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Introduction and objectives. To analyze retrospecti-
vely the usefulness of cardiovascular magnetic resonance
imaging in the assessment of patients with clinically sus-
pected arrhythmogenic right ventricular dysplasia.

Matherial and method. We reviewed retrospectively
findings from 46 consecutive patients (mean age, 42+19
years; 25 male) who were referred for investigation to rule
out right ventricular dysplasia. Abnormal findings were
classified according to the general diagnostic criteria es-
tablished by the European Society of Cardiology.

Results. Evaluable images were available for all pa-
tients. Abnormal right ventricular findings were reported in
24 patients (52%), but only 5 were given a definite diag-
nosis of right ventricular dysplasia. Fatty infiltration was
observed in 9 patients; it was an isolated finding in 6 but
was associated with right ventricular contractile dysfunc-
tion in 3. These latter patients belonged to the group with
confirmed dysplasia. None of the 22 patients (48%) with
normal findings on magnetic resonance imaging was gi-
ven a diagnosis of dysplasia.

Conclusions. Cardiovascular magnetic resonance ima-
ging enabled the right ventricle to be assessed in all pa-
tients. In those with clinically suspected dysplasia, normal
findings ruled out the diagnosis. However, only 21% of
those with abnormal findings on magnetic resonance ima-
ging were finally given a confirmed diagnosis of dyspla-
sia. Fatty infiltration of the right ventricular wall does not
imply dysplasia unless it is associated with other abnor-
malities in right ventricular morphology or contractility.
Cardiovascular magnetic resonance imaging is useful in
the work-up of patients with clinically suspected arrhyth-
mogenic right ventricular dysplasia.
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Utilidad clinica de la cardiorresonancia magnética
para el diagndstico de pacientes con sospecha
de displasia arritmogénica ventricular derecha

Introduccion y objetivos. Revisar la utilidad practica
de la cardiorresonancia magnética en la evaluacion de
pacientes con sospecha clinica de displasia arritmogéni-
ca ventricular derecha.

Material y método. Revisamos retrospectivamente los
estudios de 46 pacientes (edad: 42 + 19 afos, 25 varo-
nes) remitidos a nuestro centro con diagndstico de sos-
pecha de displasia ventricular derecha. Clasificamos las
alteraciones observadas segun los criterios diagndsticos
generales, mayores y menores, establecidos por la So-
ciedad Europea de Cardiologia.

Resultados. Obtuvimos imagenes valorables en el
100% de los casos. Detectamos afeccién de ventriculo
derecho en 24 pacientes (52%), entre los que sélo 5
cumplieron criterios de displasia. Nueve pacientes mos-
traron infiltraciéon grasa, 6 como Unico hallazgo y en 3 pa-
cientes en asociaciéon con alteraciones de la contractili-
dad; estos ultimos pertenecian al grupo con criterios
diagnédsticos de displasia. Ninguno de los 22 pacientes
con cardiorresonancia normal (48%) fue diagnosticado de
displasia.

Conclusiones. La cardiorresonancia magnética permi-
tié estudiar el ventriculo derecho en el 100% de los ca-
sos. En la poblacién evaluada, un estudio normal permitio
descartar el diagndstico de displasia. Entre el 52% de
los estudios con hallazgos patoldgicos, el diagndstico se
confirmd en una pequefa proporcion (5/24). La presencia
de infiltracion grasa no implicé el diagndstico de displasia
si no se acompanaba de otras alteraciones, morfoldgicas
o de la contractilidad, del ventriculo derecho. La cardio-
rresonancia magnética es una técnica util, en la practica
clinica, para el estudio de pacientes con sospecha de dis-
plasia arritmogénica ventricular derecha.

Palabras clave: Resonancia magnética. Displasia arrit-
mogénica ventricular derecha. Diagndstico.
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ABBREVIATIONS

ARVD: arrhythmogenic right ventricular
dysplasia.

MRI: magnetic resonance imaging.

RV: right ventricular.

INTRODUCTION

Arrhythmogenic right ventricular dysplasia (ARVD)
is a disease of the cardiac muscle characterized in its
final stages by replacement of normal myocardial tis-
sue with fatty or fibroadipose tissue, leading to con-
duction and wall motion abnormalities in the myo-
cardium. Both ventricles may be impaired, though the
right ventricle (RV) is affected more often.'?

The most common clinical manifestations are those
caused by ventricular tachycardias (typically with left
bundle branch block morphology) secondary to elec-
trical instability of the RV myocardium. Tachycardias
may range from ventricular premature beats with no
clinical repercussions to sustained tachycardias that
can degenerate into ventricular fibrillation. In ad-
vanced stages, right heart failure has also been des-
cribed but this is very rarely the first manifestation of
ARVD.># The disease is most common in young men
(in their twenties or thirties), and a third of the patients
have a family history.!” The incidence of ARVD is es-
timated to be 1/5000, although this value will probably
rise as clinical awareness of the disease is raised.

Diagnosis of the disease is based on electrocardio-
graphic, arrhythmic, histopathologic, genetic, and
structural and functional criteria proposed by the
Working Group for ARVD of the European Society of
Cardiology.” These criteria are classed as major or mi-
nor, and are accepted internationally. Those that pro-
vide information on RV function and structure play the
most important role in diagnosis. Different imaging
techniques can be used, such as echocardiography, an-
giography, and, more recently, cardiac magnetic reso-
nance imaging (cardiac MRI). Echocardiography is of
limited use for assessing RV regional wall motion ab-
normalities, and the patient may also be a poor candi-
date for echocardiographic study,® but it remains a use-
ful technique. Angiography is considered the gold
standard and can also be complemented by taking
biopsies to detect fatty infiltration but it is an invasive
technique with possible complications. Cardiac MRI
imaging is a noninvasive technique which provides a
suitable assessment of the RV and so has been pro-
posed as the imaging technique of choice for diagnos-
tic assessment of patients with clinical suspicion of
ARVD. Nevertheless, application of cardiac MRI in
such patients is still questioned and its usefulness for
detecting ARVD has not been confirmed.*!?
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The primary objective of our study was to assess the
diagnostic usefulness of cardiac MRI in patients with
clinical suspicion of ARVD in our hospital, and to
compare cardiac MRI and echocardiographic findings
in patients who were studied with both techniques.

MATERIALS AND METHODS

In this retrospective study, we reviewed all requests
for cardiac MRI between January 1993 and December
2002 in our hospital, and selected those that were done
in patients with suspicion of ARVD. This process
yielded 46 cardiac MRI studies, corresponding to pa-
tients who had presented with ventricular arrhythmias
with left bundle branch block morphology and who
had been referred to our hospital with suspected
ARVD. The study population had a mean (SD) age of
42+19 years (range, 11-73 years), and comprised 25
men and 21 women.

These 46 patients had undergone cardiac MRI
studies with a Siemens Magnetom 1.0T (January
1993 to May 2001) or a Philips Intera 1.5T (June
2001-December 2002). Both units were fitted with
cardiac coils. To study the structure and fatty infiltra-
tion of ventricular walls, in particular in the RV free
wall and outflow tract with the Siemens unit, we
recorded T1-weighted spin-echo sequences (variable
repetition time [RT] according to the patient’s heart
rate; echo time [ET], 30 ms; field of vision, 400 mm;
section thickness, between 8 mm and 10 mm; matrix,
128%256). In the Philips unit, black blood sequences
were recorded (RT, 1 ms; ET, 4.5 ms; flip angle, 90°;
section thickness, 7 mm; matrix, 256x256). In both
units, these sequences were recorded in axial thoracic
and oblique sagittal planes referenced on the RV out-
flow tract. For study of RV and left ventricular func-
tion, and to detect overall or regional wall motion ab-
normalities, we recorded long- and short-axis cine
images of the left ventricle using gradient-echo se-
quencing in the Siemens unit (RT, 50 ms; ET, 12 ms;
flip angle, 60°; 16 phases) and balanced fast field
echo sequencing (RT, 3.2 ms; ET, 1.6 ms; flip angle,
60°; section thickness, 10 mm; matrix, 160Xx256) in
the Philips unit.

Abnormalities in the cardiac MRI studies were clas-
sified according to the diagnostic criteria for ARVD
established by the working group of the European So-
ciety of Cardiology’ (Table 1), which are divided into
major and minor criteria. Two cardiologists with ex-
tensive experience in cardiac MRI analyzed the im-
ages and agreed on a consensus finding. Both specia-
lists were aware that ARVD was clinically suspected.
The RV diameters were measured in the 4-chamber
long-axis plane.

We then reviewed the medical histories of these 46
patients to check how many met the criteria of the Eu-
ropean Society of Cardiology for diagnosis of ARVD
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TABLE 1. Diagnostic Criteria for ARVD*

Structural and functional characteristics (assessable by cardiac
MRI or echocardiography)

Major criteria:

1. Severe RV dilatation and decrease in RV gjection fraction with
no (or limited) LV impairment

2. Localized RV aneurysms

3. Severe segmental dilatation of the RV

Minor criteria:

1. Mild global RV dilatation and/or decrease in RV ejection fraction
with normal LV ejection fraction

2. Mild segmental dilatation of the RV

3. Regional RV hypokinesis

Histopathological criteria (assessable by cardiac MRI)
Major criteria:
1. Replacement of myocardial tissue by fatty tissue

in endomyocardial biopsy

Conduction abnormalities (assessable by ECG)

Minor criteria:

1. Inverted T waves in V2-V3 (patients over 12 years old
without RBBB)

Depolarization/conduction abnormalities (assessable by ECG)
Major criteria:
1. Epsilon waves or localized QRS prolongation (>110 ms) in V.-V,

Minor criteria:
1. Late potentials on ECG averaged signal

Arrhythmias (assessable by ECG)

Minor criteria:

1. Tachycardia with left-bundle branch block morphology
(sustained or not)

2. Frequent premature ventricular beats (>1000/24 h)

Family history
Major criteria:
1. Family history of ARVD confirmed on autopsy or surgery

Minor criteria:

1. Family history of sudden death before age 35 years with
suspicion of ARVD

2. Family history of ARVD with diagnosis based on the
above criteria

*RBBB indicates right bundle branch block (of the His bundle); MRI, magnetic
resonance imaging; ARVD, arrhythmogenic right ventricular dysplasia; ECG,
electrocardiography; RV, right ventricular; LV, left ventricular.

Adapted from Mc Kenna et al.”

and recorded which of these criteria were based on
MRI findings.

Thirty-one of these 46 patients also underwent
echocardiographic study in our hospital. We compared
the ability of cardiac MRI and echocardiography to
detect RV disease. To do this, we recorded the major
and minor criteria met for both techniques in these 31
patients, as well as RV diameters. We also checked for
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differences in the final diagnosis when only one imag-
ing technique was used. The echocardiographic RV
end-diastolic diameter was measured in the parasternal
long-axis view.

Statistical Analysis

The means of quantitative variables were compared
with the Student 7 test, with statistical significance set
to P<.05.

The sensitivity and specificity of the presence of fat-
ty infiltration as a diagnostic criterion for ARVD were
defined as the proportion of patients with or without
dysplasia according to cardiac MRI with respect to the
total number of patients with and without confirmed
disease, respectively. The corresponding positive and
negative predictive values were calculated from the ra-
tios of true results/false positives and true results/false
negatives, respectively. From these data, the 95% con-
fidence intervals (CI) were calculated.

RESULTS

Assessable magnetic resonance images were ob-
tained for all patients included in the study. No com-
plications were reported and all patients tolerated the
apneic periods satisfactorily. Right ventricular abnor-
malities in the cardiac MRI (whether major or minor
criteria) were detected in 24 patients (52%), whereas
no pathological findings were reported in the remain-
ing 22 patients (48%) (Table 2). The most common
finding in the cardiac MRI was regional akinesia/dysk-
inesia of the RV wall (14 patients) (Figure 1), but we
did not detect any cases of severe segmental RV dilata-
tion.

Review of the medical histories of the 46 patients
studied by cardiac MRI showed that only 5 of these fi-
nally met the general criteria required for ARVD (3

TABLE 2. Cardiac MRI Findings in the 46 Patients
With Clinical Suspicion of ARVD*

Patients with no pathological findings 22
Patients with at least 1 diagnostic criteria detected by cardiac
MRI 24
Diagnostic criteria detected by cardiac MRI 39
Severe RV dilatation and decrease in RV ejection fraction
with no (or limited) LV impairment 4
Localized RV aneurysms 2
Severe segmental dilatation of the RV 0
Mild global RV dilatation and/or decrease in RV ejection fraction
with normal LV ejection fraction 8
Mild segmental dilatation of the RV 2
Regional RV hyperkinesis 14
Hyperintense signal in Spin-Echo T,-weighted image
(compatible with RV fatty infiltration) 9

*MRI indicates magnetic resonance imaging; ARVD, arrhythmogenic
right ventricular dysplasia; RV, right ventricular; LV, left ventricular.
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Diastole

Systole

Figure. 1. Diastolic (A) and systolic (B) images from a cine-MRI (B-
FFE) sequence from a long vertical plane of the right ventricular out-
flow tract. The images obtained allow motion abnormalities to be
analyzed in detail. In this case, regional impairment can be seen with a
clearly dyskinetic zone (arrows). LA indicates left atrium; PA, pulmo-
nary artery; RVOT, right ventricular outflow tract.

men and 2 women; mean age, 30 years). Four of these
had at least one major criterion in the cardiac MRI and
the other patient had 2 minor criteria (Table 3).

The RV end-diastolic diameter was significantly
greater in the 5 patients diagnosed with ARVD (45
[3.08] mm) than in the remaining 41 patients (36.6
[5.16] mm) (P<.01).

Fatty Infiltration of the Right Ventricle

T, spin-echo sequences or black blood images com-
patible with fatty infiltration of the RV were identified
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for 9 patients (Figure 2). This was the only pathologi-
cal finding in 6 of these patients, whereas in the other
3, the finding was associated with RV wall motion ab-
normalities or RV dilatation. These latter 3 patients be-
longed to the group meeting the diagnostic criteria for
ARVD. The sensitivity of the presence of fatty infiltra-
tion of the RV as a diagnostic criterion for ARVD was
60% (3/5) (95% CI, 23%-88%) and the specificity was
85% (35/41) (95% Cl, 71%-93%). The positive pre-
dictive value was 33% (3/9) (95% CI, 12%-65%) and
the negative predictive value was 95% (35/37) (95%
CI, 82%-99%).

Echocardiography Versus Cardiac Magnetic
Resonance Imaging

In the subgroup of 31 patients who were studied by
both imaging techniques, echocardiography detected
RV abnormalities (major or minor criteria) in 18 pa-
tients (58%), whereas cardiac MRI detected such ab-
normalities in 19 (61%) (P=1, NS). Both techniques
detected a similar number of minor criteria—19 with
cardiac MRI and 18 with echocardiography—but car-
diac MRI detected twice as many major criteria as
echocardiography—S8 versus 4. After review of the
medical histories, it was found that 4 of these 31 pa-
tients were diagnosed with ARVD. Table 4 shows the
diagnostic criteria identified by cardiac MRI or
echocardiography in these 4 patients with final diagno-
sis of ARVD. As seen in the table, if echocardiography
had been the only diagnostic imaging test, 2 of these 4
patients would not have met diagnostic criteria for
ARVD.

On the other hand, both techniques detected signifi-
cant RV dilatation in the 4 patients diagnosed with
ARVD. The RV end-diastolic diameter in patients with

TABLE 3. Cardiac MRI Findings in the 5 Patients
With Confirmed Diagnosis of ARVD*

Severe RV dilatation and decrease in RV

ejection fraction with no (or limited)

LV impairment (MC) X
Localized RV aneurysms (MC) X X
Severe segmental dilatation of the RV (MC)

Mild global RV dilatation and/or decrease

in RV ejection fraction with normal LV

ejection fraction (mC) X X X
Mild segmental dilatation of the RV (mC)
Regional RV hypokinesis (mC) X X X X

Hyperintense signal in Spin-Echo
T,-weighted images (compatible
with RV fatty infiltration) (CM) X X X
*MC indicates major criterion; mC, minor criterion; MRI, magnetic resonance

imaging; ARVD, arrhythmogenic right ventricular dysplasia; RV, right ventri-
cular; LV, left ventricular.
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Figure 2. Axial black-blood image of the right ventricle, in which fatty
tissue appears hyperintense (white). In this case, the hyperintense sig-
nal indicated with the arrows shows the presence of fat that has infil-
trated the apical region of the right ventricular myocardium. RA indica-
tes right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle.

ARVD was 45.5 (3.31) mm versus 38.11 (5.08) mm in
patients without (P<.05) when measured by cardiac
MRI, and 33 (3.46) mm versus 27.25 (7.5) mm, re-
spectively (P<.05), when measured by echocardiogra-

phy.

DISCUSSION

In this study, cardiac MRI provided assessable data
in all patients with clinical suspicion of ARVD. Car-
diac MRI is a noninvasive reproducible technique

TABLE 4. Cardiac MRI and Echocardiographic
Findings in the 4 Patients With Definitive Diagnosis
of ARVD Among the 31 Patients Studied by Both
Techniques*

Patient Clinical Findings Cardiac MRI Echo Diagnosis
A VT sustained LBBB 1 MCand2mC 1mC Solely by
cardiac MRI
B Exercise syncope
Holter: VT LBBB.
not sustained. T By Echo and
negative V2-V3 2mC 2mGC cardiac MRI
C VT sustained LBBB. Only by
T negative V2-V3 2MCand1mGC 1mC cardiac MRI
E FVPB LBBB. By Echo and
T negative V2-V3 1MC 1MC  cardiac MRI

*LBBB indicates left bundle branch block; MC, major criterion; mC, minor cri-
terion; MRI, magnetic resonance imaging; ARVD, arrhythmogenic right ventri-
cular dysplasia; Echo, echocardiography; FVPB, frequent ventricular prematu-
re beats; VT, ventricular tachycardia.
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which can be used for a very accurate assessment of
RV function and structure in patients with clinical
suspicion of ARVD.!*!3Tt is probably the best imaging
technique for detecting RV structural and functional
abnormalities.!® The main advantage of this technique
for RV assessment is that it is possible to record
images along any axis, and so regions such as the out-
flow tract, which are hard to visualize with other tech-
niques, can be assessed with great precision.

In 48% of the patients in our study population, diag-
nosis of ARVD could be ruled out by cardiac MRI.
This is because all patients with diagnostic criteria for
ARVD have RV structural or functional abnormalities
potentially detectable by cardiac MRI. It is important
to note that, in accordance with our results, the pre-
sence of fatty infiltration on its own does not imply
diagnosis of ARVD—the finding has to be associated
with other RV structural abnormalities or RV wall mo-
tion abnormalities.

Comparison of echocardiography and cardiac MRI
as techniques for studying ARVD shows that both can
be useful for early diagnosis of ARVD, although a
more precise and complete structural and functional
assessment of the RV can be obtained with cardiac
MRI, and so fewer additional tests are needed.

Structural and Functional Abnormalities
of the Right Ventricle

In this study, the most common findings among the
5 patients who met the diagnostic criteria for ARVD
were RV wall motion abnormalities (5/5), regardless
of whether RV intramyocardial fatty infiltration was
present (Table 3). Furthermore, and in accordance with
other studies that have been published,!” cardiac MRI
was able to detect RV dilatation in patients with
ARVD.

Value for Detecting Intramyocardial Fat

With cardiac MRI, the presence of RV intramyocar-
dial fatty infiltration can be detected noninvasive-
1y.>101720 However, fatty infiltration alone does not al-
low definitive diagnosis of ARVD. Indeed, several
studies have shown that RV fatty infiltration occurs in
a high proportion of healthy people, particularly elder-
ly subjects.?!* In our study population, 9 of the 46 pa-
tients studied by cardiac MRI presented RV fatty infil-
tration. This finding was the only diagnostic criterion
identified in 6 of these patients, none of which be-
longed to the group diagnosed with ARVD. Similarly,
after excluding the 5 patients diagnosed with ARVD,
14% of the patients studied (6/41) had RV fatty infil-
tration of indeterminate clinical significance—it might
have corresponded either to a variant of normality or
to the disease in its early stages such that the patients
did not as yet meet the required diagnostic criteria.
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Given the low number of patients in this study and the
lack of follow-up, we cannot say with any certainty
which is the case. Several authors have reported a
diagnostic sensitivity of RV fatty infiltration in pa-
tients with ARVD of between 11% and 100%, sugges-
ting to us that this question should be studied in more
detail.>'”** In agreement with results published in the
medical literature,'”* we found a sensitivity of 60%
(3/5) for the presence of RV fatty infiltration in the
diagnosis of ARVD. We should highlight that the pre-
sence of fatty infiltration in our population was asso-
ciated with RV structural abnormalities or RV wall
motion abnormalities in all patients diagnosed with
ARVD.

Some studies suggest that the findings of studies of
fatty infiltration vary greatly from observer to obser-
ver,?>?® therefore diagnosis should be done carefully
by experts to avoid erroneous diagnosis of ARVD, par-
ticularly as fatty infiltration is a major criterion. Fat-
suppressed sequences may be useful for confirming
diagnosis in doubtful cases. Diagnosis of ARVD
should always be made according to the criteria pro-
posed by the European Society of Cardiology (Table
1) and never according to the findings from a single
test such as cardiac MRI in this case.'® This approach
avoids repeated erroneous diagnosis of ARVD due to
lax application of established diagnostic criteria.?

Cardiac Magnetic Resonance Imaging Versus
Echocardiography

Comparison of the usefulness of echocardiography
and cardiac MRI for diagnosis of ARVD shows that
both techniques are equally sensitive for identifying
patients with RV disease. Cardiac MRI can, however,
detect a greater number of RV pathological abnormali-
ties, particularly those corresponding to major diag-
nostic criteria, and so diagnosis of ARVD is possible
in a larger number of patients. Thus, of the 4 patients
diagnosed with ARVD who were studied by both tech-
niques, 2 would not have been diagnosed with ARVD
if only the echocardiographic findings had been con-
sidered (Table 4). However, it is important to highlight
that some sort of abnormality in RV function is ob-
served by echocardiography in all patients diagnosed
with ARVD, and so the technique could be important
for early detection of the disease. Nevertheless, given
the lower diagnostic value of echocardiography, car-
diac MRI should be considered when clinical suspi-
cion is strong, even though the echocardiographic
findings for the RV are normal.

Limitations

The main limitations of this study are the low
number of patients and cross-sectional design of the
study with retrospective data collection. Further-
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more, inter- and intraobserver variability was not
analyzed. Ventriculography and RV biopsy are con-
sidered the gold standard for diagnosis of ARVD, but
the patients in this study did not undergo these inva-
sive techniques (at the time, angiography and biopsy
were not recommended to confirm diagnosis of
ARVD).? In our opinion, however, this limitation is
not of overriding importance because studies have
been published that show a good correlation between
findings of cardiac MRI and ventriculography for
study of the RV.’ Likewise, the lack of biopsies
should not be considered an important limitation
when assessing the results as there is not always a
good correlation between detection of fatty infiltra-
tion by cardiac MRI and by biopsy.?’ A couple of ex-
planations for this are possible. First, the region most
affected by myocardial degeneration and fatty infil-
tration is the so-called “triangle of dysplasia,”
formed by the outflow tract, the apex, and the infer-
obasal region of the RV wall (subtricuspid region),
whereas biopsies are normally taken from the apical
part of the ventricular septum in order to minimize
the risk of perforation. Second, biopsy samples are
taken from random sites, which may or may not co-
incide with a region of fatty infiltration.

In addition, a possible relationship between the fin-
ding of intramyocardial fat and the course of the
disease cannot be ruled out without follow-up, and so
conclusions on the prognostic usefulness of the finding
cannot be drawn.

Double inversion-recovery fat-suppressed fast spin-
echo (SE) MRI can detect fatty infiltration of the RV
when 30% to 40% of the myocardial thickness is af-
fected,? but fat-suppressed images were not recorded
systematically for confirmation in our study. The ope-
rators often did not consider fat-suppressed SE MRI
necessary, particularly in the case of patients studied
with the Siemens Magnetom because of the excellent
spatial resolution of the SE T,-weighted sequences ob-
tained with this unit.

CONCLUSIONS

Diagnosis of ARVD is complex and cannot be un-
equivocally established with a single test and so a se-
ries of internationally accepted major and minor crite-
ria have to be evaluated.

Among the imaging techniques used, cardiac MRI
stands out because of the quality of information ob-
tained. In our study, RV structure and function of pa-
tients with suspected ARVD could be accurately as-
sessed with cardiac MRI, thus avoiding the need for
angiography or biopsy, which are still considered the
gold standards, despite their limitations.

Even though echocardiography and cardiac MRI
were equally sensitive for identifying patients with
RV structural or functional abnormalities, the diag-
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nostic benefit of cardiac MRI was greater, as ARVD
could be diagnosed in a larger number of patients
thanks to the identification of more diagnostic crite-

ria.
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