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Abstract
Introduction—Imaging of the right ventricle (RV) for the diagnosis of arrhythmogenic right
ventricular cardiomyopathy/dysplasia (ARVC/D) is commonly performed by echocardiography or
magnetic resonance imaging (MRI). Angiography is an alternative modality, particularly when
MRI cannot be performed. We hypothesized that RV volume and ejection fraction computed by
angiography would correlate with these quantities as computed by MRI.

Methods and Results—RV volumes and ejection fraction were computed for subjects enrolled
in the North American ARVC/D Registry, with both RV angiography and MRI studies.
Angiography was performed in the 30° right anterior oblique (RAO) and 60° left anterior oblique
(LAO) views. Angiographic volumes were computed by RAO view and two-view (RAO and
LAO) formulae. 17 subjects were analyzed (11 men and 6 women), with 15 subjects classified as
affected, and 2 as unaffected by modified Task Force criteria. The correlation coefficient of MRI
to the two-view angiographic analysis was 0.76 for end-diastolic volume and 0.79 for ejection
fraction. Angiographically derived volumes were larger than MRI derived volume (p=0.006) and
with the slope in a linear relationship equal to 0.8 for end diastolic volume, and 0.9 for RV
ejection fraction (p<0.001), computed by the two view formula. The RAO view formula was
significantly related to the MRI derived quantities, but with lower correlation coefficients (0.36 for
volume and 0.73 for ejection fraction).

Conclusion—End-diastolic volume and ejection fraction of the RV can be obtained by
angiography and correlates with these quantities as obtained by MRI.
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Introduction
Imaging of the right ventricular (RV) to detect abnormal function and/or structural changes
of this chamber is a key element in the diagnosis of ARVC/D (1). Generally, 2-D
echocardiography (echo) or Magnetic Resonance Imaging (MRI) are selected to evaluate the
right ventricle since these techniques are non invasive and readily available (2,3,4).
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However the irregular shape of the RV makes it difficult to assess the presence of minor
abnormalities of this chamber. In particular, it is difficult to distinguish minor wall motion
abnormalities from normal by all of the imaging methods. It has been shown that there is
considerable lack of agreement of interpretation of RV imaging studies by physicians at
referring centers as compared to those of expert core laboratory investigators (5). Also, even
multiple aneurysms may not be detected by echocardiography (6). For ARVC/D patients,
RV angiography is typically performed in conjunction with biopsy, and as a confirmation of
noninvasive imaging results for RV function and structure. It is thus of interest to determine
what correlation is present between quantitative analysis of RV using invasive and
noninvasive approaches.

RV volume analysis by angiography has been reported previously and validated by RV cast
post mortem (7, 8, 9, 10) The present study was done to compare angiographic RV volumes
and RVEF calculated by a computer based program (11, 12) by single or dual plane
projections (30° RAO and 60° LAO) or both with right ventricular volumes and ejection
fraction determined in the same17 patients with ARVC/D by MRI. Quantitative analysis of
RV volume and ejection fraction by MRI was selected as the standard of reference since the
excellent accuracy of MRI for these parameters is well established (13). We found that there
was a good correlation between RV volumes and RV ejection fractions assessed by either
single plane 30° RAO or 60° LAO projection or both.

Methods
Patient Population

Patients were enrolled in the North American ARVC/D Registry as part of the
Multidisciplinary Study of Right Ventricular Cardiomyopathy/Dysplasia (5) The design of
this study, including core laboratories in the United States and Europe, has been previously
described (14). Patients were 12 years or older with newly diagnosed ARVC/D, and
classified as affected, borderline or not affect by the principal investigator of the
Multidisciplinary Study (FM) using the original Task Force Criteria (15) Patients were also
classified as affected or unaffected based on modified task force criteria (1). All subjects
provided signed informed consent, per institutional review board approvals.

Patients were evaluated by standardized tests including a 12 lead ECG, signal averaged
ECG, 24 hour Holter monitor, electrophysiologic study for the induction of ventricular
tachyarrhythmias and RV free wall biopsy. Imaging studies included echocardiography,
magnetic resonance imaging (MRI) and RV angiography. Testing was performed according
to protocols, available at the website www.arvd.org.

Calculation of RV volumes and Ejection Fraction
MRI was performed according to previously described methods (16). Right ventricular
volumes were computed (inner cavity) from axial cine images at the RV inflow level.
Volumes were calculated by summation of volumes from individual image slices, using
Simpson’s rule. Qmass software (Media, The Netherlands) was used for this analysis.

For calculation of angiographic volumes, the thirty-degree right anterior oblique (RAO) and
sixty-degree left anterior oblique (LAO) views were utilized. A cardiac cycle was analyzed
that had good contrast opacification of the right ventricle and not immediately proceeded by
a premature ventricular contraction. The diastolic and systolic images were selected, and a
contour drawn (Figure 1). The area within the contour was then calculated. The length-scale
was calibrated by measuring the projected size of the magnified angiocatheter shaft within
the right ventricle, which was either a pigtail 5Fr catheter or Berman 6 or 7 Fr catheter, to
allow an accurate and reproducibly consistent measurement. The right ventricular volume
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was then assessed by using both the RAO and LAO projections (VTWO-VIEW) or by using
the RAO projection alone (VRAO).

VTWO-VIEW was calculated according to the model by Ferlinz (10) as

(eq. 1)

where ARAO was the projected area within the drawn contour in the RAO view, ALAO was
the projected area in the LAO view, and LRAO was the projected distance in the RAO view
from the pulmonic valve to the point that bisected the inferior wall (see Figure 1).

The ejection fraction was then computed as follows:

(eq. 2)

where VTWO-VIEW-DIA was the volume computed at end diastole and V TWO-VIEW-SYS was
the volume computed at end systole of the chosen cardiac cycle by equation 1.

Using the RAO view alone the volume was calculated as (8):

(eq. 3)

The ejection fraction was then computed using the RAO computed volumes at end-diastole
and end – systole as follows

(eq. 4)

where VRAO-DIA was the volume computed at end-diastole and VRAO-SYS was the volume
computed at end-systole of the chosen cardiac cycle, by the RAO volume formula (eq. 3).
Body surface area (BSA) was computed and all volumes were adjusted for BSA.

Statistics
Data is presented as mean ± standard deviation. Correlation was assessed between MRI
derived volumes and ejection fraction and angiographically derived volumes and ejection
fraction by a Pearson correlation coefficient. A regression analysis was performed between
MRI and angiographically derived volumes and ejection fraction, with the intercept forced
to zero. A paired T test was performed to assess the difference in mean volumes computed
by angiography or MRI. The p value was set to 0.05 for significance.

Results
A total of 17 subjects (11 men and 6 women) from the North American ARVC/D Registry
had adequate MRI and angiography studies that were suitable for this analysis. The range of
ages of subjects was 16 to 64 years, with a mean of 43 years. Of the 17 subjects, 9 were
classified as affected, 7 as borderline and 1 as unaffected, by original Task Force criteria
(15) and 15 subjects as affected and 2 subjects as unaffected by the modified Task Force
criteria (1).

Computed volumes and ejection fraction by MRI and angiography, using the two-view and
RAO view formulae are shown in Table 1. Using the two-view formula, MRI and
angiography showed a high correlation with a correlation coefficient of 0.76 for volume and
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0.79 for ejection fraction. For the RAO view formula the correlation coefficient compared to
MRI was 0.36 for volume and 0.73 for ejection fraction.

The angiographic two view end-diastolic volume, VTWO-VIEW-DIA, was larger than the MRI
derived end diastolic volume, (mean ± SEM of 118 ± 12 versus 92 ± 9 ml/m2, p=0.006).

We found the following relationship by linear regression between two-view
angiographically and MRI derived end-diastolic volumes (Figure 2a):

The two-view angiographically derived ejection fraction (RVEFTWO-VIEW) was related to
the MRI derived ejection fraction by the following linear relationship (Figure 2b):

For the RAO view angiographically derived end-diastolic volume we found the following
linear relationship to MRI (Figure 3a):

and for the RAO view angiographically derived ejection fraction the following relationship
was found (Figure 3b):

Discussion
This study demonstrates that RV volume and RVEF can be accurately determined by RV
angiography, in particular for abnormal hearts for patients with ARVD. The present study
using a computer based program is consistent with the good correlation reported from
similar analysis with a commercial software program (17, 18). This data when combined
with the previous report of computer analysis of wall motion using our computer based
system allows an accurate assessment of wall motion, right ventricular volume, RVEF and
RV from angiography. RV angiography can be done in conjunction with an EP study or RV
biopsy; therefore it may not require an additional procedure. We found the best correlation
to MRI for the two-view (RAO and LAO) angiographically derived volume and ejection
fraction, but a single view (RAO) derived volume and ejection fraction were also correlated.
Angiographically derived volumes were generally larger than MRI derived volumes.

When doing a right ventricular angiogram it is important to avoid inducing premature
ventricular beats by positioning the catheter near the apex but not touching the right
ventricular muscle. Proper positioning of the catheter can be tested following a hand
injection of contrast dye before the rapid infusion in order to sure that PVCs are not induced
and to indicate that the inferior portion of the right ventricle particularly the apex is well
visualized. When analyzing the angiograms it is important not to evaluate right ventricular
contraction for at least 2 beats after a PVC episode. Analysis of right ventricular function by
angiography is in close agreement with the data obtained by MRI in the same 17 patients
with ARVC/D; therefore this technique can be used for assessment of imaging abnormalities
for the assessment of ARVC/D.
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Figure 1.
Angiographic image of the end-diastolic frame in the 30 degree right anterior oblique (RAO)
view (a) and 60 degree left anterior oblique (LAO) view. A contour is drawn around the
projected area in each view, and the length in the RAO view is measured (dashed line) from
the pulmonic valve to the bisected inferior wall.
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Figure 2.
Comparison of MRI derived and angiographically derived end diastolic volume divided by
body surface area (a) and ejection fraction (b), using the two-view angiographic formula
(equations 1 and 2). There was a high correlation of both volumes and ejection fraction
between angiography and MRI, with linear regression showing a significant relationship
(P<0.001 for both volumes and ejection fraction, see text).
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Figure 3.
Comparison of MRI derived and angiographically derived end diastolic volume divided by
body surface area (a) and ejection fraction (b), using the RAO angiographic formula
(equations 3 and 4). By linear regression there was a significant relationship between
angiographically derived and MRI derived volumes and ejection fraction (P<0.001 for both
volumes and ejection fraction, see text for details).
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