Original Article

Symptomatic Severe Chronic Aortic Valve Disease. A
Comparative Study of Cardiac Magnetic Resonance
Imaging and Echocardiography

Marcelo Nigri, Carlos Eduardo Rochitte, Flavio Tarasoutchi, Guilherme S. Spina, José Rodrigues Parga,

Luiz Francisco Avila, Roney Orismar Sampaio, José Antonio Franchini Ramires, Max Grinberg
Instituto do Coracao do Hospital das Clinicas — FMUSP - Sdo Paulo, SP - Brazil

OBJECTIVE

To show the real value of cardiac magnetic resonance
imaging (CMRI) in the evaluation of patients with
symptomatic chronic aortic valve disease.

METHODS

Seventy patients — 35 with aortic stenosis (AoS) and
35 with aortic regurgitation (AoR) with surgical indication,
who underwent preoperative echocardiogram (ECHO) and
CMRI to assess ventricular function, volumes, and left
ventricular mass index using cine magnetic resonance
imaging, were studied.

REesuLTs

No statistically significant difference was observed
between the AoS and AoR groups when ECHO and
CMRI variables were compared. When compared with
the type of symptom, ECHO and CMRI variables showed
the same pattern.

CoNcCLUSION

CMRI data were in agreement with ECHO data
regarding the assessment of left ventricular volume and
ejection fraction, and with the clinical presentation of
patients with chronic aortic valve disease.
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The natural history of chronic aortic valve diseases
— aortic stenosis (AoS), and aortic regurgitation (AoR) is
associated with degrees of left ventricular remodeling that
do not correspond®- to clinical manifestations.

Chronic aortic valve diseases, mainly of rheumatic
etiology (which is prevalent in Brazil), with a significant
valve involvement may be stratified according to
assessments based on cardiac imaging tests*®.

Dyspnea on ordinary exertion as a manifestation of
heart failure, as well as the presence of chest pain and
syncope, generally result from left ventricular dysfunction,
and less frequently from myocardial dysfunction.

Studies evaluating the clinical and morphological
progression of aortic valve disease in the occasional
presence of left ventricular dysfunction are lacking’°.
Thus, well-conducted studies still seek for predictive
indexes using cardiac imaging methods that could bring
forward the timing for surgery with increased safety. It
is difficult to homogenize values of echocardiographic
measurements due to the multiplicity of changes in
ventricular remodeling. In this line of research, the left
ventricular remodeling may be followed by an alteration
in the clinical manifestation, which would warn us of the
optimal timing for surgical treatment.

Thus, in patients with severe valvular heart diseases,
the assessment of ventricular function using CMRI may
be useful, because this is a diagnostic method that has
become one of the main non-invasive supplementary
tests in Cardiology in the past few years. Among its main
advantages, we can point out the excellent anatomical
resolution between the tissues, the acquisition of a three-
dimensional rebuilding without using ionizing radiation,
and non-nephrotoxic contrast medium (Gadolinium).

Thus, we attempted to associate clinical data with cardiac
magnetic resonance imaging (CMRI) and transthroracic
echocardiogram (ECHO), a supplementary method of the
utmost importance used to track the assessment of left
ventricular function in aortic valve diseases.

OBJECTIVE

To assess the alterations in CMRI in the analysis of
patients with symptomatic chronic aortic valve disease!°
in comparison with echocardiographic parameters.

METHODS

Seventy symptomatic patients (35 with AoS and 35
with AoR) from the Outpatient Clinic of the Medical Unit
of Valvular Heart Diseases of the Instituto do Coracéo
do Hospital das Clinicas, Faculdade de Medicina da
Universidade de Séo Paulo (InCor/HC-FMUSP) were
prospectively studied from May, 2001 to July, 2003. The
mean age was 46.6 = 12.4 years with predominance of
males in 54 cases, and 75% of the patients with valvular

heart disease of rheumatic etiology, followed by bicuspid
and degenerative valve.

The inclusion criteria for patients with severe chronic
aortic valve disease and surgical indication were: clinical
symptoms such as angina pectoris on exertion, syncope
and dyspnea on moderate and mild exertion (paroxysmal
nocturnal dyspnea, orthopnea) with a gradient between
the left ventricle and the aorta above 50 mmHg by
catheterization, and > 70 mmHg by ECHO, for AoS'.
For AoR, the inclusion criteria were defined according
to Spagnuolo et al'? as modified criteria, namely:
cardiothoracic index > 0.50, presence of left ventricular
hypertrophy as assessed by electrocardiogram, pulse
pressure > 80 mmHg, diastolic blood pressure < 60
mmHg as assessed by ECHO, in that one single criterion
was enough to admit the patient in the AoR group.

The exclusion criteria used in this study were: patients
under eighteen and above 65 years of age; concurrent
mitral valve disease; previous heart valve surgery;
comorbidities (diabetes mellitus, high blood pressure, and
dyslipidemia); and other heart diseases (aorta diseases,
coronary artery diseases, myocardial diseases).

This project was analyzed and approved by the Ethics
Committee of the Instituto do Coracéo do Hospital das
Clinicas da Faculdade de Medicina da Universidade de
Séo Paulo. All patients admitted in the study gave their
written consent after obtaining information about the
study and the method used.

Study schedule - Data on the occurrence of key
symptoms such as angina pectoris, syncope and dyspnea
on moderate and mild exertion (paroxysmal nocturnal
dyspnea, orthopnea) were particularly recorded during
the clinical history taking. Patients were then scheduled
for diagnostic tests such as electrocardiograms, chest
radiographs, ECHO, CMRI, and cardiac catheterization!!-
13, ECHO was performed prior to CMRI.

Echocardiogram - Echocardiograms were interpreted
according to recommendations of the American
Association of Echocardiography.

All patients underwent ECHO and ventricular function,
left ventricular end-diastolic (EDV) and systolic (ESV)
volumes, and ventricular mass index (LVMI)1415, Left
ventricular ejection fraction (EF) was calculated using
the Teichholz method*®.

Cardiac magnetic resonance imaging - CMRI
was performed to assess volumes, function and left
ventricular mass index (EDV, ESV, EF, and LVMI) using
cine magnetic resonance with the FIESTA technique
(Fast Imaging Employing Steady-state Acquisition).
Figure 1 shows left ventricular dilation and intense blood
flow through the aorta in a CMRI long-axis section of
AoR. Figure 2 — a short-axis section of AoS — shows a
hypertrophic left ventricle with a small right ventricle.
The first pulse sequence — the cine magnetic resonance
with the FIESTA technique!’, was used to assess
the global ventricular function (volumes and ejection
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fraction)!®. LVMI, EDV, ESV, and EF were calculated
by detecting epicardial and endocardial borders in
contiguous short-axis sections at the end-diastole and
end-systole of cine magnetic resonance images using
the Simpson’s rule!®-2°,

Fig. 1 — Magnetic resonance in AoR

Fig. 2 — Magnetic resonance in AoS

STATISTICAL ANALYSIS

Descriptive analysis - The calculation of means
and standard deviation was performed for CMRI and
ECHO variables.

Comparative analysis - The one-factor analysis of
variance was used for comparisons of EF groups between
ECHO and CMRI, and Bonferroni correction?! was used
for multiple comparisons.

The logistic regression model was used to obtain a cut-
off point for EF in relation to the clinical presentation.

Pearson’s correlation coefficient was used to study the
correlation between EF and the clinical manifestation??.

ECHOCARDIOGRAPHY

For all variables calculated, the level of statistical
significance of p = 0.05 was used.

REesuLTs
Comparison between CMRI and ECHO

Aortic stenosis - The comparison of variables between
the two methods — CMRI and ECHO in the AoS group is
shown in table 1.

Table 1 - Variables between CMRI and

ECHO in AoS
Variables/AoS CMRI ECHO p
EF 0.59 £ 0.1 0.58 £ 0.1 NS
EDV (ml) 214 =112 193.4 = 160 NS
ESV (ml) 127 = 102 94.8 = 92 NS
LVMI (g/m?) 166 * 76 155 + 60 NS

CMRI- Cardiac magnetic resonance imaging; ECHO-
Echocardiogram; AoS- Aortic stenosis; EF- Ejection fraction;
EDV- End diastolic volume; ESV- End systolic volume; LVMI- Left
ventricle mass index

No difference was observed in the calculation of
variables between CMRI and ECHO in the AoS group.

Aortic regurgitation - The comparison of variables
between CMRI and ECHO in the AoR group is shown
in Table 2.

Table 2 — Variables between CMRI and ECHO in AoR

Variables/AoR CMRI ECHO p
EF 0.5x0.1 0.5x0.1 NS

EDV (ml) 393 + 141 334.5 = 157 NS
ESV (ml) 235.6 = 131 183.5 + 105 NS
LVMI (g/m?) 220 = 70 195 + 65 NS

CMRI- Cardiac magnetic resonance imaging; ECHO- Echocardio-
gram; AoR- Aortic regurgitation; EF- Ejection fraction; EDV- End
diastolic volume; ESV- End systolic volume; LVMI- Left ventricle
mass index

Similarly to the AoS group, no significant statistical
difference of variables between the CMRI and ECHO was
observed in the AoR group.

Analysis between CMRI and ECHO variables and
clinical manifestations in AoS and AoR - The comparison
between CMRI and ECHO variables and clinical
manifestations in AoS is shown in Tables 3 and 4.

Only the EF variable in ECHO/CMRI showed a
statistical significance in the AoS group.

The comparison between CMRI and ECHO variables
and clinical manifestations in AoR is shown in Tables 5
and 6.

All CMRI and ECHO variables showed a statistical
significance in AoR, unlike in the AoS group.
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Table 3 — CMRI variables in AoS

CMRI Syncope/Angina (3) Dyspnea (32) p
EF 0.47 £ 0.1 0.39 £ 0.1 0.01
EDV (ml) 323 + 141 344.2 + 157 NS
ESV (ml) 235.6 = 131 283.5 + 105 NS
LVMI (g/m?) 220 =70 225 + 65 NS

CMRI- Cardiac magnetic resonance imaging; EF- Ejection fraction;
EDV- End diastolic volume; ESV- End systolic volume; LVMI- Left
ventricle mass index

Table 4 — ECHO variables in AoS

ECHO Syncope/Angina (4) Dyspnea (31) p
EF 0.49 = 0.1 0.40 = 0.1 0.01
EDV (ml) 333 + 141 355.2 + 167 NS
ESV (ml) 2456 = 131 295.4 £ 115 NS
LVMI (g/m?) 225 + 74 225 + 68 NS

ECHO- Echocardiogram; EF- Ejection fraction; EDV- End
diastolic volume; ESV- End systolic volume; LVMI- Left ventricle
mass index

Table 5 — CMRI variables in AoR

CMRI Syncope/Angina (4) Dyspnea (31) p
EF 0.46 = 0.1 0.37 £ 0.1 0.01
EDV (ml) 223 + 141 354.5 + 151 <0.01
ESV (ml) 122.6 = 131 282.5 = 103 0.001
LVMI (g/m?) 170 = 70 220 = 65 0.02

CMRI- Cardiac magnetic resonance imaging; AoR- Aortic
regurgitation; EF- Ejection fraction; EDV- End diastolic volume;
ESV- End systolic volume; LVMI- Left ventricle mass index

Table 6 — ECHO variables in AoR

ECHO Syncope/Angina (4)  Dyspnea (31) p
EF 0.47 = 0.1 0.36 £ 0.1 0.01
EDV (ml) 233 = 141 374.5 + 153 <0.01
ESV (ml) 127.6 = 131 292.5 = 103 0.001
LVMI (g/m?) 177 = 70 228 + 68 0.02

ECHO- Echocardiogram; AoR- Aortic regurgitation; EF- Ejection
fraction; EDV- End diastolic volume; ESV- End systolic volume;
LVMI- Left ventricle mass index

DiscussioN

Aortic valve diseases represented by AoS and AoR have
different natural histories, though with similar clinical
manifestations and diagnoses.
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