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Abstract 

Background 

The purpose of this study was to evaluate intra- and inter-observer variability of right ventricular (RV) 

functional parameters as evaluated by cardiac MR in patients with acquired heart disease (AHD), and 

to identify factors associated with an increased variability.  

Methods 

Sixty consecutive patients were enrolled. Right and left ventricular (LV) volumes, ejection fraction and 

mass were determined from short axis cine sequences. All analyzes were performed twice by 3 

observers with various training-degree in cardiac MR. Intra- and inter-observer variability was 

evaluated. The impact on variability of each of the following parameters was assessed: observer’s 

experience, basal and apical slices selection, end-systolic phase selection and delineation. 

Results 

Mean segmentation time ranged 9.8-19.0 min for RV and 6.4-9.2 min for LV. Variability of RV 

functional parameters measurement was strongly influenced by previous observer’s experience: it was 

2-3 times superior to that of LV, even for the most experienced observer. High variability in the 

measurement of RV mass was observed. For both ventricles, selection of the basal slice and 

delineation were major determinants of variability.  

Conclusions 

As compared to LV, RV function assessment with cardiac MR in AHD patients is much more variable 

and time-consuming. Observer’s experience, selection of basal slice, and delineation are determinant. 
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Background 

The assessment of right ventricular (RV) function is essential in cardiac diseases and its prognostic 

value was reported in both ischemic and non-ischemic cardiomyopathies [1-4]. Contrary to the left 

ventricle (LV), RV is often considered uneasy to evaluate with current imaging techniques, mainly 

because of its complex motion and geometry [5]. Cardiac MR is the reference method of RV functional 

evaluation, for both clinical and research purposes [6, 7]. Previous studies stated that variability of RV 

function as estimated by cardiac MR was comparable to that of the LV [8, 9]. However, some of these 

results were obtained with long processing times (up to 45 min) incompatible with routine practice [9]. 

Moreover, most published studies have evaluated the RV function variability either in healthy 

volunteers [10-13] or in patients with congenital heart disease (CHD) [9, 14, 15]. On contrary, few 

studies have evaluated variability in patients with acquired heart disease (AHD). Most of them 

comprised limited sample size and were limited to a specific disorder [8, 16-20]. Consequently, the 

extension of those published results to clinical practice is questionable. Furthermore, to our 

knowledge, previous reports did not evaluate the factors associated with an increased variability, 

particularly the effect of cardiac MR experience and processing steps [8-20]. 

 

The aim of this study was to evaluate intra- and inter-observer variability of RV functional parameters 

as evaluated by cardiac MR in patients with AHD, and to identify factors associated with an increased 

variability.  

 

Methods 

This study is the second part of a previously published study that evaluated the diagnostic accuracy of 

3 semi-quantitative methods for assessing right ventricular systolic function in patients with acquired 

heart disease [21]. Study design is presented in Fig. 1.  

 

Patients 

The institutional review board approved the study and all patients gave written informed consent. From 

June 2008 to August 2008, all patients referred to our centre with a clinical indication of cardiac MR 

were invited to participate in the study. Exclusion criteria were as follows: age <18 years; 

contraindication to MR; arrhythmias during MR examination; CHD; and patients referred for an 
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examination that did not include ventricular function analysis (i.e. MR angiography of pulmonary veins 

or thoracic aorta). The target sample size (60 patients) was defined from the results of a literature 

study [8, 9]. Sixty consecutive patients were included. Mean patients’ age was 53.5 ± 17.5 years and 

42 (70%) were males. Clinical indications were represented by a panel of the currently most frequent 

cardiac MRI indications in patients with AHD: myocarditis (n=10); ischaemic cardiomyopathy (n=9); 

suspicion of arrhythmogenic right ventricular dysplasia (n=8); dilated cardiomyopathy (n=6); 

hypertrophic cardiomyopathy (n=6); aortic stenosis (n=6); other (n=15) [21]. 

 

Cardiac MR protocol 

Cardiac MR examinations were performed at 1.5T (Symphony Tim®, Siemens Medical Systems, 

Erlangen, Germany). A dedicated eight-element phased-array cardiac coil was used. Retrospectively 

synchronised balanced steady-state free precession sequences were performed for cine analysis, with 

repeated breath-holds of 10-15 s. All conventional planes (2-, 3- and 4-chamber views) were acquired 

and a total of 8-12 contiguous cine short axis slices were performed from the base to the apex of the 

ventricles. Sequence parameters were as follows: TR = 50 ms; TE = 1.7 ms; flip angle = 55°; slice 

thickness = 7 mm; matrix size = 256 x 216; Field of view = 360-420 mm; 20 images per cardiac cycle. 

Other sequences (i.e. T2-weighted sequences, first-pass perfusion, phase contrast or late gadolinium 

enhancement) were performed according to clinical indication, but not considered in the present study. 

 

Cardiac MR analysis 

Observers 

In order to evaluate the effect of experience on the assessment of RV and LV function (including 

volumes, mass and ejection fraction), 3 observers with various training-degree in cardiac MR were 

chosen to participate in the image analysis: observer 1 (Obs1) was an expert with 3 years full time 

practice, observer 2 (Obs2) had 1 year of training, and observer 3 (Obs3) was a radiology resident 

with no cardiac MR experience. Before the study, Obs3 received a 3-h basic cardiac MR course 

including anatomy and the principles of cardiac segmentation. He had to process 5 examinations 

selected in our database under supervision. Analyses were randomly performed with at least 1-month 

interval and each measurement was performed blinded to the medical history. All analyses were 

retrospectively performed after completing the inclusion of the 60 patients. Each observer recorded 
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the time necessary to complete respectively LV and RV analyses (from the first click of segmentation 

process until final result was displayed). In order to evaluate RV and LV variability in a clinical 

perspective, i.e. in a reasonable amount of time, observers performed analyses as in daily practice. 

 

RV and LV function assessment 

All measurements were performed using commercially available software (Argus, Siemens Medical 

Solutions).  

End-diastole and ES definitions 

End diastole and ES were considered identical for RV and LV. End diastole was defined as the first 

temporal image of each stack (first cine phase of the R-wave triggered acquisition) whereas ES was 

defined on a mid short axis slice as the image with the smallest ventricular cavity area. 

 

Definition of basal slices 

The basal slice of the RV at ED and ES was inferred from the position of the tricuspid annulus as 

defined on the 4-chamber view at ED/ES (Fig. 2).  

The basal slice of the LV at ED and ES was defined by the visibility of at least two-thirds of the 

circumference of the myocardium around the LV cavity. 

 

Definition of apical slices 

 Apical slice was defined, for both RV and LV, as the last slice with a detectable ventricular cavity. 

 

Endocardial and epicardial delineation 

Trabeculae and papillary muscles were included in the ventricular cavity of both ventricles. Observers 

manually delineated endocardial and epicardial borders of the RV on short axis slices at ED and ES. 

Semi-automatic segmentation of the LV was performed, followed if required by manual editing. The 

interventricular septum was included in the LV mass. 

 

Image processing 

Each observer had to record the numbers of the slices defined as basal and apical at ED and ES for 

both ventricles. The selected ES phase was also recorded. Thus, we could retrospectively determine 
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intra and inter-observer agreement regarding each of those selections and their relative influence on 

variability. 

 

Statistical analysis 

Continuous variables are expressed as mean ± SD and qualitative variables as number and 

percentage. Bland Altman method, coefficient of variation (CV) and intraclass correlation coefficient 

(ICC) were used to evaluate intra- and inter-observer reproducibility. As the second measurements of 

each observer were performed to evaluate intra-observer reproducibility, we used only the first 

measurements to evaluate inter-observer agreement. This choice reflects the clinical practice since 

only one measurement is usually performed. Chi-square test was performed to compare the 

frequencies of categorical variables. All Statistical analyses were performed using MedCalc for 

Windows, version 11.3.2.0 (MedCalc Software, Mariakerke, Belgium). 

 

Results 

Processing time 

Processing times of each observer for RV and LV are reported in Table 1. The mean segmentation 

time ranged 9.8-19.0 min and 6.4-9.2 min respectively for RV and LV. Processing time was 

significantly shorter for LV as compared to RV for all observers, and for their two measurements 

(p<0.001). A significant decrease of processing time was noted between first vs. second 

measurement, for both ventricles and for all observers. 

 

Intra- and inter-observer variability 

Intra- and inter-observer variability results are reported in Tables 2 and 3. Intra-observer variability 

was related to the observer’s experience, for both ventricles and mostly for the RV (Fig. 3). For RV 

analysis, Obs 1 had the lowest CV and highest ICC for most parameters, followed by Obs2 and Obs3. 

Also, less variability was observed for LV processing as compared to RV for all parameters (Table 2). 

Right ventricular mass measurement was the least reproducible parameter for all observers (CV 

ranged 15.8%-21.3%). On contrary, LV mass measurement was highly reproducible, even for Obs3.  
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Inter-observer variability of RV functional parameters was also influenced by observer’s experience, 

as demonstrated by CV and ICC including or excluding Obs3 (Table 3). The effect of experience on 

inter-observer variability was less pronounced for LV parameters. 

 

Variability of ejection fraction related to each processing steps 

Tables 4 and 5 report the effect of each processing steps on intra- and inter-observer variability of RV 

and LVEF, in function of the different selections made by the observer. 

 

Effect of basal slice selection 

The selected basal slice strongly impacted the intra- and inter-observer variability of RVEF 

measurement. Indeed, when observers have chosen identical ED and ES basal slices, the 

reproducibility was excellent (Tables 4 and 5, Fig. 4). Besides, intra-observer agreement in the 

selection of identical basal slices for the 2 measurements improved with experience: 44/60 (73%) of 

cases for Obs1, 34/60 (57%) for Obs2 and 38/60 (63%) for Obs3 (p=0,15). Identical results were 

found for the LVEF. 

 

Effect of apical slice and ES phase selection 

On the other hand, the selection of the apical slice and ES phase hardly influenced the variability 

(Tables 4 and 5, Fig. 4). Indeed, discordant choices between the 2 measurements did not significantly 

impair CV or ICC, for both ventricles, except for Obs3. Again, previous experience was determinant in 

selecting identical apical slice and ES phase for the 2 measurements (Table 4). 

 

Effect of observer’s delineation 

Finally, the effect of observer’s delineation was inferred from cases in which a perfect intra-observer 

agreement was obtained in all processing steps, i.e. identical basal and apical slices in both ED/ES, 

and identical ES phase. This perfect agreement was related to experience: 25/60 (42%) of cases for 

Obs 1, 15/60 (25%) for Obs 2 and 5/60 (8%) for Obs 3 (p=0,0001). In these cases, variability was only 

related to delineation, and remained higher for RV than for LV for all observers (Table 4, Fig. 4). 

Overall, a perfect inter-observer agreement was poorly achieved in these processing steps, as shown 

in Table 5. 
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Discussion 

Intra- and inter-observer variability 

Effect of observer’s experience 

We found that previous experience was a major determinant of intra- and inter-observer variability. 

Most of previously reported studies evaluated RV and LV function variability without mentioning the 

observers’ level of experience [14, 15, 19], or they had involved observers of identical experience: 

inexperienced [9] or experienced [11, 13, 17, 20]. Nevertheless, in a clinical practice perspective, the 

evaluation of the effect of experience on variability is essential to determine which level of experience 

provides an accurate diagnosis [12, 16]. 

 

Effect of selection of basal slice  

The key role of basal slice on variability was mentioned in most cardiac MR studies of ventricular 

function, though it was never demonstrated. In a limited sample of 10 healthy volunteers, Karamitsos 

et al. showed the importance of basal slice in the reproducibility of LV functional parameters [12]. To 

our knowledge, no other study quantified the impact of the basal slice selection on the RV function 

assessment. In the present study, basal slice selection was more prone to variability for RV than for 

LV. Indeed, the set of ED short axis slices most often starts at the left atrio-ventricular junction, using 

the mitral annulus plane as anatomical landmark, as recommended by the Society for Cardiovascular 

Magnetic Resonance Guidelines [26]. Furthermore, when the basal slice is not perfectly positioned 

along the mitral annulus plane, the well visible thick LV myocardium allows proper choice of the basal 

slice in most cases. The problem is more complex for the RV. Firstly the basal positioning of the short 

axis slices set is not intended to start from the right atrio-ventricular junction at ED, unless the 

acquisition would be repeated for the RV, lengthening the examination time and increasing the 

inconvenience for the patient. Secondly, the thinness of the RV myocardium does not help define the 

atrio-ventricular junction on short axis views. In the present study, we have been selecting the RV 

basal slice from the 4-chamber view. This method provided a good concordance between the 2 

measurements (n = 44/60, 73%, identical to LV) for Obs1, but was less reproducible for less 

experienced observers. Other methods were proposed to overcome difficulties related to basal slice 

selection. Strugnell et al. evaluated a modified short axis series, oriented along the outflow tract of the 

RV [27], whereas Alfakih et al. proposed to evaluate RV volumes from axial sequences [28]. In both 
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models the visualization of tricuspid annulus plane was easier, resulting in a reduced variability. 

However, partial volume effect is a limitation of both methods, respectively at the level of the RV 

outflow tract, and at the inferior RV wall. Moreover, these methods require additional acquisitions. 

Also, the previously published normal values were determined from short axis acquisitions [10, 11, 13, 

20]. More recently, it was demonstrated that the combination of the longitudinal cardiac motion (by 

identifying mitral valve plane and LV apex) with conventional short axis analysis could result in a 

lesser variability of LV parameters measurements [30], but these results have not been confirmed [31]. 

Similarly, Maceira et al. determined reference RV systolic and diastolic function in a large sample of 

healthy subjects using a RV systolic shortening correction [11]. Whether this method could reduce 

variability of RV measurements needs further investigation.  

  

Effect of selection of apical slice 

Apical slice choice was not found to be a major determinant of variability of both RV and LV function. 

These results are not surprising since small volumes are involved at the apex of ventricles. 

 

Effect of selection of ES phase 

Temporal resolution is key factor in cardiac imaging. In the present study, we acquired 20 images per 

RR interval and found that the effect of the selection of ES phase was negligible in most cases, to the 

exception of the intra-observer variability of the less experienced observer. This finding is certainly 

related to the fact that less experienced observers have also the most important variability in 

delineation, thus enhancing the differences of each discordant choice. 

 

Effect of observer delineation 

The effect of observer’s delineation was deduced from intra and inter-observer comparisons for which 

basal and apical slices in both ED and ES, and same ES phase were selected for the 2 

measurements. These concordances were related to experience. Interestingly, the number of cases in 

which two observers perfectly matched for the RV was very low. These discordances are particularly 

marked for EF measurements, which represent the end product of all possible choices. Variability 

related to observers’ delineation was always greater for the RV as compared to the LV. These results 

highlight the difficulty to perform a correct RV segmentation, due to the RV complex geometry, 
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trabeculations and wall thinness [5]. Improvements of image quality and segmentation software could 

solve this problem in the future [23, 24, 31]. 

 

Processing time 

Effect of processing time on variability 

In most of previously published studies [8-20], processing times were not reported. Yet, a reasonable 

time is essential to translate research results into clinical practice. For example, the mean 

segmentation time of the LV in the present study was in agreement with the results reported by 

Sardanelli et al. (close to 6 min) [16]. It was much shorter than in the study by Grothues et al. (close to 

25 min) [22]. Similarly, the time necessary to segment the RV in our study was much shorter than in 

the article by Mooij et al. (close to 45 min) [9]. In our study, we performed all measurements as 

routinely in our clinical practice. This could explain our relatively short processing times and variability 

results. 

 

Differences between the processing times of LV and RV 

Segmentation time of the RV lasted twice as much as that of LV. This reflects the recognized efficacy 

of semi-automatic LV segmentation. On the other hand, a manual segmentation of the RV remains 

necessary due to its complex geometry. In this study, it still took about 20-25 min to analyze both 

ventricles function, an amount of time divided into one-third for LV and two-thirds for RV. These long 

processing times explain at least partially the under-assessment of RV function in clinical practice. 

This highlights the need for automatic segmentation software improvement (23, 24) and semi-

quantitative methods (tricuspid annulus plane systolic excursion, right ventricular fractional area 

change)  [21, 25]. 

 

Clinical and research relevance 

Clinical relevance 

RVEF and volumes measurements have important diagnostic, prognostic, and therapeutic implications 

in patients with AHD who need cardiac function follow-up [1-4]. The coefficient of repeatability 

assesses the minimal significant change between 2 measurements that cannot be attributed to 

observers’ variability. Coefficient of repeatability can be deduced from Bland-Altman plots or 
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calculated as 2 x SD, SD being the standard deviation of the difference between the 2 measurements. 

For example, from the results of the present study, a significant RVEF change during patient’s follow-

up would be >8.2% for Obs1, >13.0% for Obs2 and >21% for Obs3. In case of perfect consensus on 

the basal short axis slice definition, this change would be >6.6% for Obs1, >7.2% for Obs 2, and 

>13.4% for Obs3. 

Also, this study demonstrated that RV mass measurement was highly variable, even for an 

experienced observer. The results of the present study raise question about the accuracy of the 

measurement and longitudinal follow-up of the RV mass. Thus, in clinical practice, the delineation of 

the RV could be limited to the endocardial border to assess RV volumes and EF. A precise estimate of 

volumes and the EF could be obtained in a limited amount of time and would be clinically relevant in 

most diseases [1-4, 32-35]. 

 

Research relevance 

Cardiac MRI is being used in evaluating treatments or the prognosis of diseases based on RV function 

changes [33-35]. The number of subjects required to demonstrate a significant difference is given by 

the following equation: n = f(α, P) x σ
2
 x 2/δ

2
 , where n is the sample size; α the significance level; P 

the study power required; f is a factor deduced from α and P values, e.g. f(α, P) = 10.5  for α = 0.05 

and P = 0.90; σ is the inter-measurement standard deviation; and δ the minimal difference to be 

highlighted [22]. With usual significance level and power (α = 0.05 and P = 0.90), the sample size is 

strongly dependant on the inter-measurement variance (σ
2
). For example, with the results of the 

present study, the sample size of a study taking 3% change of RVEF as an end-point would be 

extremely modified according to: 1/ observer’s experience: n = 40 for Obs1, n = 99 for Obs 2 and n = 

258 for Obs3; and 2/ perfect inter-measurement agreement for basal short axis slice selection: n = 20 

for Obs1, n = 34 for Obs3 and n = 48 for Obs3.  

 

Regarding these findings, we can state that for both clinical and research purposes, 3 conditions seem 

essential to provide accurate measurement of RV function from cardiac MR: 1/ significant previous 

training, and serial examinations preferably performed by the same observer; 2/ consensus about the 

basal slice selection; 3/ delineation limited to the endocardial border of the myocardium. 
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Limitations 

Our study has some limitations. First, this study was monocentric and involved a limited number of 

patients representative of local recruitment. However, we enrolled 60 patients, which is a common 

sample size in most studies in this field [8, 9]. Second, all factors influencing variability were not 

assessed in this study: interstudy variability (related to the repetition of cardiac MRI exam) and inter-

instrumentation variability (related to the use of 2 different cardiac MRI equipments) were not 

evaluated. Interstudy variability of RV/LV function was previously evaluated [8, 22] but only one 

experienced observer repeated the measurements twice, thus investigating the only intra-observer 

variability. To date, as far as we know, no study explored inter-instrumentation variability but in most 

cardiac MRI units, examinations are performed on a dedicated MR scan. Third, we compared 

measurements of observers with various level of experience. This certainly contributed to increase 

inter-observer variability. A study including 6 observers spread in 3 pairs with identical level of 

experience would have been more accurate to evaluate the effect of experience on inter-observer 

variability.  

 

Conclusions 

Assessing the RV function from cardiac MRI in patients with AHD is much more variable and time-

consuming than evaluating the left ventricle. Particularly, the measurement of the mass of the RV is 

highly variable even for a trained observer. Previous experience, basal short axis slice, and 

delineation are the major determinants of variability. Thus, for an accurate RV functional evaluation, a 

significant training and a precise definition of the basal short axis slice selection is required. Moreover, 

delineating the endocardium of the right ventricle seems sufficient in clinical practice and allows time 

savings. 
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Figure Legends 

 

Figure 1. Study design. 

AHD = acquired heart disease; ES = end-systole; ED = end-diastole; LV = left ventricle; RV = right 

ventricle. 

 

Figure 2. Basal short axis slice selection for the right ventricle. 

 A four-chamber view was used to locate the tricuspid annulus plane. 

 

Figure 3. Bland Altman plots: intra-observer variability of RV functional parameters in relation 

to previous observer’s experience. 

x axis = average of the 2 measurements of the observer; y axis = differences between the 2 

measurements of the observer; RV = right ventricle; EF = ejection fraction; EDV = end diastolic 

volume; ESV = end systolic volume. 

 

Figure 4. Bland Altman plots: effect of processing steps on intra-observer variability for RV 

functional parameters. 

 x axis = average of the 2 measurements of the observer; y axis = differences between the 2 

measurements of the observer. 
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Table 2. Intra-observer variability of right and left ventricular parameters. 

 

 Observer 1 Observer 2 Observer 3 

 RV LV RV LV RV LV 

EF (%) 

Mean 

Mean difference 

CV 

ICC 

EDV index (mL/m
2
) 

Mean  

Mean difference  

CV 

ICC 

ESV index (mL/m
2
) 

Mean 

Mean difference  

CV 

ICC 

Stroke V index (mL/m
2
) 

Mean 

Mean difference  

CV 

ICC 

Mass index (g/m
2
) 

Mean 

Mean difference  

CV 

ICC 

 

53.2 ± 11.4 

- 1.3 ± 4.1 

7.8 

0.931 

 

74.7 ± 19.2 

4.1 ± 7.0 

9.3 

0.917 

 

35.9 ± 16.5 

2.7 ± 4.3 

12.0 

0.955 

 

38.8 ± 10.5 

1.4 ± 5.0 

12.8 

0.890 

 

27.2 ± 5.8 

2.5 ± 3.1 

11.3 

0.785 

 

55.3 ± 15.2 

- 0.7 ± 3.0 

5.4 

0.980 

 

95.0 ± 33.3 

1.2 ± 3.4 

3.6 

0.994 

 

46.2 ± 31.8 

1.3 ± 3.5 

7.6 

0.993 

 

48.7 ± 12.4 

- 0.1 ± 4.0 

8.3 

0.949 

 

75.9 ± 19.3 

1.7 ± 3.2 

4.2 

0.983 

 

55.5 ± 11.5 

- 0.7 ± 6.5 

11.7 

0.854 

 

74.9 ± 19.8 

- 2.4 ± 9.5 

12.7 

0.886  

 

34.2 ± 16.2 

- 0.6 ± 4.9 

14.4 

0.955 

 

40.9 ± 11.6 

-1.5 ± 8.1 

19.9 

0.777 

 

23.4 ± 5.4 

1.6 ± 4.5 

19.2 

0.672 

 

52.9 ± 15.7 

0.5 ± 4.9 

9.4 

0.952 

 

95.2 ± 32.3 

1.3 ± 5.9 

6.2 

0.983 

 

48.7 ± 32.5 

0.4 ± 4.4 

9.1 

0.991 

 

46.6 ± 12.1 

0.8 ± 7.5 

16.2 

0.824 

 

69.1 ± 17.2 

- 0.1 ± 6.4 

9.2 

0.935 

 

52.0 ± 10.6 

1.4 ± 10.5 

20.2 

0.605 

 

75.3 ± 21.8 

0.7 ± 9.9 

13.1 

0.904 

 

36.9 ± 17.0 

- 0.7 ± 6.1 

16.7 

0.937 

 

38.6 ± 10.9 

1.2 ± 11.5 

29.7 

0.567 

 

30.0 ± 7.2 

-0.2 ± 5.1 

17.1 

0.779 

 

54.8 ± 15.9 

- 0.5 ± 5.9 

10.7 

0.935 

 

93.2 ± 32.4 

1.3 ± 6.3 

6.8 

0.981 

 

45.5 ± 31.2 

0.7 ± 4.5 

10.0 

0.989 

 

47.5 ± 13.1 

0.4 ± 6.9 

14.4 

0.874 

 

74.2 ± 18.4 

- 0.1 ± 5.0 

6.7 

0.965 

 

Note. RV = right ventricle; LV = left ventricle; EF = ejection fraction; EDV = end diastolic volume;  

ESV = end systolic volume; Stroke V = Stroke Volume; CV = coefficient of variation, expressed as a 

percentage; ICC = intraclass correlation coefficient. 
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Table 3. Inter-observer variability of right and left ventricular parameters. 

 

 Obs1 vs. Obs2 Obs1 vs. Obs3 Obs2 vs. Obs3 

 RV LV RV LV RV LV 

EF (%) 

Mean 

Mean difference 

CV 

ICC 

EDV index (mL/m
2
) 

Mean  

Mean difference  

CV 

ICC 

ESV index (mL/m
2
) 

Mean 

Mean difference  

CV 

ICC 

Stroke V Index (mL/m
2
) 

Mean 

Mean difference  

CV 

ICC 

Mass index (g/m
2
) 

Mean 

Mean difference  

CV 

ICC 

 

53.9 ± 11.3 

2.7 ± 7.2 

13.3 

0.800 

 

75.2 ± 19.6 

-3.1 ± 8.9 

11.9 

0.892 

 

35.6 ± 16.1 

-3.4 ± 5.9 

12.4 

0.917 

 

39.8 ± 11.4 

0.6 ± 7.3 

18.4 

0.814 

 

26.3 ± 6.0 

- 4.3 ± 5.0 

18.9 

0.540 

 

54.0 ± 15.3 

- 1.8 ± 4.5 

8.2 

0.953 

 

95.7 ± 33.0 

0.2 ± 5.4 

5.7 

0.987 

 

47.9 ± 32.5 

1.9 ± 3.7 

7.7 

0.992 

 

47.8 ± 11.7 

-1.7 ± 6.1 

12.7 

0.867 

 

72.9 ± 18.0 

- 7.8 ± 7.2 

9.9 

0.848 

 

52.6 ± 10.8 

-0.2 ± 9.3 

17.8 

0.689 

 

76.2 ± 20.5 

1.2 ± 9.9 

13.0 

0.890 

 

36.9 ± 16.4 

0.8 ± 6.7 

18.1 

0.921 

 

39.3 ± 10.8 

0.3 ± 10.2 

26.0 

0.636 

 

29.3 ± 6.7 

-1.2 ± 6.2 

21.2 

0.638 

 

54.7 ± 15.2 

0.4 ± 5.9 

10.8 

0.929 

 

94.7 ± 32.9 

1.8 ± 6.5 

6.9 

0.979 

 

46.4 ± 31.5 

1.0 ± 5.7 

12.3 

0.983 

 

48.2 ± 12.3 

1.0 ± 7.0 

14.5 

0.849 

 

75.4 ± 18.9 

2.6 ± 6.7 

8.8 

0.932 

 

54.0 ± 10.8 

2.5 ± 9.9 

18.4 

0.639 

 

74.6 ± 21.1 

-1.9 ± 10.8 

14.5 

0.875 

 

35.2 ± 16.4 

-2.6 ± 7.4 

20.9 

0.894 

 

39.7 ± 11.4 

1.0 ± 10.4 

26.2 

0.658 

 

29.2 ± 6.5 

- 1.5 ± 5.1 

17.5 

0.713 

 

53.8 ± 15.5 

-1.4 ± 5.8 

10.7 

0.931 

 

94.8 ± 32.4 

2.0 ± 6.6 

7.0 

0.978 

 

47.4 ± 31.8 

3.0 ± 6.1 

12.8 

0.978 

 

47.4 ± 12.0 

- 0.7 ± 7.2  

15.1 

0.838 

 

71.6 ± 17.4 

- 5.1 ± 7.3 

10.2 

0.881 

 

Note. Obs1 = observer 1; Obs2 = observer 2; Obs3 = observer 3; RV = right ventricle; LV = left 

ventricle; EF = ejection fraction; EDV = end diastolic volume; ESV = end systolic volume; Stroke V = 

Stroke Volume; CV = coefficient of variation, expressed as a percentage; ICC = intraclass correlation 

coefficient. 
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Table 4. Intra-observer variability of right and left ventricular ejection fraction related to the selection of 

the same basal/apical slice and end systolic phase during the 2 measurements. 

 

 

Note. RV = right ventricle; LV = left ventricle; EF = ejection fraction; CV = coefficient of variation, 

expressed as a percentage; ICC = intraclass correlation coefficient; ES = end systole. 

 Observer 1 Observer 2 Observer 3 

 RV LV RV LV RV LV 

All measurements 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same basal slice selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same apical slice selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same systolic phase selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same basal/apical slices and ES 

phase selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

 

60 (100) 

53.2 ± 11.4 

- 1.3 ± 4.1 

7.8 

0.931 

 

44 (73) 

52.5 ± 12.3 

-0.8 ± 3.3 

6.4 

0.962 

 

44 (73) 

54.6 ± 10.7 

-1.3 ± 4.2 

7.6 

0.922 

 

48 (80) 

54.5 ± 10.4 

-1.4 ± 4.1 

7.5 

0.919 

 

 

25 (42) 

54.9 ± 11.6 

- 0.7 ± 2.9 

5.4 

0.968 

 

60 (100) 

55.3 ± 15.2 

- 0.7 ± 3.0 

5.4 

0.980 

 

44 (73) 

56.0 ± 15.4 

- 0.2 ± 2.1 

3.7 

0.991  

 

48 (80) 

55.3 ± 15.1 

- 0.5 ± 2.7 

4.9 

0.984  

 

48 (80) 

55.7 ± 15.7 

- 0.6 ± 3.2 

5.7 

0.979  

 

 

27 (45) 

58.3 ± 14.6 

0.1 ± 1.8 

3.1 

0.993  

 

60 (100) 

55.5 ± 11.5 

- 0.7 ± 6.5 

11.7 

0.854 

 

34 (57) 

55.1 ± 13.7 

0.3 ± 3.6 

6.6 

0.966 

 

41 (68) 

54.6 ± 11.2 

0.3 ± 5.6 

10.3 

0.884 

 

36 (60) 

58.4 ± 9.6 

-0.2 ± 6.1 

10.4 

0.823 

 

 

15 (25) 

57.2 ± 11.5 

0.1 ± 3.8 

6.6 

0.951 

 

60 (100) 

52.9 ± 15.7 

0.5 ± 4.9 

9.4 

0.952  

 

37 (62) 

55.9 ± 15.3 

0.6 ± 3.3 

6.0 

0.976  

 

44 (73) 

50.2 ± 17.0 

0.2 ± 4.8 

9.6 

0.962  

 

36 (60) 

55.2 ± 13.2 

0.3 ± 5.5 

9.9 

0.920  

 

 

16 (27) 

55.2 ± 12.3 

0.6 ± 3.4 

6.1 

0.964  

 

60 (100) 

52.0 ± 10.6 

1.4 ± 10.5 

20.2 

0.605 

 

38 (63) 

50.9 

0.7 ± 6.7 

13.1 

0.807 

 

28 (47) 

52.1 ± 10.5 

1.2 ± 8.5 

16.3 

0.720 

 

21 (35) 

53.7 ± 9.0 

1.6 ± 7.8 

14.5 

0.686 

 

 

5 (8) 

53.8 ± 3.5 

-2.9 ± 4.5 

8.5 

0.355 

 

60 (100) 

54.8 ± 15.9 

- 0.5 ± 5.9 

10.7 

0.935  

 

39 (65) 

55.7 ± 16.0 

0.9 ± 4.1 

7.3 

0.967  

 

40 (67) 

54.2 ± 17.0 

-0.5 ± 5.9 

10.8 

0.943  

 

21 (35) 

55.9 ± 17.4 

1.0 ± 3.9 

7.1 

0.974  

 

 

9 (15) 

50.7 ± 18.9 

2.4 ± 3.1 

6.1 

0.980  
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Table 5. Inter-observer variability of right and left ventricular ejection fraction related to the selection of 

the same basal/apical slice and end systolic phase during the 2 measurements. 

 

 

Note. RV = right ventricle; LV = left ventricle; EF = ejection fraction; CV = coefficient of variation, 

expressed as a percentage; ICC = intraclass correlation coefficient; ES = end systole. 

 Obs1 vs. Obs2 Obs1 vs. Obs3 Obs2 vs. Obs3 

 RV LV RV LV RV LV 

All measurements 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same basal slice selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same apical slice selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same systolic phase selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

Same basal/apical slices and 

ES phase selected 

N (%) 

Mean (%) 

Mean difference (%) 

CV (%) 

ICC 

 

60 (100) 

53.9 ± 11.3 

2.7 ± 7.2 

13.3 

0.800 

 

24 (40) 

51.4 ± 14.3 

3.8 ± 3.6 

7.1 

0.937 

 

21 (35) 

55.8 ± 9.9 

1.5 ± 8.4 

15.1 

0.700 

 

34 (57) 

52.7 ± 13.1 

3.0 ± 6.4 

12.2 

0.868 

 

 

4 (7) 

54.3 ± 16.0 

2.4 ± 3.0 

5.5 

0.976 

 

60 (100) 

54.0 ± 15.3 

- 1.8 ± 4.5 

8.2 

0.953 

  

38 (63) 

53.7 ± 16.9 

-1.6 ± 3.4 

6.3 

0.977 

 

36 (60)  

50.1 ± 17.1 

- 2.2 ± 4.4 

8.8 

0.960 

 

34 (57) 

55.7 ± 15.4 

-1.4 ± 4.9 

8.8 

0.948 

 

 

16 (27) 

49.4 ± 19.1 

- 1.2 ± 3.9 

7.8 

0.979 

 

60 (100) 

52.6 ± 10.8 

-0.2 ± 9.3 

17.8 

0.689 

 

26 (43) 

52.5 ± 12.3 

- 2.5 ± 4.7 

9.0 

0.914 

 

24 (40) 

51.2 ± 11.5 

- 0.2 ± 8.9 

17.3 

0.748 

 

25 (42) 

51.1 ± 10.8 

2.1 ± 8.7 

17.0 

0.720 

 

 

3 (5) 

39.9 ± 13.9 

- 0.1 ± 6.5 

16.4 

0.927 

 

60 (100) 

54.7 ± 15.2 

0.4 ± 5.9 

10.8 

0.929  

 

26 (43) 

56.1 ± 14.9 

- 0.4 ± 3.3 

5.8 

0.977 

 

41 (68) 

53.1 ± 16.3 

- 0.6 ± 5.8 

10.8 

0.940 

 

25 (42) 

55.3 ± 17.2 

1.3 ± 4.8 

8.8 

0.960 

 

 

7 (12) 

61.1 ± 14.8 

1.2 ± 3.4 

5.6 

0.974 

 

60 (100)  

54.0 ± 10.8 

2.5 ± 9.9 

18.4 

0.639 

 

14 (23) 

51.1 ± 11.6 

3.8 ± 4.3 

8.4 

0.891 

 

15 (25) 

56.2 ± 8.8 

2.9 ± 12.5 

22.3 

0.334 

 

22 (37) 

52.4 ± 12.4 

4.9 ± 9.8 

18.7 

0.691 

 

 

0 (0) 

- 

- 

- 

- 

 

60 (100)  

53.8 ± 15.5 

-1.4 ± 5.8 

10.7 

0.931 

 

38 (63) 

54.9 ± 14.4 

-1.0 ± 4.0 

7.3 

0.960 

 

29 (48) 

48.0 ± 16.1 

- 0.8 ± 5.3 

11.0 

0.948 

 

22 (37) 

54.9 ± 16.1 

- 3.3 ± 5.3 

9.6 

0.930 

 

 

4 (7) 

53.2 ± 17.8 

- 3.4 ± 3.7 

7.0 

0.966 
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