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physician.[6‑8] On the other hand, Auto‑EF assessment 
meanly depends on speckle tracking technology by tracing  
the endocardial border during systole and diastole. 
Where a dedicated software can define the end‑systolic 
and end‑diastolic frames. Auto‑EF is considered as more 
robust, less operator dependent, and can provide rapid 
and reproducible assessment of LV performance.[2,9,10] 
The M‑mode‑based technique is the oldest but remain 
widely used for the assessment of LV dimensions and 
function. Although it is easy and can be performed by less 

INTRODUCTION

Assessment of the left ventricular  (LV) size and ejection 
fraction (EF) represents the most frequent indications for 
echocardiographic study. LVEF has an important prognostic 
and incremental diagnostic and therapeutic implications 
in most types of cardiovascular diseases.[1‑3] There are 
multiple modalities for the measurement of LV volumes, and 
function, most commonly used is two‑dimensional  (2D) 
echocardiography‑based approaches such as visual and 
automated biplane EF  (Auto‑EF), and the M‑mode 
echocardiography modality.[4,5] Visual LVEF assessment 
is easy, fast, and commonly used during clinical practice, 
but it is more reader dependent and requires an expert 
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ABSTRACT
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significant  (−0.3%  [−0.5803–0.0053], P = 0.054). However,  the mean EF was significantly 
different when comparing visual versus M‑mode and Auto‑EF versus M‑mode with the mean 
differences:  (−2.4365  [−2.9946–−1.8783], P <  0.0001)  and  (−2.1490  [−2.7348–−1.5631], 
P < 0.0001) respectively. Inter‑observer variability analysis of the visual EF assessment between 
the  two  readers showed  that  intraclass correlation coefficient was 0.953,  (95% confidence 
interval:  0.939–0.965, P < 0.0001), with excellent correlation between the two readers: 
R = 0.911, P < 0.0001). Conclusion: The two‑dimensional echocardiographic methods using 
Biplane Auto‑EF or visual assessment were significantly comparable, whereas M‑mode results 
in an overestimation of the LVEF.
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experienced examiners, it has a significant interobserver and 
interlaboratory variations, and provides only information 
about contractility along a single slice of the LV, whereas, 
the contractility of the other segments can be missed.[11] 
However, Eyeball LVEF estimation expected to be utilized 
more often, due to the recent increase using of handheld 
echocardiography machines, where only a visual EF 
assessment is feasible.[12‑14] We hypothesized that LVEF 
measurements by Auto‑EF and M‑mode are comparable 
to that measured by visual assessment.[15]

METHODS

Patients selection
Our study is a cross‑sectional analysis conducted in two 
tertiary cardiac centers in Saudi Arabia in the period between 
May and October 2017. The study population consisted 
of 268  patients who underwent full echocardiographic 
examination. All patients were either referred from an 
outpatient clinic or during hospital admission. For the 
purpose of this study, basic demographic variables, clinical 
data were obtained. Patients with limited echocardiography 
windows, leading to a poor endocardial definition and 
those who have had  atrial fibrillation during the exam were 
excluded from the study. The study protocol was approved by 
the Institutional Ethical Committee, and all patients signed 
an informed consent.

Echocardiographic examination
The echocardiography examinations were done by 
registered diagnostic medical sonographer with more 
than 5  years’ experience, using the clinical imaging 
system  (Vivid E95, General Electric Medical Systems, 
Waukesha, WI, USA) and 5‑MHz transducer. Standard 
echocardiographic views  (parasternal, apical and 
substernal) were obtained. All images were reviewed 
to confirm that parasternal long axis (PSLA), 
four‑chamber (4‑CH), and two‑chamber (2‑CH) views 
had been acquired with at least three complete cardiac 
cycles. All the recorded views were reviewed to select the 
most suitable with less heart rate variability.

Visual assessment of left ventricle ejection fraction
The left ventricular function was visually assessed by 2 
expert readers (more than 5 years’ experience). LVEF was 
evaluated  using three different orthogonal planes including 
the parasternal and apical views; the two LVEF readings were 
averaged. A third blinded assessment of LVEF was obtained 
if more than 5% difference between the first two readings, 
then averaged LVEF will be calculated as the mean of the 
three readings.

M‑mode ejection fraction assessment
LVEF Based‑M‑mode evaluated using PSLA view by 
setting the M‑mode cursor immediately distal to the mitral 
valve leaflets, and perpendicular to the LV longitudinal 
axis. Then LV dimensions and LVEF will be measured.

Auto‑ejection fraction assessment
A commercially available software that enables detection 
of the endocardial boundary at end‑systole and‑diastole 
using the speckle tracking technique was used. Then, 
LV volumes and LVEF will be calculated by summation 
of end‑systolic and end‑diastolic LV stacks that 
obtained from apical 2‑CH and 4‑CH views [Figure 1]. 
Sonographers can manually correct the internal LV 
border in case of the wrong delineation by the software. 
Auto‑EF was defined as the mean LVEF recorded from 
the two apical views.

Statistical analysis
Quantitative variables are expressed as means ± standard 
deviations, and categorical variables are expressed 
as frequencies or percentages. Linear regression was 
performed for correlation analysis between different 
LVEF that measured visually, Auto‑EF, and by M‑mode. 
Inter‑observer variability between readers of the visual 
LVEF was measured. Finally, Bland–Altman analysis 

Figure 1: Automated assessment of left ventricle ejection fraction and volumes. 
The Endocardial borders are automatically tracked at end‑diastole (on the left) 
and end‑systole (on the right) using apical four chamber view (top) and apical 
two chamber view (middle). The measurements of left ventricle ejection fraction 
and volumes were displayed (bottom)
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DISCUSSION

In the present study, we analyzed three different 
echocardiographic modalities that were commonly used in 
the evaluation of LVEF. We found that visual assessment of 
LV function is comparable to automated biplane technique. 
Moreover, we found that M‑mode can lead to overestimation 
of the LVEF when compared to the other techniques. 
However, the three modalities are highly correlated.

EF is one of the most important indicators in the diagnosis 
and management plan of patients with heart diseases, in 
particular, heart failure.[16‑18] Although 3D echocardiography 
is the gold standard ultrasonic imaging method for the 
evaluation of LV volume and function, 2D echocardiography‑
based modalities remain the most common technique used  
during clinical practice.

Auto‑EF is considered as a highly accurate modality in the 
evaluation of LV function; it depends on tissue tracking 
technique by tracing the myocardial borders during systole 
and diastole. However, only 85% of patients are feasible to this 
modality and require a particular echocardiographic settings 
such as adjusting the image contrast and the frame rate.[5]

Multiple reports compared between the different 
echocardiographic modalities in the assessment of LV 
function. Shahgaldi et  al.[4] found similar results of our 
study in that visual EF estimation using either a 2D 
or triplane echocardiography is comparable with the 
quantitative real‑time 3D imaging. Similarly, Frederiksen 
et al.[5] showed that LVEF measured by Auto‑EF did not 
differ from eyeballing, but it was lower than that measured 
by semi‑automated methods. Furthermore, Cannesson 
et al.,[19] found that Auto‑EF is well correlated with both 
eyeballing and semi‑automated methods in the evaluation 
of LV function. Contrasting results were reported by 
Knackstedt et al.[20] The intraobserver variability of visual 
EF estimation was high, and has a nonsignificant correlation 
with Auto‑EF.

In the present study, we found that visual assessment 
and Auto‑EF are comparable; however, the latter has an 
advantage through quantitative estimation of LV size and 
dimensions.

The results of our study have multiple clinical implications, 
especially when using the handheld echocardiography 
machines that only enable the visual assessment of LVEF, 
due to lacking advanced technologies such as tissue tracking 
imaging. Furthermore, during the cardiac risk evaluation 
before an emergency noncardiac surgery, when a fast 

was used to assess the agreement between the different 
echocardiographic modalities. P  < 0.05 is considered 
statistically significant for all tests. All statistical analyses 
were performed using SPSS for Windows  (Version  20.0 
SPSS Inc., Chicago, IL, USA).

RESULTS

The mean age was 51.5 ± 15 years and men were 124 (51.7%). 
The other baseline characteristics are shown in Table 1.

The mean left ventricle ejection fraction
We enrolled 268 patients in this study. Auto‑EF measurement 
was feasible in 240  (89.5%) patients. The averaged LVEF 
was (52%±12) with the visual assessment, (51%±11) using 
the Auto‑EF and (57%±13) using M‑mode modality.

Reproducibility of visual ejection fraction
We analyzed the inter‑observer variability of the visual EF 
assessment between the two readers and we found that 
intraclass correlation coefficient was 0.953 (95% confidence 
interval: 0.939–0.965, P < 0.0001) and excellent correlation 
between the readers: R = 0.911, P < 0.0001.

Comparison between the different methods of left 
ventricle ejection fraction measurement
Using Bland–Altman analysis, we found that the difference 
between the mean visual EF and the Auto‑EF group 
was  −0.3%  (−0.5803–0.0053), that was not statistically 
significant (P = 0.054) [Figure 2]. However, We found that 
the mean EF was significantly different when comparing 
visual versus M‑mode and Auto‑EF versus M‑mode 
with the mean differences: −2.4365  (−2.9946–−1.8783, 
P  <  0.0001) and  −2.1490  (−2.7348–−1.5631, P  <  0.0001) 
respectively, [Figure 2].

Regression analysis
We found an excellent correlations between Visual EF and 
Auto‑EF measurement  (r = 0.917, P < 0.001), visual and 
M‑mode (r = 0.766, P < 0.0001); and between the Auto‑EF 
and M‑mode (r = 0.736, P < 0.0001) [Figure 2].

Table 1: Baseline characteristics
Variables

Age (y) mean±SD 51.5±15
Male sex n (%) 124 (51.7%)
Body mass index (kg/m2) mean±SD 29.8±6.3
Diabetes mellitus n (%) 80 (33%)
Hypertension n (%) 104 (43%)
Dyslipidemia n (%) 30 (12.5%)
Family history of CAD n (%) 6 (2.5%)
Current smoking n (%) 46 (19%)
CAD n (%) 83 (34.6%)
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diagnosis is necessary, the eyeball evaluation of LVEF can 
readily provide an accurate assessment as Auto‑EF.

Our study has some limitations in the present analysis; no 
gold standard method was used as a reference such as the 3D 
echocardiography. Patients with AF or significant arrhythmia 
were excluded, so our result cannot be generalized to this 
group of patients. Our visual EF was not compared with 
that of handheld echocardiography machines.

CONCLUSION

When performed by expert readers, visual assessment of the 
LVEF has low interobserver variability and well correlated 
with biplane Auto‑EF method. On the other hand, M‑mode 
assessment results in overestimation of the LVEF and hence 
can be used as a complementary tool for the evaluation of 
LV function and diameter.

Figure 2: Correlations and Bland‑Altman plots between different methods. Correlation plots at the left and Bland‑Altman plots at the right. (a and b) Between: Visual 
and Auto‑ejection fraction assessment. (c and d) Visual and M‑mode ejection fraction assessment. (e and f) the Auto‑ejection fraction and M‑mode assessment of 
ejection fraction
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