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ultrasound, Aims: To assess for the first time in a multicentre design the between-centre reproducibility of volumetric
ultrasonics, virtual histology intravascular ultrasound (VH-IVUS) measurements with a semi-automated, computer-
’?d/Of’equencl’r assisted contour detection system in mild-to-moderately diseased coronary segments.

;’,Zgirl;’;fg,ﬁgy Methods and results: Analysts of four European IVUS centres performed independent IVUS analyses (in
reproducibility total 7,188 cross-sectional analyses) and obtained volumetric data to evaluate the reproducibility of

volumetric VH-IVUS measurements in 36 coronary segments (length 20.0+£0.4 mm) from patients with
stable angina. Geometric and compositional VH-IVUS measurements were highly correlated for the
different comparisons. Overall intraclass correlation for vessel, lumen, plaque volume and plaque burden
were 0.98, 0.92 0.95, and 0.86, respectively; for fibrous, fibro-lipidic, necrotic core and calcified volumes
overall intraclass correlations were 0.95, 0.93, 0.99, and 1.00, respectively. There were significant but
small differences for vessel, lumen, fibrous and calcified volumes, and there was no significant difference
for plaque volume. Of the plaque components necrotic core and calcified volume showed on average the
highest reproducibility.

Conclusions: These findings underline the necessity to centrally analyse IVUS data obtained in multicentre
studies addressing mild-to-moderately diseased coronary arteries. In addition, pooling VH-IVUS data from
different studies, analysed at different centres, may be problematical.
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Reproducibility of volumetric virtual histology-IVUS

Abbreviations

IVUS intravascular ultrasound
VH virtual histology

Introduction

Greyscale intravascular ultrasound (IVUS) permits accurate
quantification of vessel and plaque dimensions, but it has
significant limitations in the assessment of plaque composition.'#
Virtual Histology-IVUS (VH-IVUS) incorporates analysis of
radiofrequency IVUS data to provide a better assessment of the
coronary plague components such as necrotic core and densely
calcified area.>'* Volumetric measurements are known to have
a higher measurement reproducibility than cross-sectional area
measurements which is likely the result of averaging differences
between individual cross-sectional area measurements.>16
VH-IVUS includes a semi-automated analyse function (i.e., computer-
assisted contour detection) to provide volumetric data that are
increasingly used for the assessment of coronary atherosclerosis and
as endpoints of pharmacological studies for the treatment of coronary
atherosclerosis.17-2! However, because recent serial VH-IVUS studies
such as the IBIS-2 trial revealed only small changes in plague volume
and composition?, the reproducibility of VH-IVUS becomes an
important issue.l42223 |n a previous study in mild-to-moderately
diseased coronary segments, we have demonstrated that the inter-
observer variability of volumetric geometric and compositional VH-
[VUS measurements by two analysts from the "same" centre is very
acceptable.?? But so far, the between-centre reproducibility of VH-
IVUS measurements has never been investigated.

Therefore, in the present study we assessed the "between-centre"
reproducibility of volumetric VH-IVUS measurements in mild-to-
moderately diseased coronary segments by comparing data from
repeated analyses as performed by independent analysts at four
different European IVUS-centres.

Methods
Study population

To assess the between-centre reproducibility of segmental
volumetric VH-IVUS data analysis of mild-to-moderately diseased
atherosclerotic human coronary arteries, we performed IVUS
analyses in 20 mm-long segments of non-target and non-treated
coronary arteries in patients with stable angina pectoris. Segments
had to meet the following inclusion criteria: absence of ambiguous or
significant coronary lesions (i.e., mild-to-moderate atherosclerotic
disease), severe plaque calcification, major vessel tortuosity, and/or
major side-branches. In this multicentre study design, four
experienced analysts independently performed VH-IVUS analyses of
all segments included in the study. Each centre was invited to submit
IVUS pullbacks of 10 coronary segments obtained from patients in
sinus rhythm in whom a clinically driven cardiac catheterisation
required IVUS assessment. Participating centres were Odense
University Hospital, Odense, Denmark; Essen University Hospital,
Essen, Germany; Central University Hospital, Warsaw, Poland; and
Thoraxcentrum Twente, Enschede, The Netherlands.
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IVUS data acquisition

IVUS data were acquired with ECG-gating and commercially
available phased-array IVUS catheters (Eagle Eye® Gold 2.9 Fr
20 MHz; Volcano Corporation, Rancho Cordova, CA, USA) with
a dedicated console.??* The IVUS transducer was advanced
>10 mm distal to the most distal side-branch. Angiographic cine
runs were performed to define the position of the IVUS transducer.
After intracoronary injection of 200 pg nitroglycerine, a continuous
pullback of the IVUS catheter was performed using a motorised
pullback device at 0.5 mm/s (TrackBack-Il; Volcano Corporation,
Rancho Cordova, CA, USA). IVUS image data were stored on digital
video disk (DVD) for offline analysis.

VH-IVUS data analysis

Technique and the validation of VH-IVUS have previously been
described.®'? In brief, spectral IVUS radiofrequency data were
reconstructed to generate tissue maps in order to classify the plaque
in four major components: calcium; fibro-lipidic; fibrous; and
necrotic core. Tissue components were displayed according to a
colour code (white, light-green, green, and red, respectively).

VH-IVUS analysis of all cases was performed offline by one
experienced IVUS analyst per centre (Figure 1). The IVUS

| Exchangeof VH-IVUS pullback sequences between
4 experienced European IVUS centers (centers A—D)

/

Il Independentanalysis of each VH-IVUS pullback sequence
by all 4 centers, including careful manual correction of
automatically generated lumen and vessel borders

+ A > e

11l Generation of 4 sets of geometrical (lumen, plaque and

vessel size) and plaque compositional volumetric data
from each VH-IVUS pullback sequence

Figure 1. Image acquisition and analysis. Each centre (A-D) performed
motorized pullbacks at 0.5 mm/s, image frames were acquired at the
time of the R-wave peak. These pullback sequences (obtained from 10
patients with stable angina) were exchanged in order to obtain a
“pullback pool” of 40 pullbacks which each analyst independently
analyzed (I). Automated contour detection of the lumen and vessel
border was performed on all frames using the VH-images and software
(11). Volumetric VH-IVUS data of the geometric and compositional data
were automatically generated for the analyzed segment based on the
application of the trapezium method to the cross-sectional area
measurements (111).




sequences were provided with a predefined region of interest that
contained mild-to-moderate atherosclerotic disease (no target for
percutaneous coronary interventions). Segments were located
between two adjacent side-branches and contained no major
calcification that could have limited reliable detection of the external
vascular boundary.

[VUS measurements, both geometric and compositional
measurements, were made using the VH-images and software. The
lumen and vessel borders were traced using a semi-automated
computer-assisted contour detection program (Volcano pcVH
software program version 2.2; Corporation, Rancho Cordova, CA,
USA); to exclude potential between version differences of the
analysis software, all four centres used the same (latest) version of
the analysis software. The leading edge of the blood-intima acoustic
interface and the leading edge of the media-adventitia interface were
automatically detected to define the lumen and vessel borders,
respectively, and manually corrected as required. Plaque and media
was used as a measure of atherosclerotic plaque and was calculated
as the difference between vessel and lumen cross-sectional area.
For each coronary segment, volumetric data of the vessel, lumen,
plaque and plaque burden, as well as fibrous, fibro-lipidic, necrotic
core, and calcified tissue were obtained from the application of the
trapezium method to the cross-sectional area measurements. The
pcVH software program uses this method that considers the exact
spacing between image frames to calculate volumes from the cross-
sectional area data in the most accurately way. In addition, the
relative amount of the four plaque components was calculated.

In order to assess the between-centre reproducibility of volumetric
VH-IVUS analyses, comparisons were performed on a 2-observer
basis (i.e., centre A versus B, C and D respectively; centre B versus
C and D respectively; and centre C versus D).

Statistical analysis

Statistical analysis was performed with SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA). Dichotomous variables are presented as
frequencies, while quantitative data are presented as mean +1SD
(or £1SEM). Quantitative data were compared by use of a paired t-
test after normality of the data was confirmed. A two-sided p-value
<0.05 was considered as significant. According to Bland and

Table 1. VH-IVUS data from four different centres (A-D).
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Altman, the agreement between two measurements was assessed
by determining the mean +£2SD of the between measurement
differences.?® Intra-class correlations were calculated for
comparisons at individual level. An intraclass correlation >0.90 was
considered good.

Results

Study population

From the 40 segments (10 per centre) submitted for the purpose of
this study, four segments did not meet the inclusion criteria (three
major side branches and one patient with unstable angina) and
were not included in the analysis. A total of 36 mild-to-moderately
atherosclerotic coronary segments (10 right; 18 left anterior
descending; and 8 left circumflex coronary arteries) from 36
patients with stable angina (27 males; 59+8 years old) were
studied. Seventy-eight percent of the patients were on statin therapy
prior to the cardiac catheterisation, and 17% were diabetics. There
was no complication related to IVUS imaging.

VH-IVUS analysis and data

Each of the four analysts performed an independent analysis of each
of the 36 coronary segments and obtained volumetric data to evaluate
the reproducibility of volumetric VH-IVUS measurements (50+11
frames/segment). This approach required the analysis of a total of
7,188 cross-sectional frames (1,797 frames per analyst). Manual
correction of the automatic border detection was required in almost
all frames for a total analysis time of 59+5 min/segment. The length of
the analysed segments was 20.0+0.4 mm (range: 19.2-20.7 mm).
On average, the atherosclerotic segments contained predominantly
fibrous (57.8%), fibro-lipidic (17.9%), and necrotic core (16.0%)
tissue. Geometric and compositional IVUS data obtained by the
analysts of the four different centres (A-D) are presented in Table 1.

Geometry

Geometric measurements were highly correlated for the different
comparisons. There were significant differences for vessel and
lumen volumes; however, these differences were relatively small
(Table 2). Plaque volume showed no significant between-centre

A B C D
Vessel geometry
Vessel volume (mm?) 187.3+40.7 191.7+43.7 192.0+42.4 184.4+39.6
Lumen volume (mm?) 95.4+24.6 101.6+24.7 99.7+24.2 93.6+22.0
Plague volume (mm?) 91.9+27.3 90.1£27.4 92.3+27.8 90.9+26.8
Plaque burden (%) 48.8+8.2 46.7+7.4 47.8+7.9 48.9+7.6
Plague composition
Fibrous volume (mm?) 31.6+13.7 30.0+13.7 30.9+14.4 30.5+13.8
Fibrous volume (%) 58.3+7.9 57.6+17.6 57.8+8.1 57.6+8.2
Fibro-lipidic volume (mm?) 10.247.4 9.618.1 9.9+8.8 9.6+7.2
Fibro-lipidic volume (%) 18.4+9.9 17.6+10.1 17.549.9 18.0+£16.1
Necrotic core volume (mm?) 9.28.8 8.9+7.8 9.1+7.9 9.318.6
Necrotic core volume (%) 15.6+8.6 16.2+8.8 16.3+8.9 16.1+8.8
Calcium volume (mm?) 4.4+4.2 4.64.3 4.6+4.3 4.544.2
Calcium volume (%) 7.8+6.6 8.616.9 8.416.7 8.26.7

Values are mean #standard deviation.
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Table 2. Measurement differences of VH-IVUS data derived from four different centres (A-D).

A B C
Versus* Versus* Versus*
B C D C D D
Vessel geometry
A Vessel volume (mm?) -4.3£0.9 -4.7+0.8 2.9+0.9 -0.3+0.9 7.2+¢1.1 7.6+0.9
P<0.01 P<0.01 P<0.01 P=0.7 P<0.01 P<0.01
A Lumen volume (mm?) -6.1£1.6 -4.2+1.4 1.9+1.2 1.9+1.5 8.0+1.6 6.1+1.0
P<0.01 P=0.05 P=0.1 P=0.2 P<0.01 P<0.01
A Plaque volume (mm?) 1.8+1.5 -0.5+1.4 1.0£1.0 -2.24#1.5 -0.8+1.6 1.5+1.1
P=0.3 P=0.8 P=0.3 P=0.2 P=0.6 P=0.2
A Plaque burden (%) 2.1£0.7 1.0£0.6 -0.1+0.5 -1.120.7 -2.240.8 -1.120.5
P<0.01 P=0.1 P=0.8 P=0.1 P<0.01 P=0.03
Plaque composition
A Fibrous volume (mm?) 1.6+0.9 0.8+0.8 1.2+0.5 -0.8+0.8 -0.4+£0.9 0.4+0.6
P=0.08 P=0.3 P=0.03 P=0.3 P=0.6 P=0.5
A Fibrous volume (%) 0.7£0.3 0.420.2 0.6+0.2 -0.3£0.2 -0.1£0.2 0.2+0.2
P=0.02 P=0.1 P=0.01 P=0.3 P=0.7 P=0.4
A Fibro-lipidic volume (mm?) 0.6+0.6 0.4+0.6 0.60. -0.320.5 -0.0410.5 0.2+0.4
P=0.3 P=0.5 P=0.09 P=0.6 P=0.9 P=0.6
A Fibro-lipidic volume (%) 0.7+0.3 0.9£0.3 0.4+0.3 0.1£0.3 -0.4+0.4 -0.5+0.3
P=0.04 P=0.01 P=0.3 P=0.7 P=0.3 P=0.09
A Necrotic core volume (mm?) 0.320.3 0.1£0.2 -0.1£0.1 -0.2+0.1 -0.4£0.2 -0.2+0.2
P=0.3 P=0.7 P=0.5 P=0.2 P=0.07 P=0.3
A Necrotic core volume (%) -0.6+0.2 -0.740.2 -0.5+0.2 -0.1+0.2 0.1+0.3 0.2+0.2
P=0.02 P<0.01 P<0.01 P=0.7 P=0.7 P=0.3
A Calcium volume (mm?) -0.2+0.05 -0.2+0.05 -0.1+0.05 0.03+0.05 0.1+0.05 0.1+0.05
P<0.01 P<0.01 P<0.01 P=0.6 P=0.07 P=0.2
A Calcium volume (%) -0.8+0.2 -0.6+0.1 -0.5£0.1 0.2+0.1 0.420.2 0.10.1
P<0.01 P<0.01 P<0.01 P=0.1 P=0.07 P=0.3

Values are normalised to 10 mm length; mean #standard error of the mean; *two-sided student t-test.

difference. Plaque burden showed no significant differences for
the comparison between centre A versus C and D, respectively,
and B versus C; the other comparisons between the different
centres were significant (P<0.03), however, the (absolute)
differences were small, ranging from 0.6-1.1%. Overall intraclass
correlation and range of the individual between-centre
comparisons (within brackets) were for vessel, lumen, plaque
volume and plaque burden 0.98 (0.97-0.99), 0.92 (0.86-0.95),
0.95 (0.94-0.98) and 0.86 (0.78-0.92), respectively. The limits of
agreement (i.e., 2 SD of mean difference) were small and similar
for the different comparisons. The range of the standard
deviation of the relative between centre differences for vessel,
lumen, plaque volume and plaque burden were 2.5-3.0%, 6.4-
9.3%, 6.7-10.1% and 5.9-9.3%, respectively. An example of the
agreement is presented in Figure 2; the measurement
reproducibility of vessel volume was particularly high.
Measurement reproducibility was not influenced by the size of
the measured volumes.

Composition

VH-IVUS assessments of plaque composition were highly correlated
for the different comparisons. Overall intraclass correlation and
range of the individual between-centre comparisons (within
brackets) for (absolute) fibrous, fibro-lipidic, necrotic core and
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calcified volume were 0.95 (0.92-0.97) 0.93 (0.90-0.96), 0.99
(0.98-1.00), and 1.00 (1.00-1.00), respectively. There were small
significant differences for fibrous and calcified volumes (Table 2).
The limits of agreement (i.e., 2 SD of mean difference) for
compositional data were somewhat higher, but similar for the
different comparisons. The range of the standard deviation of the
relative between centre differences for fibrous, fibro-lipidic, necrotic
core and calcified volume were 10.6-15.9%, 20.2-28.9%, 8.9-
13.9% and 6.4-13.9%, respectively. An example of the agreement
is presented in Figure 2. Necrotic core and calcified volumes
showed the highest measurement reproducibility. Smaller
compositional volumes showed a slightly higher between-centre
variability.

Discussion

In the present multicentre study we assessed the between-centre
reproducibility of measurements of vessel geometry and plaque
composition in mild-to-moderately diseased atherosclerotic
coronary segments. The overall intraclass correlations were high for
geometric as well as compositional data (>0.86). The relative
between-centre differences were low for vessel, lumen, and plaque
volume (<4%, <9%, and <3%, respectively) as well as for fibrous,
fibro-lipidic, necrotic core, and calcified plaque components (<6%,
<11%, <3%, and <8%, respectively) demonstrating mild but
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Figure 2. Example of the agreement of repeated VH-IVUS measurements of geometric and compositional volumes for two centres. Corresponding
analyses were also performed for the other possible comparisons between the four centres, showing similar results (see text for further results).

systematic differences, most likely as a result of manual contour
editing. Plague burden measurements showed more differences
(<5%), resulting in a higher variability and somewhat lower, but still
good, intraclass correlations. This higher variability might be
explained by the addition of variabilities of the variables themselves
that are required for the calculation of plaque burden.

Measurement reproducibility

Serial VH-IVUS is increasingly used for the assessment of the
natural history of atherosclerosis, vascular remodelling, and
pharmacological interventions.>*17?1 As changes in plaque size and
composition are often small,?° good measurement reproducibility is
important.210.1426
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Rodriguez-Granillo et al investigated the measurement variability of
VH-IVUS cross-sectional data obtained from 16 non-significant
coronary atherosclerotic lesions in a single-centre study;! inter-
observer variability of geometric and compositional data was larger
than inter-catheter variability particularly for indirect measurements
such as plaque area. For geometric cross-sectional area
measurements the relative intra-observer difference was < 3% for
lumen and vessel cross-sectional area and <11% for plaque cross-
sectional area; conversely, compositional measurements showed
larger measurement variability of up to 24%.14

Prasad et al assessed VH-IVUS measurements in significant lesions
prior to and following percutaneous coronary intervention and
demonstrated that volumetric VH-IVUS measurements of coronary
segments had a high measurement reproducibility.?> The
agreement between repeated geometric cross-sectional IVUS
analyses was somewhat higher than that of cross-sectional
compositional VH-IVUS analyses.?

We previously demonstrated a relatively high intra- and inter-
observer reproducibility of volumetric geometric and compositional
VH-IVUS data in 33 mild-to-moderately diseased coronary
segments.?? Nevertheless, all these previous studies investigated
the measurement variability of analysts from a single centre (or core
lab) who were trained in one and the same way.

As demonstrated in the present multicentre study, measurements
by analysts from four different IVUS centres with different training
programs showed somewhat higher measurement variability and
minor (though often significant) measurement differences.
Differences may have resulted from slight systematic over- or
underestimation of the lumen and/or vessel borders and/or
differences in the interpolation of the vessel contour at the site of
side branches. Necrotic core and calcified plaque volume (often
located more centrally in the plague) showed a particularly high
measurement reproducibility while fibrous and fibro-lipidic volume
showed more variability. This is in agreement with previous
observations suggesting that variation in tracing the lumen contour
(i.e., inclusion of the lumen in plaque and media volume) may
result in misinterpretation of blood inside the lumen as fibrous and
fibro-lipidic tissue. This may explain why these two tissue types
show the largest relative difference between two centres. The
centres with small lumen volume measured the largest content of
fibrous and fibro-lipidic tissue (Table 2). Misinterpretation of
thrombus and soft plaque adjacent to the lumen could theoretically
have introduced a large measurement variability; however, this is
extremely unlikely in the examined patient population with stable
angina pectoris.?62.1227

Our present data underline the necessity to analyse such data at a
single site - ideally in an experienced core-lab. As an alternative,
one may consider that analysts of different centres undergo an
identical training to assure a very similar (or identical) way of
analysis. In addition, our findings suggest that pooling VH-IVUS
data from different studies that are analysed at different IVUS-
centres may be problematic. Awareness of the inter-observer
differences may be particularly important in serial pharmacological
intervention trials where small changes in plaque and/or vessel size
as well as plague composition may be expected.?
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Limitations

In the present study, IVUS analyses were performed offline in
coronary segments obtained from patients with stable angina
pectoris; therefore our findings cannot be extrapolated to VH-IVUS
reproducibility studies in an online setting or in patients with acute
coronary syndromes. The coronary segments of the study
population contained mild-to-moderate atherosclerotic disease. The
study did not address significant coronary lesions with particularly
small lumen dimensions (e.g., a lumen area <4.0mm?), in which
the recognition of the lumen border may be more difficult and
measurement variability may be higher.

Similar to other studies with IVUS and VH-IVUS, we excluded very
tortuous and severely calcified vessels that could have led to non-
uniform pullbacks and/or inability to detect the (external) vessel
contour.'#?? The variability between different IVUS catheters or
pullback devices, repeated pullbacks, and independent selections
of the segment of interest were not addressed in the present
multicentre study that focused on the assessment of measurement
reproducibility in predefined segments with mild-to-moderate
coronary disease.

Conclusion

These findings underline the necessity to centrally analyse IVUS
data obtained in multicentre studies that address mild-to-
moderately diseased coronary arteries. However, pooling VH-IVUS
data from different studies analysed at different centres may be
problematic.
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