +2 for at 

least a single category improvement combined with ABI increase of > 0.10; and + 3 for 

markedly inlproved or absence of clinical symptoms combined with an ABI > 0.90 
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[17,18]. Early restenosis (within I month) was dermed as unchanged or deterioration of 

symptoms (score < + I); late restenosis was defined as each deterioration evidenced at 6 

months. 

Study endpoints and statistical analysis 

The relationship between clinical, angiographic and IVUS variables and the outcome 

of intervention was studied. Predictors of both I month outcome (early success versus 

early restenosis) and 6 months outcome (late success versus early and late restenosis) were 

assessed. The early success group comprised all procedures with I month success and 

included all procedures with subsequent late success, late restenosis and those without 

further follow-up. In addition, procedures with late success and late restenosis were 

compared to determine whether different predictors were found for early and late 

restenosis. 
Results were expressed as mean value ± SD. For univariate analysis the chi-squared 

test or Fisher's exact test was used to assess differences in dichotomous variables. The 

Mantel-Haenszel chi-squared trend test was used to assess differences in ordinal 

categorical variables. Differences in continuous variables were compared using Student's 

two sample t-test. Clinical, angiographic and IVUS variables with p < 0.1 univariately 

were entered into a stepwise forward logistic regression analysis (SPSS, SPSS Inc, 

Chicago) to detect variables that were independently significantly related to the anatomic 

and clinical outcome of the intervention, respectively. In the presence of missing data, 

missing value indicators were used in order to enable multivariate analysis on the whole 

data set, although this may result in the entrance of variables in the multivariate model 

other than expected on the basis of the univariate analyses. A p-value from a multivariate 

analysis refers to the simultaneous significance of a variable and its missing value 

indicator. The statistical significance level was set at p ,;; 0 .05. 

RESULTS 

Angiographic and IVUS study was completed in 129 of the 148 interventions. 

Complications were not encountered. In 19 procedures, IVUS images were not available 

for the following reasons: ultrasound equipment failure (n=6), inability to advance the 

wire and the ultrasound catheter along the PTA tract (n=6), inability of the ultrasound 

catheter to pass the aortobifurcation in cases of contralateral entry of the artery (n=4), 

and intervention was not performed (n=3). Angiographically, the interventions (n= 129) 

were classified as success in 114 and as initial failure in 15 procedures. For the present 
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study, data of the 114 procedures obtained from 109 patients were included in the 

analysis. Clinical and angiographic data of the angiographic successful interventions 

(n= 114) are presented in Table 2. 

Table 2. Clinical and angiographic data obtained in 109 patients with 114 treated 
femoropopliteal arteries. 

Clinical data 

Age (median, range).(years) 
Male 
Hypertension 
Hypercholesterolemia 
Diabetes 
History of smoking 
Indication: Intermittent claudication 

Rest pain/ulceration 

67 (39·93) 
68 (62.4%) 
36 (33.0%) 
22 (20.2%) 
34 (31.2%) 
75 (68.8%) 
78 (68.4%) 
36 (31.6%) 

PTA = percutaneous transluminal angioplasty. 

Angiography 

Stenosis 
Occlusion 
Runoff good 

bad 
unknown 

Length of PTA s 5 em 
6-10 em 
11-15 em 
> 15 em 

Angiographic diameter stenosis 
after PTA: <50% 

~50% 

86 (75.4%) 
28 (24.6%) 
76(66.7%) 
33 (28.9%) 
5 (4.4%) 

39 (34.2%) 
27 (23.6%) 
20 (17.5%) 
28 (24.6%) 

92 (80.7%) 
22 (19.3%) 

IVUS data were available before and after intervention in 102 of the 114 procedures. 

In 12 procedures, IVUS data were not available prior to intervention because the wire or 

the ultrasound catheter could not be advanced across the lesion (11 occlusions and I 

stenosis). In total, 920 cross-sections before and 1171 cross-sections after PTA were 

subjected to analysis. Lumen area and media-bounded area could be assessed in 97% and 

81 % of the cross-sections available, respectively; no differences in analyzable cross­

sections were encountered before and after intervention. Poor image quality and presence 

of a hard lesion were the main reasons preventing adequate identification of the media­

bounded area. 

It was found that the smallest lumen area site seen on IVUS before PTA did not 

necessarily correspond to the smallest lumen area site seen after PTA: in 73 procedures 

the distance between the smallest lumen area before and after PTA was ,,;2 cm, in 19 

procedures between 2 and 5 cm and in 10 procedures > 5 cm (Figures I and 2). 

Anatomic and clinical outcome 

Anatomic and clinical outcome of angiographic successful PTA (n= 114) evidenced 
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at 1 and 6 months are summarized in Table 3. Early anatomic restenosis was assessed in 

18 procedures and late restenosis was evidenced in another 18 procedures. Early clinical 

restenosis was assessed in 17 and late restenosis in 32 procedures. Within the first month 

3 patients died and in 15 procedures duplex scanning was not performed. At 6 months 

anatomic and clinical follow-up data were not available in 10 and 6 procedures, 

respectively. 

Table 3. Anatomic and clinical outcome of angiographic successful balloon angioplasty 
(n = 114) evidenced at 1 and 6 months. 

Interval No. No. of Died No. of lost 
(month) at risk failure to follow-up 

Anatomic outcome 0- I 114 18 3 15 
I - 6 78 18 2 8 

Clinical outcome 0- I 114 17 3 0 
1 - 6 94 32 2 4 

n = number of procedures; No. = number. 

Predictor variables of anatomic outcome 

The angiographlc and IVUS parameters in the procedures with early restenosis, late 

restenosis and late success are listed in Table 4. 

Predictors of imollth outcome (early restellosis versus early success). Neither clinical 

nor angiographlc variables were related to anatomic outcome. IVUS predictors of early 

restenosis were a smaller lumen area after PTA (11.8 ± 4.8 mm' vs 15.0 ± 4.8 mm'; 

p=0.019), a larger area stenosis after PTA (66 ± 11 % vs 53 ± 8 %; p=O.OOI), a 

smaller lumen area increase (7.3 ± 4.6 mm'vs 10.3 ± 4.7 mm'; p=0.021), a smaller 

plaque area decrease (1.8 ± 2.3 mm' vs 4.0 ± 5.5 mm'; p=0.035), and a smaller area 

stenosis decrease (18 ± 12% vs 30 ± 14%; p=0.006) at the smallest lumen area before 

and its matched site after PTA. Moreover, a larger area stenosis (67 ± 10% vs 58 ± 
10%; p=0.002) at the smallest lumen area after PTA was found predictive for early 

restenosis (Figure 3). The presence and extent of vascular damage were not predictive of 

early restenosis. Media rupture in the dilated segment was less frequently seen in 

procedures with early restenosis than early success, but this difference did not reached a 

significant level (22% versus 46%; p=0.063). 

By multiple logistic regression analysis the only independent predictor of early 
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Table 4. Angiogl'aphic and intl'avascular ultrasound parameters in procedures with early 
anatomic restenosis, late anatomic restenosis and late anatomic success. 

Early restenosis Late restenosis Late success t tt ttt 
(n~18) (n~18) (n~50) p p p 

Angiography 
Diameter stenosis < 50% 14 (78%) 16 (89%) 40 (80%) 0.74 0.70 0.49 
Occlusion 5 (28%) 5 (28%) 12 (24%) 0.76 0.69 0.76 
Bad runoff 5 (28%) 5 (28%) 13 (26%) 1.00 0.84 1.00 
PTA length (em) 
,;;5 7 (39%) 4 (22%) 23 (46%) 0.24 0.043 0.077 
6·10 2 (II %) 6 (34%) 14 (28%) 
11-15 4 (22%) 4 (22%) 7 (14%) 
> 15 5 (28%) 4 (22%) 6 (12%) 

Intravascular Ultrasound 

All cross-sec~ions 
in the dilated segment 
Mean arc of hard lesion (') 36 ± 54 18 ± 18 25 ± 34 0.49 0.84 0.42 
Dissection 14 (78%) 15 (83%) 46 (92%) 0.26 0.19 0.37 
Mean arc of dissection (0) 32 ± 30 53 ± 46 37 ± 28 0.33 0.49 0.18 
Maximum arc of dissection (0) 122 ± 91 143 ± 90 107 ± 67 0.83 0.13 0.076 
Media rupture 4 (22%) 9 (50%) 23 (46%) 0.063 0.36 0.77 
Smallest LA before and 
its matched site after PTA 
Eccentric lesion 4 (25%) 7 (44%) 15 (35%) 0.27 0.96 0.53 
Hard lesion 9 (56%) 3 (19%) 15 (35%) 0.10 0.82 0.34 
Arc of hard lesion (0) 64 ± 90 19 ± 41 25 ± 38 0.12 0.26 0.58 
Dissection 9 (56%) 9 (56%) 27 (60%) 0.97 0.74 0.79 
Arc of dissection(O) 64 ± 83 56 ± 67 53 ± 62 0.52 0.64 0.85 
Media rupture 3 (19%) 2 (13%) 6 (13%) 0.69 1.00 1.00 
LA before PTA (mm2) 4.6 ± 4.3 3.8 ± 3.2 4.7 ± 3.8 0.89 0.55 0.38 
MBA before PTA (mOll) 30.6 ± 11.9 22.9 ± 8.5 26.8 ± 10.1 0.10 0.90 0.19 
PLA before PTA (mml) 25.2 ± 10.1 19.3 ± 9.7 21.9 ± 8.4 0.12 0.96 0.35 
Area stenosis before PTA (%) 85 ± 15 82 ± 15 83 ± 12 0.45 0.94 0.79 
LA after PTA (mm2) 11.8 ± 4.8 14.5 ± 4.5 15.0 ± 4.7 0.019 0.11 0.74 
MBA after PTA (mm2) 33.5 ± 13.4 33.0 ± 11.1 32.4 ± 9.8 0.84 0.74 0.84 
PLA after PTA (nun1) 22.6 ± 11.1 18.1 ± 7.9 17.3 ± 6.3 0.13 0.15 0.68 
Area stenosis after PTA (%) 66 ± 11 54 ± 9 53 ± 8 0.001 0.009 0.76 
LA increase (mm2) 7.3 ± 4.6 10.8 ± 6.1 10.3 ± 4.5 0.021 0.28 0.73 
MBA increase (mm!) 3.9 ± 3.0 7.5 ± 8.5 6.3 ± 4.8 0.13 0.71 0.54 
PLA decrease (mm2) 1.8 ± 2.3 3.9 ± 5.2 4.0 ± 6.1 0,035 0.39 0.94 
Area stenosis decrease (%) 18 ± 12 32 ± 13 29 ± 15 0.006 0.25 0.56 
Smallest LA after PTA 
Dissection 8 (44%) 8 (44%) 25 (50%) 0.82 0.61 0.69 
Arc of dissection C) 57 ± 82 47 ± 67 44 ± 59 0.52 0.60 0.87 
Media rupture 2 (11%) 1 (6%) 2 (4%) 0.31 0.65 1.00 
LA after PTA (mm2) 10.0 ± 4.2 11.2 ±3.0 12.3 ± 4.2 0.054 0.051 0.32 
MBA after PTA (mm2) 32.1 ± 14.0 27.7 ± 8.4 30.0 ± 9.3 0.47 0.96 0.40 
PLA after PTA (mm1) 22.0 ± 11.1 16.3 ± 7.1 17.5 ± 6.5 0.13 0.40 0.54 
Area stenosis after PTA (%) 67 ± 10 57 ± 11 57 ± 9 0.002 0.063 0.95 

t = Comparison of early restenosis versus early success; tt = Comparison of (early and late) restenosis versus late 
restenosis; ttt = Comparison of late restenosis versus late success; PTA = percutaneous transluminal angioplasty; 
LA = lumen area; MBA = media-bounded area; PLA = plaque area; significant values are shown in bold. 
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Table 5. Angiographic and intravascular ultrasound parameters in procedures with early 
clinical restenosis, late clinical restenosis and late clinical success. 

Early rcstcnosis Late restcnosis Late success t tt ttt 
(n~ 17) (n~32) (n~56) p p p 

Angiography 
Diameter stenosis < 50% 14 (82%) 28 (88%) 43 (77%) l.00 0.25 0.22 
Occlusion 2 (12%) 9 (28%) 16 (29%) 0.23 0.47 0.96 
Bad runoff 7 (41 %) 9 (28%) 13 (25%) 0.25 0.43 0.79 
PTA length (em) 
,;5 6 (35%) 10 (31 %) 18 (32%) 0.68 0.89 0.77 
6-10 3 (9%) 10 (31%) 13 (23%) 
H-15 3 (9%) 5 (16%) 12 (21 %) 
> 15 5 (29%) 7 (22%) 13 (23%) 

Intravascular Ultrasound 

All Cl'oss·sectiolls 
in the dilated segment 
Mean arc of hard lesion (0) 68 ± 68 22 ± 33 26 ± 35 0.028 0.20 0.63 
Dissection 14 (82%) 29 (91 %) 51 (91%) 0.45 0.58 1.00 
Mean arc of dissection C) 31 ± 27 53 ± 46 42 ± 34 0.20 0.66 0.21 
Maximum arc of dissection (0) 120 ± 85 135 ± 78 123 ± 82 0.94 0.65 0.49 
Media rupture 8 (47%) 15 (47%) 22 (39%) 0.61 0.43 0.49 
Smallest LA before and 
its matched site after PTA 
Eccentric lesion 5 (36%) 8 (28%) 17 (36%) 1.00 0.55 0.44 
Hard lesion 10(71%) 7 (24%) 19 (40%) 0.008 0.93 0.15 
Arc of hard lesion (0) 79 ± 96 20 ± 38 35 ± 59 0,078 0.77 0.21 
Dissection 8 (53%) 16 (55%) 30 (61 %) 0.85 0.51 0.60 
Arc of dissection (0) 46 ± 51 62 ± 68 51 ± 66 0.75 0.67 0.48 
Media rupture 2 (13%) 5 (17%) 7 (14%) 1.00 0.83 0.75 
LA before PTA (nun!) 5.0 ± 4.8 4.2 ± 3.6 4.4 ± 3.6 0.66 0.89 0.86 
MBA before PTA (mm2) 30.2 ± 12.6 27.9 ± 10.3 25.6 ± 9.2 0.25 0.23 0.37 
PLA before PTA (mml) 23.5 ± 9.5 23.8 ± 9.4 20.9 ± 8.5 0.55 0.18 0.21 
Area stenosis before PTA(%) 81 ± 13 86 ± 13 83 ± 13 0.60 0.62 0.39 
LA after PTA (mm2) 13.9 ± 7.3 15.0 ± 4.0 14.4 ± 4.0 0.56 0.87 0.58 
MBA after PTA (mml) 34.7 ± 14.2 35.0 ± 11.2 32.1 ± 8.9 0.60 0.23 0.23 
PLA after PTA (mOl2) 20.4 ± 7.2 20.0 ± 8.8 17.6 ± 7.4 0.41 0.16 0.23 
Area stenosis after PTA (%) 60 ± 9.7 55 ± 10 54 ± 10 0.073 0.19 0.52 
LA increase (mm2) 8.9 ± 5.9 10.8 ± 4.7 10.1 ± 4.5 0.34 0.96 0.53 
MBA increase (mm2) 3.7 ± 3.6 7.2 ± 7.0 6.3 ± 5.4 0.17 0.99 0.56 
PLA decrease (nill}2) 4.3 ± 4.9 3.8 H.8 3.3 ± 6.2 0.69 0.67 0.77 
Area stenosis decrease (%) 20 ± 14 30 ± 13 28 ± 16 0.089 0.91 0.56 
Smallest LA after PTA 
Dissection 8 (47%) 21 (66%) 26 (46%) 0.82 0.19 0.082 
Arc of dissection (0) 46 ± 69 71 ± 71 39 ± 60 0.94 0.068 0.033 
Media rupture 2 (12%) 3 (10%) 3 (5%) 0.35 0.35 0.66 
LA after PTA (mm2) 11.2 ±6.0 12.3 ± 3.4 11.3 ± 3.2 0.68 0.45 0.19 
MBA after PTA (mml) 31.1 ± 11.0 33.0 ± 11.0 29.1 ± 8.6 0.75 0.13 0.097 
PLA after PTA (mm2) 19.5 ± 5.9 20.7 ± 9.4 17.5 ± 7.5 0.67 0.10 O.ll 
Area stenosis after PTA (%) 64 ± 9 61 ± II 58 ± 11 0.15 0.13 0.34 

t = Comparison of early reslenosis versus early success; tt = Comparison of (early and late) restenosis versus late 
success; ttt = Comparison of late restenosis versus late success; PTA = percutaneous transluminal angioplasty; 
LA = lumen area; MBA = media-bounded area; PLA =: plaque area; significant values are shown in bold. 
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restenosis was a larger area stenosis at the location corresponding to the smallest lumen 

area before PTA (odds ratio = 1.16 (95% CI: 1.07-1.26); p=O.OOOl). 
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Figure 3. Predictive model of the probability of early anatomic restenosis based on the area stenosis 
measured with intravascular ultrasound after balloon angioplasty at the matched site of the smallest lumen 
area before intervention. 

Predictors of 6 1I10lllils olltcome (early alld late restellosis verslls late sllccess). 

Diabetes and a larger length of dilated segment were more frequently seen in procedures 

with (early and late) restenosis than late success (diabetes: 36% versus 16%; p=0.032; 

length of dilated segment p=0.043). The only IVUS parameter found predictive of 6 

months outcome was area stenosis at the location with the smallest lumen area before 

PTA; 53 ± 8% in the late success group and 60 ± 12% in the (early and late) restenosis 

group (p=0.009). The presence and extent of vascular damage were not predictive of 6 

months outcome. 

By multiple logistic regression analysis the independent predictor of (early and late) 

restenosis was a larger area stenosis at the location with the smallest lumen area before 

PTA (odds ratio = 1.08 (95% CI: 1.02-1.15); p=O.017). 

Predictors of late restellosis (late restellosis verslls late sllccess). There were no 

significant differences in the qualitative and quantitative IVUS parameters in procedures 
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with late restenosis compared with those with late success; the maximum arc of the 

dissection seen in the dilated segment was the most significant variable (143 ± 90° and 

107 ± 67", respectively; p=0.076). 

Predictor variables of clinical outcome 

The angiographic and IVUS parameters in the procedures with early restenosis, late 

restenosis and late success are listed in Table 5. 

Predictors of 1 lIIolllil outcome (early restellosis versus early success). Diabetes and 

rest pain or uiceration were more frequently seen in procedures with early restenosis than 

early success (53% versus 25%; P = 0.023 and 53% versus 25%; p = 0.023, 

respectively). IVUS predictors of early restenosis were a larger mean arc of hard lesion 

(68 ± 68° vs 24 ± 34°; p=0.028) and the presence of hard lesion (71 % vs 34%; 

p=0.008) at the smallest lumen area before PTA. The presence and extent of vascular 

damage were not predictive of early restenosis. 

By mUltiple logistic regression analysis the only independent predictor of early 

restenosis was a larger mean arc of hard lesion (odds ratio = 1.69 (95 % CI: 1.21-2.36) 

per increase of 30°; p=0.007). 

Predictors of 6 lIIolltils outcome (early alld late restellosis versus late success). No 

variables were significantly related to 6 months outcome. The arc of dissection at the 

smallest lumen area after PTA was the most significant variable related to 6 months 

outcome: (early and late) restenosis and late success 62 ± 71 ° and 39 ± 60°, respectively 

(p=0.068). 

Predictors of late restellosis (late restellosis versus late success). Comparison of the 

procedures with late restenosis versus late success revealed that the arc of the dissection 

at the smallest lumen area after PTA was significantly different (71 ± 71 ° and 39 ± 60°, 

respectively; p=0.033). 

DISCUSSION 

One of the promising features of IVUS was the potential to provide more insight in 

the mechanism of peripheral PTA and predict which patients may experience restenosis 

after an angiographic successful intervention. With this in mind the EPISODE study was 

conducted, which is the first study to determine whether IVUS parameters can predict 

restenosis after peripheral PTA. 

The present study shows that angiographic parameters obtained before and after 

intervention were not predictive for outcome. Independent IVUS predictors of outcome 
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were the extent of hard lesion and area stenosis after PTA. Other parameters such as 

lesion topography (eccentric versus concentric) before, and presence and extent of 

vascular damage (dissection and media rupture) after intervention, were not predictive for 

outcome. In addition, when the procedures with late success were compared with late 

restenosis it was found that the maximum arc of dissection was the most significant 

predictor for late anatomic restenosis and the arc of dissection at the smallest lumen area 

after PTA for late clinical restenosis. 

To compare the present study to intracoronary ultrasound studies the following issues 

should be addressed. 

First, it is connnon that the outcome of coronary balloon angioplasty is assessed 

angiographically at 6 months [19-23]. Conversely, the outcome of peripheral PTA is 

commonly assessed with the use of clinical data and objective vascular laboratory findings, 

including ABI pressure measurements and duplex scanning. Based on these findings a 

distinction was made in the present study between anatomic and clinical outcome. As 

patients with anatomic success may not present with a clinical success, IVUS predictors 

found were different for anatomic and clinical outcome. It is interesting that clinical 

restenosis occurred more frequently than anatomic restenosis. The reverse is often the case 

in coronary arteries. The presence and progression of atherosclerotic disease in the iliac 

and crural arteries may explain this phenomenon. 

Secondly, in the present study a distinction was made between early and late 

restenosis. This distinction, based on the large number of failures occurring in the first 

month of intervention, enabled to assess different parameters related to 1 and 6 months 

outcome. Most of the significant IVUS predictors were related to 1 month outcome while 

the predictive power of IVUS parameters for outcome at 6 months was limited. 

Thirdly, intracoronary ultrasound studies usually present data on one single cross­

section obtained at the target lesion following intervention. In the present study, IVUS 

images were obtained both before and after PTA, and a sequence of cross-sections was 

collected in the dilated segment. As a consequence the number of IVUS parameters 

studied was larger than in coronary studies (Table 1). 

Comparison with other IVUS studies 

Lesiolllllorph%gy. Mintz et a!. [19] demonstrated a relation between hard lesion and 

restenosis following coronary interventions: the arc of calcified lesion in the success group 

was smaller than in the restenosis group (94 ± 106 0 and 135 ± 1290
, respectively; 

p=0.03). However, the authors did not confirm this finding in subsequent larger studies 

using multivariate analysis [20]. In other IVUS studies, no such relation was found 

[8,9,21-22]. In the present study the presence and extent of hard lesion were found to be 
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predictors of early clinical restenosis but not for late restenosis. This observation suggests 

tliat the distinction between early and late restenosis may enable to demonstrate more 

precisely the role of lesion morphology for outcome. Thus, hard lesion (i.e. calcified 

lesion) - a sign of more advanced atherosclerotic disease [24]- may preclude early success 

of intervention. This is in agreement with the report of Potkin and Roberts, who found 

that initial angiographic success was most often seen in non-calcified fibrous arteries [25]. 

Vascular damage. Tenaglia et al. [8] found both a higher incidence and greater 

severity of dissection on IVUS in patients with adverse events after coronary 

interventions. Similarly, Jain et al. [9] observed that an extensive dissection was more 

frequently found in a lesion that subsequently developed restenosis. Such a relation was 

not established in other intracoronary ultrasound studies [20-22]. In the present study no 

distinct relation was found between vascular damage and outcome. The results seemed in 

part contradictory. Media ruptures were less frequently seen in procedures with early 

anatomic restenosis than with early anatomic success (p=0.063). Conversely, comparing 

the procedures with late restenosis and late success revealed that the maximum arc of 

dissection was larger in procedures with late anatomic restenosis (p=0.076). Similarly, 

the presence and extent of dissection at the smallest lumen area after PTA was larger in 

procedures with late clinical restenosis (p=0.082 and p=0.033, respectively). In other 

words, the presence of vascular damage was related to success at 1 month and to late 

restenosis at 6 months. An explanation for this may be the difference in mechanism of 

early and late restenosis. Vascular damage following balloon angioplasty, a prerequisite 

necessary to allow the adventitia and media to stretch [26,27], resulted in better initial 

clinical results [25]; however, extensive dissection, which has first led to a successful 

lumen enlargement, may be a stimulus for a sequence of events leading to smooth muscle 

cell proliferation and migration resulting in restenosis during follow-up [28,29]. 

Area measurements. Thus far, intracoronary ultrasound studies presented conflicting 

results on the predictive value of quantitative IVUS parameters on outcome. In some 

studies, no quantitative parameters were found to be predictive of outcome [7,8,21,22], 

whereas others established a relation between area stenosis after intervention and outcome 

of intervention [9,20,23]. Jain et al. [9] found differences in area stenosis between the 

success group (34%) and the restenosis (50%) group. Mintz et al. [20] found that the final 

area stenosis was the most strongest predictor of angiographic restenosis. Finally, the 

report of the GUIDE trial [23] revealed that area stenosis was a predictor of both 

angiographic and clinical restenosis. These 3 studies had in common that area stenosis and 

not lumen area was the (independent) predictor of outcome [9,20,23]. 

In the present study a number of quantitative IVUS parameters were found to be 



IVUS predictors of restenosis: the EPISODE study 107 

related to anatomic outcome. It is noteworthy that a number of IVUS parameters found 

to be predictive for outcome were detected by comparison of the measurements before and 

after PTA. However, in the multivariate analysis only area stenosis seen after PTA at the 

site corresponding to the smallest lumen area before PTA was an independent predictor 

of anatomic outcome. The interrelationship between the quantitative parameters may 

explain that just one quantitative IVUS parameter is an independent predictor [30,31]. 

Although in the present study area stenosis after PTA is calculated by the (residual) 

plaque area divided by the stretched media-bounded area, it is the independent quantitative 

predictor of outcome rather than lumen area after PTA as is also the case in the 3 above­

mentioned studies [9,20,23]. The relative lumen area is probably more important than the 

absolute lumen area. This is in agreement with the histopathologic study conducted by 

Farb et ai. [32], who concluded that the creation of a larger lumen and a larger lumen as 

a percentage of vessel size were associated with an improved long-term histologic patency. 

Clinical implications 

Lesion mO/plw/ogy. The presence and extent of hard lesion were predictors of clinical 

outcome. If severe calcification is present in the diseased segment other treatment 

modalities may be considered. The influence of lesion morphology assessed with IVUS 

on decision making has been reported [33,34]. However, there is still no evidence that the 

outcome of intervention is improved due to decisions based on IVUS assessed lesion 

morphology. 

Vascular damage. As the presence of a media rupture is beneficial for 1 month 

outcome the absence of vascular damage, especially in the presence of a small lumen area 

or small luminal gain after PTA, is an indication of an inadequate dilation and may 

require a repeat PTA. However, the creation of extensive vascular damage, such as a 

large dissection, creates a dilemma as a dissection may be a prerequisite for an adequate 

dilation, while this may result in an increased probability for late restenosis. Large 

dissections may, therefore, necessitate the placement of stents to prevent the late restenotic 

process. 

Area measuremellls. Maximizing lumen area, and thus minimizing area stenosis, may 

reduce restenosis. In the presence of a large area stenosis after PTA several measures are 

available to optimize the result: repeat PTA, atherectomy or stent placement. 

Limitations 

The present study is limited by the absence of angiographic follow-up at 6 months. 

Instead, duplex measurements were used to assess anatomic outcome. Another problem 

is the difference between clinical and anatomic outcome which resulted in different 

parameters predictive of outcome. IVUS also had some limitations. Inadequate image 
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quality and the presence of calcification preventing measurement of media-bounded area 

in 19% of the cross-sections should be acknowledged. The assessment of IVUS 

parameters may be subjective. However, the kappa values of hard lesion and dissection 

were good and the variability in measurements was minimal except the variability in the 

extent of dissection. Finally, as the number of patients studied is limited one should be 

careful regarding conclusions drawn on the non-significant parameters. 

Conclusion 

This study revealed IVUS parameters predictive of clinical and anatomic outcome. 

The parameters for 1 month and 6 months outcome were different. The discriminative 

power of these parameters were restrictive. Nevertheless, IVUS parameters predicted the 

probability of restenosis more accurately than angiographic assessed diameter stenosis. 

Whether interventions based on the IVUS parameters found will result in better outcome 

should be investigated in further studies. These studies will define the true clinical utility 

of IVUS. 
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Femorodistal Venous Bypass Evaluated With Intravascular 
Ultrasound' 

A. van der lugt1,3, E. J. Gussenhoven2 ,3, S. H. K. The2,3, J. van Essen2,3, J. Honkoop2,3, J. D. 
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Departments of IVascular SlIrgenj, 2T1lOraxccllfer, University Hospital Dijkzigt Rotterdam, Erasmus University 
Rotterdam find tile 3111tenllliversity CardiologtJ Illstitllte of The Nealerlallds, TIle Netherlallds 

Objective: To evaluate tile feasibility of illtravascular u/tmsollllli imagillg drlrillg jell/orodistal venolls bypass procedures 
to assess qllafitatifve fIud qurmfitllfive parameters oj tlie greater snphCIIOIIS vei" alld to detect potclltial callses for 
(Te)sfcllosis alld/or OCe/USiOll, 
Methods: Illfrauaswlar IIltmsOImd data obtailled from 15 patiellts were reviell.'Cd alld compared wi/It angiographic 
data. 
Results: IlItravasC/ilar ultrasound enabled differentiatioll betlt'ee1/ 1I0rmai alld tMckelled veill u'!IlI. VeliOllS side-branches 
could be located. Illtaet mlves cOl/ld be dijferCllfiated from mlves disrupted by mlve cutting. Patenl anastomoses could be 
distinguished from allaslomoses witll some degree of obslruelion. Intravascular ultrasound imagillg of the iI/flow ami 
olilflow traels revealed obstruelive IcsiollS, 110/ evidweed angiograplJically. Quantitative al/alysis reuealed tlta! the median 
I/ormal vein wallihieklless (hlllim intima and tunica media) 1ms 0.25 111/11 (ral/ge 0.17-0.40 111m). TIle distillel Veill wal/ 
tlJickCllil/g ellco/mlered il/ fllree patients measured 0.82, 0.95 alld 1.06 111111, reweelively, and rms associated willI 
narrowing ill two patients. III five of 15 pafiCllts jnlramsClliar ultrasolllld findillgs altercd surgical management. 
ConclusiOIl: Intravascular ultrasound is able to aSSt'SS qualitative and quantitatiw parameters of the venolls bypass and 
has the potClltial to {nflllcllee surgical management based 011 morphologic and quantitative data. 

Key Words: Illframswlar ultrasound; Vcnous bypass. 

Introduction 

Autogenous veins are the preferred graft material for 
femorodistal reconstruction. Although the results are 
reasonably good (i-year patency, 85%i 5-year patency, 
70%),1-3 much concern has focused on the prevention 
of graft failure because of the potential disastrous 
consequences for patients. Graft failure may be caused 
by several factors.4 Within 1 month technical errors 
and poor choice of inflow and outflow sites are the 
predominant causes of graft failure. Failures during 
the subsequent 1-18 months have been attributed 
almost entirely to intrinsic vein graft stenosis at the 
proximal and distal anastomotic regions, but also in 
the vein conduit itself. Finally, failures after 18 months 
have generally been associated with progression of the 
underlying atherosclerotic process resulting in com-
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Please address all correspondence to: Elma J. Gussenhoven 1'110, 
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The Netherlands. 

promised inflow and/or outflow arteries. Intraoper­
ative and postoperative monitoring using completion 
angiography, angioscopy and Duplex scanning do not 
predict all cases of graft failure. S,6 

Recently, attention has focused on the quality of 
the venous bypass, as it became clear that morpho­
logic changes such as fibrous thickening of the intima, 
calcification, media hypertrophy, mediasclerosis and 
luminal recanalisation may already be present before 
grafting?-14 The influence of these morphologic 
changes on bypass patency, however, remains unclear. 
At present, such morphologic changes are difficult to 
demonstrate prior to or during bypass surgery.1t 

With the introduction of intravascular ultrasound 
in 198915 a new diagnostic tool became available with 
the capability of identifying various components of 
vascular pathology and quantitating the mechanism 
of angioplasty devices. Since our first report on 
experience with intravascular ultrasound in femor­
opopliteal bypass surgery in 1991/6 we have studied 
an additional group of patients undergoing venous 
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bypass grafting. The objective of the present study 
was to elucidate our expanded experience with 
intravascular ultrasound in assessing qualitative and 
quantitative parameters of venous bypass grafts. 

Material and Methods 

Study Group 

In 15 patients (12 males, three females) with a median 
age of 70 (range 55-83) years scheduled for routine 
below-knee femorodistal bypass procedure, intra­
vascular ultrasound was used intraoperatively. The 
indication for operation was intermittent claudication 
(11 '" 5), rest pain (1/ = 3) and tissue loss (11 = 7). This 
report contains data on three patients reported 
previously,16 

An ill Sitll bypass was performed in 11 patients (in 
two patients an extension with reversed vein was 
necessary), an ex Sitll non-reversed bypass in two 
patients, and a reversed bypass in two patients (a 
composite graft in one patient). The 11 ill-situ bypasses 
were performed via an open technique (/I :=: 6), or via a 
semi-closed technique (11:=: 5) in which the side­
branches were closed by means of endovascular 
placed coils. In the in sitlt and ex situ non-reversed 
bypasses the valves were disrupted with a valve cutter 
(VaVaCut, William Cook Europe AS, Bjaeverskov, 
Denmark). 

For the proximal anastomosis the common 
femoral artery (IJ :=: 11) or the superficial femoral artery 
(/I :=: 4) were used. For the distal anastomosis the 
below-knee popliteal artery (IJ:=: 11) and tibial arteries 
(IJ = 4) were used. 

Preoperatively.. diagnostic angiography was avail­
able in all patients. Intraarterial pressure measure­
ments over the aortofemoral tract were available in 
seven of 15 patients. Following completion of the 
bypass, intraoperative angiography was performed in 
14 patients. In one patient with renal insufficiency 
angiography was contraindicated. 

IIttravascular ultrasound iuvestigatioIJ 

A mechanical 30 MHz imaging system was used (Du­
MED, Rotterdam, The Netherlands). The first four 
patients were studied with a stiff SF catheter; in the 
other 11 patients a 4.1F flexible catheter was used. The 
ultrasound catheters rotate up to 16 images per 
second. The axial resolution of the system is 80 ttm. 
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Lateral resolution is better than 225 ~Im at a depth of 1 
mm. The resulting images were displayed on a 
monitor via a video-scanned memory and stored on a 
VHS recorder. 

The non-reversed bypasses (1/ :=: 13) were imaged 
after completion of the proximal anastomosis and 
valve cutting. The ultrasound catheter was introduced 
distally into the vein graft and advanced beyond the 
proximal anastomosis to obtain images of the inflow 
tract from the anastomosis up to the aorta. After 
completion of the distal anastomosis, the vein graft 
and the distal anastomosis were imaged using a 
proximal side-branch for introduction. The reversed 
bypasses (1/ '" 2) were studied after completion of the 
distal anastomosis and filled with heparinised saline 
to facilitate ultrasound imaging. The ultrasound cathe­
ter was introduced proximally and advanced to and 
beyond the distal anastomosis. 

Intravascular ultrasound images were recorded 
during pull-back of the ultrasound catheter. The 
videotapes were reviewed immediately after imaging; 
an additional intervention was performed when intra­
vascular ultrasound revealed unequivocal abnormal­
ities in the vein graft, anastomoses or the inflow and 
outflow tract. The extended analyses were performed 
off-line. 

Analysis 

Intravascular ultrasound analysis induded the venous 
bypass, the anastomoses and the inflow and outflow 
tract. The venous bypass was evaluated for the 
presence of wall thickening, side-branches, and intact 
or disrupted valves. WaIl thickness in each vein graft 
was measured in three ultrasound cross-sections 
showing an apparently normal vessel wall and in 
those cross-sections showing a distinct wall thickening 
(Fig. 1). The thickness was calculated as the perpendic­
ular distance between the leading edge from the 
lumen-intima interface to the leading edge of the 
outer echogenic layer. The ultrasound cross-section 
showing the smallest free lumen area of the vein graft 
was selected to measure the free lumen area and mean 
free lumen diameter. Free lumen area was defined as 
the area encompassed by the inner boundary of the 
intimal surface. Anastomoses were judged semi­
quantitatively "sufficient" or "insufficient". The ana­
stomosis was "insufficient" if the free lumen area of 
the anastomotic region was smaller than the free 
lumen area of the adjacent vein graft segment. Inflow 
and outflow tracts were analysed and the images 
showing the smallest free lumen area were selected to 
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measure free lumen area, media-bounded area and 
percentage area stenosis.17 

The measurements were performed with a digital 
video analyser as described previously.18,19 Briefly, the 
analysis system was developed on an IBM PCI AT 
(IBM Corp. Boca Raton, U.S.A.) equipped with a 
framegrabber and a PC mouse device. Observer 
variability in quantitative measurements has been 
reported to be satisfactorily 10\\,.18--2(1 AU measured 
values are presented as median values and range. 

Results 

The intravascular ultrasound study was completed in 
14 patients. In one patient, only a small part of the 
bypass was visualised as the ultrasound catheter 
could not be further advanced through the vein. In 
another patient the bypass was perforated by the 
ultrasound catheter; this was treated with simple 
closure. No other complications related to the intra­
vascular ultrasound studies were observed. The 
median duration of the intravascular ultrasound 
investigation was 14 min (range 3--40 min). 

Veill wall 

It was noted that the vein wall presented as a two- or 
three-layered structure. The two-layered stntcture 
consisted of a hypoechoic inner layer, representing the 
tunica intima and tunica media, and a hyperechoic 
outer layer, representing the tunica adventitia (Fig. 1). 
,Vhen the vein wall presented as a three-layered 
stmcture a hyperechoic region was seen at the lumen­
intima interface. Intravascular ultrasound inlages 

Fig. 1. Intravascular ultrasound cross-sections sho\dng a normal 
venous bypass (left panel) and a venous bypass with thickening of 
the win wall (right panel). + == Catheter; calibration", 1 mm. 
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obtained during the open and semi-closed ill situ 
technique differed in appearance. Exposure of the vein 
to air in the open technique caused a more hyper­
echoic outer layer than in the semi-closed technique 
(Fig. 2). 

Although the free lumen diameter seen with 
intravascular ultrasound varied along the length of 
the bypass, the wall thickness (tunica intima and 
tunica media) remained practically unchanged, Thick­
ening of the vein wall was usually seen in the 
proximity of the valves, The median thickness of the 
apparently normal vein wall was 0,25 mm (1/ = 45; 
range 0.17-0.40 mm) (Figs 1,3). Statistically significant 
differences were found between the thickness of a vein 
wall with a two-layered appearance (1/ = 20; median 
0.21 mm, range 0.17-0.29 nun) and that with a three­
layered appearance (11=25; median 0,28 mm, range 
0.17-0.40 mm) (p < 0.001, Mann-Whitney test). 

A focal, eccentric thickened vein wall, different 
from the thickening seen in the proximity of the 
valves, was observed in three patients. This thickening 
appeared as il homogeneous soft stmcture super­
imposed to the outer hyperechoic layer and measured 
0.82,0.95 and 1.06 mm, respectively (Fig. 1). In two of 
these patients, intimal thickening was associated with 
free lumen area narrowing (mean diameter 2.4 and 3.1 
mm, respectively) (Fig. 1). These abnormalities were 
not seen with intraoperative angiography. 

Free llllllell area a1/d diameter 

During pull-back of the ultrasound catheter it was 
noted that the size of the free lumen area of the venous 

Fig. 2. Intrd\'dscular ultrasound cross-sections showing the differ­
ences between images obtained during the semiclosed and the open 
technique. Left panel: Using the semiclosed technique the tissue 
surrounding the yein wall can be identified completely. Right panel: 
Using the open technique the effect of exposure of the vein to air is 
seen on ultr,lsound between 9 and 3 o'dock (arrows) ,1S a more 
hyperechoic outer layer than seen between 3 and 9 o'clock. + '" 
Catheter; calibration", 1 nun. 
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bypass changed markedly. Proximal to the valve 
leaflets the lumen size sometimes increased. Similarl)'i 
the free lumen area decreased when imaged distal to 
large side-branches. The median smallest free lumen 
area measured was 6.5 mm2 (range 2.5-19.0 mm2

). The 
median smallest free lumen diameter was 2.9 mm 
(range 1.8--4.9 mm) (Fig. 3). In one patient, intra­
operative angiography revealed a short local stenosis 
in the venous bypass, not sufficiently alarming to 
warrant re-exploration. Intravascular ultrasound 
revealed a narrowed elliptic lumen as a result of 
external compression of the vein graft. At surgical 
inspection it was found that the tendon of the 
gastrocnemius muscle compressed the venous bypass, 
caused by a false route during tunnelling of the 
bypass. After tendon division the intravascular ultra­
sound image showed a normal circular lumen (Fig. 
4). 

Side-brallches alld valves 

Side-branches in venous bypasses were seen with 
intravascular ultrasound as an interruption of the 
vessel wall (Fig. 5). The median number of side­
branches seen per bypass was 10 (range 1-14). In the 
ill situ bypass detection was facilitated by blood flow 
in the side-branches, as imaging was performed before 
ligation. Both large and small tributaries ·were 
detected. 

The intact valves in the reversed bypasses were 
detected as straight echogenic lines. After valve 
cutting in the in Sitll bypasses, intravascular ultra­
sound enabled demonstration of the remnants of the 
valves and differentiation between (partially) intact 
and totally disrupted valves (Figs 6,7). The presence of 
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blood flow seen with real-time imaging facilitated 
identification of the valve patency. An intact valve was 
seen as a straight structure behind which stagnant 
blood created a higher echogenicity than normal 
blood flow (Fig. 7). Another way to demonstrate 
complete or incomplete disruption of the valves was 
by flushing saline through the bypass, which elimi­
nated the blood and dearly visualised the valve 
leaflets. 

The median number of locations with valves 
(intact or disrupted) seen per bypass was 5 (range 
1-8). A persisting intact valve was detected in two 
patients after valve cutting which resulted in an 
additional valve-cutting procedure. An additional 12 
(partially) intact valves were detected by off-line 
analysis in seven patients. Five valves were not 
imaged on angiography as only the distal anastomosis 
and the outflow were imaged. The other seven 
partially intact valves were seen on angiography as an 
irregular luminal contour in three cases, and were not 
visualised in the remaining four cases. 

Finally, intravascular ultrasound enabled detec­
tion of a dissection in the vein wall in three patients, 
probably caused by the valve cutter (Fig. 8). These 
were not visible angiographically. 

Pro:rimal alld distal allastomoses 

The proximal anastomosis was studied with intra­
vascular ultrasound in 12 patients and the distal 
anastomosis in ten patients. In four patients, the 
ultrasound catheter could not be advanced beyond the 
distal anastomosis. The vein wall and arterial wall 
could be distinguished based on anatomic character­
istics evidenced on intravascular ultrasound (Fig. 9). 

Fig. 3. Intravascular ultrasound cross·sections of venous bypasses showing differences in lumen areas. Left panel shows the contour of the 
free lumen area (FLA) and the vein wall thickness ~open arrow). IvtidcUe panel: example of a small lumen (FLA = 5.6 mm2

). Right panel: 
example of a large patent hunm (FLA '" 12.1 mm). + = Catheter; calibration", 1 mm. 
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An anastomoses, except one, were semi-quantitatively 
judged "sufficient", One distal anastomosis was 

Fig. 4. Corresponding inlr.:wasUllar ultrasound cross-sections and 
angiog£ams of a venous bypass before and after c1ea\Oage of the 
tendon of Ihe g.lstrocnemius muscle. Before intervention (right 
panel) an ambiguous stenosis is seen angiogr'lphically at level 3-t 
that is no longer visible following dc.wing (left panel). On 
ultr,lsound a local external compression of the bypass seen at level 
34 cl1anged the shape of Ihe lumen elliptically (left panel). After 
cie.wing (right panel) a normal circular shape is seen. + '" Catheter; 
calibration = 1 mm. (Reprinted with pennissioll of Ihe EUfOj'<:an 
JOllrlml Ilf Vascular SlIrgt'fy 1991; 5: 523-526.) 

Fig. S. Intravascular ultrasound cross-sections of a venous bypass 
showing a large (Idt panel) and a small (right p,mel) side-branch 
(arrow). + = Catheter; calibration'" 1 mm. 
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judged "insufficient" as intravascular ultrasound 
revealed an intraluminal structure proximal to and 
within the anastomotic region, suggestive of throm­
bus. Angiography revealed a stenotic lesion just 
proximal to the anastomosis. Reexploration was 
deemed unnecessary because pedal pulsations were 
present. Perfusion of the patient's leg continued to 
decline progressively during the following days and 
reoperation ·was necessary 1 week later. The graft was 
thrombosed and a small distal part of the venous 
bypass was considered insufficient and resected after 
thrombectomy of the bypass, 

Fig. 6. Intravascular ultrasound cross·sections of a venous bypass 
showing differences between remnants of valve leaflets and an 
inlact ,'alve. left panel: four remnants of va\\'e le,lflets are seen after 
vah'e cutting (arrows). Blood appears as a homogeneous echogenic 
medium in the lumen. Righi panel: after valve cutting an intact 
vah'e leaflet (ldt: 3 arrows) and a disrupted valve leaflet (right: 2 
arrows) al"\' seen On ultrasound. The stagnant blood behind the 
intact ie,lflet c"uses a more homogeneous echogeruc structure than 
blood flow in the lumen. + '" Catheter; calibration = 1 mm. 

Fig. 7. Intravascular ultrasound cross-sections of a venous bypass 
showing an intact valve leaflet (left panel) and the remnants 
(arrows) of the S,lIlle v,ll\'<' leaflet after an additional val\'<' culting 
procedure (right ~Mnel). Beyond the intact v,lh-e leaflet blood 
appears more echogenic than blood flo\\' in the lumen. + = 
Catheter; calibrdtion = 1 mm. 
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Inflow and outflow tracts 

Intravascular ultrasound images of the iliofemoral 
inflow tract obtained in 12 patients revealed > 50% 
area stenosis in eight patients (56%, 61 % and 70% in 
the iliac arter}~ and 50%, 52%, 60%, 72% and 77% in 
the common femoral artery). Preoperative angio­
graphy was normal in six patients and in two patients 
wall irregularities were seen. Intraarterial pressure 
measurements during angiography, performed in 

Fig. 8. Intravascular ultrasound cross-section of a yenallS bypass 
showing iI dissection of the vein wall (arrows). + = Catheter; 
c.JHbr,ltion '" I mm. 

Fig. 9. Inlrav3scular ultrasound cross-sections showing a patent 
end-la-end anastomosis (11.'ft p3nel) and an uinsuffident" end-to.­
side an3siomosis (right p,md). In both panels the "€in wall is at the 
top; the arterial wall is seen at the bottom as a three-layered wall 
with a hypoechoic middle layer representing the tunica melU,l. TIle 
lumen in the right p,mri is s('\'erely obstructed by a soft lesion. + = 
Catheter; c.llibralion '" 1 mm. 
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three patients, revealed no pressure drop, even with 
use of papaverine. Based on intravascular ultrasound, 
additional balloon angioplasty was performed in two 
patients (area stenosis of 70% in the iliac and 77% in 
the femoral artery)(Fig. 10). The intenrention was 
deemed successful based on intravascular ultrasound 
data. 

In two patients an atherosclerotic lesion with a 
dissection was seen in the common femoral artery; 
probably caused by clamping of the artery. 

The outflow tract (popliteal artery and tibioper­
oneal trunk) was imaged in ten patients. An area 
stenosis > 50% was evidenced in four patients (54% 
and 62% in the popliteal artery, 60% and 70% in the 
tibioperoneal trunk). Only the stenoses in the tibioper­
oneal trunk were visible on angiography as a diameter 
stenosis < 50%. No additional angioplasty was con­
sidered because the anterior tibial artery was 
unaffected. 

Discussion 

Since the introduction of intravascular ultrasound 
most emphasis has been on the investigation of 
atherosclerotic disease and the effect of balloon angio­
plasty. The number of studies performed on the 
venous part of the circulation is limited. 

The study of The ct at. 16 was the first to report on 
the use of intravascular ultrasound in the saphenous 
vein when used as a conduit in the arterial system. 

Fig. 10. Angiogram and intravascular ultrasound cross-section of 
the inflow tr,KI. A 72% stenosis of the common femoral artery 
evidenced by intravascular ultrasound was nol seen on angio­
gr.lphy. + = Catheter; calibration = 1 mm. 
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Using the first generation intravascular ultrasound 
catheters they reported a homogeneous vein wall. As 
seen in ill vitro studies, there was no differentiation 
between the tunica intima, media and adventi· 
tia. 15

,20,21 The introduction of newly developed ultra­
sound catheters enables differentiation between a vein 
wall with a two- or three-layered appearance. It/-vitro 
studies have shown that the inner layers represent the 
intima-media complex and the outer layer the tunica 
adventitia (unpublished observation). The difference 
in median thickness encountered in the present study 
between a two-layered (0.21 mm) and a three-layered 
(0.28 mm) vein wall indicates that the axial resolution 
is an important factor in imaging the vessel layers as 
distinct features. The intima-media thickness of the 
veins in this study (median 0.25, range 0.17--0.40 mm) 
are in the same order as those obtained by external 
ultrasound imaging with a 7,5 l'vfHz probe of normal 
femoral (0.39 ± 0.031 mm) and popliteal veins (0.31 ± 
0.33 mm).22 

Visualisation of several layers provides the 
opportunity to differentiate between normal and 
thickened vessel waUs. In the present study, distinct 
focal thickening of the intima-media complex evi­
denced by intravascular ultrasound in three patients 
was associated with free lumen area narrowing in two 
patients. In one of these patients, wall thickness was 
associated with subsequent significant luminal nar­
rowing as Duplex scanning revealed a severe (> 50%) 
stenosis at 4 months follow-up. Although this finding 
is suggestive of a causal relation between intimal 
thickening and stenosis at follow-up, the clinical 
consequences of vein wall thickening remain to be 
determined. 

At present several methods are available to detect 
pre-existing venous disease including macroscopic 
external inspection, histology and angioscopy. Gen­
erally, on macroscopic external inspection most veins 
appear normal, masking underlying abnormalities. '2 

Moreover, if endovascular occlusion of side-branches 
becomes more extenSively used, external inspection of 
the venous bypass will no longer be possible.23,24 As 
thickening of the vein wall may be both generalised 
and focal, histology of remnants of the saphenous vein 
used for bypass is not sufficient to assess the overall 
quality. Obviously, histolOgiC processing cannot be 
performed" on-line" and, therefore, cannot be used as 
a clinical decision-making device. Angioscopy may 
demonstrate abnormalities in the venous bypass but 
wall thickness cannot be established by this tech­
nique.!4 In contrast, intravascular ultrasound has the 
potential to assess wall thickness along the entire 
length of the bypass. 

The influence of diameter on graft patency has 
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been reported.25 During intravascular ultrasound 
imaging. on-line information on free lumen area and 
diameter can be obtained semi-quantitatively. It is 
noteworthy that in the present study semi-quantita­
tive intravascular ultrasound data on free lumen area 
influenced surgical management in two patients. 
Although the quantitative measurements in this study 
were performed off-line, automatic contour detection 
may enable these measmements to be performed on­
line in the near future. Another issue to consider is the 
time at which the ultrasound data are collected during 
the study. In this study most of the veins were 
examined both in a pressurised condition (after 
completion of one anastomosis) as· well as after 
restoration of blood flow (after completion of both 
anastomoses). In the latter instance an increase in free 
lumen area was experienced. Ligation of side­
branches causes an additional increase in free lumen 
area in the distal part of the graft. Most of the 
measurements were performed on cross-sections 
obtained after restoration of blood flow but before 
ligation of side-branches. 

It "was possible to detect both the location and size 
of side-branches. This observation could become 
important with the introduction of endovascular 
teclmiques for occlusion of venous side-branches in 
which case external inspection of the saphenous vein, 
includint localisation of side-branches, is no longer 
possible. ,24 CHait et (11.23 reported that only side­
branches with a diameter larger than 1.5 mm could be 
cannulated; therefore intravascular ultrasound may be 
useful to determine the location and size of side­
branches. 

With the introduction of ill situ bypass in surgical 
practice, valve cutting became an important proce­
dure. Angiography and angioscopy have both been 
used to assess the result of this procedure. The result 
of valve cutting can also be demonstrated by intra­
vascular ultrasound. A patent valve leaflet detected in 
two patients resulted in an additional passage of the 
valve cutter. However, reviewing the videotapes off­
line, additional partially intact valves were detected; 
most of these retained valves ·were not detected by 
intraoperative angiography. Although the influence of 
these retained valves on patency remains unclear, it is 
generally considered as a possible cause of graft 
failme. 

Normally, venous bypass procedures are per­
formed after diagnostic angiography which enables 
the proper inflow and outfluw tract to be chosen. 
Apart from angiography~ the quality of the inflow tract 
can be evaluated by pressure measurements in order 
to detect haemodynamic significant stenoses, which 
should be treated before performing a bypass. Despite 
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this diagnostic work-up in the present stud}~ intra­
vascular ultrasound revealed obstructive lesions both 
in the inflow and outflow tracts, which were con­
sidered to warrant additional balloon angioplasty in 
two patients. 

Our ability to image the bypass and to interpret 
the ultrasounc;l images improved considerably during 
the study. Due to a learning curve, the intravascular 
ultrasound procedure used in the present study was 
not performed according to a standard protocol; for 
future applications it will be important to standardise 
the procedure as much as possible. Using off-line 
analysis, abnormalities were detected that were not 
apparent during the study. Bearing this in mind, the 
results of the present study should be interpreted with 
caution. This new technique has a high sensitivity for 
abnormalities (wall thickening, intact valves and 
inflow and outflow tract stenosis), but the clinical 
significance of these abnormalities remains 
unknown. 

In conclusion, intravascular ultrasound provides 
qualitative and quantitative data on parameters which 
describe the condition of the venous bypass graft 
during surgery. To what extent these parameters are 
predictors of short and long-term patency of these 
grafts needs to be determined in a prospective study. 
The results of the present study indicate that intra­
vascular ultrasound has the potential to compete with 
angiography in evaluating the quality of the bypass 
procedure intraoperatively. 
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IVUS and venous bypass stenoses 

Femoropopliteal Venous Bypass Studied with 
Intravascular Ultrasound: A Case Report 

Aad van der Lugt, MO""; Elma J, Gussenhoven, MO, PhD'; 
Jo-Ann Tai, MO'; Mar R.H.M. van Sambeek, MOt; 
Herman Pieterman, MO**; and Hero van Urk, MO, PhOt 

'Erasmus University Rotterdam, and the Departments of "Radiology 
and tVascular Surgery, University Hospital Rotterdam Dijkzigt, Rotterdam, 
The Netherlands 

+------------------------------------------------+ 
Purpose: To describe the ability of intravascular ultrasound (lVUS) to document the status 
of the greater saphenous vein during bypass surgery, the long-term changes in the bypass, 
and the effects of balloon angioplasty on vein graft stenoses. 
Methods: An aO-year-old female underwent in situ femoropopliteal venous bypass grafting. 
Vein graft stenosis developed 6 months later, necessitating balloon angioplasty. The angio­
plasty failed, and a polytetraf/uoroethylene (e-PTFE) interposition graft was placed. Ten 
months after bypass surgery, balloon angioplasty was performed for new stenoses. This 
procedure also failed, and the venous bypass and interposition graft were removed and 
replaced by an e-PTFE graft.IVUS images obtained during the first surgery were compared 
with those obtained 10 months later. Histologic sections were used to confirm the IVUS 
findings. 
Results:IVUS detected a distinct narrowed venous segment, pre-existent Intimal thickening, 
and disrupted valves. Over the follow-up period, both the pre-existent intimal thickening 
and the narrowed segment evolved into stenoses, necessitating treatment. luminal gain 
after balloon angioplasty of graft stenosis was associated with vascular damage. 
Conclusions: This report shows that IVUS has the ability to document long-term venous 
bypass alterations and to demonstrate the effect of balloon angioplasty on venous bypass 
stenoses. 

J Endovasc Surg 1996;3:315-320 

Key words: in situ vein bypass graft, histology, balloon angioplasty, vein graft stenosis 
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As a complement to angiography, intravascu­
lar ultrasound (lVUS) is becoming a common 
monitoring tool during interventional proce­
dures, including balloon angioplasty (PTA) 
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and bypass surgery. Besides guiding these in­
terventions, IVUS has the potential to study 
long-term alterdtions in both the arterial and 
venous walls during follow-up. Until now, his­
tologic sections have been used to demon­
strate pre-existent and postarterialization vein 
wall thickening. 1- 9 This study reports the use 
of IVUS to document alterations in a venous 
bypass at follow-up and the effects of balloon 
dilation on venous bypass graft stenosis, 
using histologic sections for validation of the 
IVUS results. 
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CASE REPORT 

An aO-year-old female was referred for inter­
mittent claudication (walking distance < 100 
m). At physical examination, the left lower leg 
was colder than the right leg, the peripheral 
arterial pulsations were absent, and reduced 
capillary refill was present. Ankle-brachial 
pressure measurements revealed noncom­
pressible arteries. 

Angiography demonstrated an occluded su­
perficial femoral and supragenicular popliteal 
artery. Three months later, as the symptoms 
progressed to rest pain and a small ulcer on 
the left foot developed, the patient underwent 
an in situ (infragenicular) femoropopliteal ve­
nous bypass operation. The bypass was stud­
ied peri operatively with IVUS using a mechan­
ical 30-MHz imaging system (Du-MED, 
Rotterdam, The Netherlands) according to pre­
viously described methods. 1o 

IV US examination revealed a relatively nar­
row segment in the proximal part of the by­
pass caused by duplication of the greater sa­
phenous vein (diameter 3.1 mm). Proximal 
and distal to this narrow segment, the vein 
was of normal diameter (4 to 5 mm). The thick­
ness of the venous wall appeared normal (0.28 
mm) for the most part, but there was distinct 
focal intimal thickening (0.65 mm) proximally. 
Additionally, several disrupted valves could be 
seen (Fig. 1). Completion angiography was not 
performed because of renal insufficiency (cre­
atinine = 180 mmoJ/L). 

Follow-up 

The diagnostic tests performed and subse­
quent therapeutic interventions are listed in 
Table 1. Briefly, the patient experienced relief 
of symptoms and healing of the foot ulcer 
postoperatively. Duplex examination at 3 
months showed a narrow segment 7 em long 
in the upper leg with a high peak systolicveloc­
ity (PSV). At 6 months, an increasing PSV indi­
cated a hemodynamically significant steno­
sis.11 Subsequent angiography revealed a 
distinct narrow segment with two subtotal ste­
noses (Fig. 2) that appeared amenable to PTA. 
Following dilation with a 6-mm balloon, per­
sistent stenosis and graft rupture with contrast 
extravasation occurred (Fig. 2), necessitating 
reconstruction of the bypass with a 6-mm-di-
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Figure 1. Corresponding IVUS cross sections of 
the femoropopliteal venous bypass from proximal 
(A) to distal (G) obtained during initial surgery (left) 
and after 10 months (right). Initially, the luminal di­
ameter ranged from 3.1 to 5.0 mm; at 10 months, 
the diameter measured from 2.4 to 4.5 mm. Panel 
A shows remnant vein valves (arrows) still visible 
after 10 months; panel B shows venous wall thick­
ening (between arrows: 0.65 mm) evolving into a 
stenosis with shrinkage of the original vessel wall 
from 5.0 to 4.0 mm. Panel C shows a smaller diame­
ter vein (diameter 3.1 mm) that developed signifi­
cant intimal thickening evolving into a stenosis. 
Panel G shows a normal caliber vessel with no sig­
nificant change in diameter 10 months later. Drop­
out in the right images of panels Band C is due to 
guidewire interposition. Calibration = 1 mm; + 
catheter. 
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+----------------------------------------+ 
TABLE 1 

Chronology of DIagnostic Tests and Therapeutic Interventions 

Tima Span Diagnostic and Therapeutic Procedures 

In situ venous bypass-IVUS {Fig. 1J 
3 months 
6 months 

Duplex: PSV 164 cm/s (proximal 93 em/s, distal 37 em/s) 
Duplex: PSV 250 emls (proximal 90 em/s, distal 65 em/5) 
Angiography: 2 stenoses (Fig. 2) 

10 months 
PTA (vessel wall rupture) _ a-PTFE interposition graft 
Duplex: PSV 210 cm/s and 160 em/s (proximal 70 em/s) 
Angiography: 2 stenoses; aneurysmal dilatation (Fig. 2) 
PTA-IVUS (Figs. 1, 3, and 4) 

11 months Replacement of proximal venous bypass and interposition graft 
Histology (Figs. 3 and 4) 

13 months Amputation 

+----------------------------------------+ 
tVUS = intravascular ultrasound; PTA = balloon angioplasty; PSV = peak systolic 
velocity. 

ameter polytetrafluoroethylene (e~PTFE) inter~ 
position graft. 

At 10 months, duplex scanning detected two 
new stenoses proximal to the interposition 
graft. Angiography confirmed these > 50% 
stenoses and revealed an aneurysmal dilata­
tion of the bypass just distal to the interposi~ 
tion graft (Figs. 2 and 3). IVUS images of the 
bypass before treatment of the new stenoses 
were compared with those obtained perioper~ 
atively at the initial intervention (Fig. 1). This 
comparison showed that the normal diameter 
vessel with pre-existent intimal thickening had 
altered into a stenotic lesion (lumen diameter 
decreased from 4.0 to 2.4 mm), with shrinkage 
of the original vessel wall (diameter decrease 
from ± 5.0 to ± 4.0 mm). The remaining part 
of the narrow segment had become stenotic 
due to intimal thickening (lumen diameter de­
creaSe from 3.1 to 2.6 mm). The diameter and 
wall thickness of the distal part of the bypass 
were unchanged. The valve remnants were 
seen. In addition, the interposition graft was 
patent, with intimal hyperplasia at the anasto­
moses. Distal to the e-PTFE graft, the bypass 
appeared to have widened (Fig. 4). 

The stenoses were dilated with a 5-mm bai­
loon. At the distal stenosis, a waist remained 
visible. The angiogram revealed satisfactory 
dilatation of the proximal stenosis but not of 
the distal narrowing (Fig. 3). At the proximal 
lesion, IVUS showed a luminal area increase 
(4.5 to 11.7 mm2 ) associated with a small dis~ 
section; however, at the distal site, the lumen 

area had not changed, and no vascular dam­
age was seen. 

One month later (11 months after the initial 
surgery), the proximal part of the venous by~ 
pass and the interposition graft were removed 
and replaced with a ringed 6-mm e-PTFE pros~ 
thesis. This conduit occluded 2 weeks later. 
Despite successful thrombectomy, the bypass 
reoccluded, and a transgenual amputation 
was performed. 

Histologic Comparison 

The extirpated vein bypass was fixed under 
pressure (100 mmHg) in 10% buffered forma~ 
lin for 2 hours and pH. :.essed for routine paraf­
fin embedding. Transverse sections cut at 1-
mm intervals were stained with elastic van 
Gieson stain and hematoxylin and eosin for 
comparison with the IVUS images obtained 10 
months after initial surgery. 

At the level of the proximal stenosis, angio­
pia sty-induced medial rupture and adventitial 
stretching were evident, with recently formed 
intimal hyperplasia (Fig. 3). No vascular dam~ 
age was seen at the distal stenosis, which had 
a smaller lumen than the proximal site. The 
medial circumference at the proximal stenosis 
was smaller compared to that at the distal ste­
nosis, suggesting shrinkage of the vessel at 
the proximal stenosis. Intimal hyperplasia 
(pannus formation) in the e-PTFE graft was 
seen at both anastomotic sites (Fig. 4). The 
valve remnants were now embedded in inti-
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Figure 2 + Angiograms of the femoropopliteal ve­
nous bypass obtained 6 months (left and middle 
panel) and 10 months (right panel) after bypass sur­
gery. The locations A through G correspond to IVUS 
images in Figures 1, 3, and 4. The left panel shows a 
distinct narrow segment with two subtotal stenoses 
that were dilated (between arrowheads). Middle 
panel shows vessel rupture (arrow) and persistent 
stenoses following balloon angioplasty (PTA). The 
right panel shows two stenoses (B and C); the e­
PTFE interposition graft; and the aneurysmal dilata­
tion (F). 

mal hyperplasia. Aneurysmal dilatation was 
noted, with an interruption of the media, pre­
sumably a result of the PTA at 6 months. In 
retrospect, this medial rupture was recognized 
on IVUS as an interruption in the internal elas­
tic lamina. 

DISCUSSION 

In the past, histologic sections were com­
monly used to investigate pre-existing and 
postarterialization vein wall alterations. IVUS 
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Figure 3. Angiograms and corresponding IVUS 
images obtained at 10 months before and after bal­
loon angioplasty are compared with histologic sec­
tions obtained 1 month later. Both angiography and 
IVUS documented successful balloon angioplasty 
of the proximal stenosis (8). IVUS also detected a 
small dissection. The histologic section (right) 
shows medial rupture (arrows) and adventitial 
stretching. Balloon angioplasty of the distal steno­
sis (e) was deemed unsuccessful, with no change 
in luminal area on IVUS. No vascular damage can 
be seen histologically. Calibration = 1 mm; + = 

catheter. 

is able to provide "histology-like" cross-sec­
tions during venous bypass surgery. A feasi­
bility study using IVUS during venous bypass 
surgery showed that this imaging technique 
can determine lumen diameter, distinguish 
normal from thickened vein walt identify com­
petent and disrupted vein valves, establish the 
patency of anastomoses, and detect the pres­
ence of stenoses in the inflow and outflow 
tracts. 10 However, the clinical significance of 
these features had not been elucidated. 

The present study showed that both a por­
tion of a "normal diameter" vein with pre-exis­
tent focal intimal thickening and a relatively 
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Figure 4 +IVUS cross sections obtained 10 months 
after bypass surgery are correlated with histologic 
sections obtained 1 month later. Panel D shows the 
distal end-ta-end anastomosis of the e-PTFE inter­
position graft with intimal hyperplasia. Note the ina­
bitity to image the perigraft structures with IVUS. 
Panel E shows that valvular remnants have become 
embedded in intimal hyperplasia but can still be 
identified histologically (arrows). Panel F shows an­
eurysmal dilatation (6.0 mm). The histologic section 
revealed medial rupture, probably caused by bal­
loon angioplasty at 6 months. Calibration = 1 mm; 
+ = catheter. 

narrow venous segment with normal wall 
thickness developed into stenoses at 10 
months due to intimal hyperplasia. In addition, 
it appeared that vessel shrinkage contributed 
to the decrease in the luminal area of the proxi­
mal stenosis. 

The importance of pre-existing disease as a 
cause of stenosis has been reported previ-
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ously.6,6 However, the contribution of vessel 
shrinkage (geometric remodeling) to luminal 
narrowing has been reported in arteries 12 but 
not in veins. Our study demonstrates that IVUS 
can provide insight into the underlying mecha­
nisms of vein graft stenosis by serial investiga­
tion of the vein graft. Information regarding 
pre-existing disease and the diameter of the 
vein may be used to decide which part of the 
vein should be used as an arterial conduit and 
which segment(s) should be discarded. 

The diagnostic role of IVUS during balloon 
angioplasty in coronary and peripheral arter­
ies has been acknowledgedY-16 Thus, we as­
sumed that IVUS could be useful during PTA 
of vein graft stenosis as well. This case demon­
strated that successful PTA was related to vas­
cular damage that enabled the vessel to 
stretch and increase the lumen area. More­
over, balloon dilation of a vein graft stenosis 
that had developed in a normal diameter vein 
with pre-existing focal wall thickening was 
successful. Conversely, dilatation of stenoses 
in a relatively narrowed venous segment was 
either ineffectual or resulted in vessel wall rup­
ture. 

Our observations seem to underscore the 
suggestion by Marin et al. 16 to use "informa­
tion about intimal thickness and composition 
prior to balloon angioplasty to improve selec­
tion of patients for balloon angioplasty or sur­
gical reconstruction of vein graft stenosis." To 
this end, IVUS appears to be a useful tool for 
assessment of vascular pathology and guid­
ance of surgical or catheter·bas,-- j interven­
tions. 

Acknow/edgments:We thank Desiree Zijlmans for prepar­
ing the histologic sections. 
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Arteriography is the standard method for evaluation of obstructive atherosclerotic disease 

in coronary and peripheral arteries. Tlils technique provides a silhouette of the vessel 

lumen, but does not provide accurate knowledge of cross-sectional lumen area, vessel 

area, shape and morphology of the stenotic lesion. Intravascular ultrasound (IVUS) may 

overcome these limitations. Basically, the aims of this dissertation were to establish the 

accuracy and limitations of IVUS and to evaluate the clillical application of this new 

imaging technique. 

For this purpose, practical problems related to the documentation of the actual 

position of the cathetertip were solved; validation studies were performed to document the 

reliability, limitations and benefits of the technique; the spectrum of arterial and venous 

disease and effects of intervention were documented with IVUS; and the value of IVUS 

as research and clinical tool was explored. The studies presented in this dissertation deal 

with these main issues. 

Chapter 1 gives an introduction to the scope of the dissertation. 

Chapter 2 describes a displacement sensing device that provides instantaneous 

information about the cathetertip position which can be displayed simultaneously with the 

IVUS image. The accuracy of this device was tested in-vitro using iliac and coronary 

arterial specimens affected by atherosclerosis. For each specimen the lumen area from 3 

pull-back series was determined in multiple cross-sections with an interval of 0.05 cm. A 

total of 1895 cross-sections were analyzed. The variation in lumen area measurements was 

small: 1.7% in iliac and 3.0% in coronary arteries. No position mismatclilng was seen 

between the pull-back series, with the exception of a position slilft of 0.05 cm in one 

coronary artery. It was concluded that the displacement sensing device provides accurately 

reproducible images of the same location. 

Chapter 3 describes an in-vitro study using 40 human coronary specimens, in which 

IVUS images obtained before and after balloon angioplasty were compared with histologic 

sections. The displacement sensing device was essential to accurately compare 

corresponding IVUS images before and after intervention and to correlate each llnage with 

its histologic counterpart. This in-vitro study revealed that vascular damage seen with 

IVUS after intervention included dissection, plaque rupture and media rupture. The 

sensitivity of IVUS in detecting vascular damage was high for dissection and media 

rupture (79% and 76%, respectively), but was low for plaque rupture (37%). 

Furthermore, the study demonstrated that a higher incidence of vascular damage was 
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found when the whole segment is analyzed (85 %) rather than one single cross-section at 

the most stenotic site (63%). Thus, in order to have insight in the arterial damage the 

entire vascular specimen should be analyzed. 

Intra- and interobserver differences in the measurements of lumen area and media­

bounded area before and after balloon angioplasty were low. 

Comparison of the quantitative data obtained before and after balloon angioplasty 

disclosed the mechanism of this type of intervention: the increase in lumen area was 

caused predominantly by media-bounded area increase (81 %) and to a lesser extent by 

plaque area decrease (19%). The quantitative effects of coronary balloon angioplasty seen 

with IVUS were greater at the most stenotic site as compared to the adjacent cross­

sections from the dilated specimen. 

It was concluded that IVUS can accurately assess vascular damage after balloon 

angioplasty and that quantitative data obtained both before and after intervention are well 

reproducible. The mechanism of balloon angioplasty, which can now be studied with 

IVUS in a new manner, is vessel stretch rather than plaque compression. 

Chapter 4 describes the use of IVUS both in-vitro and in-vivo to investigate the 

relation between lesion characteristics (morphology and topography) and dissection 

produced by balloon angioplasty at the most stenotic site. Dissections were observed in 

88% of the histologic sections and visualized by IVUS in 59% of the corresponding 

ultrasonic cross-sections; dissections were demonstrated in-vivo by IVUS in 63 % cases. 

The origin of dissections was commonly found at the thinnest part of the lesion (in­

vitro 83%; in-vivo 93%). No significant relation was found between pre-interventional 

plaque characteristics, and the incidence, extent and location of dissections. 

Chapter 5 reports the interobserver agreement on IVUS data obtained before and 

after balloon angioplasty of the femoropopliteal artery in-vivo. Two observers analyzed 

IVUS images obtained from 38 patients. Interobserver agreement was good for lesion 

morphology, dissection and vascular damage; moderate for lesion topography; fair for 

media lUpture; and poor for lipid deposit and plaque lUpture. There were no significant 

interobserver differences between area measurements. The coefficient of variation for 

lumen area and media-bounded area before intervention was 17.2% and 10.5% and after 

intervention 11.2% and 9.2%, respectively. 

Chapter 6 outlines a qualitative and quantitative comparative study of IVUS versus 

angiography in patients undergoing (laser-assisted) balloon angioplasty. A good correlation 
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was found between angiography and IVUS for recognition of lesion topography. Using 

visual estimation for assessing the degree of stenosis on both angiography and IVUS, it 

was demonstrated that IVUS assessment of stenosis was in agreement before and after 

intervention in 78% and 72% of the cases, respectively. Stenosis was assessed as more 

severe on IVUS than on angiography. Semiquantitative on-line analysis of the percentage 

area stenosis seen on IVUS corresponded well with off-line quantitative analysis 

performed using a computer-aided system. When both on-line IVUS and angiography 

suggested that the arteries were "normal", quantitative off-line IVUS revealed a mean of 

18 % area stenosis. 

Chapter 7 describes the use of IVUS to study the spectrum of arterial damage and 

quantitative effects of balloon angioplasty of the femoropopliteal artery. Corresponding 

IVUS images obtained before and after balloon angioplasty from 115 procedures were 

analyzed. The incidence of vascular damage assessed per dilated arterial segment was 

higher (91 %) than when assessed at the narrowest site only (72%). Area measurements 

revealed that luminal enlargement was predominantly achieved by stretching of the arterial 

wall (85%), while plaque compression contributed to a lesser extent (15%) to luminal 

enlargement. Comparison of procedures with balloon diameter ,;; 5 mm and ;;, 6 mm 

revealed that the frequency of vascular damage and the relative contribution of vessel 

stretch and plaque compression to luminal gain were not different. It was concluded that 

vascular damage is common following balloon angioplasty, gain in luminal area is mainly 

due to vessel expansion and, to a lesser extent, to a plaque compression. 

Chapter 8 presents the interim results of the EPISODE (Evaluation Peripheral 

Intravascular Sonography on Dotter Effect) study, which investigated the potential role of 

IVUS to assess the outcome of patients undergoing balloon angioplasty of the 

femoropopliteal artery. Immediate angiographic failure was experienced in 8 of the 39 

patients studied. Balloon angioplasty was angiographically classified as successful in 31 

patients. The functional and anatomic outcome assessed at 6 months was success in 14 

patients (45 %) and restenosis in 17 patients (55 %). 

It was found that neither qualitative nor quantitative IVUS data obtained before 

balloon angioplasty could predict outcome. Conversely, after balloon angioplasty, a larger 

dissection and a smaller lumen area were found in the restenosis group than in the success 

group. It was concluded that the extent of dissection and lumen area as seen with IVUS 

after intervention were predictive factors of patency. Future studies with more patients are 

mandatory to further highlight the sensitivity and importance of these observations. 
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Chapter 9 presents the final results of the EPISODE study. In this study, in which 

114 procedures with a successful angiographic result were analyzed, a distinction was 

made between anatomic and clinical outcome. Anatomic outcome was based on duplex 

examination of the treated artery, while the Rutherford criteria were used to assess clinical 

outcome. Restenosis was assessed within 1 month (early restenosis) and at 6 months (late 

restenosis) after balloon angioplasty. 

At 6 months anatomic and clinical restenosis was evidenced in 36 and 49 of the 114 

procedures, respectively. Independent IVUS predictor of I and 6 month anatomic 

restenosis was a larger area stenosis after balloon angioplasty at the smallest lumen area 

before intervention. The only independent predictor of 1 month clinical restenosis was a 

larger extent of calcification; no predictors for 6 months clinical outcome were found. It 

was concluded that IVUS elucidates parameters predictive of outcome. Thus, IVUS can 

identify a subset of patients in whom restenosis is likely to occur and may, therefore, 

influence interventional management to improve results. 

Chapter 10 describes the use of IVUS during femorodistal venous bypass procedures 

to assess qualitative and quantitative parameters of the greater saphenous vein and to 

detect potential causes for (re)stenosis andlor occlusion. In this study IVUS data obtained 

from 15 patients were reviewed and compared with angiographic data. 

It was found that IVUS enabled intraoperative differentiation between normal and 

thickened vein wall; venous side-branches could be located; persistent intact valves could 

be differentiated from valves disrupted by valve cutting; and patent anastomoses could be 

distinguished from anastomoses with obstruction. Imaging of the inflow and outflow tracts 

with IVUS revealed obstructive lesions, not evidenced angiographically. Distinct pre­

existent vein wall thickening was encountered in 3 patients. In 5 patients IVUS findings 

led to alterations in surgical management. It was concluded that IVUS is able to assess 

qualitative and quantitative parameters of the venous bypass and has the potential to 

influence surgical management based on these data. 

Chapter 11 describes the use of IVUS to document the status of the greater 

saphenous vein during bypass surgery, at follow-up and following balloon angioplasty of 

subsequent stenoses. Peroperatively, IVUS evidenced a distinct narrow segment (without 

intimal thickening) and pre-existent intimal thickening. At follow-up, both the narrow 

segment and pre-existent intimal thickening resulted in subsequent graft stenosis, necessi­

tating further intervention. Luminal gain seen with IVUS after balloon angioplasty of graft 

stenosis was associated with vascular damage. This study elucidated that IVUS is able to 
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document venous bypass morphologic and quantitative alterations during follow-up and 

to demonstrate the effect of balloon angioplasty of venous bypass stenoses. 

In conclusion, IVUS is a technique which provides, in comparison to angiography, 

more insight in the anatomy and severity of stenotic vessels both before and after vascular 

intervention. Both in-vitro and in-vivo validation studies clarified which qualitative and 

quantitative IVUS parameters are accurate and reproducible. The teclmique can be used 

on-line during intervention and overcomes the limitations of angiography. It provides 

insight in the mechanism of balloon angioplasty and establishes parameters predictive of 

outcome following angiographic successful balloon angioplasty. It is for these reasons that 

IVUS can currently be used routinely to support and guide vascular interventions to 

improve overall results. 
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Angiografie is de standaardtechniek om atherosclerotische vernauwingen in corona ire en 

perifere arterien te evalueren. Deze techniek die wei een silhouet van het vaatlumen laat 

zien, geeft geen nauwkeurige informatie over het lumenoppervlak, het vaatoppervlak, de 

vorm en de morfologie van een vernauwing. Intravasculaire echografie (IVE) kent deze 

tekortkomingen niet. Dit proefschrift zal ingaan op de betrouwbaarheid van lVE en zal 

de waarde van klinische toepassing van deze nieuwe afbeeldingstechniek onderzoeken. 

Speciaal voor IVE werd een catheterverplaatsingsmeter ontwikkeld om de positie van 

de echocathetertip te documenteren. Validatie studies werden uitgevoerd om de 

betrouwbaarheid, tekortkomingen en voordelen van deze techniek vast te stellen. Het 

spectrum van afwijkingen in arterien en venen en effecten van een interventie werden 

gedocumenteerd en de waarde van IVE als onderzoeks- en klinisch instrument werd 

geevalueerd. Dit proefschrift beschrijft bovenstaande thema's. 

Hoofdstuk 1 geeft een introductie van de inhoud van dit proefschrift. 

Hoofdstuk 2 beschrijft de catheterverplaatsingsmeter die ontwikkeld is om direct 

informatie te geven over de locatie van de echocathetertip. De informatie wordt tezamen 

met het lVE-beeld weergegeven. De nauwkeurigheid van dit apparaat werd in-vitro getest 

in atherosclerotische segmenten van iliacale en coronaire arterien. Van elk vaatsegment 

werden 3 opnames verkregen tijdens terugtrekken van de catheter. Met een onderling 

interval van 0.05 cm werd het lumen van opeenvolgende cross-secties bepaald. In totaal 

werden er 1895 cross-secties geanalyseerd. De variatie in de metingen van het 

lumenoppervlak was klein: 1.7% in iliacale arterien en 3.0% in coronaire arterien Tussen 

de 3 opnamen werd geen positieverschuiving gezien, met uitzondering van een 

verschuiving van 0.05 mm in een arterie. Geconcludeerd werd dat met de 

catheterverplaatsingsmeter reproduceerbare beelden verkregen kunnen worden van 

dezelfde locatie. 

Hoofdstuk 3 beschrijft een in-vitro studie in 40 segmenten van coronaire arterien, 

waarin IVE-beelden verkregen v~~r en na ballondilatatie werden vergeleken met 

histologische coupes. De verplaatsingsmeter bleek onmisbaar te zijn om nauwkeurig 

corresponderende IVE-beelden voor en na de interventie te vergelijken en deze te 

correleren met de bijbehorende histologische coupes. Deze in-vitro studie liet zien dat 

vaatschade gezien met lVE na de interventie kan bestaan uit een plaque ruptuur, een 

dissectie enlof een media ruptuur. De sensitiviteit van IVE voor het vaststellen van 

vaatschade was hoog voor dissectie en media ruptuur (79% en 76%, respectievelijk), maar 
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laag voor plaque ruptuur (37%). De studie liet verder zien dat een hogere incidentie van 

vaatschade werd gevonden wanneer het hele vaatsegment werd geanalyseerd (85 %) in 

plaats van een cross-sectie ter hoogte van het meest vernauwde segment (63%). Oit 

betekent dat, wil men een goed inzicht hebben omtrent de beschadiging van de arterie na 

de interventie, het gehele vaatsegment beoordeeld moet worden. 

Het bleek dat de verschillen in de meting van het lumen- en vaatoppervlak, die 

tweemaal werden verricht door dezelfde onderzoeker en door verschillende onderzoekers, 

klein waren. 

Door het vergelijken van de kwantitatieve data die verkregen waren voor en na 

ballondilatatie werd het mechanisme van dit soort interventie blootgelegd: de toename in 

lumenoppervlak werd voornamelijk veroorzaakt door toename in het oppervlak van de 

vaatwand (81 %) en in mindere mate veroorzaakt door afname in lesieoppervlak (19%). 

De kwantitatieve effecten van ballondilatatie in coronaire arterien gezien met IVE waren 

groter ter hoogte van het nauwste segment dan in de omliggende cross-secties binnen het 

gedilateerde segment. 

Geconcludeerd werd dat men met IVE nauwkeurig de vaatschade na ballondilatatie 

kan vaststellen en dat de kwantitatieve data verkregen voor en na de interventie 

reproduceerbaar zijn. Het mechanisme van ballondilatatie, welke met IVE op een nieuwe 

manier bestudeerd kan worden, is veeleer vaatoprekking dan compressie van de plaque. 

Hoofdstuk 4 beschrijft het gebruik van IVE zowel in-vitro als in-vivo om de relatie 

tussen lesie-morfologie en -topografie en dissecties veroorzaakt door ballondilatatie ter 

hoogte van het nauwste segment te onderzoeken. 

Bij histologisch onderzoek werden dissecties in 88 % van de vaatsegmenten gezien. 

In 59 % werden deze dissecties met IVE in beeld gebracht. In-vivo werden door IVE 

dissecties gezien in 63% van de procedures. 

De origo van een dissectie werd voornamelijk gezien op het dunste deel van de lesie 

(in-vitro 83%; in-vivo 93%). Er werd geen significante relatie gevonden tussen lesie 

eigenschappen en het optreden, de uitgebreidheid en de origo van een dissectie. 

In Hoofdstuk 5 wordt de overeenkomst gerapporteerd tussen twee onderzoekers ten 

aanzien van IVE data die verkregen zijn in-vivo voor en na ballondilatatie van de 

femoropopliteale arterie. De onderzoekers analyseerden IVE-beelden van 38 patienten. Er 

was een goede overeenkomst ten aanzien van voor lesiemorfologie, dissectie en 

vaatschade, redelijke overeenkomst ten aanzien van lesietopografie, matige overeenkomst 

wat betreft media ruptuur, en een slechte overeenkomst ten aanzien van vetophoping en 
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plaque ruptuur. Er waren geen significante verschillen in de oppervlakte metingen tussen 

de onderzoekers. De variatie coefficient voor lumenoppervlak en vaatoppervlak was 

respectievelijk 17.2 % en 10.5% voor de interventie en 11.2 % en 9.2 % na de interventie. 

In Hoofdstuk 6 wordt een studie beschreven waarbij IVE, zowel kwalitatief als 

kwantitatief, met angiografie werd vergeleken bij patienten die een (laser) Dotter 

behandeling hebben ondergaan. Er werd een goede correlatie gevonden tussen angiografie 

en IVE VOOI' het herkennen van de topografie van de lesie. Gebruikmakend van de visuele 

schatting van het percentage stenose bij zowel angiografie als IVE, bleek dat bij IVE de 

schatting van de stenose overeenkomst vertoonde met angiografie zowel voor als na de 

behandeling in respectievelijk, 78 % en 72 % van de gevallen. De ernst van de lesie werd 

met IVE duidelijker zichtbaar dan met angiografie. 

Semikwantitatieve on-line analyse van de mate van stenosering correspondeerde goed 

met de kwantitatieve analyse, die off-line werd verricht met behulp van een computer 

analyse programma. Wmmeer men zowel met on-line IVE als met angiografie een arterie 

als "normaal" beoordeelde, werd met kwantitatieve off-line IVE een oppervlakte stenose 

gemeten van gemiddeld 18%. 

In Hoofdstnk 7 wordt beschreven hoe IVE wordt gebruikt om het spectrum van 

vaatschade en de kwantitatieve effecten van ballondilatatie in de femoropopliteale arterie 

te bestuderen. Corresponderende IVE beelden verkregen voor en na ballondilatatie in 115 

interventies werden geanalyseerd. De incidentie van vaatschade vastgesteld per gedilateerd 

segment was hoger (91 %) dan de incidentie vastgesteld tel' hoogte van het nauwste 

segment aileen (72 %). Oppervlakte metingenlieten zien dat lumenvergroting voornamelijk 

werd bereikt door oprekking van de vaatwand (85%), terwijl compressie van de plaque 

een kleinere bijdrage (15%) levert aan de lumenvergroting. Vergelijking van de 

interventies met een ballondiameter ,,; 5 mm en ;;>: 6 mm liet zien dat de frequentie van 

vaatschade en de relatieve bijdrage van vaatoprekking en compressie van plaque aan de 

toename in lumen niet verschillend waren. Geconcludeerd werd dat vaatschade 

gebruikelijk is na ballondilatatie en dat toename in lumen vooral wordt veroorzaakt door 

uitzetting van het bloedvat en in mindere mate door compressie van de plaque. 

In Hoofdstuk 8 worden de interim resultaten van de EPISODE (Evaluation Peripheral 

Intravascular Sonography on Dotter Effect) studie gepresenteerd. In deze studie werd de 

rol van IVE onderzocht om het resultaat van een ballondilatatie van de femoropopliteale 

arterie vast te stellen. Direct angiografisch falen werd gezien in 8 van 39 bestudeerde 
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patienten. In de overige 31 patienten werd de ballondilatatie als angiografisch succesvol 

geclassificeerd. De functionele en anatomische uitkomst vastgesteld na 6 maanden was een 

succes in 14 patienten (45%) en restenose in 17 patienten (55%). 

K walitatieve noch kwantitatieve IVE data verkregen voor ballondilatatie bleken 

voorspellend te zijn voor de uitkomst. Na de interventie bleek dat in de restenose groep 

een grotere dissectie en een kleiner lumenoppervlak werd gevonden dan in de succes 

groep. Geconcludeerd werd dat de uitgebreidheid Van dissecties en de grootte van het 

lumenoppervlak vastgesteld met IVE na de interventie voorspellende factoren zijn voor 

het succes van de ballondilatatie. Vervolg studies met meer patienten zijn nodig om de 

gevoeligheid en het belang van deze resultaten vast te stellen. 

Hoofdstuk 9 presenteert de eind resultaten van de EPISODE studie. In deze studie 

werden 114 ballondilataties van de femoropopliteale arterie die als angiografisch succesvol 

waren beoordeeld met IVE onderzocht. Bij de follow-up werd een onderscheid gemaakt 

tussen anatomische en klinische uitkomst. Anatomische uitkomst was gebaseerd op duplex 

onderzoek Van de behandelde arterie, terwijl de Rutherford criteria werden gebruikt om 

de klinische uitkomst vast te stell en. Restenose werd vastgesteld billllen 1 maand (vroege 

restenose) en na 6 maanden (late restenose) na ballondilatatie. 

Na 6 maanden follow-up werd anatomisch en klinische restenose vastgesteld in 

respectievelijk 36 en 49 van de 114 interventies. De onafllankelijke IVE parameter 

voorspellend Vaal' anatomisch restenose na 1 en 6 maanden was een groter oppervlakte 

stenose na ballondilatatie tel' hoogte van het nauwste segment voor de interventie. De 

enige onafbankelijke parameter voorspellend voor klinisch restenose na 1 maand was een 

grotere uitgebreidheid Van verkalkte lesie. Er werden geen voorspellende IVE parameters 

Van klinische restenose na 6 maanden gevonden. Geconcludeerd werd dat er IVE 

parameters zijn die voorspellend zijn voor restenose. Dit betekent dat men met IVE 

patienten kan identificeren die een grote kans hebben op het ontstaan van restenose. 

Daarom kan IVE gebruikt worden om het beleid tijdens de interventie te belnvloeden 

teneinde het resultaat te verbeteren. 

Hoofdstuk 10 beschrijft het gebruik van IVE tijdens het aanleggen van een 

femorodistale veneuze bypass om kwalitatieve en kwantitatieve parameters van de vena 

saphena magna vast te stellen en mogelijke oorzaken van (re)stenose en/of occlusie te 

ontdekken. In deze studie werden gegevens, verkregen bij 15 patienten, bekeken en 

vergeleken met de angiografische gegevens. 

Met IVE bleek men in staat te zijn om tijdens de operatie een onderscheid te maken 
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tussen een normale en een verdikte vaatwand; veneuze zijtakken konden gelokaliseerd 

worden; intaete kleppen konden gedifferentieerd worden van kleppen die besehadigd 

waren door de kleppenstripper; en open anastomosen konden onderseheiden worden van 

anastomosen met een vernauwing. Afbeelding van het instroom en uitstroom trajeet met 

IVE liet stenotisehe lesies zien, die niet met angiografie waren ontdekt. Een duidelijke 

reeds aanwezige wandverdikking werd aangetroffen bij 3 patienten. Bij 5 patienten leidde 

IVE tot verandering in het ehirurgiseh beleid. Geeoneludeerd werd dat men met IVE in 

staat is kwalitatieve en kwantitatieve parameters van de veneuze bypass vast te stellen en 

dat men de mogelijkheid heef! het ehirurgiseh beleid te belnvloeden op grond van deze 

gegevens. 

Hoofdstuk 11 besehrijf! het gebruik van IVE om de kwaliteit van de vena saphena 

magna te doeumenteren tijdens bypass ehirurgie, en om veranderingen tijdens follow-up 

en na ballondilatatie van daaropvolgende stenosen vast te leggen. Tijdens het aanleggen 

van de bypass werd met IVE naast een duidelijk vernauwd vaatsegment (zander intima 

verdikking) een vaatsegment gezien met reeds bestaande intima verdikking. Bij follow-up 

bleken beiden veranderd te zijn in stenosen die verder ingrijpen noodzakelijk maakten. De 

toename in lumen welke met IVE na ballondilatatie van de stenasen in de bypass werd 

gezien ging samen met vaatsehade. Deze studie Iaat zien dat IVE in staat is morfologiseh 

en kwantitatieve veranderingen in de veneuze bypass tijdens de follow-up vast te Ieggen 

en het effect van ballondilatatie van bypass stenosen aan te tonen. 

Samenvattend, IVE is een teclmiek die vergeleken met angiografie beter inzieht geef! 

in de anatomie en ernst van vernauwde bloedvaten zowel voor als na een vaseulaire 

interventie. In-vitro en in-vivo valida tie studies hebben Iaten zien welke kwalitatieve and 

kwantitatieve parameters betrouwbaar en reproduceerbaar zijn. De teclmiek kan on-line 

gebruikt worden tijdens een interventie, geeft beter inzicht in het mechanisme van 

ballondilatatie en verschaft parameters die voorspellend zijn voor de uitkomst na een 

angiografiseh succesvolle ballondilatatie. Om deze reden kan IVE thans als routine 

gebruikt worden om vasculaire interventies te ondersteunen en te begeleiden met als doel 

het resultaat te verbeteren. 
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DANKWOORD 

Het dankwoord, dat thans een omnisbaar onderdeel van een proefschrift is geworden, is 

voor mij tevens het moeilijkste onderdeel. 

De meest voor de hand liggende reden is dat ik bang ben mensen te vergeten. Een dieper 

liggende reden is waarschijnlijk dat wat gewoon geworden is nlet meer als gave wordt 

ervaren. 

Het in dit proefschrift beschreven onderzoek is tot stand gekomen in samenwerking met 

de afdelingen Experimentele Echocardiologie, Heelkunde en Radiologie. Vele personen 

hebben dus een bijdrage geleverd aan dit onderzoek en worden hartelijk bedankt. 

Een deel van de studies is tot stand gekomen in samenwerking met afdelingen in andere 

ziekenlmizen en universiteiten en ook deze onderzoekers worden bedankt voor hun 

bijdrage. 

Een aantal personen wil ik met name noemen omdat zij een proportioneel grote bijdrage 

hebben geleverd aan het eindresultaat. 

In de eerste plaats dank ik de chirurgen Dr. S.E. Kranendonk en G.P. Gerritsen uit het 

Maria Ziekenbuis te Tilburg. De eerste heeft mij kennis doen maken met wetenschappelijk 

onderzoek en de tweede heeft mij de weg gewezen naar Rotterdam. 

Prof. Dr. H. van Urk, mijn promotor dank ik voor zijn begeleiding en voor de grote mate 

van vrijheid die hij mij gaf. 

Dr. E.J. Gussenboven, mijn co-promotor, komt de meeste dank toe. Haar inzet voor 

anderen is zeer groot. Zij heeft mij geleerd hoe en waarom onderzoek te doen. Het is mij 

echter niet gelukt om sneller, efficienter en doelgerichter dan zijzelf te werken. Naast mijn 

wetenschappelijk onderzoek heeft zij ook mijn loopbaan begeleid. 

Prof. Dr. Ir. N. Bom, dank ik voor zijn gastvrijheid waardoor ik mij bijzonder thuis 
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voelde op zijn afdeling. 

De overige leden van de promotiecommissie, Prof. Dr. J.S. Lameris en Prof. Dr. P.W. 

Serruys dank ik voor hun beoordeling van mijn praefschrift. 

De co-auteurs dank ik voar hun bijdrage aan de artikelen. 

In het bijzonder dank ik H. Pieterman en N.A.J.J. du Bois voor hun kritisch 

vriendschappelijke benadering van mijn onderzoek. De eerste had de ondankbare taak om 

als radioloog endovasculaire chirurgie te moeten bedrijven, waarvoar ik mijn bewondering 

uitspreek. Tevens dank ik hem voor zijn interventie op de juiste tijd, bij de juiste persoon. 

De tweede dank ik dat ik deelgenoot mocht zijn van zijn verfrissende ideeen omtrent de 

wetenschap, de geneeskunde, de heelkunde en hun beoefenaars. 

Mijn collegae Hong Kie The en Winnifred van Lankeren dank ik voor hun steun en 

persoonlijke betrokkenheid bij mijn onderzoek. 

De afdeling Experimentele Echocardiologie, en met name Frans van Egmond, Jan 

Honkoop, Wenguang Li en Frits Mastik dank ik voor het herstellen van kapotgemaakt 

materiaal, voor de ondersteuning tijdens de studies, voor de analyse van data en voor de 

hulp bij het oplossen van alledaagse problemen. 

Laraine Visser dank ik voor de contrale op de engelse taal en de logische consistentie van 

de manuscripten. 

Het Interunlversitair Cardiologisch Instituut Nederland en de Nederlandse Hartstichting 

dank ik voor hun organlsatorische en fmanciele steun. 
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CURRICULUM VITAE 

Adrianus van der Lugt was born on February 3, 1963 in Berkel en Rodellrijs. In 1981, 

after graduating high school (GYlllllasilllll-j3) at the Gerejonneerde Scilo/ellgemeellscilap 

Rotterdam, he began medical studies at the Erasmus University Rotterdam. He graduated 

in 1986 with a Master's degree and passed the fmal medical examination in 1988. In 1989 

and 1990 he was in military service in Middelburg, serving the Army as a medical 

officer. From May 1990 to May 1992 he was a resident at the Department of Surgery, 

Maria Hospital, Tilburg; and from July 1992 to January 1993 at the Department of 

Intensive Care, Catharina Hospital, Eindhoven. During this period intravascular 

ultrasound research was performed under supervision of Dr. E.J. Gussenhoven at the 

Department of Experimental Echocardiography (head: Prof.Dr.!r. N. Born), Erasmus 

University Rotterdam. From March 1993 he completed a one-year contract at the 

Department of Surgery of the Erasmus University Rotterdam to undertake studies on 

duplex scanning and intravascular ultrasound. Since March 1994 he is employed as a 

research fellow by the Interuniversity Cardiology Institute of the Netherlands (posted at 

the department of Experimental Echocardiography, Erasmus University Rotterdam). He 

participated in the projects "Intravascular Ultrasound" (ICIN 12), "EPISODE" (Evaluation 

Peripheral Intravascular Sonography On Dotter Effect)(ICIN 16) and "Intervention 

Cardiology: the arterial vessel wall" (ICIN 18). The studies which form the basis of this 

thesis were performed mainly during this period. In October 1996, he started training at 

the Department of Radiology at the University Hospital-Dijkzigt, Rotterdam (supervisor: 

Prof. Dr. J.S. Lameris). 
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CURRICULUM VITAE 

Adrianus van der Lugt werd geboren op 3 februari 1963 in Berkel en Rodenrijs. In 1981, 

na het behalen van het examen Gymnasium-ll aan de Gereformeerde Scholengemeenschap 

te Rotterdam, werd begonnen met de studie Geneeskunde aan de Erasmus Universiteit 

Rotterdam. Hij behaalde het doctoraal examen in 1986 en het artsexamen in 1988. In 1989 

en begin 1990 werd de militaire dienstplicht vervuld te Middelburg als controlerend 

geneesheer. Hij was werkzaam als arts-assistent van mei 1990 tot mei 1992 op de afdeling 

Heelkunde van het Maria Ziekenhuis te Tilburg en van juli 1992 tot januari 1993 op de 

afdeling Intensieve Zorg van het Catharina Ziekenhuis te Eindhoven. Tijdens deze periode 

werd onderzoek verricht met intravasculaire echografie onder leiding van Dr. E.J. 

GussenilOven op de afdeling Experimentele Echocardiografie (hoofd: Prof. Dr .Ir. N. Bom), 

Erasmus Universiteit Rotterdam. In maart 1993 werd hij aangesteld op de afdeling 

Heelkunde van de Erasmus Universiteit Rotterdam ten behoeve van de diagnostiek met 

duplex-scanning en intravasculaire echografie. In april 1994 kwam hij in dienst van het 

Interuniversitair Cardiologisch Instituut Nederland (gedetacheerd bij de afdeling 

Experimentele Echocardiografie, Erasmus Universiteit Rotterdam) als wetenschappelijk 

onderzoeker. Hij werkte mee aan de projecten "Intravasculaire Echografie" (ICIN 12), 

"EPISODE" (Evaluation Peripheral Intravascular Sonography On Dotter Effect)(lCIN 16) 

en "Interventie Cardiologie: de arteriele vaatwand" (ICIN 18). In deze periode werd de 

basis gelegd voor dit proefschrift. In oktober 1996 is hij gestart met de opleiding tot 

radiodiagnost in het Academisch Ziekenhuis-Dijkzigt Rotterdam (opleider Prof. Dr. J.S. 

Lameris). 
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