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ABSTRACT 

 
Background: The evaluation of the left ventricular ejection fraction (LVEF) is important for predicting 

 mortality and identifying high-risk patients. We aimed to identify factors affecting the variation 

 in the LVEF measurement via echocardiography and contrast left ventriculography (CVG). 

 

Methods: A total of 4422 patients (mean age=59.0±10.52 y, range=22–88) who underwent 

 echocardiography and CVG within the same hospitalization period (0- to 14-day intervals) were 

 included. Data were obtained from the Echocardiography Data Bank and the Coronary 

 Angiography Data Bank in Tehran Heart Center. 

 

Results: The correlation between the estimation of the EF by echocardiography and CVG was good 

 (r=0.716); however, there was no point-by-point agreement. In 21.5% of the patients, 

 echocardiography and CVG estimated the EF equally, and a difference greater than 20% was 

 found in 1.8% of the patients. The differences between the 2 measurements were remarkable 

 either in the patients with EFs greater than 50% or in those with EFs of 50% or less by CVG 

 (59.71±3.72 by CVG vs 55.96±7.57% by echocardiography in EFs>50% and 40.69±8.96 by 

 CVG vs 43.90±10.71% by echocardiography in EFs≤50%). By linear regression analysis, the 

 presence of pathologic Q wave, atrial fibrillation and left bundle branch block, moderate and 

 severe mitral regurgitation, increased LV size, and increased interventricular septal diameter 

 resulted in a higher EF value via CVG, whereas in those with EFs of 50% or less, the EF by 

 echocardiography was higher. No effect of time gap between the measurements was found. 

 

Conclusions: According to our study, the EF measurements obtained by echocardiography and CVG 

 varied on an individual basis. The level of the EF was the most important factor correlating with 

 the difference between the measurements by the methods. (Iranian heart Journal 2018; 19(2): 27-35)  
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he evaluation of the left ventricular 

ejection fraction (LVEF) is important for 

predicting mortality due to cardiac 

disease and has been used to identify high-risk 

patients willing to enroll in primary treatment 

trials. 
1-4

 Measuring the EF is essential in 

evaluating the level of the cardiac function, 

management of medical treatment, and 

selection for procedures like replacement of an 

automated implantable cardioverter-

defibrillator.  

Different surveys have compared the 

measurements of the EF by invasive and 

noninvasive modalities such as contrast left 

ventriculography (CVG), radionuclide 

ventriculography, single-photon emission 

computed tomography, and echocardiography. 
4-10

 Some clinical situations may necessitate the 

application of one method, so it is important for 

the clinician to know whether the estimates of 

the EF are comparable between the available 

methods. If these methods can be used 

interchangeably, this could reduce the need for 

multiple tests and the cost for patients. 

The correlation between ventriculography and 

echocardiography in most of the studies 

conducted hitherto has been good, although the 

concordance between them is varied. 
4,11

  

Moreover, concordance between these methods 

may vary on account of the fact that the 

methods are equipped with advanced 

technology and new studies may, therefore, 

yield different results. Therefore, we aimed to 

compare the EF measurements via 

echocardiography and CVG in a single 

hospitalization period amongst a large patient 

population. 

 

METHODS 

  

In a retrospective design, between January 2010 

and January 2015, a total of 4264 patients who 

underwent echocardiography and CVG within 

the same hospitalization period were included 

in the study. The number of hospitalized 

patients for coronary angiography in the above 

period of time was 28 168 and among them 

4422 patients had echocardiography at the same 

hospitalization. Of the 4422 patients, a total of 

4264 patients had complete data for analysis 

and were subsequently included in the study.   

All the data regarding past medical history, 

coronary artery risk factors, sign and symptoms 

at admission time, ECG changes, and drug 

history were prepared using the angiography 

database, in which the information was 

obtained through a comprehensive interview 

and examination by cardiologists prior to 

angiography. A trained nurse was responsible 

for taking blood pressure (using a mercury 

device), height, and weight of each patient. The 

definition of the variables in the data bank was 

published previously. 
12

  

 

Echocardiography  

Standard 2D echocardiography was performed 

for all the study subjects by experienced 

echocardiography specialists.  The 

measurements were taken according to the 

guidelines of the American Society of 

Echocardiography. 
13

 The LVEF images were 

acquired from the apical long-axis, 2-, and 4-

chamber views and evaluations were based on 

eyeball estimation using the biplane Simpson 

rule. 
14

 The LV size was categorized as follows: 

1) normal and 2) dilated (mild, moderate, and 

severe). Diastolic dysfunction was categorized 

as: 1) normal and 2) abnormal. 
15

 The severity 

of the regurgitation of the mitral and tricuspid 

valves was graded as normal, mild, moderate, 

and severe 
16

 and was categorized as: 1) none, 

2) mild, 3) and moderate or higher for the 

present study. 

 

Contrast Ventriculography  

CVG was performed via the single-plane 

method with a Philips device (Version H 3000) 

using the right anterior oblique projections at a 

film rate of 12.5 frames/s. Injections of 20 to 30 

cc of nonionic contrast (Visipaque TM) using 

an automated injector were done, and the EF 

was estimated visually according to the current 

T 
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guidelines. The patients with atrial fibrillation 

underwent the catheterization process after their 

heart rate was reduced to fewer than 80 bpm. 

Therefore, the EF estimation for this group of 

patients was performed in the same manner as 

that for the patients with normal sinus rhythms.  

Intraobserver variability for CVG was assessed 

via the assessment of 18 randomly selected 

patients by 1 observer twice at an interval of 6 

months. These patients were assessed by a 

second observer to obtain interobserver 

reproducibility of the same set of 

measurements. Inter- and intraobserver 

variabilities for echocardiography were 

determined by the random selection of 10 

echocardiograms for analysis at least 6 months 

later by the same echocardiographer. These 10 

echocardiograms were independently analyzed 

by the second blinded observer. Inter- and 

intraobserver variabilities were calculated via 

dividing the mean difference between the 

observations by their average measurement. 
17,18

 

 

Statistical Analysis 

The results are presented as means ± standard 

deviations (SDs) for the numerical variables or 

by absolute frequencies and percentages for the 

categorical variables. The continuous variables 

were compared using the Student t-test or the 

nonparametric Mann–Whitney U test whenever 

the data did not appear to have normal 

distributions, while the categorical variables 

were compared using the χ
2
 or Fisher exact 

test—as required. Paired sample t-tests were 

conducted to determine significant differences 

between the values measured by the 2 tests. The 

Difference between the 2 methods was obtained 

by subtracting the echo measurements from the 

CVG measurements (CVG EF – Echo EF). 

Furthermore, the patients were divided into 2 

groups according to the evaluation across the 

quintiles of the EF by CVG: EFs greater than 

50% and EFs equal to or less than 50%. 

The correlation between the 2 methods was 

assessed using the Pearson correlation 

coefficient (r), and a 95% confidence interval 

(CI) was also obtained. The correlations were 

considered poor if r was less than 0.25, fair if r 

was greater than 0.25 but less than 0.50, 

moderate to good if r was greater than 0.50 but 

less than 0.75, and good to excellent if r was 

greater than 0.75.  

A linear regression analysis was performed for 

to examine the factors significantly associated 

with the difference between the 2 modalities. 

The variables included in this analysis were 

comprised of age, gender, absolute time gap 

between the 2 clinical measurements, LV size, 

mitral regurgitation severity, interventricular 

septal diameter (IVSd), EF level, existence of 

diastolic dysfunction, and existence of left 

bundle branch block (LBBB) and right bundle 

branch block (RBBB).  

Only those patients with complete data of the 

mentioned variables were entered into the 

analysis. For the statistical analysis, the 

statistical software SPSS, version 15.0, for 

Windows (SPSS Inc, Chicago, IL) was utilized. 

All the P values were 2-tailed, with statistical 

significance of equal to or less than 0.05. 

 

RESULTS 

 

The mean age of the study population (66.9% 

male), was 59.04±10.52 years, ranging between 

22 and 88 years. The baseline characteristics of 

the patients are depicted in Table 1. Overall, 

there was no significant difference between the 

mean EF estimated by echocardiography and 

that by CVG (49.18±1.20% vs 49.02±11.84%, 

respectively; P=0.226). In addition, there was a 

good correlation between the EF values 

measured by these 2 methods (r=0.716; 

P<0.001). The mean differences between the 

EF measurements with respect to the EF 

quintile are shown in Table 2. (Due to the 

importance of low EFs, the first quintile was 

divided into 2 categories.) 
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Table 1. Patients’ characteristics (N= 4422) 

Demographic Number  Valid Percent 

Medical history   

 Hypertension 2230 51.3% 

Congestive heart failure 456 10.3% 

Diabetes  1380 31.8% 

Stroke 154 3.6% 

Hypertriglyceridemia 994 24.5% 

Hypercholesterolemia 1446 35.3% 

Positive family history 992 23.2% 

Current cigarette smoking  1108 25.5% 

Chronic lung disease 126 3.1% 

Admission presentation   

 Stable angina 1108 25.6% 

Unstable angina 1030 23.8% 

ECG    

 Q wave  1547 35.9% 

Atrial fibrillation 96 2.2% 

Right bundle branch block 50 2.1% 

Left bundle branch block 87 3.5% 

Drug history   

 ACEI 2525 58.3% 

ASA 3958 91.4% 

Beta-blocker 3631 83.9% 

Thrombolytic agent 420 9.7% 

Physiologic date mean ± standard deviation 

 Systolic blood pressure (mm Hg) 127.50 ± 21.24 

Diastolic blood pressure (mm Hg) 82.68 ± 14.59 

Body mass index (kg/m
2
) 27.21 ± 4.59 

ECG, Surface electrocardiography; ACEI, Angiotensin-converting enzyme inhibitor 
 
 

 

Table 2. Mean differences between the EF measurements via 
echocardiography and ventriculography according to the EF 
quintile 

Quintile EF (%) 
By CVG 

EF Difference 
(EF echo – CVG) 

1 ≤ 40 -4.74 ± 8.12 

2 40-50 -1.58 ± 7.84 

3 51-55 1.93 ± 6.55 

4 55-60 3.24 ± 7.85 

5 > 60 10.09 ± 6.65 

EF, Ejection fraction; CVG, Contrast left ventriculography 
 

When the patients were divided into 2 

categories in terms of the EF values by CVG, 

the differences between the 2 measurements 

were statistically significant in each category as 

follows: echocardiography showed lower 

values of the EF in the patients with EFs above 

50% by CVG, while it demonstrated higher 

values in the patients with EFs of 50% or less 

by CVG (59.71±3.72 by CVG vs 55.96±7.57% 

by echocardiography in EFs>50% and 

40.69±8.96 by CVG vs 43.90±10.71% by 

echocardiography in EFs≤50%). The related 

scatter plot is illustrated in Figure 1. The 

reference line is 45˚ and the points laid on the 

line are those which were equally estimated by 

the 2 modalities. Despite the good correlation 

found across the 2 methods, their agreement 

was not point by point. The actual and absolute 

mean differences between the EF measurements 

were -0.16±8.71% and 6.55±5.74%, 

respectively. According to Figure 2, the 

histogram of the differences between the 2 

methods was normally distributed. In 21.5% of 

the patients, echocardiography and CVG 

estimated the EF equally. In 41.0% of the 

patients, the difference between the EF 

measurements via echocardiography and CVG 

was up to 5%. A difference of greater than 5% 

and 10% or less was found in 22.8%, a 

difference of greater than 10% and 20% or less 

in 13.0%, and a difference of greater than 20% 

in 1.8% of the patients. 

Figure 3 shows the Bland and Altman plot, 

indicating the level of agreement between the 

methods. Using an average difference of -0.16 

and an SD of 8.71 points, we found that the 

limits of agreement between the methods (95% 

CI) ranged from a lower limit of -17.24 to an 
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upper limit of 17.56. With respect to these 

limits of agreement, the agreement between 

echocardiography and CVG reached 94.5%.  

The mean time interval between the 2 

modalities was 2.99±2.62 days (range= 0–14 

d). Regarding the sequence of the modalities, in 

55.2% of the patients, CVG was the first 

modality and in 36.5% echocardiography was 

done prior to CVG. Measurement by the 2 

methods was performed in 8.3% of the cases 

(386 patients) on the same day. The difference 

between the 2 measurements was not correlated 

with the sequence of the methods in the 

univariate analysis. All the analyses were 

repeated for the subgroup of patients in whom 

CVG and echocardiography were performed on 

the same day. The results were similar to those 

obtained from the whole population. 

By linear regression analysis, the variation 

between the methods was correlated with the 

patient-related characteristics. According to 

Table 3, CVG was more likely to report the EF 

values higher than echocardiography in the 

presence of pathologic Q wave, atrial 

fibrillation and LBBB, diastolic dysfunction, 

moderate or severe mitral regurgitation, 

increased LV size, and IVSd; whereas in EFs 

equal to or less than 50%, the value by 

echocardiography was higher. No effect of 

absolute time gap was observed. 
 
 

Table 3.   Result of the multivariable linear regression analysis with respect to the factors which potentially 

could correlate with the variation between echocardiography and contrast ventriculography 

Variable β Coefficient 95% CI P value 

Age -0.014 -0.038 , 0.010 0.265 

Gender 0.184 -0.715 , 0.347 0.497 

Presence of pathologic Q wave 1.561 1.033 , 2.090 <0.001 

Presence of atrial fibrillation 2.756 1.212 , 4.301 <0.001 

Interventricular septal diameter 0.092 0.016 , 0.169 0.018 

Diastolic dysfunction 2.457 1.923 , 2.991 <0.001 

Left ventricular dilation 2.539 1.820 , 3.258 <0.001 

Mild mitral regurgitation  0.249 -0.283 , 0.780 0.359 

Moderate and severe mitral regurgitation 0.832 0.001 , 1.663 0.050 

Right bundle branch block -1.316 -3.007 , 0.376 0.127 

Left bundle branch block 2.888 1.555 , 4.221 <0.001 

Ejection fraction ≤50% by angiography -8.361 -8.896 , 7.826 <0.001 

Absolute time gap 0.070 -0.023 ,  0.163 0.139 

                R square=20.4%   CI, Confidence interval 
 
 

 

Figure 1. Scatter plot for the ejection fraction 
measurements by echocardiography and 

angiography 
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Inter- and Intraobserver Variabilities  
For echocardiography, the mean difference of 

the EF values was 3.89±1.81% between the first 

and the second measurements by 1 observer and 

2.06±1.40% between the 2 distinct observers.  

For CVG, the inter- and intraobserver 

variabilities were 3.25±3.73% and 1.50±6.30%, 

respectively. 

 

DISCUSSION 

 

The present study on patients who had various 

indications for coronary angiography showed 

that despite a good correlation between 

echocardiography and angiography in the 

measurement of the EF, there was no point-by-

point agreement between these modalities. This 

variation was influenced by patient-associated 

characteristics. Increased IVSd and LV size; 

severity of mitral regurgitation; and presence of 

pathologic Q wave, atrial fibrillation, and 

LBBB resulted in higher EFs by CVG. In the 

EFs of 50% or less, echocardiography reported 

higher values than did angiography. 

The main advantage of the present study over 

previous studies is the inclusion of a large 

sample size of patients, in whom both tests 

were performed within a single hospitalization 

period using state-of-the-art diagnostic 

equipment. The most similar study to ours is a 

multicenter one evaluating 741 patients after 

myocardial infarction. In that study, the test 

results in 1 index hospital admission are 

compared. 
5 

The present study is a single-center 

one, evaluating 4422 patients (of about 6 fold) 

with different indications for angiography 

within the same hospitalization period. 

Previous studies have reported that the 

difference between the mean values of the EF 

by echocardiography and CVG is not 

significant and that there is a good linear 

correlation between cross-sectional 

echocardiography and CVG methods. 
5,8-10

 The 

present study also demonstrated no remarkable 

difference between the mean EF by the 2 

methods and found a good correlation between 

them (r=0.716; P<0.001). Joffe et al 
5
 reported 

Bland-Altman 95% confidence limits, ranging 

from -20 to +20 points. This figure in our study 

was narrower and ranged between -17.24 and 

+17.56 points; this means that the variation 

Figure 2. Distribution of the differences in the left 
ventricular ejection fraction estimation between 
echocardiography (Echo) and contrast ventriculography 
(CVG) 

 

Figure 3. Bland-Altman plot of agreement between 
echocardiographic (Echo) and contrast vetriculographic 
(CVG) left ventricular ejection fraction. The dotted lines 
indicate 95% confidence intervals for the difference 
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between the methods ranged between 0 and 

about 34 points. 

Recent guidelines recommend the quantitative 

estimation of echocardiograms instead of 

“eyeball” methods which is more useful owing 

to such factors as speed, economy, and 

feasibility. A systematic review of 43 published 

studies showed that on average, 

echocardiographic methods (Simpson rule and 

subjective visual assessment) do not 

systematically under- or overestimate the EF to 

any major extent.
 11

 Because the EF parameter 

is an important guide for patient management, 

the guidelines almost have special 

recommendations with respect to the EF level. 

Whereas the variability in diagnostic 

procedures is of less importance in normal 

ranges of the EF, treatment decision is 

important in lower ranges of the value. A recent 

study on patients with acute myocardial 

infarction concluded that the variation between 

the EF measurements by echocardiography and 

ventriculography was not caused by the level of 

the EF. 
5
 Nonetheless, echocardiography in that 

study yielded slightly higher values for the EF 

at low EF levels and slightly lower values at 

high EF levels and these small differences were 

not statistically significant. In our study, the 

impact of the level of EF was more prominent 

than that of the other factors. We observed that 

in the patients with low EFs, the mean 

difference between the 2 modalities was 

significant compared to those with a high EF 

level. In the EFs greater than 50%, 

echocardiography estimated the value lower 

than CVG, while in the EFs equal to or less 

than 50% the echocardiographic estimation was 

higher than that of CVG. After adjustment for 

the other factors, this effect was significant. A 

possible explanation for this finding may be 

due to dye effect on the LV contractility, which 

is obvious in low EFs. 
19

 

The present study also found that in addition to 

the level of the EF, some other patient-related 

factors such as the presence of Q wave, atrial 

fibrillation, LBBB, LV dilation, moderate or 

severe mitral regurgitation, diastolic 

dysfunction, and increased IVSd were 

correlated with the amount of difference 

between the 2 measurements. The mechanisms 

of these observations, however, need to be 

clarified in future studies.  

According to a previous study, the presence of 

atrial fibrillation may render the assessment of 

the LV ventricular systolic function by any 

method less accurate. 
11 

McGowan et al 
11

 in 

their review on studies including a small 

number of subjects with atrial fibrillation 

concluded that for the EF determination, the 

presence of atrial fibrillation might have 

contributed to a poor agreement between the 

visual assessment by echocardiography and the 

measurement by CVG. Similarly, the present 

study found that the presence of atrial 

fibrillation significantly correlated with the 

difference between these methods. 

Via the same method, Joffe et al 
5 

reported that 

the contemporariness and the small time gap 

between the diagnostic modalities showed that 

the variation in the EF estimation was not 

related to a time interval between the tests. Our 

study, with a larger study population, confirms 

this conclusion. 

 
CONCLUSIONS 

  
The present data set showed that the EF 

measurements obtained by echocardiography 

and CVG varied on an individual basis and this 

variation was influenced by patient-associated 

characteristics. The level of the EF was the 

most important factor affecting the 

measurement by the 2 methods. 
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