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Contrast enhancement has been shown to improve detection of regional wall motion
abnormalities (RWMA) in 2-dimensional (2D) echocardiography. This study determined
the use of contrast enhancement in the setting of 3-dimensional (3D) echocardiography for
definition of left ventricular RWMA compared with 2D echocardiography, cineven-
triculography, and cardiac magnetic resonance (CMR). In 63 patients, unenhanced and
contrast-enhanced (SonoVue; Bracco Imaging S.p.A., Milan, Italy) 2D and 3D echocardi-
ographies, CMR, and cineventriculography were performed. Hypokinesia in =1 segment
defined the presence of RWMA. Interreader agreement (IRA) between 2 blinded off-site
readers on presence of RWMA was determined within each imaging technique. Inter-
method agreement among imaging techniques was analyzed. A standard of truth for the
presence of RWMA was obtained by an independent expert panel decision. IRA on pres-
ence of RWMA expressed as Cohen’s k coefficient was (.27 for unenhanced 3D echocar-
diography, 0.40 for unenhanced 2D echocardiography, 0.57 for CMR, and 0.51 for
cineventriculography. The use of contrast increased IRA on RWMA to 0.42 for 3D echo-
cardiography and to 0.56 for 2D echocardiography. Agreement with CMR on RWMA
increased for 3D echocardiography when contrast enhancement was used (k 0.40 vs 0.22 for
unenhanced 3D echocardiography). Similarly, agreement of 2D echocardiography with
CMR on RWMA increased with contrast enhancement (K 0.50 vs 0.32). Accuracy to detect
expert panel—defined RWMA was highest for CMR (84%) followed by 2D contrast echo-
cardiography (78%) and 3D contrast echocardiography (76%). It was lesser for 2D and 3D
unenhanced echocardiographies. In conclusion, analysis of RWMA is characterized by
considerable interreader variability even using high-quality imaging techniques. IRA on
RWMA is lower with 3D echocardiography compared with 2D echocardiography. IRA on
RWMA and accuracy to detect panel-defined RWMA improve with contrast enhancement
irrespective of the 2D or 3D echocardiography use. © 2014 Elsevier Inc. All rights
reserved. (Am J Cardiol 2014;113:395—401)

The objectives of this multicenter study were to (1)
determine the interreader agreement (IRA) in the definition
of regional wall motion abnormalities (RWMA) for
unenhanced and contrast-enhanced 3-dimensional (3D)
echocardiographies compared with unenhanced and
contrast-enhanced 2-dimensional (2D) echocardiographies,

"Medical Clinic II, University Rheinisch-Westfilische Technische
Hochschule Aachen, Aachen, Germany; *Medical Clinic 11, Clinic Johannes
Gutenberg University Mainz, Mainz, Germany; “Department of Cardiology,
Azienda Ospedaliero-Universitaria Careggi, Florence, Italy; “Department
of Cardiology, Cliniques Universitaires Saint-Luc, Brussels, Belgium;
“Medical University of Lodz, Lodz, Poland; "Bracco Imaging Deutschland,
Konstanz, Germany; and ®Mazankowski Alberta Heart Institute, University
of Alberta, Edmonton, Alberta, Canada. Manuscript received August 18,
2013; revised manuscript received and accepted September 24, 2013.

This study was sponsored by Bracco Imaging Deutschland (Konstanz,
Germany).

See page 401 for disclosure information.

*Corresponding author: Tel: (4-49) 2418088468; fax: (+49) 2418082131.

E-mail address: RHoffmann @ UKAACHEN.de (R. Hoffmann).

0002-9149/13/$ - see front matter © 2014 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.amjcard.2013.09.038

cineventriculography, and cardiac magnetic resonance
(CMR), (2) determine the agreement between the different
imaging techniques in the definition of RWMA, and (3)
evaluate for each of the imaging techniques the agreement
and accuracy of determined RWMA related to the standard
of truth on regional left ventricular (LV) function as defined
by an expert panel decision (EPD) based on clinical, elec-
trocardiographic (ECG), angiographic, and imaging data.
The design of this study allowed a direct comparison of the
techniques during resting conditions on the same patients.
Blinded readings using experienced independent core
laboratories were performed for each imaging technique
according to defined standards.

Methods

This multicenter open-label study used intrasubject
comparison of 3D wunenhanced and contrast-enhanced
echocardiographies with 2D echocardiography, biplane
cineventriculography, and CMR for determination of
RWMA. Coronary angiography for suspected coronary
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STEP 1: Clinical Information plus

Detection of RWMA by both readers in at least 2 imaging modalities
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or Exclusion of RWMA by both readers in all imaging modalities
||
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Consensus Rating Score
UE 2D and 3D,CE 2D and 3D ,CMR X 2,CINE: All Reader Consensus

+ Clinical data compatible with results of rating score

‘ Score > 11 ‘

.| RWMA POS. (n=7) or J

Score < 11 ‘ (n=12)

Panel Image and Data Review including
all Clinical Data and Image Files

[ RWMA POS. (n=6) or J
| RWMA NEG. (n=6)

Figure 1. Three-step decision algorithm used to define the standard of truth (EPD) on the presence of RWMA. CE = contrast-enhanced echocardiography;

CINE = cineventriculography; UE = unenhanced echocardiography.

Table 1
Patient baseline characteristics

Characteristic Value, n = 63 (%)
Age (yrs) 63.8 + 10.4
History of previous myocardial infarction 20 (32)
Previous percutaneous coronary intervention 33 (52)
Previous coronary bypass surgery 7(11)
Significant coronary artery disease 48 (76)
Coronary stenosis in left anterior descending 35 (56)
Coronary stenosis in left circumflex branch 40 (63)
Diabetes mellitus 6 (10)
Hypertension 44 (70)
Hypercholesterolemia 21 (33)
Ejection fraction by cineventriculography
<35% 10 (16)
35%—55% 16 (25)
>55% 37 (59)

Hypertension: blood pressure >140/90 mm Hg or medically treated;
hypercholesterolemia: total cholesterol level >200 mg/dl or medically
treated.

artery disease was performed in all patients. Immediate
revascularization after coronary angiography was an exclu-
sion criterion. All imaging techniques were performed
within 72 hours with the patient being in stable hemody-
namic conditions.

For each imaging technique, recommendations on the
performance of image acquisition were defined to secure
uniform and interpretable image data sets from all partici-
pating institutions. The adherence to the predefined imaging
protocols of this multicenter trial by the performing physi-
cians was monitored during the enrollment period.

The analysis of image data sets for RWMA was per-
formed for each imaging technique by 2 independent off-site
readers not affiliated to the participating centers who were
unaware of the clinical data and the results of the other
imaging techniques. All off-site readers had at least 5 years
of experience in the evaluated imaging technique. Guide-
lines were defined and provided on the evaluation of
regional LV function for each imaging technique to the
unaffiliated off-site readers of the independent core labora-
tories (see Appendix). Regional wall motion of each
analyzed segment was defined as either normokinetic,
hypokinetic, akinetic, or dyskinetic. Whenever the regional
function could not be defined because of insufficient image
quality, the function was assumed to be normal. Although
regional function was determined for each LV segment, the
presence of an RWMA was reported on a patient basis, and
a comparison of methods was performed on detection of
RWMA on a patient basis. The study was conducted
according to the Good Clinical Practice and in compliance
with local regulatory requirements. The research protocol
was approved by the applicable central and local institu-
tional ethics committees. All patients gave written informed
consent to participate in the study.

Sixty-five patients were enrolled at 4 European centers
with balanced contribution. Patient enrollment was stratified
at each center based on results from angiographic ven-
triculography to achieve a balanced distribution within 3
predefined LV ejection fraction groups (>55%, 35% to
55%, and <35%). An interpretable cineventriculography
with availability of at least 2 consecutive nonextrasystolic
cardiac cycles during ventriculographic contrast adminis-
tration was a prerequisite for inclusion into the study. Two
patients had to be excluded from the study because of
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Table 2
Percentage of left ventricular segments found to be nonevaluable for
segmental function because of low image quality

Table 3
Frequency of regional wall motion abnormalities detected by each of the
imaging techniques

Variable Imaging (%) Contrast-Enhanced p

Imaging (%)

2D echocardiography
Off-site 1 11.8 0.5
Oft-site 2 29 1.1 <0.001
Reconstructed planes from
3D echocardiography

Off-site 1 31.5 3.0

Off-site 2 16.8 6.4 <0.001
3D full-volume

echocardiography

Off-site 1 6.3 3.6

Off-site 2 7.4 6.3 <0.001
Cardiac magnetic resonance

Off-site 1 22

Off-site 2 1.8
Cineventriculography

Off-site 1 9.7

Off-site 2 1.2

claustrophobia during the CMR imaging procedure. Thus,
63 patients formed the study group.

Two-dimensional and 3D echocardiographies using tissue
harmonic imaging for unenhanced and contrast-specific
imaging for contrast-enhanced echocardiography were per-
formed with a commercially available ultrasound scanner (IE
33; Philips, Andover, Massachusetts). Written recommen-
dations were provided for the uniform use of equipment
presets, imaging conventions, imaging sequence, and anno-
tations. Two-dimensional apical 4-chamber, 2-chamber, and
3-chamber views as well as 3D full-volume data sets from
the apical position were acquired without and with contrast
enhancement. For unenhanced imaging, harmonic imaging
(mechanical index 1.6, gain 50%, compression 70%) was
used, whereas for contrast-specific imaging, a low mechan-
ical index of 0.3 was preselected (gain 60%, compression
15%). Optimization of imaging conditions for endocardial
border definition was performed by modulation of transmit
power, gain, focus, and dynamic range, as required. Great
care was taken to avoid apical foreshortening and to maxi-
mize the length from base to apex. A 3D full-volume data set
of the ventricle was obtained with gated (5 beats) acquisition.
Sector size and depth were optimized to obtain the highest
possible volume rates reaching 17 to 20 frames/s in the
contrast 3D full-volume mode.

For contrast-enhanced echocardiography, a 20Fr intrave-
nous catheter was introduced into the right antecubital vein.
Sulfur hexafluoride microbubbles (SonoVue; Bracco Imaging
S.p.A., Milan, Italy) were administered with a starting infusion
rate of 1 ml/min followed by subsequent rate adjustments to
reach homogeneous LV cavity opacification without attenua-
tion. Before acquiring 2D and 3D echocardiographic images,
the infusion rate was separately adjusted if necessary to obtain
adequate contrast enhancement.

In each patient, regional wall motion analysis was per-
formed based on 2D images without contrast, 2D images with
contrast enhancement, apical 2D image views reconstructed

Imaging Technique Off-Site  Off-Site p

Reader 1 Reader 2

(%) (%)
Unenhanced 2D echocardiography 61 45 0.116
Reconstructed planes from unenhanced 63 52 0.287
3D echocardiography
Unenhanced 3D full-volume 76 41 0.007
echocardiography
Contrast-enhanced 2D echocardiography 56 42 0.113
Reconstructed planes from 60 46 0.149
contrast-enhanced 3D echocardiography
Contrast-enhanced 3D full-volume 61 41 0.053
echocardiography
Cardiac magnetic resonance 57 52 0.726
Cineventriculography 31 56 <0.001

from 3D data sets, full-volume 3D images without contrast,
and 3D images with contrast enhancement. The analysis of the
4 echocardiographic techniques in each patient was performed
independently and in random order to prevent mutual bias.
For each of the 17 LV segments defined by Cardiac Imaging
Committee of the Council on Clinical Cardiology of the
American Heart Association, regional systolic LV function
was determined.’ For analysis of 2D and 3D echocardio-
graphic images, a dedicated workstation was used (TomTec,
UnterschleiBheim, Germany) with application of Image
Arena to analyze 2D data sets and 4D CardioView and 4D LV
Analysis softwares for processing and analysis of 3D
recordings.

Standard biplane cineventriculography was performed in
all patients using a 30° right anterior oblique projection and
a 60° left anterior oblique projection with injection of at
least 30 ml of contrast medium at a flow rate of 12 to14 ml/s
using SFr to 6Fr pigtail catheters. Frame rate was set at
30 Hz. Regional systolic LV function was determined for
each of 7 segments (anterolateral, anterobasal, apical, post-
erobasal, posterolateral, diaphragmal, and septal).”

ECG-triggered CMR investigations at a field strength of
1.5 T during breath hold were performed using a special
volume-adapted surface coil. To assess LV function, stan-
dard steady-state free-precession cine imaging (spatial
resolution 1.4 x 1.4 x 8 mm, 35 phases per cardiac cycle,
repetition time 3.1 ms, echo time 1.6 ms, flip angle 55°) was
performed in short repetitive end-expiratory breath holding.
Four-chamber, 2-chamber, 3-chamber, and short-axis views
with a slice thickness of 10 mm were acquired in basoapical
direction using a special volume-adapted surface coil.
Regional systolic function was determined for each of the 17
segments considering wall thickening during systole and
endocardial inward motion.'

Considering even the limitations of CMR in the assess-
ment of RWMA with considerable interobserver vari-
ability,”* an EPD on the presence of RWMA considering
more information than only CMR was used. To define this
standard of truth for the presence of RWMA, an EPD was
made for each patient between 2 independent panelists (RH
and SvB) based on clinical data (known cardiomyopathy,
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Figure 2. IRA on detection of regional wall motion abnormalities for each imaging technique as described by the k value. There is significant improvement in

IRA for each echocardiographic imaging technique by contrast application.

history of myocardial infarction, and previous revasculari-
zation procedure), electrocardiography, coronary angiog-
raphy, and results of all off-site image readings. To define
the standard of truth, the 2 panelists adhered to a predefined
3-step decision algorithm (Figure 1). In the first step, they
had to consider clinical information and the results of the
given reads. Known cardiomyopathy, history of myocardial
infarction in combination with ECG abnormalities, angio-
graphically proved significant coronary artery disease or
previous coronary revascularization, and RWMA in at least
2 imaging methods by both readers indicated evidence for
RWMA. No history of myocardial infarction in combination
with normal test results in electrocardiography, no previous
coronary revascularization, angiographic exclusion of
coronary artery disease, and in all imaging techniques, no
RWMA by both readers were indicative for no RWMA. If
no decision could be made based on the first step, the results
of all imaging reads were considered in the second step. At
least 11 points (1 point per reader, echocardiographic
imaging technique, and cineventriculography reader and 2
points per CMR reader) on a consensus scale of 14 points
had to be reached to obtain a result on the presence of an
RWMA. This was obtained by consensus of at least 11 of
the 14 readings (6 imaging techniques and 2 readers per
imaging technique, 2 points per CMR reading to balance
against the greater number of echocardiographic imaging
techniques). Furthermore, clinical data had to be compatible
with this result. In 12 cases, the achieved consensus score
was inconclusive. In these cases, the 2 panelists were
provided with all imaging cine loops for reassessment.
Subsequently, the panelists reached a consensus agreement
in all cases.

Statistical analysis was performed by MEDIDATA (Kon-
stanz, Germany) using the SPSS software package (IBM
SPSS Statistics, Armonk, New York). Continuous variables
are presented as mean + SD. The presence of RWMA is

reported on a patient basis. To evaluate the diagnostic
performance of each imaging technique in terms of detection
of RWMA, sensitivity, specificity, and accuracy were esti-
mated using the panel decision as the gold standard. Sensi-
tivities, specificities, and accuracies were compared using
McNemar test for dependent samples. The Cohen’s K coeffi-
cient was calculated to evaluate IRA for each pair of readers.”
Cohen’s K was also obtained to evaluate intermethod agree-
ment on detection of RWMA evaluated by off-site reader 1 of
each imaging technique. The same analyses were performed
for the agreement between off-site reader and panel decision in
terms of RWMA within each individual imaging technique.
The Cohen’s K coefficient of agreement was graded as
follows: 0 to 0.2 = poor to slight; 0.21 to 0.4 = fair; 0.41 to
0.6 = moderate; 0.61 to 0.8 = substantial; 0.81 to 1.0 = nearly
perfect. p Value <0.05 was considered statistically significant.

Results

Sixty-three patients (mean age 63.8 £ 10.4 years, 51
men) were included in this study. Patient characteristics are
listed in Table 1. In all patients, all imaging techniques were
performed as per protocol. The SonoVue infusion rate
needed for optimal image quality was 1.13 £ 0.19 ml/min.
After receiving the contrast agent, 1 adverse event with
hypotension was reported in 1 of the subjects.

Table 2 lists the percentage of LV segments defined as
nonevaluable. There was a significant difference between
the imaging techniques in the percentage of LV segments
defined as nonevaluable because of low image quality or
insufficient endocardial border delineation. Although 3% to
12% of segments were nonevaluable with unenhanced 2D
echocardiography and full-volume 3D analysis, up to 32%
of segments were assessed as nonevaluable using recon-
structed planes from the 3D full-volume data sets. Contrast
enhancement resulted in a significant reduction of the
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Table 4
Agreement between regional wall motion abnormality detected by an
imaging technique and panel-defined presence of a wall motion abnormality

Table 5
Sensitivity, specificity, and accuracy of each imaging technique to detect
panel-defined regional wall motion abnormalities

Imaging Technique K 95% CI

Unenhanced 2D echocardiography 0.46 0.24—0.68

Reconstructed planes from unenhanced 0.24 0.03—0.52
3D data sets

Unenhanced 3D full-volume echocardiography 0.28 0.04—0.51

Contrast-enhanced 2D echocardiography 0.56 0.35-0.76

Reconstructed planes from contrast-enhanced 0.44 0.28—0.60
3D data sets

Contrast-enhanced 3D full-volume 0.53 0.32—0.74
echocardiography

Cardiac magnetic resonance 0.67 0.48—0.86

Cineventriculography 0.58 0.37-0.79

CI = confidence interval.

number of segments found to be nonevaluable. Visibility of
LV segments was found to allow analysis of segmental
function in almost all cases using CMR. Contrast-enhanced
2D and 3D full-volume data set analyses reached a visibility
of LV segments comparable with CMR.

Table 3 lists the frequency of RWMA detected with the 4
different echocardiographic imaging techniques as well as
for cineventriculography and CMR for each of the 2 readers.
Considering reader 1, in 16 patients, RWMA were detected
by unenhanced 3D full-volume echocardiography but not by
unenhanced 2D echocardiography, and in 6 patients, RWMA
were detected by unenhanced 2D echocardiography but not
by unenhanced 3D full-volume echocardiography. In 5
patients, RWMA were detected by contrast-enhanced 3D
echocardiography but not by unenhanced 3D echocardiog-
raphy, and in 15 patients, RWMA were detected by unen-
hanced 3D echocardiography but not by contrast-enhanced
3D echocardiography. The frequency of detected RWMA
varied between the 2 readers of each imaging technique.

Figure 2 displays the intramethod agreement between
off-site readers 1 and 2 for each imaging technique on the
presence of RWMA expressed as a kK value. Considering
unenhanced echocardiography, the K value was highest with
2D echocardiography. It was lowest for unenhanced echo-
cardiography using the reconstructed views from the 3D
data set. With contrast enhancement, the IRA on RWMA
improved significantly for each echocardiographic image
technique. The IRA for CMR was K = 0.57 and for cin-
eventriculography, a K of 0.51 was determined.

In the analysis of intermethod agreement on detection of
RWMA, the results of off-site reader 1 were used for each
imaging technique. Agreement on the presence of RWMA
was only fair if unenhanced 2D or full-volume 3D echo-
cardiography was compared with CMR (k = 0.32 and 0.22,
respectively). Contrast-enhanced 2D and full-volume 3D
echocardiographies were associated with improved agree-
ment to CMR (k = 0.50 and 0.40, respectively) compared
with unenhanced echocardiography. Agreement between 3D
unenhanced and contrast-enhanced echocardiographies with
CMR on RWMA tended to be lower compared with 2D
unenhanced and contrast-enhanced echocardiographies. The
agreement between cineventriculography and CMR on
RWMA was also only fair (K = 0.39). The K value on

Imaging Technique Sensitivity Specificity Accuracy

(%) (%) (%)
Unenhanced 2D echocardiography 84 63 73
Contrast-enhanced 2D echocardiography 84 72 78
Unenhanced 3D full-volume 90 38 63
echocardiography
Contrast-enhanced 3D full-volume 87 66 76
echocardiography
Cardiac magnetic resonance 90 74 84
Cineventriculography 71 89 80

agreement between contrast-enhanced 2D echocardiography
and CMR was higher than that between 3D full-volume
unenhanced echocardiography and CMR (p = 0.0324).

Considering clinical data, electrocardiography, coronary
angiography, and the results of all imaging techniques, 31
patients were determined by EPD to have an RWMA. The
agreement between panel decision and findings of off-site
reader 1 of a method on the presence of an RWMA was
highest for CMR (k = 0.67, 95% confidence interval 0.48 to
0.86; Table 4). Agreement between panel decision and
unenhanced 2D as well as 3D echocardiographies was lower
than agreement between panel decision and contrast-
enhanced 2D and 3D echocardiographies. The agreement of
unenhanced 3D echocardiography with the panel decision
was lower than that of unenhanced 2D echocardiography.

Considering the EPD on the presence of RWMA as the
standard, the sensitivity, specificity, and accuracy of off-site
reader 1 of each method in detecting an RWMA were
calculated for each imaging method. Sensitivity, specificity,
and accuracy for detection of RWMA were on a high level
for all imaging techniques. Accuracy was highest for CMR,
cineventriculography, and 2D contrast echocardiography
(Table 5). Although accuracy of CMR for detection of
RWMA was significantly greater than that of 2D and 3D
unenhanced echocardiographies (p <0.05), 2D and 3D
contrast-enhanced echocardiographies were noninferior to
CMR in the detection of RWMA.

Discussion

This is the first multicenter study comparing 2D and 3D
echocardiographic methods for assessment of regional LV
function with CMR and cineventriculography. It demonstrates
that (1) contrast administration results in a reduction of non-
evaluable LV segments, which is similar for 3D echocardi-
ography to those of 2D echocardiography, (2) IRA on
RWMA using 3D echocardiograms is lower than that using
2D echocardiograms, (3) IRA on RWMA using 3D echo-
cardiography improves with contrast administration but
remains lower than with 2D contrast echocardiography, (4)
intermethod agreement on RWMA detected by CMR is higher
using 2D echocardiography compared with 3D echocardiog-
raphy and considering contrast-enhanced versus unenhanced
echocardiography, and (5) contrast-enhancement results in
improved accuracy to detect expert panel—defined RWMA
using 2D and 3D echocardiographies.
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Interreader variability is a well-known groblem in the
interpretation of cardiac imaging tests.”® ° In particular,
assessment of RWMA is based on subjective visual analysis
contributing to reader variability. However, adequate and
consistent patient management is based on accurate and
reliable test interpretation with minimal operator depen-
dence. The major issue of this study was to define in
a multicenter study with several readers whether 3D echo-
cardiography allows interpretation of RWMA with a reli-
ability and accuracy as good as 2D echocardiography or
better. Three-dimensional echocardiography has been
shown to improve accuracy in the assessment of LV vol-
umes.””'? Three-dimensional echocardiography has also
been used for the analysis of regional function including
stress echocardiography and analysis of LV dyssyn-
chrony.”'* However, low visibility of the endocardial
border is frequently affecting 3D echocardiography with
potential negative impact on regional function assessment.
Segmental visibility was shown to be lesser with 3D echo-
cardiographic imaging techniques compared with 2D
echocardiographic imaging techniques in this study. This
may have contributed to the lower IRA on RWMA with 3D
echocardiographic imaging techniques compared with IRA
on 2D echocardiographic imaging techniques. The lower
intermethod agreement on RWMA between 3D echocar-
diographic imaging techniques and CMR as well as the
expert panel—defined RWMA may also be interpreted by
the lower segmental visibility compared with 2D echocar-
diography. IRA on RWMA with 2D echocardiography,
CMR, and cineventriculography was on a level similar to
that reported in a previous multicenter study.” IRA on
RWMA using unenhanced 2D echocardiography has been
reported with a K of 0.43 at rest and of 0.37 during 2D stress
echocardiography.™® For CMR, IRA on RWMA expressed
as K has been reported to be 0.43 in a multicenter study in 55
patients.® In a stress CMR study on 150 patients, a mean K
of 0.55 on test interpretation among 3 expert readers of
different centers has been reported.” In another study that
involved only readers from 1 center, the K value on inter-
pretation of stress CMR studies was 0.70."> Thus, although
CMR is known for its high accuracy and reproducibility in
the assessment of LV volumes and ejection fraction, IRA for
RWMA was found to be far from perfect in several studies.
Previous studies had already demonstrated that contrast
enhancement improves analysis of regional LV function
with 2D echocardiographic imaging.'®'” In this study,
contrast administration increased the level of IRA on the
definition of RWMA using 2D and 3D echocardiographic
techniques. The increase of agreement for 3D echocardi-
ography was of a magnitude similar to that found for 2D
echocardiography, beginning from a lower baseline level
than for 2D echocardiography.

Although previous studies demonstrated already that IRA
on regional wall motion assessment is method and image
quality dependent, this study extends these results to 3D
echocardiography. Considering CMR for comparison,
intermethod agreement was rather poor for unenhanced
echocardiography, whereas fair agreement was found if
contrast-enhanced echocardiography was applied. Three-
dimensional echocardiography—based analysis of RWMA
was found to result in lower levels of intermethod agreement

to CMR than 2D echocardiography considering unenhanced
and contrast-enhanced imaging. This confirms the greater
difficulties of 3D echocardiography compared with 2D
echocardiography in the accurate and reliable definition of
RWMA. It also underlines that previous findings on analysis
of RWMA using 2D echocardiography cannot be trans-
ferred to 3D echocardiography. However, contrast admin-
istration resulted also with 3D echocardiography in
improved intermethod agreement with CMR.

To get an even greater insight into the value of each
imaging technique in the analysis of RWMA, a standard of
truth on RWMA was defined by 2 experienced cardiologists
based on a clearly defined decision algorithm. This approach
was selected to allow the assessment of accuracy in the
definition of RWMA for each of the applied imaging tech-
niques. Three-dimensional echocardiography failed to reach
the level of agreement with the standard of truth and the
accuracy to define RWMA, which was found for 2D
echocardiography. This result was found for unenhanced
and contrast-enhanced 3D echocardiographies. CMR and
2D contrast echocardiography were the methods of highest
agreement with the standard of truth on RWMA and the
methods with greatest accuracy to define RWMA.

Administration of contrast clearly improved the agree-
ment with the standard of truth on RWMA and should be
applied with 3D echocardiography as much as with 2D
echocardiography if reproducible, and accurate analysis of
regional LV function is requested. This analysis included
only 63 patients. However, a well-defined and strictly
monitored study protocol was applied in all the patients of
this multicenter study. Furthermore, independent analysis of
imaging techniques was performed at a total of 6 core
laboratories considering CMR, echocardiography, and cin-
eventriculography. This allowed a reliable analysis and
comparison of 8 different imaging techniques. The number
of segments used to evaluate regional LV function by cin-
eventriculography was only 7 compared with 17 for the
other imaging techniques. This is in part related to the
biplane display of LV function instead of a triplane or full-
volume display using echocardiography and CMR.
However, the presence of an RWMA was reported on
a patient basis and not on a segment basis.

There is no objective gold standard for the definition of
RWMA to which each imaging technique could be easily
compared with. CMR has been considered as the gold
standard in some circumstances. However, because of the
considerable interreader variability proved in previous
studies and this analysis, it has significant limitations. To
circumvent this problem, we tried to define a “standard of
truth” based on a panel decision between 2 blinded expert
cardiologists considering all available information in a well-
defined decision algorithm. All readers in this study were
trained experts. The reported reader agreement and accuracy
to detect RWMA are likely to reflect the best possible level,
whereas it may not reflect a setting with less-trained readers.
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Appendix: Participating Institutions and Investigators
for the SonoVue Study Group

Clinical Centers: University Rheinisch-Westfaelische
Technische Hochschule Aachen, Aachen, Germany: Rainer
Hoffmann, MD.

Azienda Ospedaliero-Universitaria Careggi, Florence,
Italy: Giuseppe Barletta, MD.

University Mainz, Mainz, Germany: Stefan von Barde-
leben, MD.

Cliniques Universitaires Saint-Luc, Brussels, Belgium:
Agnes Pasquet, MD, Jean-Louis Vanoverschelde, MD.

Core Laboratories: Echocardiography:
Hospital, Lodz, Poland: Jaroslaw Kasprzak, MD.

Mazankowski Alberta Heart Institute, University of
Alberta, Edmonton, Alberta, Canada: Harald Becher, MD.

Cineangiography: Deutsches Herzzentrum Miinchen,
Munich, Germany: Klaus Tiroch, MD.

Ludwig Maxmilian Univeristy of Munich Miinchen
Campus Innenstadt, Munich, Germany: Johannes Rieber, MD.

Cardiac magnetic resonance: Cardioangiologic Center
Bethanien, Frankfurt, Germany: Thomas Voigtlinder, MD.

German Heart Center, Berlin, Germany: Ingo Paetsch, MD.

Bieganski

1. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey
WK, Pennell DJ, Rumberger JA, Ryan T, Verani MS; American Heart
Association Writing Group on Myocardial Segmentation and Regis-
tration for Cardiac Imaging. Standardized myocardial segmentation and
nomenclature for tomographic imaging of the heart: a statement for
healthcare professionals from the Cardiac Imaging Committee of the
Council on Clinical Cardiology of the American Heart Association.
Circulation 2002;105:539—542.

2. Austen WG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS,
McGoon DC, Murphy ML, Roe BB. A reporting system on patients
evaluated for coronary artery disease. Report of the Ad Hoc Committee
for Grading of Coronary Artery Disease, Council on Cardiovascular
Surgery, American Heart Association. Circulation 1975;51:5—40.

3. Hoffmann R, Lethen H, Marwick T, Arnese M, Fioretti P, Pingitore A,
Picano E, Buck T, Erbel R, Flachskampf FA, Hanrath P. Analysis of
interinstitutional observer agreement in interpretation of dobutamine
stress echocardiograms. J Am Coll Cardiol 1996;27:330—336.

4. Paetsch I, Jahnke C, Ferrari VA, Rademakers FE, Pellikka PA,
Hundley G. Dobutamine stress magnetic resonance imaging: a multicenter

10.

11.

13.

14.

15.

16.

17.

trial for the assessment of diagnostic performance and reader variability.
Circulation 2004;110:755.

. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol

Meas 1960;20:37—46.

. Hoffmann R, von Bardeleben S, Kasprzak JD, Borges AC, ten Cate F,

Firschke C, Lafitte S, Al-Saadi N, Kuntz-Hehner S, Horstick G, Greis
C, Engelhardt M, Vanoverschelde JL, Becher H. Analysis of regional
left ventricular function by cineventriculography, cardiac magnetic
resonance imaging, unenhanced and contrast enhanced echocardiog-
raphy. A multicenter comparison of methods. J Am Coll Cardiol
2006;47:121—128.

. De Rouen TA, Murray JA, Owen W. Variability in the analysis of

coronary angiograms. Circulation 1977;55:324—328.

. Bellenger NG, Davies LC, Francis JM, Coats AJ, Pennell DJ. Reduc-

tion in sample size for studies of remodelling in heart failure by the use
of cardiovascular magnetic resonance. J Cardiovasc Magn Reson
2000;2:271-278.

. Corsi C, Lang RM, Veronesi F, Weinert L, Caiani EG, MacEneaney P,

Lamberti C, Mor-Avi V. Volumetric quantification of global and
regional left ventricular function from real-time three-dimensional
echocardiographic images. Circulation 2005;112:1161—1170.

Kiihl HP, Schreckenberg M, Rulands D, Katoh M, Schifer W,
Schummers G, Biicker A, Hanrath P, Franke A. High-resolution
transthoracic real-time three-dimensional echocardiography: quantita-
tion of cardiac volumes and function using semi-automatic border
detection and comparison with cardiac magnetic resonance imaging.
J Am Coll Cardiol 2004;43:2083—2090.

Sugeng L, Mor-Avi V, Weinert L, Niel J, Ebner C, Steringer-
Mascherbauer R, Schmidt F, Galuschky C, Schummers G, Lang RM,
Nesser HJ. Quantitative assessment of left ventricular size and func-
tion: side-by-side comparison of real-time three-dimensional echocar-
diography and computed tomography with magnetic resonance
reference. Circulation 2006;114:654—661.

. Dorosz JL, Lezotte DC, Weitzenkamp DA, Allen LA, Salcedo EE.

Performance of 3-dimensional echocardiography in measuring left
ventricular volumes and ejection fraction. J Am Coll Cardiol 2012;59:
1799—1808.

Greupner J, Zimmermann E, Grohmann A, Diibel HP, Althoff TF,
Borges AC, Rutsch W, Schlattmann P, Hamm B, Dewey M. Head-to-
head comparison of left ventricular function assessment with 64-row
computed tomography, biplane left cineventriculography, and both 2-
and 3-dimensional transthoracic echocardiography: comparison with
magnetic resonance imaging as the reference standard. J Am Coll
Cardiol 2012;59:1897—1907.

Ahmad M, Xie T, McCulloch M, Abreo G, Runge M. Real-time three-
dimensional dobutamine stress echocardiography in assessment stress
echocardiography in assessment of ischemia: comparison with two-
dimensional dobutamine stress echocardiography. J Am Coll Cardiol
2001;37:1303—1309.

Janssen C, Kuijpers D, van Dijkman P, Tineke W, Oudkerk M.
Interobserver agreement in dobutamine cardiovascular magnetic reso-
nance imaging (abstr). Radiology 2004;233:326.

Hundley WG, Kizilbash AM, Afridi I, Franco F, Peshock RM, Gray-
burn PA. Administration of an intravenous perfluorocarbon contrast
agent improves echocardiographic determination of left ventricular
volumes and ejection fraction: comparison with cine magnetic reso-
nance imaging. J Am Coll Cardiol 1998;32:1426—1432.

Kurt M, Shaikh KA, Peterson L, Kurrelmeyer KM, Shah G, Nagueh
SF, Fromm R, Quinones MA, Zoghbi WA. Impact of contrast echo-
cardiography on evaluation of ventricular function and clinical
management in a large prospective cohort. J Am Coll Cardiol 2009;53:
802—810.



	Comparison of Two- and Three-Dimensional Unenhanced and Contrast-Enhanced Echocardiographies Versus Cineventriculography Ve ...
	Methods
	Results
	Discussion
	Acknowledgment
	Disclosures
	Appendix: Participating Institutions and Investigators for the SonoVue Study Group

	Clinical Centers
	Core Laboratories

	References


