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Accuracy of three-dimensional systolic dyssynchrony and sphericity
indexes for identifying early left ventricular remodeling after acute
myocardial infarction
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Department of Cardiology, Medical Academy, Lithuanian University of Health Sciences; Kaunas-Lithuania

ABSTRACT
Objective: Left ventricle (LV) geometry and dyssynchrony are associated with LV remodeling after acute myocardial infarction (AMI). The aim
of this prospective study was to assess the diagnostic value of new three-dimensional echocardiography (3DE) parameters [sphericity (SI) and
systolic dyssynchrony indexes (SDI)] for the prediction of LV remodeling after AMI and to compare them with two-dimensional echocardiography (2DE) parameters.
Methods: 2DE and 3DE were performed in 75 patients with AMI within 3 days from the onset of MI and 6 months later. LV remodeling was defined
as a ≥15% increase in the LV end-diastolic volume (EDV) at follow-up. 3D SI was calculated by dividing EDV by the volume of a sphere whose
diameter was derived from the major end-diastolic LV long axis. SDI was considered as a standard deviation of the time from cardiac cycle onset
to minimum systolic volume in 16 LV segments.
Results: LV remodeling was identified in 34 (45%) patients using the 2DE method and in 22 (29%) patients using the 3DE method. Evaluated 3DE
parameters, such as EDV [area under the receiver operating characteristic (ROC) curve (AUC) 0.742, sensitivity 71%, specificity 79%], endsystolic volume (AUC 0.729, sensitivity 69%, specificity 78%), SDI (AUC 0.777, sensitivity 73%, specificity 77%), and SI, had significant prognostic
value for LV remodeling. According to the AUC, the highest predictive value had 3D SI (AUC 0.957, sensitivity 90%, specificity 91%).
Conclusion: 3DE parameters, especially 3D SI and SDI, play important roles in the prediction of LV remodeling after AMI and can be used in
clinical practice. (Anatol J Cardiol 2019; 22: 13-20)
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Introduction
Cardiovascular diseases continue to be the leading cause
of death worldwide (1). Heart failure (HF) remains one of the
most severe complications following acute myocardial infarction (AMI) that highly affects morbidity and mortality (2). Early
detection of patients with AMI at risk of development of HF is
necessary to avoid the evolution of left ventricular (LV) dysfunction (1-4). LV dilation, hypertrophy, and infarct expansion are the
main expressions of LV remodeling due to AMI (4). The size of
ventricular geometric modification and ventricular systolic and
diastolic volumes measured early after AMI can predict clinical
outcomes to patients late after AMI. The most important prognostic factors for the extent of LV remodeling [including mass,

volumes, and ejection fraction (EF)] have been evaluated using
two-dimensional echocardiography (2DE) due to wide availability (5-8). However, the limitations of this method are related to
the functional analysis of the cardiac chamber volumes and
their functions because most of the three-dimensional echocardiography (3DE) endpoints (e.g., LV volumes and EF) can only be
derived from 2DE acquisitions by making geometrical assumptions. The advent of 3DE is arguably the most important technical
advancement in ultrasound imaging over the past two decades.
One of the most powerful features of the new 3DE systems is
their ability to visualize cardiac anatomy and function from any
number of spatial view planes. As a result of that, the quantification of LV geometry is improving (9). The use of 3DE extends
beyond cardiac morphology, and the practice to evaluate car-
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diac function (ventricular systolic and diastolic volumes and EF)
is increasing rapidly (10). One of the most important adaptations
of 3DE is to provide the analysis of the geometric modification of
the LV through the gauging of the 3D sphericity index (SI). While
it has been many years since the SI was first shown to be an
earlier and more accurate predictor of LV remodeling after AMI
than many other clinical and echocardiographic variables (4), the
currently installed base 3DE systems now open the door to more
widespread application of this valuable metric. While it has been
over a decade since it was first shown that LV dyssynchrony early after AMI in patients predicts subsequent LV remodeling (11),
recent refinements in 3DE systems and image analysis software,
in combination with their widespread availability, similarly open
the door for more widespread application of this valuable metric.
The main goal of the present study was to evaluate the accuracy of the new 3DE parameters for the prediction of LV remodeling after AMI and to compare with standard 2DE parameters. By
documenting the advantages of these 3DE techniques over conventional 2DE, it is our hope that the results of the current study
will help to advance the standard of care for echocardiographic
patient management in the future, particularly with regard to
prognostication early after AMI.

Methods
Study population
This was a prospective cohort study. A total of 75 patients
with AMI who underwent 2DE and 3DE at baseline (within the
first 3 days from the onset of MI) and at 6 months after were
included in the study. Inclusion criteria were patients with
ST-elevation AMI, as evidenced by symptoms, electrocardiogram (ECG) changes, and serial troponin I concentrations. Primary percutaneous coronary intervention was performed, and
thrombolysis in myocardial infarction-3 flow was achieved for
all the patients. Complete revascularization was achieved in 44
(58.7%) patients at 3 days post-AMI. Fourteen (18.7%) patients
required a staged revascularization procedure in 1 month due
to ischemic symptoms repetition. According to the latest scientific research and approach (12), LV remodeling was defined
as a ≥15% increase in the LV end-diastolic volume (EDV) at
follow-up compared with the baseline by 3DE and 2DE methods (12-14). Patients with poor acoustic windows, atrial fibrillation or other significant arrhythmias, hemodynamic instability,
valvular heart disease, cardiomyopathy, previously known MI
and/or coronary artery bypass grafting, and severe non-cardiovascular disease were excluded from the study. The study
was approved by the institutional bioethics committee. Written
informed consent was obtained from all of the patients before
undergoing 2DE and 3DE.
Clinical, laboratory, and echocardiographic data
Serial troponin I tests were assessed every 6 h after admission until peak values were achieved. The turbidimetric method
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(Verfen, normal values 0–7.5 mg/L) was performed for the measurement of C-reactive protein, whereas enzyme immunoassay
was used for troponin I (Interlux, normal values 0–0.04 μg/L).
The ECG data were used to evaluate ST segment and other
ECG changes. Baseline 2DE and 3DE were recorded within 3±2
days after AMI and repeated at 6±1 months of follow-up using
1.5–4.6 MHz transducer, which was connected to Vivid7 (GE
Healthcare, Horten, Norway). This echocardiographic imaging
analysis was performed by EchoPac 4.0 software, where 3D
SDI was measured automatically by TomTec LV 4D software.
For imaging of the ventricles, a wide-angle acquisition in the
apical window (4-chamber) was used. While performing the
acquisition, the patient was asked to hold their breath for 10
s. Therefore, by repetition of holding breath, multi-beat dataset was collected. For the following analysis, the dynamic
pyramidal 3DE database was collected, including the total acquisition time. The dataset was measured and evaluated by
semi-automated tracking down the endocardium in nine equidistant long axes. However, note that the operator maintained
the option of manually adjusting the initial automated selection
of the endocardial border. Basic parameters, such as LV EDV,
end-systolic volume (ESV), volumes indexed to body surface
area, and EF, were obtained according to the current recommendations (15). The 3D SI was calculated by dividing EDV by
the volume of a sphere whose diameter (D) was derived from
the major end-diastolic LV long axis: 3D SI=[4/3×µ× (D/2)3]. The
LV long axis was obtained from the 3DE dataset as the longest
distance between the center of the mitral annulus and the endocardial apex (4). 3D SDI is a standard deviation of the time
from cardiac cycle onset to minimum systolic volume in 16 LV
segments (the technique of standard deviation of measured
times was performed according to the recommendations) (16).
LV remodeling was defined as an increase of EDV >15% at 6
months after MI in relation to baseline. The analysis of LV volumes, together with the measurement of 3DE SI and SDI, was
approximately 15–25 min.
Interobserver variability was measured by the analysis
of 15 patients (selected randomly from the 75 enrollees) by 2
experienced independent blinded observers. Intraobserver
variability was measured by the analysis of 15 patients by the
same observers at two different time points. Interobserver and
intraobserver variabilities were calculated and expressed as
percentage (%).
Statistical analysis
Statistical analysis was performed using IBM SPSS 23.0 software package (IBM Corp., Armonk, New York, USA). Qualitative
variables were described based on their frequency and relative
frequency rate (%). Qualitative variables homogeneous distribution was evaluated by chi-square test or Fisher's exact test, in
case of small expected values. Mann–Whitney U test and Student’s t-test were used for comparison of quantitative variables.
Independent samples t-test was used to compare normally dis-
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tributed variables. Normally distributed data were presented as
mean±SD. Mann–Whitney U test was used to compare non-normally distributed variables. Non-normally distributed data were
presented as median (interquartile range). The SI, EDV, SDI, and
other parameters as remodeling indicators were evaluated by
using the receiver operating characteristic (ROC) curves. A subject was assessed as positive or negative according to whether
the parameter value was greater than, less than, or equal to a
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given cut-off value. Associated with any cut-off value was the
probability of a true positive (sensitivity) and a true negative
(specificity). The most commonly used index of accuracy is the
area under the ROC curve (AUC), with values close to 1.0 indicating high diagnostic accuracy. Pearson coefficients of correlation
and their associated probability (p) were used to evaluate the
relationship between 3DE and 2DE parameters. A p-value <0.05
was considered as statistically significant.

Table 1. Baseline clinical, echocardiographic, and laboratory characteristics of the study population
Characteristics

All patients

Remodeling group

Without remodeling

(n=75)

(n=22)

group (n=53)

P-value

Clinical characteristics
Gender, male, n (%)

48 (64.0)

18 (37.5)

30 (62.5)

0.090

Age (year), mean (±SD)

56.8±10.8

57.5±10.3

56.51±11.1

0.769

History of hypertension, n (%)

59 (78.7)

22 (37.3)

37 (62.7)

0.166

History of smoking, n (%)

29 (38.7)

18 (62.1)

11 (37.9)

0.002

Obesity, n (%)

18 (24)

8 (44.4)

10 (55.6)

0.965

Diabetes, n (%)

6 (8)

3 (50)

3 (50)

0.758

Anterior infarction, n (%)

32 (42.7)

20 (62.5)

12 (37.5)

0.005

Inferior infarction, n (%)

43 (57.3)

2 (4.7)

41 (95.3)

<0.001

Beta-blockers, n (%)

75 (100.0)

22 (29.3)

53 (70.7)

0.105

ACE inhibitors/angiotensin II antagonists, n (%)

67 (89.3)

21(31.3)

46 (68.7)

0.209

Medication (at hospital discharge)

Calcium blockers, n (%)

3 (5.5)

2 (66.7)

1 (33.3)

0.408

75.7±14.5

76.8±11.5

75.2±15.7

0.549

End-diastolic volume (mL)

95.1±12.7

102.3±13.5

89.4±14.4

0.092

End-systolic volume (mL)

51.2±8.0

56.1±7.1

49.7±5.2

0.088

End-diastolic volume index (mL/m )

58.2 ± 6.7

65.3±7.9

54.8±8.0

0.125

End-systolic volume index (mL/m )

33.2±6.9

39.7±8.5

31.4±6.8

0.233

50 (5)

48 (11)

54 (7)

0.245

End-diastolic volume (mL)

114.7±18.3

120.9±21.3

103.2±17.6

0.024

End-systolic volume (mL)

62.0±10.5

69.0±11.2

58.9±7.9

0.030

End-diastolic volume index (mL/m )

68.3±15.2

75.4±17.0

62.1±10.3

0.038

End-systolic volume index (mL/m2)

41.8±9.6

46.9±8.4

38.1±11.0

0.045

46 (7)

44 (6)

52 (6)

0.092

Heart rate, mean (±SD), (bpm)
2D echocardiography

2

2

Ejection fraction (%)
3D echocardiography

2

Ejection fraction (%)
Systolic dyssynchrony index (%)

3.9±0.3

4.3±0.2

3.4±0.2

0.013

0.35±0.03

0.38±0.04

0.29±0.03

0.009

Troponin I (mcg/L)

11.2±2.1

20.6±3.1

6.8±0.3

0.048

CRP (mg/L)

9.7±1.8

12.5±1.6

8.0±1.4

0.283

10.8±2.4

11.7±1.9

10.6±1.1

0.191

3D sphericity index
Laboratory parameters

Leukocytes (*10 /L)
9

ACE - angiotensin-converting enzyme; CRP - C-reactive protein
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Results
A total of 82 consecutive patients with AMI were screened
initially. Of the 82 patients, 7 (8.5%) were excluded because of
poor image quality or incomplete follow-up. Baseline clinical,
echocardiographic, and laboratory characteristics of the study
population are shown in Table 1. Events of anterior MI and history of smoking were significantly more common among patients with LV remodeling. Other clinical characteristics had no
significant difference. There were no significant differences in
the use of beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin II antagonists, and calcium channel blockers.
Even though troponin I showed a tendency to be higher in the
remodeling group (p=0.048), other inflammatory markers did not
differ between the study groups. Echocardiographic parameter
analyses showed that 3DE parameters, such as EDV, ESV, SI,
and SDI, were significantly higher in the remodeling group (EDV
p=0.024, ESV p=0.030, EDV index p=0.038, ESV index p=0.045, SI

p=0.009, and SDI p=0.013). Other 3DE parameters, such as EF, had
no significant difference (p>0.05). 2DE parameters did not differ
significantly between the groups. The results of the Mann–Whitney U and Student’s t-test analyses revealed that measured by
3DE EDV, ESV, EDV index, and ESV index were higher, and that EF
was lower than measured by 2DE (Table 2).
At 6 months, analysis results showed that 3DE parameters were significantly higher than baseline parameters (EDV
p=0.011, ESV p=0.035, EDV index p=0.043, ESV index p=0.040, SI
p=0.008, and SDI p=0.036) and remained higher in the remodeling group, except LV EF, which had no significant difference. The
same tendency was found in 2DE parameters (EDV p=0.038, ESV
p=0.045, EDV index p=0.042, ESV index p=0.039, and EF p=0.156),
but did not differ significantly between the groups as at baseline
(Table 3). LV remodeling was identified in 34 (45%) patients using
the 2DE method and in 22 (29%) patients using the 3D method.
It was found that remodeling evaluation by 2DE and 3DE had a
significant difference (p=0.007).

Table 2. Echocardiographic parameters compared by 2D and 3D echocardiography
Parameters

End-diastolic volume (mL)
End-systolic volume (mL)

2D echocardiography

3D echocardiography

(n=75)

(n=75)

P-value

95.1±12.7

114.7±18.3

0.021
0.028

51.2±8.0

62.0±10.5

2

End-diastolic volume index (mL/m )

58.2±6.7

68.3±15.2

0.044

End-systolic volume index (mL/m2)

33.2±6.9

41.8±9.6

0.042

50±5

46±7

0.134

Ejection fraction (%)

Table 3. Comparison of 2D and 3D echocardiography parameters evaluated 6 months later in different groups: with and
without LV remodeling
Parameters

Remodeling group

Without remodeling group

(n=22)

(n=53)

P-value

End-diastolic volume (mL)

142.9±31.3

115.2±17.6

0.006

3D parameters
End-systolic volume (mL)

89.5±11.2

66.9±9.9

0.003

End-diastolic volume index (mL/m2)

87.4±17.0

72.1±10.3

0.030

End-systolic volume index (mL/m )

55.9±8.1

41.1±10.2

0.045

2

40 (7)

46 (8)

0.301

Systolic dyssynchrony index (%)

Ejection fraction (%)

5.6±0.21

3.8±0.13

0.034

3D sphericity index

0.53±0.03

0.36±0.02

0.001

125.3±23.5

109.4±24.4

0.311

72.1±16.1

63.7±12.2

0.088

End-diastolic volume index (mL/m )

76.9±11.7

69.9±10.5

0.424

End-systolic volume index (mL/m2)

46.8±9.5

43.4±7.8

0.553

43 (5)

47 (7)

0.449

2D parameters
End-diastolic volume (mL)
End-systolic volume (mL)
2

Ejection fraction (%)
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Table 4. ROC curve analysis of 3D and 2D echocardiography selected parameters for the prediction of LV remodeling
Parameters

Cut-off value

Sensitivity

Specificity

AUC

P-value

End-diastolic volume (ml)

>115.3

71

79

0.742

0.028

End-systolic volume (ml)

3D parameters
>69.8

69

78

0.729

0.042

Ejection fraction (%)

<39

44

82

0.609

0.248

Systolic dyssynchrony index (%)

>4.6

73

82

0.777

<0.001

3D sphericity index

>0.50

90

91

0.957

<0.001

End-diastolic volume (mL)

>96.5

44

78

0.588

0.181

End-systolic volume (mL)

>46.5

39

74

0.485

0.056

<44

31

55

0.421

0.802

Troponin I (μg/L)

>7.7

67

77

0.705

0.032

CRP (mg/L)

>13.9

48

78

0.601

0.108

>13.4

28

61

0.497

0.567

2D parameters

Ejection fraction (%)
Laboratory parameters

Leukocytes (×10 /L)
9

AUC – area under the ROC curve; CRP - C-reactive protein

3D sphericity index

3D systolic dyssynchrony index

ROC Curve

1.0

0.6

0.6
Sensitivity

0.8

Sensitivity

0.8

AUC 0.957
Cut off >0.50

0.4

AUC 0.777
Cut off >4.6%

0.4

0.2

0.0

ROC Curve

1.0

0.2

0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.0

0.2

1-Specificity

0.4

0.6

0.8

1.0

1-Specificity

Figure 1. ROC curves of 3D sphericity index and systolic dyssynchrony index. Cut-off values are shown

The diagnostic value of 3DE and 2DE parameters for LV remodeling was assessed by ROC curves. EDV (AUC 0.742, sensitivity 71%, specificity 79%), ESV (AUC 0.729, sensitivity 69%,
specificity 78%), SDI (AUC 0.777, sensitivity 73%, specificity
77%), and SI measured by 3DE had statistically significant prognostic value for LV remodeling (Fig. 1, Table 4). According to the
AUC, 3D SI had the strongest predictive value for LV remodeling
(AUC 0.957, sensitivity 90%, specificity 91%). EF had no signifi-

cant predictive value (p>0.05). EDV, ESV, EF, and LV end-diastolic
diameter measured by 2DE had no significant prognostic value
for LV remodeling (p>0.05) (Table 4).
Additional diagnostic value of combining 3DE and laboratory
parameters for the assessment of LV remodeling was evaluated. According to ROC analysis, the combination of SI, SDI, and
troponin I increased the prognostic value (SI+troponin I–AUC
0.961 and SDI+troponin I–AUC 0.802). However, the difference
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between the combination and separate parameters was not
significant (AUC 0.957 vs. 0.961, p=0.633 and AUC 0.777 vs. 0.802,
p=0.324, respectively).
3DE parameters, such as EDV, ESV, and EF, significantly correlated with LV remodeling as follows: r=0.489, r=0.402, and r=0.40
(p<0.001, for all).
Interobserver and intraobserver agreements were 95% and
96% for the assessment of 3D SI and 97% and 98% for 3D SDI,
respectively.

Discussion
The results of our study showed that predominance of the
anterior MI, being a smoker, higher troponin I level, increased
LV volume, 3D SI, and SDI play important roles in LV remodeling following AMI. Patients who develop LV dilatation and reduction of EF following AMI have significantly reduced survival
rate (17). Morphologically, MI creates a response to LV in which
stretched and dilated infarcted tissue increases LV volume with
a combined volume and pressure load on non-infarcted areas
(18). Furthermore, Gaudron et al. (19) demonstrated that LV dilatation following AMI precedes the deterioration of exercise performance and plays an active role in the development of chronic
HF. It confirms the importance of our research-the prediction of
LV remodeling after AMI may help to prevent possible HF and
unfavorable outcomes.
Zaliaduonyte-Peksiene et al. (20) showed the same tendency
in higher number of anterior wall MI, increased LV volume, and
higher troponin I concentration in LV remodeling group patients
and described them as important predictors. Several previous
studies revealed that one of the main determinants of LV remodeling is the infarct size, and that the left anterior descending artery as a culprit artery is the most common in patients with LV remodeling (21-23). These findings agree with our study and show
the importance of coronary artery lesion localization as a clinical
predictor for LV remodeling.
Our study demonstrates two main echocardiographic findings. First, our study results indicate that 3DE parameters are
much more accurate than 2DE parameters in detecting LV remodeling after AMI. Konstam et al. (24) reported that 3DE has
emerged as a clinically feasible method for quantifying ventricular volume and mass, and that the quantification of ventricular
volumes and EF can be performed rapidly. Furthermore, Yang
et al. (25) supported 3DE significance for detecting myocardial
structural changes, as well as it suggests LV end-systolic volume index as the most accurate parameter observed in their
study. Moreover, this method avoids the geometric assumptions
and problems of image plane position that are associated with
2DE. Several previous studies have observed that 3D echocardiographic assessments of LV volumes, mass, and EF correlate
favorably with cardiac magnetic resonance (24, 26). The results
of our research confirmed this data-EDV and ESV evaluated
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by 3DE were significantly higher in the LV remodeling group at
baseline and were significant predictors of LV remodeling after
6 months. LV volumes evaluated by 2DE showed no significant
difference between the groups and were not significant predictors of early LV remodeling. Similarly, Vieira et al. (27) also found
no association between the 2DE LV volumes and SI and the LV
remodeling at 6 months of follow-up after AMI.
Second, our study results demonstrated that 3D SDI and SI
are the most sensitive and specific parameters predicting early
LV remodeling after AMI. Moreover, these two 3DE parameters
are still new for the evaluation of LV remodeling. Only a few studies have tried to evaluate the accuracy of these measurements
for identifying early LV remodeling after AMI. The first study, published in 2004, revealed that 3D SI measured at baseline is far
more sensitive than 3D LV volumes. This small study showed that
3D SI sensitivity and specificity are 100% and 90%, respectively,
and are in agreement with our data (4).
Previous investigations in this field allow the studies about the
dyssynchrony index appear (11, 28, 29). The analysis suggested
prognostic value of dyssynchrony index with a sensitivity of 82%
and a specificity of 95%. However, to the best of our knowledge,
this is the first study showing the role of 3D SDI as an important
predictor of LV remodeling after AMI with a 73% sensitivity and
82% specificity. Zhou et al. (30) in a cross-sectional study investigated LV mechanical dyssynchrony in patients with HF after MI
by real-time 3DE and found that LV dyssynchrony occurs more
often in patients with cardiac dysfunction after MI. The other
previous study that evaluated ventricular dyssynchrony by tissue
Doppler imaging in predicting LV remodeling after ST-elevation
MI found that LV dyssynchrony is a strong predictor of LV remodeling after AMI with a 72.7% sensitivity and 83.3% specificity (31).
3D SDI measured in our study had a similar accuracy. Studies
suggest that the techniques of performing 3D SDI are reproducible and have been implemented at many institutions worldwide.
Our study reveals the importance of 3DE SI and SDI assessments at baseline after AMI as independent predictors of LV remodeling. 3DE SI and SDI, measured early after the onset of AMI,
had significant incremental value over the 2DE parameters and
3DE LV volumes. This technique is simple and not time-consuming with the possibility to perform it in almost all echocardiography laboratories. Early measurement of 3DE SI and SDI after
AMI can provide important information about cardiac mechanics
changes after MI and may suggest some therapeutical implications. Owing to this, it could be used in daily clinical practice for
the assessment of early LV remodeling after AMI.
Study limitations
Several limitations should be considered. First, LV remodeling
in our study was evaluated at baseline and at 6 months after AMI.
However, the evaluation of LV parameters after 12 and 24 months
can provide additional important information about 3D SDI and
SI predictive values. Second, the image quality of 3DE is also an
important limitation if we want to use SI and SDI in daily clini-
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cal practice. Finally, a relatively small sample size is an important limitation. Therefore, these findings should be repeated in a
larger population with AMI.

Karuzas et al.
Accuracy of 3D SDI and SI for identifying LV remodeling

8.
9.

Conclusion
The present study showed that anterior MI, smoking habits,
elevated troponin I at admission, and high SI and SDI values
evaluated by 3DE play important roles in LV remodeling prediction after AMI. Moreover, 3D SI and SDI have the highest predictive values for LV remodeling following AMI and can be used in
clinical practice as simple, cost-effective measurements. 3DE, as
innovative technique, should become the main echocardiography
technique for the assessment and follow-up after AMI.
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