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Abstract-In this study, interobserver agreement on intravascular ultrasound data obtained before and 
after balloon angioplasty (PTA) of the superficial femoral artery was assessed. Two observers analyzed 
intravascular ultrasound cross-sections from 38 patients. Interobserver agreement was good for soft and 
hard lesions, dissection and vascular damage (kappa values 0.61,0.67,0.69 and 0.66, respectively) ; moderate 
for eccentric lesions (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 interobserver differences between 
area measurements. The coefficient of variation for free lumen area and media-bounded area before PTA 
was 17.2% and 10.5% and after PTA 11.2% and 9.2%, respectively. This study identified the intravascular 
ultrasound parameters that are reproducible. 
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INTRODUCTION 

From intravascular ultrasound studies performed in 
litro it was shown that the characteristics of both the 
atherosclerotic lesion and arterial wall seen on ultra- 
sound relate to the histologic composition (Gussenho- 
ven et al. 1989a,b; Mallery et al. 1990; Potkin et al. 
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 in vitro and in vivo images obtained prior 
‘10 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 agreement on the qualitative and quanti- 
t.ative intravascular ultrasound parameters obtained 
clinically prior to and following balloon angioplasty 
in peripheral arteries is lacking. 

Address for correspondence: Dr. E. J. Gussenhoven, Erasmus 
University Rotterdam (Ee 2312), P.O. Box 1738, 3000 DR Rotter- 
dam, The Netherlands. E-mail: lugt@tch.fgg.eur.nl 

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

METHODS 

Intravascular ultrasound imaging 
In 38 patients (29 men, 9 women; ages 64 i 10 

years), intravascular ultrasound was performed before 
and after balloon angioplasty for treatment of occlusive 
superficial femoral artery disease. 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 intravas- 
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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 l-cm intervals. 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 (interval 1 cm) 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. The 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 this 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 first 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 (n = 192 before and 11 = 
212 after balloon angioplasty) . 

Qualitative analysis 
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 
rupture and media rupture was documented. These fea- 
tures may be present simultaneously in one cross-sec- 
tion. In the presence of one or more of these features 
“vascular damage” was scored. 

The arc of normal wall, hard lesion and dissection 
that subtends the circumference was graded by visual 

estimation according to the hours of a clock with the 
center of the vessel as reference ( 1 h corresponding to 
30” 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 (normal). 

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. 1) In the 
absence of a visible tunica media on intravascular ul- 
trasound, the adventitia was used as reference. 

During off-line quantitative analysis of the free 
lumen 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. 

Dejnitions 
Eccentric lesion was involved when part of the ves 

se1 wall was disease-free. The vessel wall was judged to 
be normal when the lesion thickness was 0.5 mm or less. 
Sof lesion was defined as having a homogeneous or 
bright echoshucture superimposed on the arterial wall 
without shadowing. Hard lesion was recognized by the 
presence of a bright echostructure superimposed on the 
arterial wall casting 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 rupture) was defined as an interruption in the 
internal elastic lamina which exposes the hypoechoic 
media or hyperechoic adventitia to arterial lumen. Vas- 
cular damage was defined as the presence of dissec- 
tion, plaque rupture and/or media rupture. 

Free lumen area (mm’) was defined as the area 
encompassed by the inner boundary of the intimal sur- 
face (characterized also by the presence of blood). 

Media-bounded area (mm”) was defined as the 
native vessel area bounded by the inner medial border. 

Statistical arlalysis 
First, the interobserver reproducibility for the pres- 

ence or absence of each qualitative parameter was ex- 
pressed as unweighted Cohen’s kappa coefficient (Cohen 
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Fig. 1. 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 of the arterial wall that was disease- 
free was 1 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 (outer contour). Calibration = 0.5 mm. 

1960). Kappa values range from - 1 to + 1. Kappa equals 
+1 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 
:s less than chance agreement then kappa has a negative 
,t/alue. 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 was cal- 
culated as a percentage of all comparisons for each diag- 
nostic category that showed agreement, regarding either 
l:he 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 t-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 1. There was good agreement for soft lesion, 
hard lesion, dissection and for vascular damage (Figs. 
l-3). Moderate 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 1. Kappa values and total percentage of agreement 
(TA) for all intravascular ultrasound qualitative parameters 

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

Kappa TA 

Before PTA 
Eccentric lesion 
Soft lesion 
Hard lesion 
Lipid deposit 

After PTA 
Dissection 
Plaque rupture 
Media rupture 
Vascular damage 

0.45 73% 
0.61 94% 
0.67 85% 
0.00 95% 

0.69 85% 
0.04 71% 
0.25 86% 
0.66 83% 

n = Number of cross-sections. 
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Fig. 2. Intravascular ultrasound cross-section obtained from a 
patient before balloon angioplasty of the superficial femoral 
artery using the Du-MED system. The lesion involved was 
eccentric and soft in nature. The hypoechoic region seen at 
lo- 11 o’clock may suggest the presence of lipid deposit, 
but could also be an artifact of attenuation. The arc of dis- 
ease-free arterial wall is 2 h (5 o’clock). + = catheter; 

calibration = 1 mm. 

Differences between the two observers were not 
significant for the arc of normal 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 

= 1 mm. 

Table 2. Paired difference and coefficient of variation 
between the two observers of qualitative parameters 

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

Coefficient 
il Paired difference of variation 

Normal wall 75 0.2 IT 2.1 (NS) 5% 
Hard lesion 50 -0.2 i 1.1 (NS) 34% 
Dissection 70 0.6 _c 1.6 (S) 21% 

Data represent mean and standard deviation; n = 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-bounded area calculated 
before and after balloon angioplasty (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 the Wilcoxon two- 
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 qualitative 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). 

Coefficient 
Paired difference of variation 

Before PTA 
Free lumen area +0.22 2 2.07 mm’(NS) 17.2% 

Media-bounded area -0.02 -+ 3.05 mm’ (NS) iOS% 

After PTA 
Free lumen area +0.03 -+ 1.94 mm’(NS) 11.2% 
Media-bounded area -0.11 2 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 al. (1994) for calcium (0.9) and for eccentric 
lesion (0.5). In addition, they reported low kappa val- 
ues for intimal thickening (0.3)) and for lipid ( -0.1) . 
Furthermore, Hausmann et al. (1994) established that 
intravascular ultrasound parameters assessed qualita- 
tively (presence of normal 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 et al. 
1994; Peters et al. 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 
:nm or less at the normal vessel wall.” This arbitrary 
criterion assessed by visual estimation might have in- 
?luenced 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 
Iultrasound 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). In 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 al. 
1992; Potkin et al. 1990). Recent in vitro studies 
showed that the sensitivity for lipid detection was low 
(<30%) and the specificity of this finding was high 
(>SO%) (Gussenhoven et al. 1994; Sechtem et al. 
1993). For this reason, we are reluctant in diagnosing 
lipid deposit (i.e., “instable plaque”) with the current 
intravascular ultrasound systems. 

After balloon angioplasty, 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 

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 ultrasound 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 
CVIS 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. 

SUMMARY 

This study indicates that highly reproducible intra- 
vascular ultrasound parameters include: ( 1) soft lesion, 
hard lesion and dissection; (2) the arc of normal wall 
and hard lesion; and (3) the quantitative assessment 
of free lumen area and media-bounded area both before 
and after balloon angioplasty. 
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