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Abstract: Objective: To compare correlation between right ventricular ejection fraction (RVEF) derived from MRI and 
equilibrium radionuclide angiocardiography (ERNA) depicted from the left anterior oblique (LAO) view and anterior 
(ANT) view [designated as ERNA (LAO) and ERNA (ANT), respectively]. Methods: Twenty-one patients with cardiac dis-
orders received ERNA and cardiac MRI examination within 2 weeks were enrolled in this study. The region of interest 
(ROI) in right ventricle was depicted from the LAO and anterior (ANT) views to calculate the ERNA (LAO) and ERNA 
(ANT). Cardiac MRI was performed as served as reference standard to compare correlation between RVEF derived 
from MRI and ERNA (LAO)/ERNA (ANT), respectively. The repeatability was evaluated according to the intraclass 
correlation coefficient (ICC). Results: RVEF obtained through MRI was closely correlated with that obtained through 
ERNA (LAO) view (r=0.883) and ERNA (ANT) view (r=0.891), respectively. Bland-Altam analysis indicated the RVEF 
derived from the ERNA (LAO) view was obviously underestimated in patients with right ventricular enlargement. 
Meanwhile, the RVEF derived from the anterior view was much closer to the RVEF derived from MRI compared with 
that obtained from the LAO view. Conclusions: ERNA is effective for the determination of RVEF. LAO is still preferred 
for the determination of RVEF, but the RVEF may be underestimated in the patients with right ventricular enlarge-
ment. Determination of RVEF based on ANT is solely recommended in the determination of RVEF in patients with 
right ventricular enlargement and serves as a control. 
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Introduction

Although right ventricle plays important roles in 
the health and disease historically, knowledge 
about the role of right ventricle is still lagged 
behind that of the left ventricle. For patients 
with severe heart failure and pulmonary disor-
ders, the right ventricular function is closely 
related to the severity of such conditions [1], 
and has been acknowledged as a predictor for 
the prognosis [2]. 

Right ventricular ejection fraction (RVEF) is an 
important parameter for the evaluation of right 
ventricular function. Currently, coronary angiog-
raphy, with the capacity to display the whole 
anatomical structure and the hemodynamic 
features, has been considered as the golden 
standard for the quantitative analysis of RVEF 
[3]. However, its application is limited due to 

the invasive injuries to the individuals. To date, 
extensive efforts have been made for the devel-
opment of repeatable and non-invasive meth-
ods for the evaluation of parameters associat-
ed with right ventricle function (e.g. RVEF). 
Conventional 2-dimensional echocardiographic 
images were obtained with the application of 
Simpson’s rule to determine the RVEF, however, 
the accuracy of such method was undermined 
by the irregular geometric profiles of the right 
ventricle and its location [4]. Real-time 3-dimen-
sional echocardiography (RT-3DE) allows the 
right ventricle to be viewed in multiple planes, 
but its accuracy is affected by the low temporal 
and spacial resolution. Moreover, its imaging 
quality is lower in adults with fast heart rate and 
the children [5]. Nowadays, MRI has been con-
sidered as the standard method for the non-
invasive evaluation of ventricular function [6]. 
Nevertheless, its application is not satisfactory 
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in patients with implantation of metal devices. 
In addition, the patients need to hold their 
breath for a certain duration, which may induce 
respiratory motion artifact.

First pass radionuclide angiography (FPRNA) 
has proven to correctly assess the ventricular 
function, but its application is undermined due 
to technical difficulties [7, 8]. Nowadays, equi-
librium radionuclide angiocardiography (ERNA) 
is also used for the determination of LVEF, but 
such method leads to no benefits for the long-
term follow up and the clinical application due 
to a large dosage of developer (740~925 MB) 
and long collection duration. On the contrary, 
ERNA planar imaging could be used for the cal-
culation of EF based on the dynamic changes of 
radioactive counting in the ventricular cham-
ber. Such strategy is commonly used in clinical 
practice as it is not affected by the geometric 
profile of the ventricle. Meanwhile, a necessity 
of low dose developer (555~740 MBq) was pro-
posed together with short collection duration 
[9]. Currently, left anterior oblique (LAO) with a 
degree of 30 to 45 is commonly used in the 
image collection and process in the ERNA  
planar scan. Nevertheless, its efficiency is 
impaired as the interference caused by overlap 
of the right atrium and other chambers could 
not be eliminated [10]. 

In this study, the region of interest (ROI) in right 
ventricle was depicted from the LAO and ante-
rior (ANT) view, based on which to calculate the 
RVEF of LAO and anterior view [designated as 
ERNA (LAO) and ERNA (ANT), respectively]. In 
addition, cardiac MRI was performed as served 
as reference standard to compare correlation 
between RVEF derived from MRI and ERNA 
(LAO)/ERNA (ANT), respectively. Moreover, we 
investigate the effects of image collection and 
analysis derived from ANT view on the reduc-
tion of radioactive count overlapping between 
the right ventricle and right atrium, based on 
which to develop a method for the accurate cal-
culation of RVEF.

Materials and methods

Patients

A total of 21 patients (male: 12, female: 9, aver-
aged age 61.6±16.7) with cardiac diseases 
admitted to our department from March 2009 
to December 2013 were included in this retro-

spective analysis. ERNA planar scan and MRI 
scan was performed in all patients within 2 
weeks after admission. Five patients were diag-
nosed with coronary heart disease, 8 cases 
were diagnosed with hypertensive disease, 5 
were with myocardiopathy, 2 were congenital 
heart disease, and 1 was diagnosed with the 
other disorder. The exclusion criteria were 
those with frequent arrhythmias, acute cardiac 
event, hemodynamic instability, fear of con-
fined spaces, as well as contraindications of 
MRI. Written informed consents were obtained 
from each patient. The study protocols were 
approved by the Ethical Committee of 
Changzhou No. 2 Hospital.

ERNA scan

ERNA scan was performed on a SPECT scanner 
(GE Millennium V5 SPECT) equipped with a 
high-resolution low-energy parallel-hole colli-
mator. The acquisition parameters were listed 
as follows: a 20% symmetric window at 140 
keV; a 64×64 matrix; and a Zoom of 3.0. In vivo 
labeling was conducted, in which sodium pyro-
phosphate and stannous chloride for injection 
(containing 1-2 mg stannous chloride dissolved 
in 20 mL normal saline) was injected via intra-
venous injection. Twenty minutes later, 370-
740 MBq dose of 99mTc-MIBI was injected into 
the bloodstream through intravenous injection. 
The patient was requested to be in a supine 
position, followed by connection of the elec-
trodes for the ECG. The images were collected 
from three views, including ANT, LAO and left 
lateral (LL) view, respectively. For the LAO view, 
the images were collected when the left ventri-
cle could be clearly distinguished from the right 
ventricle. Acquisitions were gated at 24 frames 
per R-R cycle. For each view, a total of 500 car-
diac cycles were collected. The images were 
collected by two qualified physicians with imag-
ing background blinded to this study. Sub- 
sequently, the ROI in the right ventricle was 
depicted manually by one physician. The depic-
tion was performed in duplicate, and then the 
results were automatically analyzed using the 
EF Analyst software. 

Cardiac MRI

Cardiac MRI was performed using the 1.5T MR 
imaging system (Intera Achieva Nova, Dual, 
Philips Medical System, Best, the Netherlands). 
Prior to the MRI scan, all patients were request-
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ed to hold their breath. The scan was performed 
using the ECG-gated technique (Balence 
sequence). Special cares should be taken to 
guarantee the quality of the ECG electrodes. In 
addition, the cardiac coils were carefully placed 
in order to eliminate the signal loss caused by 
position difference. Afterwards, the images 
were analyzed using the EWS workstation. 
Endocardial surface was depicted through 
manual and automatic manners, and then the 
RVEF was calculated accordingly. 

Statistical analysis 

SPSS 13.0 software was used for the data 
analysis. All the data were presented mean ± 
standard deviation. Student’s t test was per-
formed for the inter-group comparison. 
Spearman correlation analysis was conducted 
to investigate the correlation between ERNA 
(LAO)/ERNA (ANT) and MRI. Evaluation of 
repeatability was performed using intraclass 
correlation coefficient (ICC) as previously 
described [11]. The agreement was analyzed 

(ANT) and MRI scan results (49.4±7.76% vs. 
50.0±7.31%, t=0.44, P=0.683). The RVEF 
obtained from the ERNA (LAO) view was remark-
ably decreased compared with that obtained 
from the ERNA (ANT) view (43.4±6.73% vs. 
49.4±7.77%, t=-5.26, P<0.01). For the RVEF of 
patients (n=16) without right ventricular 
enlargement, no statistical difference was 
observed in the ERNA (LAO) compared with that 
of MRI (44.18±11.19% vs. 44.0±11.49, vs. 
t=-2.65, P=0.79). In addition, no statistical dif-
ference was identified in the FVEF in the ERNA 
(ANT) compared with that of MRI (45.93± 
10.79% vs. 44.0±11.49%, t=-2.0, P=0.064). 
Nevertheless, statistical difference was noticed 
in the RVEF of the ERNA (LAO) view compared 
with that of ERNA (ANT) view (43.4±6.73% vs. 
45.93±10.79%, t=-2.57, P<0.05). 

The correlation and agreement of RVEF derived 
from MRI and ERNA (LAO)/ERNA (ANT) were 
summarized in Table 1. For all the patients, the 
RVEF obtained using MRI showed no statistical 
difference compared with that of ERNA (LAO) 

Figure 1. Bland-Altam analysis for the RVEF derived from MRI and ERNA 
(LAO). Solid center indicated the data of patients with right ventricular en-
largement. 

Table 1. Comparison of RVEF obtained from ERNA and MRI

Item RVEF (%) P value Spearman correlation
Bland-Altam analysis

95% CI Mean SD
MRI~ERNA (LAO) 43.45±11.69~41.2±10.21 0.106 r=0.883 -6.1~9.0 1.43 3.87
MRI~ERNA (ANT) 43.45±11.69~42.6±11.32 0.122 r=0.891 -8.8~6.1 -1.3 2.82

using the Bland-Altam method 
using the MedCalc 12.0 soft- 
ware.

Results

A higher repeatability was 
obtained in the ERNA (LAO) 
compared with that of ERNA 
(ANT). The ICC of ERNA (LAO) 
was 0.97 while that of ERNA 
(ANT) was 0.92, indicating the 
repeatability of ERNA (LAO) 
was higher than that of ERNA 
(ANT). For the RVEF of patients 
(n=5) with right ventricular 
enlargement, significant differ-
ence was observed in the 
ERNA (LAO) and MRI scan 
results (43.4±6.73% vs. 50.0± 
7.31%, t=16.5, P<0.01). How- 
ever, no statistical difference 
was observed in the ERNA 
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view (45.42±10.8% vs. 44.0±10.15%, t=1.69, 
P=0.106). Moreover, the RVEF obtained using 
MRI showed no difference compared with that 
of ERNA (ANT) view (45.42±10.8% vs. 
46.16±10.0%, t=-1.61, P=0.122). The RVEF 
obtained through MRI was closely correlated 
with that obtained through ERNA (LAO) view 
(r=0.883) and ERNA (ANT) view (r=0.891), 
respectively. Compared with the RVEF obtained 
from MRI, all the RVEFs of the ERNA (LAO) view 
were localized in the 95% CI. The absolute 
value of the maximal difference between the 
RVEF obtained from MRI and ERNA (LAO) view 

has been commonly used in the evaluation of 
left ventricle. To date, an increasing number of 
studies reveals that it can be used for assess-
ment of right ventricular function with reason-
able accuracy [12, 13]. In these studies, the 
images were all collected at the LAO view in 
order to calculate the RVEF. Generally, the right 
ventricle could be clearly distinguished from 
the left ventricle at the LAO view, which would 
contribute to the depiction of the ventricular 
borders. In a previous study, Nesser et al 
reported the RVEF derived from ERNA (LAO) 
was correlated with that derived from MRI 

Table 2. Demographic information of the patients with right ventricular enlargement
Patient 
No. Gender Age 

(yrs) Diagnosis
RVEF (%) Cardiac ultrasonic  

impressionsMRI ERNA (LAO) ERNA (ANT)
01 Male 73 Hypertension 59 52 56 Right atrial enlargement, 

right ventricular enlarge-
ment, tricuspid regurgitation

02 Male 80 Hypertension 49 43 52 Right atrial enlargement, 
right ventricular enlarge-
ment, tricuspid regurgitation

03 Female 49 Congenital heart disease, 
atrial septal defect 

48 41 47 Right atrial enlargement, 
right ventricular enlargement

04 Female 32 Congenital heart disease, 
atrial septal defect

53 47 55 Right atrial enlargement, 
right ventricular enlargement

05 Female 36 Cardiomyopathy 40 34 37 Right atrial enlargement, 
right ventricular enlarge-
ment, tricuspid regurgitation

Figure 2. Bland-Altam analysis for the RVEF derived from MRI and ERNA 
(ANT). Solid center indicated the data of patients with right ventricular en-
largement.

was 6, among which 5 
patients with right ventricular 
enlargement showed the ma- 
ximal bias and their absolute 
value of RVEF difference was 
≥6 (Figure 1 and Table 2). For 
the RVEF obtained from the 
MRI and the ERNA (ANT) view, 
all the data points were dis-
tributed in 95% CI, and the 
absolute value of the maximal 
difference of the RVEF ob- 
tained from MRI and ERNA 
(ANT) view was 6 (Figure 2). 
For the patients with right 
ventricular enlargement, data 
bias was remarkably decreas- 
ed, and the absolute value of 
the RVEF difference was ≤3. 

Discussion

In the past decades, ERNA 
with satisfactory repeatability 
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(r=0.86), which demonstrated it could be used 
for the clinical determination of RVEF [14]. 
However, some researchers indicated partial 
overlapping between the right ventricle and 
right atrium at the ERNA (LAO) view (Figure 3). 
Moreover, underestimation of RVEF was 
induced as part of the radioactivity of the right 
atrium may be considered as the time activity 
curvature of the right ventricle [1]. In this study, 
the RVEF derived from the ERNA (LAO) view was 
remarkably decreased in that derived from MRI 
in the 5 patients with right ventricular enlarge-
ment (P<0.01). Bland-Altam analysis indicated 
a large data bias in these patients together 
with an absolute value of ≥6 (Figure 1). 
Therefore, for the patients with right ventricular 
enlargement, the overlapping radioactive 
counting would be increased in the presence of 
enlarged right ventricle and right atrium, which 
may result in significant underestimation of 
RVEF. Taken such fact into consideration, the 
ROI was depicted at the anterior view, based on 
which to calculate the RVEF. On this condition, 
the overlapping of right ventricle and right atri-
um due to the spacial changes was finally the 
overlapping between the right ventricle and left 
ventricle (Figure 3B), which could decrease the 

potential effects of right ventricular enlarge-
ment. Our results indicated the RVEF derived 
from the ERNA (ANT) view in the patients with 
right ventricular enlargement was remarkably 
larger than that of the ERNA (LAO) view (t=-
5.26, P<0.01), and was similar to that derived 
from MRI (t=0.44, P=0.683). Meanwhile, 
Bland-Altam analysis revealed the RVEF derived 
from the anterior view was much closer to the 
RVEF derived from MRI compared with that 
obtained from the LAO view (Figure 2). 

In this study, the formula based on which RVEF 
derived from the ERNA (LAO) and ERNA (ANT) 
was calculated were presented as follows:

EF (%)=(EDC-ESC)/(EDC-BG) (a)

Where EDC stands for the ventricular end-dia-
stolic radioactive counting (volumes); ESC 
stands for the ventricular end-systolic volume; 
BG stands for the background radioactive 
counting, respectively. 

On this basis, the actually forma is as follows: 

RVEF (LAO)=[(RVEDC+X1)-(RVESC+X2)]/[(RVE- 
DC+X1)-BG] (b)

Figure 3. Images of heart derived from LAO view (A), ANT view (B), and RAO view (C). A0, aorta; PA, pulmonary artery; 
LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium.

Figure 4. Images of a heart with normal size derived from the LAO view (A), ANT view (B). Images of a heart with right 
ventricular enlargement derived from LAO view (C) and ANT view (D). 
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Where RVEDC stands for the right ventricular 
end-diastolic radioactive counting; RVESC 
stands for the right ventricular end-systolic vol-
ume; X1 stands for the overlap between the 
right ventricular end-diastolic count and the 
right atrial end-systolic count at the LAO view; 
X2 stands for the overlap between the right 
ventricular end-systolic count and the right atri-
al end-diastolic count.

As the cardiac cycle was completely consistent 
with that under physiological conditions, the 
right ventricular end-systolic count, right ven-
tricular end-diastolic count and the background 
count obtained from LAO view were equalized 
with those obtained from ANT view. Thus, the 
previous formula (b) could be transformed as 
follows:

RVEF (ANT)=[(RVEDC+Y1)-(RVESC+Y2)]/[(RVE- 
DC+Y1)-BG] (c)

Where Y1 stands for the overlap between the 
right ventricular end-diastolic count and the left 
ventricular end- diastolic count at the ANT view; 
Y2 stands for the overlap between the right 
ventricular end-systolic count and the left ven-
tricular end-systolic count derived from the ANT 
view. 

As revealed in formula (b) and (c), the RVEFs 
derived from the LAO view and ANT review were 
relied on the overlapping count. According to 
the overlapping area and the ventricular and 
atrial volume in various cardiac cycles, the cor-
relation was ranked in an order of: X1<X2; 
Y1>Y2; and X1<Y1 (Figure 3). As revealed in the 
overlapping count, the numerator of the formu-
la (b) was smaller than that of the formula (c). In 
the presence of right ventricular enlargement, 
X1 and X2 were increased that resulted in 
decrease of numerator and increase of denomi-
nator of formula (b), which finally led to decrease 
of calculated RVEF. However, such alternation 
caused slight or even no difference on the cal-
culation of RVEF (ANT).

A higher repeatability was obtained at the RVEF 
(LAO) view compared with that of the ANT view 
(ICC=0.96 vs. ICC=0.92). This is mainly due to 
the overlapping of the right ventricular margins 
and the left ventricle, which is difficult for the 
depiction of the ROI in the right ventricle. On 
the contrary, less overlapping is noticed in the 
LAO view as the left ventricle could be distin-

guished from the right ventricle, which makes 
the depiction of ROI in right ventricle easily  
(Figure 4). Thus, in clinical practice, the LAO 
posture is preferred for the determination of EF. 
For the depiction of ROI in the right ventricle at 
the ANT view, we proposed the following tips: (i) 
enough radioactive count and high resolution 
are needed for the images. (ii) The right ventri-
cle margin should be firmly distinguished after 
repeatable observation of the ECG images at 
ANT view. (iii) Slight right anterior oblique con-
tributes to the depiction of the right ventricular 
margins.

In conclusions, ERNA was effective for the 
determination of RVEF and showed satisfactory 
correlation and agreement with that of the MRI 
results. Thus, it could be used for the determi-
nation of right ventricular function. LAO is still 
preferred for the determination of RVEF; how-
ever, the RVEF may be underestimated in the 
patients with right ventricular enlargement. 
Determination of RVEF based on ANT is still a 
challenge due to the depiction of ROI in right 
ventricle and a lower repeatability. Such meth-
od is solely recommended in the determination 
of RVEF in patients with right ventricular 
enlargement and serves as a control. 
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