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ABSTRACT

Aims: Quantitative three-dimensional (3D) dobutamine stress echocardiography 
(DSE) for myocardial ischemia detection may be an adjuvant to left ventricular (LV) 
wall motion analysis. The aim of the current study was to assess the association 
between 3D LV excursion at global level during DSE and presence of significant 
coronary artery disease (CAD) on coronary angiography.

Methods and results: 3D DSE was performed in 40 patients (67 ± 12 years, 68% 
male) who underwent subsequent coronary angiography (median 1.6 months 
later). Using 3D echocardiography, global LV excursion was measured (in a total of 
680 segments) at rest and peak dose and change between stages was calculated 
(peak-rest = Δglobal LV excursion). Significant CAD was defined as >70% stenosis 
on coronary angiography. In total, 25 patients (63%) demonstrated significant 
CAD on coronary angiography. At rest, global LV excursion was similar in patients 
with and without significant CAD (5.1 ± 0.2 vs. 5.0 ± 0.2 mm, p=0.74). However, 
patients with significant CAD demonstrated a worsening in global LV excursion 
from rest to peak stress (from 5.1 ± 0.2 to 4.1 ± 0.2 mm, p<0.001) while global 
LV excursion in patients without significant CAD remained unchanged (from 5.0 ± 
0.2 to 5.5 ± 0.2 mm, p=0.10). After adjusting for clinically relevant characteristics, 
Δglobal LV excursion was independently associated with significant CAD (odds 
ratio 0.29, 95% confidence interval 0.12–0.72, p=0.008).

Conclusion: Analysis of 3D echocardiographic LV excursion at global level on full 
protocol DSE may be a helpful tool to detect CAD on coronary angiography.
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INTRODUCTION

Dobutamine stress echocardiography (DSE) has been widely used to detect and localize 

myocardial ischemia in patients with suspected coronary artery disease (CAD).1-3 Detection 

of hemodynamically significant CAD relies on the assessment of changes in left ventricular 

(LV) wall motion and thickening between rest and at peak dose of dobutamine. However, 

this assessment is challenging, often highly subjective, requires training and is dependent 

on observer and image quality.4,5 Quantitative approaches using three-dimensional (3D) 

echocardiography may overcome these limitations. Three-dimensional echocardiography 

permits the acquisition of the LV full volume enabling comparison the same LV walls (or 

segments) on a tomographic approach between rest and peak dose of dobutamine and 

avoiding misalignments and foreshortening. In addition, in the last years, advances in 

semi-automated software to post-process the data have reduced observer dependence 

and novel quantitative parameters of LV mechanics (excursion and deformation) may permit 

objective detection of myocardial ischemia.6-8

	 Left ventricular (LV) excursion (or left atrioventricular plane displacement) is 

a surrogate of the LV longitudinal contraction that can be reduced during myocardial 

ischemia.9 Previous studies have shown the association between changes in LV excursion 

assessed during 2-dimensional DSE with the presence of significant CAD.10-13 However, 

the role of 3D LV excursion at global level in DSE for the detection of myocardial ischemia 

remains unexplored to date. Therefore, the aim of the current study was to evaluate the 

association between changes in LV excursion, assessed at global level, during full protocol 

3D DSE and presence of significant CAD on coronary angiography in patients with 

suspected CAD.

METHODS

Patient population
Patients with suspected CAD who were referred for DSE and subsequently underwent 

invasive coronary angiography or multi-detector row computed tomography coronary 

angiography within 6 months after the DSE were included in the present evaluation. 

Patients with a recent acute coronary syndrome or recent revascularization, severe valvular 

disease or prosthetic valves, congenital heart disease, previous coronary artery bypass 

grafting and left bundle branch block or pacemaker rhythm were excluded. Clinical and 

echocardiographic data were collected at the departmental Cardiology Information 

System (EPD-Vision®, Leiden University Medical Center, The Netherlands) and the 

echocardiography database, respectively, and were retrospectively analyzed. Patients 

provided consent for the procedure.
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Dobutamine stress protocol and image acquisition
Dobutamine stress echocardiography was performed according to current 

recommendations.2,14 Dobutamine was infused through a peripheral intravenous line with 

a starting dose of 5 or 10 μg/kg/min, after which the dose increased every 5 minutes up 

to 40 μg/kg/min. Blood pressure and 12-lead electrocardiogram were monitored at every 

stage of DSE. Three-dimensional echocardiographic data were acquired at baseline, low 

and peak dose dobutamine and at recovery. If necessary, intravenous atropine (up to 1 mg) 

was administered during the last stage of the DSE to achieve the target heart rate (defined 

as 85% of age-predicted maximal heart rate). Standard endpoints for DSE included target 

heart rate, extensive new wall motion abnormalities, ischemic ECG changes (>2mV ST-

segment shift), severe angina, systolic blood pressure fall or rise and significant (supra-) 

ventricular arrhythmias.2,3 In patients with regional wall motion abnormalities at rest, a new 

or worsening wall motion abnormality (biphasic response) defined a positive test.

	 Three-dimensional images were obtained with the patient in the left lateral 

decubitus position using a commercially available system (iE33, Philips Medical Systems, 

Bothell, Washington, USA) equipped with an X5-1 fully sampled matrix array transducer. 

At rest, low dose and peak dose, apical 3D LV full-volume data sets were obtained during 

breath hold and were digitally stored. Four small real-time sub-volumes were acquired from 

alternate cardiac cycles and combined to provide a larger pyramidal volume (up to 103x103 

degrees) and to ensure a complete capture of the LV. For the assessment of LV volumes and 

ejection fraction (LVEF), the lowest scan line density was used and gain and compression 

were adjusted to obtain a good image quality and a clearly defined endocardial border. 

Subsequently, 3D data analysis was performed offline using Q-Lab Version 9.0 (Philips 

Medical Systems).

Three-dimensional echocardiographic analysis
The apical 4- and 2-chamber views and the parasternal short-axis view were automatically 

displayed by the software. After manually indicating the mitral annulus by 4 points and the 

LV apex on both end-systolic and end-diastolic frames, the software automatically identified 

the entire endocardial border in each frame. If required, manual adjustment of the 

endocardial contour was possible. Subsequently, a 3D model was generated from which LV 

end-systolic volume (LVESV), LV end-diastolic volume (LVEDV) and LVEF were automatically 

quantified. The papillary muscles were considered part of the LV cavity. For the calculation 

of global LV excursion at rest and peak stress, the results of the volume tracking analysis 

were exported in an Excel spreadsheet file. Subsequently, global LV excursion was noted for 

each segment and global LV excursion was calculated by averaging original segmental data 

(Figure 1). In addition, the change in global LV excursion between stages (peak-rest) was 

calculated (Δglobal LV excursion).
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Coronary angiography
Invasive coronary angiography was performed in 36 patients and the presence and the 

degree of CAD was assessed by computer-assisted quantitative coronary angiography 

using multiple planes. Multi-detector computed tomography coronary angiography was 

performed in 4 patients using a 320-row scanner (Acquilion ONE, Toshiba Medical Systems, 

Otaware, Japan). Significant CAD was defined as >70% luminal diameter stenosis in ≥1 of 

the 3 major epicardial vessels or associated large side branches.

Figure 1. Example of a patient with a significant stenosis on coronary angiography of the left anterior 
descending artery. Panel A shows the angiography of the left coronary system with a significant 
proximal stenosis of the left anterior descending coronary artery. Panel B shows a right coronary 
artery without significant lesions. At peak stress dobutamine stress echocardiography, the polar 
map obtained from 3-dimensional LV full volume data shows reduced excursion of the LV segments 
supplied by the left anterior descending coronary artery (Panel C). The LV excursion is color-coded 
from red to blue indicating in red the segments with no excursion or lengthening and in blue the 
segments with preserved or enhanced excursion. In this example, the segments that present reduced 
excursion or lengthening at peak stress are the apical anteroseptal and anterior and the mid septal and 
anteroseptal.

A B C
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Statistical analysis
Continuous variables are presented as mean ± standard deviation, mean ± standard error 

or as median and interquartile range, where appropriate. Categorical data are presented 

as absolute numbers and percentages. The Student’s paired t-test was used to assess 

differences between stages for individual DSE parameters in the total patient population. 

Differences in DSE parameters between patients with and without significant CAD on 

coronary angiography across both stages (group stage interaction) were evaluated using 

linear mixed models. Moreover, differences within groups and differences between 

groups at each stage were evaluated. Logistic regression analysis was used to assess 

the relationship between significant CAD on coronary angiography and 3D LV excursion 

at global level. Variables with a p-value <0.10 in univariate analyses were entered in a 

multivariate model. In order to avoid overfitting the model the number of variables included 

were limited due to the number of patients with significant CAD. To avoid multicollinearity, 

a correlation coefficient of <0.7 was set.



All statistical tests were 2-sided and a p-value of <0.05 was considered statistically 

significant. All statistical analyses were performed with SPSS software (version 20.0, SPSS 

Inc., Chicago, IL, USA).

RESULTS

Patient characteristics
A total of 40 patients with analyzable 3D DSE data were included. Patients with atrial 

fibrillation during the DSE (n=2) and patients with poor image quality (n=4) were excluded. 

The clinical characteristics of the patients are summarized in Table 1. Mean age of the 

patient population was 67 ± 12 years and most patients were male (68%). Median time 

from DSE to coronary angiography was 1.6 (interquartile range 0.9–3.0) months. A total of 

25 patients (63%) demonstrated significant CAD >70% in ≥1 epicardial vessel or associated 

large side branch (left anterior descending artery 50%; left circumflex artery 35%; right 

coronary artery 25%). Of the patients with significant CAD on coronary angiography, 11 

(44%) had single-vessel disease, 9 (36%) had 2-vessel disease and 5 (20%) had 3-vessel 

disease.

DSE and 3D echocardiography
For the entire patient population, mean heart rates were 67 ± 10 and 128 ± 12 beats/

minute at rest and peak stress, respectively. A total of 26 (65%) patients had a positive DSE 

based on wall motion analysis. A total of 656 segments (96%) and 661 segments (97%) were 

available at rest and peak stress, respectively, for the calculations of rest, peak and Δglobal 

LV excursion. Mean frame rate at rest and peak stress were 24 ± 2 and 25 ± 3 frames/

second, respectively. In the total population, from rest to peak dose significant decreases 

in LVEDV (from 94.2 ± 26.8 to 87.6 ± 24.9 mL, p=0.002), LVEF (from 54.3 ± 5.6 to 51.5 ± 

9.1%, p=0.04) and in global LV excursion (from 5.0 ± 0.9 to 4.6 ± 1.1 mm, p=0.03) were 

observed. However, LVESV did not change (from 43.3 ± 14.5 to 43.1 ± 17.9 mL, p=0.88).

	 Differences in 3D DSE parameters between patients with and without significant 

CAD on coronary angiography across stages are illustrated in Figure 2. At rest, patients 

with and without significant CAD showed comparable LV volumes (LVESV: 44.3 ± 2.9 vs. 

41.7 ± 3.8 mL, p=0.59; LVEDV: 95.8 ± 5.4 vs. 91.6 ± 7.0 mL, p=0.64) and LV function 

(LVEF: 54.1 ± 1.1 vs. 54.6 ± 1.5%, p=0.81; global LV excursion: 5.1 ± 0.2 vs. 5.0 ± 0.2 mm, 

p=0.74). In patients with significant CAD, LVESV increased from rest to peak stress (from 

44.3 ± 2.9 to 48.1 ± 3.4 mL, p=0.02) while patients without significant CAD demonstrated 

a decrease in LVESV (from 41.7 ± 3.8 to 34.7 ± 4.4 mL, p=0.005). A significant difference 

was observed in changes in LVESV from rest to peak stress in patients with and without 

significant CAD (group stage interaction p<0.001). Also, LVEDV decreased in patients 

without significant CAD (from 91.6 ± 7.0 to 80.5 ± 6.4 mL, p=0.02). Patients with significant 

CAD demonstrated a trend towards a decrease in LVEDV (from 95.8 ± 5.4 to 91.8 ± 4.9 mL, 
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p=0.06). In line, only a trend was observed in the difference in LVEDV changes between 

patients with and without significant CAD (group stage interaction p=0.09). Furthermore, 

patients with significant CAD showed a decrease in LV systolic function (LVEF: from 54.1 ± 

1.1 to 47.9 ± 1.6%, p<0.001) while in patients without significant CAD, LVEF demonstrated 

a trend towards improvement from rest to peak stress (from 54.6 ± 1.5 to 57.6 ± 2.0%, 

p=0.12). Changes in LVEF from rest to peak dose across patient groups were different 

(group stage interaction p<0.001). Global LV excursion demonstrated the same pattern as 

LVEF: in patients with significant CAD, global LV excursion worsened (from 5.1 ± 0.2 to 4.1 

± 0.2 mm, p<0.001) while global LV excursion in patients without significant CAD showed 

a trend towards improvement (from 5.0 ± 0.2 to 5.5 ± 0.2 mm, p=0.10). A significant 

difference in changes in global LV excursion between patients with and without significant 

CAD was also observed (group stage interaction p<0.001).

	 Univariate and multivariate logistic regression analyses were performed to 

assess the association between the presence of significant CAD on coronary angiography 

and Δglobal LV excursion. At univariate level, Δglobal LV excursion was associated with 
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Table 1. Patient characteristics

Data are presented as mean ± standard deviation or as number (percentage).
ACE-inhibitor = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CAD = 
coronary artery disease; PTCA = percutaneous transluminal coronary angioplasty.

Total patient population 

(n=40)

Clinical characteristics

   Age (years) 67±12

   Male gender, n (%) 27 (68%)

Medical history, n (%)

   Previous PTCA 10 (25%)

   Previous myocardial infarction 6 (15%)

   Current or previous smoking 21 (57%)

   Diabetes 6 (15%)

   Family history of CAD 17 (45%)

   Hyperlipidemia 18 (45%)

   Hypertension 23 (58%)

Medical therapy, n (%)

   ACE inhibitors/ARBs 25 (63%)

   b-Blockers 26 (65%)

   Statins 27 (68%)

   Calcium antagonists 10 (25%)



Figure 2. Three-dimensional dobutamine stress echocardiography analysis (LVESV, LVEDV, LVEF 
and global LV excursion) compared across patients with (dashed line) and without (solid black line) 
significant coronary artery disease on coronary angiography (defined as >70% stenosis). Group 
stage interaction p-values (differences in parameters between groups across both stages) are shown.              
* p<0.05 compared to rest stage. ‡ p<0.05 between patients with and without significant coronary 
artery disease at that particular stage.
LV = left ventricular; LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection 
fraction; LVESV = left ventricular end-systolic volume.
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Significant CAD was defined on coronary angiography as >70% luminal diameter stenosis in ≥1 of the 
3 major epicardial vessels or associated large side branches.
Δ = delta (peak-rest); CI = confidence interval; LV = left ventricular; OR = odds ratio.

Table 2. Determinants of significant coronary artery disease on coronary 
angiography

Multivariate analysis

OR (95% CI) p

Age (years) 1.12 (1.01–1.24) 0.04

Systolic blood pressure at rest (mmHg) 1.03 (0.97–1.09) 0.30

Δglobal LV excursion (mm) 0.29 (0.12–0.72) 0.008



significant CAD (odds ratio 0.28, 95% confidence interval 0.13–0.61, p=0.001). Other 

significant univariate parameters for the prediction of significant CAD were age, systolic 

blood pressure at rest, Δsystolic blood pressure, LVESV at peak, ΔLVESV, LVEF at peak, 

ΔLVEF and global LV excursion at peak. The final multivariate model included Δglobal 

LV excursion, age and systolic blood pressure at rest (Table 2). In this model, Δglobal LV 

excursion remained an independent determinant of significant CAD (odds ratio 0.29, 95% 

confidence interval 0.12–0.72, p=0.008; Table 2).

DISCUSSION

The present study evaluated the quantitative measure LV excursion at global level on 

3D DSE in 40 patients with suspected CAD undergoing coronary angiography. At rest, 

global LV excursion was similar in patients with and without significant CAD. From rest to 

peak stress, however, patients with significant CAD demonstrated a decrease in global LV 

excursion while patients without significant CAD showed an improvement. Furthermore, 

after adjusting for clinically relevant parameters, change in global LV excursion from rest to 

peak stress was independently associated with the presence of significant CAD on coronary 

angiography. Therefore, 3D LV excursion at global level may be helpful in detecting the 

presence of significant CAD during full protocol DSE.

Quantitative analysis of DSE: 3D LV excursion
Detection of myocardial ischemia with conventional 2-dimensional DSE using visual 

detection of myocardial thickening and motion remains challenging and highly dependent 

on observer experience and image quality.4,5 Quantitative techniques based 3D 

echocardiography may overcome these limitations. Three-dimensional echocardiography 

minimizes the risk of foreshortened image acquisition improving the accuracy of 

this technique to detect ischemia in apical segments compared with 2-dimensional 

echocardiography.6-8 In addition, advances in post-processing softwares that provide 

quantitative parameters of LV mechanics permit objective detection of myocardial ischemia.

	 The longitudinal myocardial fibers, which are located in the subendocardium, 

are highly susceptible to ischemia and are therefore the first to be affected when 

hemodynamically significant coronary lesions exist. Consequently, quantifying longitudinal 

fiber function using LV excursion may be a helpful objective measure to detect myocardial 

ischemia in patients with suspected CAD. Previous studies used M-mode echocardiography 

to analyze the mitral plane displacement during systole toward the apex (left atrioventricular 

plane displacement).9,15-17 In a study by Rydberg et al evaluating 333 patients with stable 

CAD and abnormal coronary angiogram, LV excursion was associated with poor outcome in 

patients with significant CAD.18 In addition, LV excursion demonstrated a good correlation 

with global LV function measured by LVEF19,20 and with the degree and extent of CAD.21 

Importantly, almost all patients with abnormal LV excursion but normal regional wall motion, 
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had some form of structural heart disease, including myocardial infarction, angina pectoris, 

hypertension and abnormal angiograms, suggesting at least a complementary role of LV 

excursion to visual wall motion assessment.22

	 Prior studies applying LV excursion during exercise or DSE demonstrated a good 

correlation with the presence of CAD.10,12,13 In a study by Alam et al, 48 patients with stable 

angina without prior myocardial infarction and 20 age-matched healthy controls underwent 

2-dimensional exercise echocardiography and coronary angiography.10 LV excursion was 

measured at the septal, anterior, lateral and posterior LV walls using M-mode from the 

2- and 4-chamber views.10 At rest, LV excursion was comparable between groups while 

immediately post-exercise healthy subjects demonstrated an increase in LV excursion and 

patients with CAD showed a decrease.10 Cain et al calculated LV excursion for all individual 

LV segments using color tissue Doppler imaging on 2-dimensional echocardiography in 70 

patients undergoing DSE and coronary angiography.11 At rest, LV excursion was comparable 

between normal, ischemic, viable and scar segments.11 Although all differently diagnosed 

segments increased in displacement from rest to peak stress, ischemic, viable and scar 

segments demonstrated at peak stress a significantly lower LV excursion compared to 

normal segments.11

	 The current study evaluated LV excursion at global level based 3D volume 

tracking analysis. The feasibility of semi-automated quantitative volumetric analysis of 

3D echocardiography was demonstrated by Corsi et al in rest images23 and by Walimbe 

et al during stress echocardiography.24 In line with those studies, the present evaluation 

demonstrated that global LV excursion at rest was not able to discriminate between patients 

with and without significant CAD confirmed on coronary angiography. Nevertheless, global 

LV excursion from rest to peak stress decreased in patients with significant CAD while in 

patients without significant CAD, global LV excursion improved. Importantly, change in 

global LV excursion from rest to peak stress was independently correlated with the presence 

of significant CAD. These results suggest that 3D LV excursion at global level could identify 

patients with significant CAD during full protocol DSE and may therefore be a useful 

quantitative tool in detecting CAD.

Limitations
The current study has several limitations. Firstly, because observational data were 

collected from one center, this study should be considered as hypothesis-generating 

and confirmation of the results in future studies is warranted, including larger patient 

populations from multiple centers and inclusion of patients with irregular heart rhythm and 

poor image quality. Furthermore, the small patient cohort precluded us from performing 

receiver operating characteristic curve analyses and analyzing data of 3D LV excursion per 

coronary territory.
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CONCLUSIONS

Analysis of 3D echocardiographic LV excursion at global level on full protocol DSE may be a 

helpful tool to detect significant CAD on coronary angiography.
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