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SUMMARY The dimension, contractility, and regional wall motion of the right and left ventricles
were scored on the angiograms of 13 patients with arrhythmogenic right ventricular dysplasia. In
10 patients the right ventricle was enlarged, in eight the contractility of the right ventricle was

reduced, and in all but one patient there were regional wall motion abnormalities of the right
ventricle. The most common abnormality of regional wall motion was mild hypokinesia. There
were bulging or dyskinetic areas in seven patients. Regional wall motion abnormalities of the left
ventricle were found in five patients, two of whom also had bulging or dyskinetic areas. The
reproducibility of right ventricular dimension, contractility, and regional wall motion scores was

generally fair but varied unexpectedly both within and between two observers (Kendall's Tau
0 38-092). The score values ofregional wall motion for some ofthe segments differed considerably
within and between observers. One ofthe observers consistently gave higher scores than the other.
These data suggest that a more objective approach is needed for evaluating angiographic changes

in arrhythmogenic right ventricular dysplasia.

Patients with arrhythmogenic right ventricular
dysplasia usually have recurrent right ventricular
tachycardia'' and variable replacement of right
ventricular myocardial tissue by adipose and fibrous
tissue.' The clinical diagnosis is based on demon-
stration of morphological changes in the right
ventricular wall in the absence ofany other identifia-
ble structural heart or pulmonary disease.' 2
Although right ventricular wall motion abnor-
malities can also be detected by echocardiography,7'
radionuclide angiography,70" and cine-computed
tomography,'2 right ventricular angiography is
generally regarded as the standard in the diagnosis of
arrhythmogenic right ventricular dysplasia."8
Recently, certain regional right ventricular angio-
graphic characteristics were suggested as diagnostic
criteria for this disorder." It is not known how
reproducible these measurements are, however.
The objective of our study was to describe and
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evaluate the angiographic findings in a group of
patients with arrhythmogenic right ventricular dys-
plasia, and to try to assess the reproducibility of
global and regional right ventricular findings within
and between observers.

Patients and methods

We studied 13 patients (nine men and four women,
mean age 34) referred with ventricular tachycardia
and with a history and clinical findings consistent
with arrhythmogenic right ventricular dysplasia
(table 1). All patients had ventricular tachycardia
with a left bundle branch block configuration. Elec-
trophysiological testing in 10 confirmed the right
ventricular origin of the ventricular tachycardia. No
patient was in cardiac failure at the time of the study.
Arrhythmogenic right ventricular dysplasia was
diagnosed on the basis of the characteristics of
ventricular tachycardia, the results of signal-
averaged surface electrocardiogram and electro-
physiological studies, echocardiographic findings,
and radionuclide angiography or cinecardioan-
giography or both. No patient had clinical or
angiographic evidence of coronary artery disease or
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Table 1 Clinical details and a summary ofright ventricular wall motion abnormalities in 13 patients with arrhythmogenic right
ventricular dysplasia

Age Symptom X ray
Case (yr) and duration ECG heart AA treatment Total
No sex (months) T imv Q waves size during study RW-

MS

2 25 M 144 V1-V4 0 A(RV+) 0 25
3 31 M 288 V1-V4 V6 Z (RV+) Quinidine, digitalis 23
7 41 M 3 V1, III 0 N Sotalol 13
8 15 M 5 V1-V4, aVF-III 0 N 0 9
9 41 F 31 0 0 N Mexiletine, disopyramide 10
10 35 M 84 V1-V4, III aVF-III -' Flecainide 9
11 25 M 7 V1-V3 V1-V3 N Metoprolol, tocainide 30
13 49 F 300 VI 0 N Flecainide 11
14 49 F 48 V1-V2 0 N (RV+) 0 12
15 40 M 4 VI 0 N Metoprolol 8
16 25 M 48 VI-V2,aVF-III 0 A (RV+) 0 24
17 36 M 12 VI 0 A(RV+) 0 13
19 31 F 12 VI 0 N Sotalol 16

Heart size was measured by calculating the relative cardiac volume. AA, antiarrhythmic; N, normal; RV+, prominent right ventricle;
RWMS, right ventricular regional wall motion score; T inv, T wave inversion; x, increased heart size.

other organic heart disease. The long term follow up
often patients in this series has been reported earlier,
and the case numbers assigned to them have been
retained.'4

CARDIOANGIOGRAPHY
Right ventricular cineangiography was performed
from the femoral approach with an 8 F Grollman
catheter. Contrast was injected into the right atrium
in three patients, into the right ventricle in seven, and
into both cavities in three patients. The left ventricle
was visualised in the levophase after injection of
radio-opaque dye into the right ventricle in five
patients and by selective left ventricular angiography
in eight patients. Approximately 50 ml of Isopaque
Coronar (metrizoate), 370 mg I/mol, was injected at
a rate of 13 ml/s. Angiograms were acquired at 75
frames per second and presented in both right
anterior oblique and left anterior oblique projections.
The ventriculograms were reviewed independently
by experienced observers who did not known the
patient's identity and clinical status. The evaluations
were performed according to a standardised
protocol, but the observers were also instructed to
comment on abnormal findings not included in the
protocol. Right and left ventricular dimensions were
visually assessed as normal, mildly, moderately, or
considerably enlarged (scored 1, 2, 3, and 4 respec-
tively). The overall contractility was classified as
normal, fair, poor, or as severely hypokinetic (scored
1, 2, 3, and 4 respectively).
To evaluate regional wall motion, the right and left

ventricles were divided into segments (fig 1). Each
segment was classified as normal, mildly, or severely
hypokinetic, akinetic or dyskinetic (scored as 1, 2, 3,
4, and 5 respectively). The right ventricular outflow
tract was classified as normal or wide (scored as 1 and

5 respectively). Segment scores were added, and the
wall motion score ofthe right ventricle was expressed
numerically. The minimum/maximum wall motion
score for the right ventricle was 8/40. The left
ventricular ejection fraction, measured in 11
patients, was calculated by the single plane area
length technique.'5 Each patient had coronary
arteriography. In some patients medication could not
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Fig 1 In the left anterior oblique (LAO) view each
ventricle was divided intofour segments. In the right anterior
oblique (RAO) view the right ventricle was divided intofour
and the left ventricle intofive segments.
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Table 2 Right ventricular regional wall motion scoring in 13 patients with arrhythmogenic right ventricular dysplasia

Total
Mild Severe Dyskinesia abnormalities

Region Normal hypokinesia hypokinesia Akinesia (wide) (cases)

LAO:
RI 9 2 1 0 1 4
R2 7 4 1 0 1 6
R3 9 0 2 1 1 4
R4 7 - - - (6) 6

RAO:
R5 9 4 0 0 0 4
R6 8 4 0 0 1 5
R7 6 4 1 1 1 7
R8 5 3 1 0 4 8

Total (regions) 60 21 6 2 9 (6)

The numbers of patients are shown unless stated otherwise. Mild hypokinesia was the most frequent regional wall motion abnormality (21
regions); this was evenly distributed among the segments in the right ventricle. Dyskinesia was most often seen in the inferobasal region (R8),
which was also the most commonly involved region in arrhythmogenic right ventricular dysplasia. LAO, left anterior oblique view; R, right
ventricular segment; RAO, right anterior oblique view.

be safely discontinued at the time of the study
(table 1).

STATISTICAL METHODS
To assess the reproducibility of right-ventricular
findings, between and within observers, each
angiogram was interpreted both by a pair of
observers on one occasion (observers 1) and also by
one observer (observer 2) on two occasions separated
by an interval of several weeks. We assessed the
reproducibility by calculating Kendall's Taub, which
is a measure of rank correlation."6 Kendall's Tau was
also used to test the null hypothesis of zero correla-
tion in the underlying population.
To assess whether there was any bias in awarding

high or low scores we compared the proportions of
high scores for each of the ten variables (dimension,
contractility, and regional wall motion in segment Rl

to R8) awarded by observers 1 and 2 and between the
first and second interpretation of observer 2. Scores
of 3 and 4 or 4 and 5 were defined as high for global
and regional changes respectively. The two sided
exact binomial test (sign-test) was used to compare
the proportions.

Results

MORPHOLOGICAL FINDINGS
The following angiographic findings were reported
by the two observers. The right ventricle was enlar-
ged in ten patients, eight ofwhom also had a reduced
overall contractility. All but one patient (case 15) had
abnormal regional wall motion of the right ventricle.
This patient, however, was twice judged by observer
2 to have abnormal wall motion on angiography. The
most frequent local wall motion abnormality was a

(~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--?^^ - - ---------at
Fig 2 Right ventriculogram ofpatient 16from the right anterior oblique view. There are dyskinetic outpouchings in the
inferior segments of the right ventricle where stagnation of contrast is evident. (a) End systole and (b) end diastole.
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Fig 3 Right ventriculogram ofpatient 3from the right anterior oblique view. Note thefissuring of the anterior wall. (a) End
systole and (b) end diastole.

mild hypokinesia (table 2). Most changes in regional
wall motion were found in the inferior portion of the
right ventricle (segments R7 and R8). Pronounced
bulging, outpouchings, or dyskinetic areas were
found in seven patients. These changes were most
common in the inferior segments (fig 2), but were also
seen in the anterolateral, septal, and apical regions
(table 2). Elimination ofdye in the dyskinetic regions
was always slow. Deep fissuring of the anterior right
ventricular wall was evident in one patient (case 3)
(fig 3). A wide right ventricular outflow tract was
found in six patients. The right ventricle was con-
siderably trabeculated in two patients (cases 2 and 3)
(fig 4). In two patients (cases 8 and 13) abnormal

regional wall motion was recognised only in one
projection; this was the left anterior oblique and right
anterior oblique respectively.
The left ventricle was slightly or moderately

enlarged in three patients (cases 3, 11, and 16), all of
whom had a considerably enlarged right ventricle.
The overall contractility was classified as fair in two
patients (cases 16 and 19) and poor in one (case 3), but
it was normal in all other patients. Abnormal regional
wall motion of the left ventricle was found in four
patients, all of whom had evidence of functional
impairment and three of whom had only mild
hypokinesia. Outpouchings or dyskinetic regions
were found in only one patient (case 3). This patient

I'

Fig 4 Right ventriculogram ofpatient 2from the right anterior oblique view. The right ventricle is enlarged, hypokinetic,
and considerably trabeculated. There is dyskinesia in the inferobasal segments. (a) End systole and (b) end diastole.
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Fig 5 Left ventriculogram ofpatient 3from the left anterior oblique view. There is dyskinesia in the posterior segments. (a)
End systole and (b) end diastole.

also had pronounced abnormalities of right ven-
tricular wall motion (fig 5), and the posterior region
of the left ventricle was as trabeculated as the right.
The left ventricular ejection fraction was normal
(> 60%) in all but one patient (43% in case 3). There
was no important tricuspid or mitral valve regurgita-
tion or other valve abnormality. The coronary
arteriograms showed no significant stenosis.

REPRODUCIBILITY OF RIGHT VENTRICULAR
FINDINGS
Table 3 shows the reproducibility ofright ventricular
findings within and between observers. Although
there was a statistically significant positive correla-
tion between dimension scores, contractility scores,
and, in most segments, between regional wall motion
scores within and between observers, reproducibility
as measured by Kendall's Tau was generally only
fair. The reproducibility of regional wall motion

Table 3 Values ofKendall's Tau,

Interobserver Intraobserver
correlation p value correlation p value

Dinension 0-92 0-0002 0-62 0-0123
Contractility 0-65 0-0131 0 70 0-0089
RI 0-55 0 0403 0-82 0-0036
R2 0-38 NS 0-76 0-0050
R3 0-48 NS 0-63 0-0160
R4 0-85 0-0031 0-63 0-0304
R5 0-94 0 0007 0-54 0-0433
R6 0-43 NS 0-47 NS
R7 0-73 0-0044 0-71 0-0061
R8 0-59 0-0213 0-68 0 0095

R, right ventricular segment; NS, not significant.

scores within and between observers varied widely
among the different segments (fig 6). It was poor for
segments R2, R3, and R6 between observers 1 and 2,
and also for segment R6 between the first and second
interpretations of observer 2 (table 3).
The differences in score values within and between

observers were considerable for some segments. For
example segments R7 and R8 were both scored as 5
by observer 1 while observer 2 scored them as 2 and 1
respectively. The proportion of high and low scores
differed significantly between observers 1 and 2, the
former consistently gave higher scores (p < 0-05).
This pattem ofpreference towards high or low scores
was not seen between the interpretations from
observer 2 (NS).

Discussion

Most cardiologists use selective right ventriculogra-
phy to diagnose arrhythmogenic right ventricular
dysplasia, especially in patients with atypical clinical
signs or electrocardiographic findings.12 The right
ventricular angiographic abnormalities in this disor-
der have been described as localised bulges or
diverticular outpouchings, a feathery appearance of
or non-opacified areas in the outflow tract, deep
fissuring or cauliflower-like appearances of the
anterior wall, and slow clearance of dye adjacent to
poorly contracting areas.2 17 8 The segmental impair-
ment of the right ventricle has also been described in
terms of regional hypokinesia, akinesia, or dyskin-
esia.31920 In a recent review of angiograms in eight
patients with arrhythmogenic right ventricular dys-
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Fig 6 Degree of correlation, as measured by Kendall's Tau,for right ventricular dimension, contractility, and regional wall
motion in eight segments (RI-R8), within (dotted lines) and between (continuous lines) observers.

plasia, the presence of four predetermined regional
changes was assessed and diagnostic criteria were

established.13 Fissuring distal to the moderator band,
stagnation of contrast in the inferior regions, and
irregular opacification of the infundibulum were

found in most patients. None of these lesions was

found in a comparable group of cases with dilated
cardiomyopathy, and this emphasises the segmental
nature of the morphological changes in arrhyth-
mogenic right ventricular dysplasia.
The right ventricular findings in the present group

of patients accorded with earlier descriptions of
angiographic changes in arrhythmogenic right ven-

tricular dysplasia. The effect ofantiarrhythmic drugs
on cardiac contractility is unpredictable in an

individual patient and such agents may have accoun-

ted for the reduced global contractility in some ofour
patients. The functional impairment of the left
ventricle was, however, minor and limited to a few
patients, which argues against any important effect
on the observed regional wall motion abnormalities
of the right ventricle.

Unlike previous studies, the angiograms in the
present report were systematically examined accord-
ing to a standardised protocol in order to obtain
unbiased interpretations. Moreover, right ven-
triculography was performed in both the right
anterior oblique and left anterior oblique projec-
tions-in some studies only the right view was used"
and in others the views used were not clearly stated.2"

If only right anterior oblique projections are used,
the geometry of the right ventricle may make it
difficult to exclude right ventricular wall motion
abnormalities with confidence. This was demon-
strated in one of our patients in whom a localised
lesion was recognised in the left anterior oblique view
only. This shows that it is important to use both the
right anterior oblique and left anterior oblique views
for radiography of the right ventricle. Previous
studies found that the most frequent areas of local-
ised lesions were the infundibulum, the apex, and the
inferior wall of the right ventricle.2 In our study the
inferior wall was most commonly affected, whereas
there was an even distribution of regional changes
among the other segments.
The types of regional wall motion abnormalities in

the left ventricle were similar to and contiguous with
those on the right side. Although there was a

relatively large number of left ventricular abnor-
malities in the present series, most ofthem were mild.
It is not known how commonly the left ventricle is
affected in arrhythmogenic right ventricular dys-
plasia; however, it may be more than previously
recognised.' 2' In the largest series published to date
only one out of 22 patients showed angiographic
evidence of left ventricular abnormalities.2 Radionu-
clide angiography during exercise showed that in
patients with arrhythmogenic right ventricular dys-
plasia the left ventricle was affected more often than
previously recognised.'0 The frequency with which

Kendall's Tau
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left ventricular abnormalities are detected may thus
be a reflection of the method used. None the less,
since there is evidence of a close interrelation bet-
ween the functions ofthe right and left ventricles,22 it
is conceivable that the left ventricular involvement
seen in our patients was secondary to a compromised
right ventricular function, particularly as the seg-
ments affected adjoined the right ventricle.
The sensitivity and the specificity of angiographic

changes in identifying patients with arrhythmogenic
right ventricular dysplasia are not known, and will
presumably be difficult to assess. There are no
published reports of evaluations of regional wall
motion by right ventricular angiography in normal
subjects. Owing to the high radiographic exposure,
we did not consider it ethical to perform angiography
in healthy individuals. The assessment of the
reproducibility of right ventricular angiographic
estimations within and between observers was thus
all the more important, particularly because as far as
we know this aspect has not been studied before.
Since our data consisted of non-numerical observa-
tions (ranked classes, scores) any statistical computa-
tion based on numerical operations of the data
beyond ranking was not possible.
The correlation between right ventricular scores

was positive and statistically significant both within
and between observers for most variables, but it
varied considerably among segments. The right
ventricular apical segment (R6) gave poor
reproducibility both within and between observers
for scores of regional wall motion. This segment was
also regarded as the most difficult one to image and to
evaluate. The larger proportion ofhigh scores repor-
ted by observer 1 compared with observer 2 was
discouraging but may be related to their different
experiences. The most important finding, however,
was that there were large differences in the scores for
some of the variables, both within and between
observers. There is thus a considerable subjective
element in the visual assessment of right ventricular
changes by angiography. This has important clinical
implications for the diagnostic accuracy of
qualitatively evaluated angiograms in arrhyth-
mogenic right ventricular dysplasia, especially since
right ventricular angiography is the standard method
for assessing the diagnostic value of echocardiogra-
phy and radionuclide angiography in this group of
patients.78 The specificity of the angiographic
features in arrhythmogenic right ventricular dys-
plasia is unknown. In addition, right ventricular
angiographic abnormalities are not invariably
present in these patients22'2" and the diagnosis may
not be evident until a histological examination of
myocardial tissue is obtained.225 The precise relation
between the angiographic features and pathological

features remains to be defined. These circumstances
may have led some to reject the diagnosis of arrhyth-
mogenic right ventricular dysplasia in patients with
right ventricular tachycardia and angiographically
proven right ventricular regional wall motion abnor-
malities unless confirmed by histological data.2627
To sum up, the poor concordance and large

differences within and between observers for some of
the variables indicate the need for a more objective
approach to the evaluation of angiographic changes
in arrhythmogenic right ventricular dysplasia. Fur-
ther work must be done to achieve quantitative
standards for angiography. The irregular shape of
the right ventricular chamber, however, makes cal-
culations ofvolumes difficult and relies on geometric
assumptions,2 particularly in patients with arrhyth-
mogenic right ventricular dysplasia, who have
regional wall motion abnormalities.

This study was supported by grants from the
Medical Society of Gothenburg and The Swedish
National Association Against Heart and Chest Dis-
ease.
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