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Abstract
Real-time three-dimensional (RT-3D) echocardiography has entered the clinical practice but true
incremental value over standard two-dimensional echocardiography (2D) remains uncertain when
applied to stress echo. The aim of the present study is to establish the additional value of RT-3D
stress echo over standard 2D stress echocardiography. We evaluated 23 consecutive patients (age
= 65 ± 10 years, 16 men) referred for dipyridamole stress echocardiography with Sonos 7500
(Philips Medical Systems, Palo, Alto, CA) equipped with a phased – array 1.6–2.5 MHz probe with
second harmonic capability for 2D imaging and a 2–4 MHz matrix-phased array transducer
producing 60 × 70 volumetric pyramidal data containing the entire left ventricle for RT-3D imaging.
In all patients, images were digitally stored in 2D and 3D for baseline and peak stress with a delay
between acquisitions of less than 60 seconds. Wall motion analysis was interpreted on-line for 2D
and off-line for RT-3D by joint reading of two expert stress ecocardiographist. Segmental image
quality was scored from 1 = excellent to 5 = uninterpretable. Interpretable images were obtained
in all patients. Acquisition time for 2D images was 67 ± 21 sec vs 40 ± 22 sec for RT-3D (p = 0.5).
Wall motion analysis time was 2.8 ± 0.5 min for 2D and 13 ± 7 min for 3D (p = 0.0001). Segmental
image quality score was 1.4 ± 0.5 for 2D and 2.6 ± 0.7 for 3D (p = 0.0001). Positive test results
was found in 5/23 patients. 2D and RT-3D were in agreement in 3 out of these 5 positive exams.
Overall stress result (positive vs negative) concordance was 91% (Kappa = 0.80) between 2D and
RT-3D. During dipyridamole stress echocardiography RT-3D imaging is highly feasible and shows
a high concordance rate with standard 2D stress echo. 2D images take longer time to acquire and
RT-3D is more time-consuming to analyze. At present, there is no clear clinical advantage justifying
routine RT-3D stress echocardiography use.

Background
Two-dimensional dipyridamole stress echocardiography,
is an established and validated method for both the diag-
nosis and prognosis [1-5] of patients with known or sus-
pected coronary artery disease. However grounds for an

accurate interpretation in stress echo rest on two impor-
tant features: first-acoustic windows that permits com-
plete endocardial border visualization within proper
planes of left ventricle (LV) and secondly-prompt acquisi-
tion of peak images pertaining predictive accuracy. Unfor-
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tunately, attempting to image a three-dimensional
structure, such as the heart, by a 2D device requires multi-
ple windows and time, with the danger of still producing
insufficient tomographic view and losing important infor-
mation between section planes [6]. Real-time three-
dimensional (RT-3D) echocardiography has entered the
clinical practice [7] but true incremental value over stand-
ard two-dimensional echocardiography (2D) remains
uncertain in stress echo. The three-dimensional echocar-
diography (3D) has the theoretical potential to more
completely assess LV [8-12] but previous 3D imaging sys-
tem were tedious techniques that used off-line reconstruc-
tion of multiple 2D images [8-10], not suitable for stress
echocardiography. RT-3D, a much more user-friendly
technique, now permits single-window and single-heart
beat acquisition of complete LV segments in a volume-
shaped cineloop [6], having the prerequisite to employed
during stress echo. The aim of the present study was to
assess the additional value of RT3D over conventional 2D
dipyridamole stress echocardiography.

Methods
Patient population
The study population consisted of 23 consecutive patients
(age = 65 ± 10 years, 16 men) with known or suspected
coronary artery disease referred for clinically indicated
stress echocardiography. Patients were prospectively
enrolled in Ospedale di Savona, Italy with the following cri-
teria: age ≥ 18 years; adequate echocardiogram to assess
regional wall motion in 2D and RT-3D (the echocardio-
gram was considered adequate if ≥ 13 of the 17 segments

were visualized). Exclusion criteria included: poor acous-
tic window, contraindications to dipyridamole, recent (<
1 month) episode of ventricular fibrillation, significant
stenosis of the aortic valve, and patient refusal to enter the
study. Decisions concerning medical therapy at the time
of testing and/or coronary angiography were left to the
attending physician. A quantitative luminal narrowing ≥
50% was considered significant. All patients gave
informed written consent prior to dipyridamole stress
echocardiography.

2D imaging
Two-dimensional echocardiography images were per-
formed with Sonos 7500 (Phillips Medical Systems, Palo,
Alto, CA) equipped with a phased array 1.6–2.5 MHz
probe with second harmonic capability. In all patients,
the four standard views (parasternal long and short axis,
apical 4 and 2 chambers) were obtained at baseline and
peak stress and were recorded on super-VHS and digitally
stored.

Real-time 3D imaging
Real-time three-dimensional echocardiography images
were recorded using Sonos 7500 (Phillips Medical Sys-
tems, Palo, Alto, CA) with 2–4 MHz matrix-phased array
transducer in a 60 × 70 pyramid-shaped volume contain-
ing the entire LV. Volumetric data were obtained only
from the apical window and displayed as conventional
2D apical which where digitalized with final interpreta-
tion made off-line with the steering and tilting of the
image planes for proper alignment and visualization of

Volumetric data obtained only from the apical RT-3D window and displayed as conventional 2D apical which where digitalized with final interpretation made off-line with the steering and tilting of the image planes for proper alignment and visualization of various scanFigure 1
Volumetric data obtained only from the apical RT-3D window and displayed as conventional 2D apical which 
where digitalized with final interpretation made off-line with the steering and tilting of the image planes for 
proper alignment and visualization of various scan.
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various scan (Figure 1). Acquisition of baseline and peak
3D images were obtained after 2D studies using the same
echocardiographic machine with a rapid switch (within
60 sec) between the 2 probes.

Stress echocardiography
Patients were asked to abstain from food and drinks con-
taining xanthine for ≥ 24 hrs prior to the study. All
patients performed a dipyridamole stress echo. Dipyrida-
mole was given at a maximal dose of 0.84 mg/kg in 10
minutes, unless symptoms of intolerability, positivity or
hypotension (relative or absolute, >30 mmHg decrease in
blood pressure) occurred. Test was considered positive for
ischemia if any new or worsening dyssynergy occurred in
more than 1 contiguous segment of the same vascular ter-
ritory. A segment was considered to be viable when it
improved by one grade or more at peak stress (for
instance, a hypokinetic segment becoming normal, or an
akinetic segment becoming hypokinetic). The left ventri-
cle was divided into 17 segments as suggested the Ameri-
can heart Association [11]. Segmental wall motion was
graded as follow: normal = 1, hypokinetic = 2, akinetic =
3, and dyskinetic = 4. Wall motion score index was
derived by dividing the sum of individual visualized seg-
ment scores by the number of visualized segments. It has
been agreed a priori to grade as normal any "mild" or
"questionable" hypokinesia. Segmental image quality was
assessed as previously reported [12] briefly a score of 1 =
complete endocardial definition and wall thickening both
at rest and at peak, 2 = visualization of all segments but

not as well as [1], 3 = inadequate visualization ≤ 2 seg-
ments but adequate adjacent segments of same territory, 4
= inadequate visualization ≥ 3 segments but adequate
adjacent segments of same territory, 5 = inadequate visu-
alization comprising 1 or whole territories. Segmental
analysis (wall motion and image quality) was done by
joint reading of two expert observers on-line for 2D stress
echo and off-line for RT-3D.

Statistical analysis
Variables are expressed as mean values ± SD. Student
paired-sample t test was used to compare continuous var-
iables. Cohen's coefficient of variation, Kappa was used to
assess agreement between 2D and RT-3D results. A Kappa
value ≥ 0.45 was considered to be a good agreement while
Kappa ≥ 0.75 was considered to be an excellent agree-
ment. A p value < 0.05 was considered significant. All cal-
culations were made using SPSS software (SPSS version
13.0 for windows, 1995).

Results
The clinical baseline characteristics, risk profile and med-
ical therapy of the study population are outlined in Table
1. All patients tolerated the high dipyridamole dose (0.84
mg/kg), and no test was interrupted prematurely due to
major side effects. One patient had diagnostic ST segment
depression while 2 patients had typical angina during the
test. Figure 2 represents an example of consecutive 2D and
RT-3D imaging during dipyridamole stress echocardiogra-
phy.

Dipyridamole stress study showing 2-dimensional (2D) images and real-time 3-D images in rest condition (left side) and peak stress for the same patientFigure 2
Dipyridamole stress study showing 2-dimensional (2D) images and real-time 3-D images in rest condition (left 
side) and peak stress for the same patient.
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Feasibility of RT-3D echocardiography
Image quality as defined by endocardium border detec-
tion was better with 2D than with RT-3D (Figure 3) lead-
ing to higher number of uninterpretable segments with
RT-3D (18 segments for RT3D vs 7 segments for 2D).
There was no statistical difference between acquisition
time with either method but analysis time was shorter and
on-line for 2D (Figure 3).

Concordance 2D vs 3D: per patient analysis
In total, 5 patients had a positive test for inducible
ischemia in three of these five patients, diagnosis was
made by both 2D and RT3D echocardiography, while one
exam was positive only for 2D and one positive only for
RT-3D (Figure 4, 5, 6; see additional file 1). Overall con-
cordance (negative and positive results) was excellent
between 2D and RT-3D for the diagnosis of ischemia with
an agreement of 91% (kappa = 0.80). WMSI at rest was
1.20 ± 0.33 in 2D analysis and 1.23 ± 0.33 in RT-3D anal-
ysis, and WMSI at peak stress was 1.19 ± 0.32 for 2D and
1.23 ± 0.33 for RT-3D. A linear correlation was found
between 2D and RT3D for wall motion analysis both at
rest and at peak stress (Figure 7).

Discussion
Real-time three-dimensional dipyridamole stress echocar-
diography is highly feasible in clinical practice. RT-3D
allowed the rapid (~40 sec) acquisition at peak stress of a

volumetric cineloop that contained the entire LV and to
review multiple, standard 2D images. The inferior image
quality of RT3D might partly be explained by the round
and flat face of the transducer which offers poor intercos-
tals skin contact and the low frequencies used [13]. More-
over the frame rates decrease further with an increase of
heart rate (i.e.: during dobutamine infusion or during
exercise) with consequent reduction of spatial resolution.
In these study we used the dipyridamole 0.84 mg/kg in 10
minutes and the hemodynamic response to this drug is
different in term of increase of heart frequency in compar-
ison to dobutamine or exercise stress echo. For this reason
the dypiridamole echo test could be the best choice in
patients submitted to RT3D stress echo. In this study we
showed a good to excellent concordance with 2D echo on
wall motion analysis for detection of inducible ischemia.

Comparison with previous studies
Previous studies on three-dimensional imaging used a dif-
ferent technology than real-time three-dimensional
echocardiography, these previous techniques were
dependant on both ECG and respiratory gating because
3D images were a composite of multiples 2D acquisitions
and cardiac cycles, thus highly affected by translation
motion, arrhythmia and improper spatial registration [6].
Due to these limitations they never entered the clinical
practice.

Real-time three-dimensional echocardiography has the
prerequisites to analyze segmental wall motion, volume,
etc. In fact, it has been demonstrated that [6,13-18] using
real-time technology it was possible to image, more rap-
idly, most of LV segments by a single-window acquisition:
93–98% of LV segments from parasternal volume set and
85–89% from apical volume set [6,14]. It was also dem-
onstrated that RT-3D had a high concordance (Kappa =
0.52–0.72) with 2D reading [14]. In our study, we
achieved similar rates of LV segments visualization but
there was only a non significant trend toward a shorter
time of acquisition with RT-3D when compared with 2D
which might be accounted for an appropriate learning
curve time. The time necessary to RT3D imaging optimi-
zation was measured and it may have prolonged signifi-
cantly the acquisition time.

RT3D stress echocardiography has been previously shown
to be highly feasible for both dobutamine [14-18] and
exercise [19] stress testing but the true incremental value
was never proven and only one study showed higher sen-
sitivity than 2D imaging (87.9% vs 79.3%) [14]. In the
present we did not address the diagnostic accuracy of RT-
3D vs 2D echo but other authors have demonstrated com-
parable sensitivity (93%), specificity (75%), and accuracy
(99%) between the two methods [16].

Table 1: Baseline characteristics

Variables n = 23 pts

Age (yrs) 65 ± 10
Gender (M:F) 16:7
Hypertension 11 (48%)
Diabetes 4 (17%)
Hyperlipemia 8 (35%)
Smoking history 4 (17%)

Previous CAD
MI 11 (48%)
PCI 2 (9%)
CABG 2 (9%)

Angiographic results:
1-vessel disease 8
2-vessels disease 1
3-vessels disease 6

Medical therapy
ACE inhibitors 10 (43%)
Beta-blockers 14 (61%)
Nitrates 8 (35%)
Calcium channel blockers 5 (22%)
Aspirin 20 (87%)
Anticoagulants 1 (4%)
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Histograms showing the behavior of 2D and RT3D as for image quality, acquisition time, and analysis timeFigure 3
Histograms showing the behavior of 2D and RT3D as for image quality, acquisition time, and analysis time.
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Inferior spatial resolution and frame rates compared with
2D echocardiogram are the disadvantages of RT3D echo.
These drawbacks may offset the advantages of RT3D echo

(offline manipulation of real three dimensional images;
ability to obtain multiple sections of any desired seg-
ments; virtual elimination of off-axis acquisition; shorter
acquisition time, and so on) and could explain why RT3D
has not been shown to be superior to 2D echo in previous
reports (Figure 8).

Clinical Implications
RT3D has entered the clinical arena but no additional
value over conventional 2D echocardiography during
stress echocardiography can be demonstrated. Recent ASE
and EAE consensus statements on stress echocardiography
did not recommend the routine use of this technology
during stress echocardiography even though it may
shorten significantly time of acquisition counterbalanced
by a longer time of data-set analysis. Nonetheless RT3D
may play a role in stress echocardiography when wall
motion analysis is not the target. The assessment of con-
tractility or the function of the right ventricle can become
the perfect clinical setting for this technique. More studies
are warranted to assess its real clinical value in different
subsets of patients but the evidence is sound enough to
state that RT3D is here to stay.

Authors' contributions
SV acquired most images, LP and PS analyzed 3d data, AG
and MB contributed to data collection, PB critically

2 × 2 table with the agreement between 2-dimensional (2D) and real-time 3-dimensional RT-3D) in the diagnosis of induc-ible ischemiaFigure 4
2 × 2 table with the agreement between 2-dimen-
sional (2D) and real-time 3-dimensional RT-3D) in 
the diagnosis of inducible ischemia. Positive and nega-
tive results as assessed by 2D are displayed along the top, 
while RT-3D results are displayed along the left side. Com-
plete agreement occurred in 21 patients.

Assessment of inducible ischemia with RT3D dipyridamole echo in a 65-years-old patientsFigure 5
Assessment of inducible ischemia with RT3D dipyridamole echo in a 65-years-old patients. a) The still frame at 
baseline shows a normal systolic function (EF 60%). b) at peak stress dipyridamole 0,84 mg/Kg in 10 min the apical and median 
segments of the inferior wall and the median part of the inferior-lateral wall became akinetic with an abnormal displacement of 
the regional volumetric curves.
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Assessment of inducible ischemia with RT3D dipyridamole echo in a 64 years old manFigure 6
Assessment of inducible ischemia with RT3D dipyridamole echo in a 64 years old man. a) the movie at rest shows 
slightly decrease in ejection fraction at rest (EF 49.5%) without regional asynergy. b) The movie at peak stress the inferior wall 
and the inferior septum became akinetic with a decrease in EF (36.7%) due to an increase of left ventricular end systolic vol-
ume.

Correlation between real-time 3-dimensional (3D) and 2-dimensional (2D) echocardiography as for assessment of wall motion score index (WMSI) for both a) rest and b) peakFigure 7
Correlation between real-time 3-dimensional (3D) and 2-dimensional (2D) echocardiography as for assess-
ment of wall motion score index (WMSI) for both a) rest and b) peak. An excellent linear correlation was obtained 
between the two techniques both at rest and at peak stress.



Cardiovascular Ultrasound 2008, 6:31 http://www.cardiovascularultrasound.com/content/6/1/31
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

revised the manuscript. All Authors have read and
approved the final manuscript.

Additional material

References
1. Severi S, Picano E, Michelassi C, Lattanzi F, Landi P, Distante A,

L'Abbate A: Diagnostic and prognostic value of dipyridamole
echocardiography in patients with suspected coronary
artery disease. Comparison with exercise electrocardiogra-
phy.  Circulation 1994, 89:1160-1173.

2. Picano E, Bedetti G, Varga A, Cseh E: The comparable diagnostic
accuracies of dobutamine-stress and dipyridamole-stress
echocardiography: a meta-analysis.  Coron Artery Dis 2000,
11(2):151-9.

3. Picano E, Landi P, Bolognese L, Chiarandà G, Chiarella F, Seveso G,
Sclavo MG, Gandolfo N, Previtali M, Orlandini A: Prognostic value
of dipyridamole echocardiography early after uncompli-
cated myocardial infarction: a large-scale, multicenter trial.
Am J Med 1993, 95(6):606-18.

4. Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak J, Lancellotti P,
Poldermans D, Voigt JU, Zamorano JL, on behalf of the European
Association of Echocardiography: Expert consensus statement
on stress echocardiography from the European Association
of Echocardiography.  Eur J Echocardiogr 2008 in press.

5. Picano E: Stress echocardiography 4th edition. Springler-Verlag Berlin,
Heilderberg, New York; 2003. 

6. Collins M, Hsieh A, Ohazama CJ, Ota T, Stetten G, Donovan CL,
Kisslo J, Ryan T: Assessment of regional wall motion abnormal-
ities with real-time 3-dimensional echocardiography.  J Am Soc
Echocardiogr 1999, 12:7-14.

7. Picard M: The time for 3D.  J Am Soc Echocardiogr 2007,
20:19A-20A.

8. Maehle J, Bjoernstad K, Aakhus S, Torp HG, Angelsen BA: Three-
dimensional echocardiography for quantitative left ventricu-
lar wall motion analysis: a method for reconstruction of

endocardial surface and evaluation of regional dysfunction.
Echocardiography 1994, 11:397-408.

9. Raichlen JS, Trivedi SS, Herman GT, St John Sutton MG, Reichek N:
Dynamic 3-dimensional reconstruction of the left ventricle
from 2-dimensional echocardiograms.  J Am Coll Cardiol 1986,
8:364-70.

10. Lange A, Przemyslaw P, Burstow DJ, Godman MJ: Three-dimen-
sional echocardiography: historical development and cur-
rent applications.  J Am Soc Echocardiogr 2001, 14:403-12.

11. 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: merican Heart Association Writing
Group on Myocardial Segmentation and Registration 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, 105:539-42.

12. 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,
27:330-6.

13. Takuma S, Zwas DR, Fard A, Wu H, Chaudhry H, Di Tullio MR, Ota
T, Homma S: Real-time, 3-dimensional echocardiography
acquires all standard 2-dimensional images from 2 volume
sets: a clinical demonstration in 45 patients.  J Am Soc Echocar-
diogr 1999, 12:1-6.

14. Ahmad M, Xie T, McCulloch M, Abreo G, Runge M: Real-time
three-dimensional dobutamine stress echocardiography in
assessment of ischemia: comparison with two-dimensional
dobutamine stress echocardiography.  J Am Coll Cardiol 2001,
37:1303-9.

15. Matsumura Y, Hozumi T, Arai K, Sugioka K, Ujino K, Takemoto Y,
Yamagishi H, Yoshiyama M, Yoshikawa J: Non-invasive assessment
of myocardial ischaemia using new real-time three-dimen-
sional dobutamine stress echocardiography: comparison
with conventional two-dimensional methods.  Eur Heart J 2005,
26(16):1625-32.

16. Eroglu E, D'hooge J, Herbots L, Thijs D, Dubois C, Sinnaeve P, Dens
J, Vanhaecke J, Rademakers F: Comparison of real-time tri-plane
and conventional 2D dobutamine stress echocardiography
for the assessment of coronary artery disease.  Eur Heart J
2006, 27(14):1719-24.

17. Takeuchi M, Otani S, Weinert L, Spencer KT, Lang RM: Comparison
of contrast-enhanced real-time live 3-dimensional dob-
utamine stress echocardiography with contrast 2-dimen-
sional echocardiography for detecting stress-induced wall-
motion abnormalities.  J Am Soc Echocardiogr 2006, 19:294-9.

18. Pulerwitz T, Hirata K, Abe Y, Otsuka R, Herz S, Okajima K, Jin Z, Di
Tullio MR, Homma S: Feasibility of using a real-time 3-dimen-
sional technique for contrast dobutamine stress echocardi-
ography.  J Am Soc Echocardiogr 2006, 19(5):540-5.

19. Zwas DR, Takuma S, Mullis-Jansson S, Fard A, Chaudhry H, Wu H, Di
Tullio MR, Homma S: Feasibility of real-time 3-dimensional
treadmill stress echocardiography.  J Am Soc Echocardiogr 1999,
12:285-9.

Additional file 1
AVI 1.avi. stress echo (basal, peak).
Click here for file
[http://www.biomedcentral.com/content/supplementary/1476-
7120-6-31-S1.avi]

Sensitivity, specificity and accuracy of 2D (white bar) and 3D (black bar) dobutamine stress echocardiography (from 14–17)Figure 8
Sensitivity, specificity and accuracy of 2D (white bar) 
and 3D (black bar) dobutamine stress echocardiogra-
phy (from 14–17).
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