
Introduction

Aortic stenosis is the most common valvular heart di-
sease with the estimated prevalence of 1–4 % in adults over
65 years in the developed countries (11, 14). The diagnosis
and clinical management are usually based upon symptoms,
physical examination and measurement of transvalvular
gradient by echocardiography (1). However, this approach
might be inaccurate in patients with abnormal cardiac out-
put and/or concomitant aortic valve insufficiency (3, 7).
Some authors therefore consider the determination of aor-
tic valve area (AVA) important for assessing the severity of
valvular stenosis.

Although AVA is today most commonly calculated from
echocardiographic data (12) using AVA planimetry or conti-
nuity equation, the reference technique still remains cardiac
catheterization (CAT) as the great portion of AVA related
prognostic data were acquired by this method (13, 15).

The new diagnostic technique that can be used for the
quantification of valvular aortic stenosis is magnetic reso-
nance imaging (MRI) (2, 8) that enables an accurate visu-

alization of aortic valve orifice. MRI assessment of AVA
correlates well with transesophageal echocardiography.
However, the published comparisons with cardiac cathete-
rization are equivocal (4, 5, 8, 10).

As the catheterization is routinely used in our center for
the assessment the severity of aortic stenosis, we performed
this study as to validate MRI against the reference tech-
nique.

Methods

The study enrolled patients who underwent cardiac ca-
theterization for suspected severe aortic stenosis and who
agreed with MRI exam. Exclusion criteria were the contra-
indications of MRI, significant heart rate irregularity (eg.
atrial fibrillation) and more than mild aortic insufficiency
(>1/5 according to contrast aortography).

Cardiac catheterization

Cardiac catheterization (CAT) was performed routinely
by experienced specialist according to the standardized pro-
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tocol. Retrograde catheterization of the left ventricle was
performed with a catheter introduced via a long sheath with
its end placed in the ascending aorta. Transseptal approach
was chosen when retrograde catheterization of the left ven-
tricle was unsuccessful. This technique enabled simultane-
ous recording of left ventricular and aortic pressures in all
cases. Pressure gradients were calculated from 5–6 cardiac
cycles by standard commercial software (Cathcor,
Siemens). Cardiac output was measured by thermodilution
method using icy saline solution and commercial cardiac
output computer (Dualtherm COC, Braun Medical). The
mean of three consecutive cardiac output measurements
that did not differ by more than 10 % was used for calcula-
tion of AVA by Gorlin formula (6).

Contrast ventriculography was used for the calculation
of ejection fraction and aortography evaluated the presence
of aortic insufficiency.

Magnetic resonance imaging

MRI was performed within the period of 3 weeks after
cardiac catheterization. Before the examination the patients
gave written informed consent with the MRI. MR tomo-
graph Siemens Symphony 1,5 T was used for the purposes
of this study. Examining specialist was blinded to the re-
sults of cardiac catheterization.

True FISP sequence with retrospective ECG gating and
voxel size of 1,1 x1,3 x 5 mm was used for the imaging of
the aortic valve. The identification of the optimal slice for
the evaluation of the aortic valve was left upon discretion of
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Ejection fraction (%) 59 (±15,7)
Cardiac output (l/min) 4,9 (±1,54)
Cardiac index (l/min/m2) 2,5 (±0,77)
Mean aortic gradient (mm Hg) 42 (±23,1)
Peak to peak aortic gradient (mm Hg) 50 (±31,7)
CAT AVA (cm2) 1,0 (±0,41)
CAT indexed AVA (cm2/m2) 0,5 (±0,19)
Aortic insufficiency (grade 1/5) 20 (61 %)
MRI AVA (cm2) 1,3 (±0,54)
MRI indexed AVA (cm2/m2) 0,7 (±0,26)

Tab. 2: Data from cardiac catheterization and magnetic re-
sonance imaging.

Table 2 summarizes data from cardiac catheterization (CAT) and
magnetic resonance imaging (MRI). Values are expressed as
mean (± standard deviation) or number of patients (%).

Number of patients (women) 34 (9)
Age (years) 64 (±14,1)
History

Coronary artery disease 10 (29,4 %)
Diabetes mellitus 12 (35,3 %)
Arterial hypertension 16 (47,1 %)
Hyperlipidemia 14 (41,2 %)

Tab. 1: Principal characteristics of study population.

Table 1 shows the principal characteristics of study population.
Values are expressed as number of patients (%) or mean (± stan-
dard deviation).

examining physician. Planimetry of the aortic valve orifice
was performed at the time of maximal opening of the valve
during systole (Fig. 1). AVA was calculated as the mean of
two consecutive planimetric measurements.

Statistical analysis

Paired t-test, correlation and kappa statistic were used
to evaluate an agreement between both methods. Severe
aortic stenosis was defined according to ESC guidelines
(16), i.e. by indexedAVA<0,6 cm2/m2.

Results

Thirty-four patients were enrolled in the study. The prin-
cipal characteristics of the study population are given in
Tab. 1. AVA evaluation by both compared methods was per-
formed within the mean period of 9 (± 5,6) days. Cardiac ca-
theterization was performed according to the standardized
protocol in all patients. Retrograde catheterization of the left
ventricle was performed in 32 patients and the transseptal
approach was chosen in two of them. MRI enabled good vi-
sualization of aortic valve in 32 patients. In the remaining
two, the imaging quality was poor but the measurement of
AVA was possible. Both patients with poor imaging quality
had massive valve calcification and marked in plane valve
motion. The data from cardiac catheterization and magnetic
resonance imaging are summarized in Tab. 2.

Fig. 1: Magnetic resonance imaging of the aortic valve.
Planimetry of the aortic valve area was performed at the
time of maximal opening of the valve during systole.



Comparison of AVA defined by both methods

Mean AVA defined by catheterization was 0,97 (±0,41)
cm2 and mean AVA calculated from MRI was 1,38(±0,55)
cm2 (Graph 1). The overestimation of aortic valve orifice
by MRI was statistically significant (p<0,001). The mean
difference in indexedAVA determined by MRI and CAT was
0,22 cm2/m2 (range 0,16–0,96).

The correlation of indexedAVAs calculated by both
methods (Graph 2) was statistically significant (p=0,003),
but not very strong (r=0,43). Better results were not ob-
served when the analysis was limited to the patients with
cardiac index > 2,4 l/m2 and/or without detectable aortic
insufficiency. The comparison of CAT and MRI in the iden-
tification of severe aortic stenosis is shown in Tab. 3.
Kappa value 0,331 reflects fair agreement only.

Discussion

MRI enabled good visualization of aortic valve in the
great majority examined patients. The imaging quality was
worse in individuals with massive valve calcifications and
in-plane valve motion, but the AVA measurement was pos-
sible in all patients enrolled.

We did not prove an agreement between cardiac cathe-
terization and magnetic resonance imaging in the evalua-
tion of aortic stenosis. In accordance with data published
by Debl (4), our study demonstrated an overestimation of
AVA by MRI.

Provided the cardiac catheterization was considered to
be the reference technique, we were not able to find a valid
cut off value for indexedAVA determined by MRI that would
be characterized by acceptable sensitivity and specificity for
the diagnosis of severe aortic stenosis. However, high speci-
ficity (93 %) of MRI was observed in patients where MRI
described severe aortic stenosis (indexedAVA < 0,6 cm2/m2).

The difference in indexedAVA measured by both methods
was significant and led to low level of agreement in the
identification of severe aortic stenosis. Eleven out of 25 pa-
tients with CAT defined severe aortic stenosis did not ful-
fill the criteria for severity according to MRI study. In six of
them the mean aortic gradient was < 50 mm Hg (range
15–39 mm Hg), not fulfilling the echo Doppler criteria de-
fining the severe aortic stenosis. In five patients with mean
aortic gradient >50 mm Hg, no elevation in cardiac index
was noted. As to better understand the observed discrepan-
cies we describe two illustrative cases:

In patient 1 the difference between both methods was
diametrical: CAT indexedAVA 0,53 cm2/m2 vs. MRI inexedAVA
1,13 cm2/m2. The mean aortic gradient was low (15
mmHg). Because of this discrepancy we performed a new
MRI, but the repeated, unblinded exam failed to find any
significant narrowing of the aortic valve. Based on this
finding the patient was left on medical therapy and was not
referred to the aortic valve replacement.

In patient 2 the catheterization confirmed severe aortic
stenosis: mean aortic gradient 96 mm Hg and cardiac index
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Cardiac 
catheterization

AVA AVA 
≤ 0,6cm2/m2 > 0,6cm2/m2

MRI AVA ≤ 0,6 cm2/m2 14 1 15
AVA > 0,6 cm2/m2 11 8 19

25 9
kappa 0,331

Tab. 3: Cardiac catheterization and MRI in the detection of
severe aortic stenosis.

Table 3 shows pairwise comparison of cardiac catheterization
and magnetic resonance imaging (MRI) in the diagnosis of seve-
re aortic stenosis (AVA ≤ 0,6 cm2/m2). Kappa value 0,331 reflects
fair agreement between both methods.

Graph 1 shows comparison of mean AVAs determined by both
methods. Magnetic resonance imaging significantly overestima-
ted aortic valve area compared with cardiac catheterization.

Graph 1: Mean aortic valve area determined by cardiac cat-
heterization and magnetic resonance imaging.

Graph 2 shows the correlation between cardiac catheterization
(CAT) and magnetic resonance imaging (MRI) in the assessment
of indexed aortic valve area (AVA). The correlation was statisti-
cally significant (p = 0,003) but not very strong (r = 0,43).

Graph 2: The correlation between cardiac catheterization
and magnetic resonance imaging in the evaluation of aortic
valve area.



2,11 l/m2 resulted in calculated indexedAVA of 0,23 cm2/m2.
On the other hand MRI showed only moderate aortic ste-
nosis with indexedAVA 0,77 cm2/m2. As the high mean aortic
gradient was also found at echocardiography and the pa-
tient was symptomatic, aortic valve replacement was per-
formed.

In our opinion, both compared techniques have in-
herent limitations and none of them is principally ideal.
Concerning the cardiac catheterization, in comparison to
other studies (8, 10) we used more precise method for AVA
determination. Together with excluding patients with irre-
gular heart rate and more than minimal aortic insufficien-
cy, simultaneous measurement of aortic and left ventricular
pressures and the determination of cardiac output by ther-
modilution were used. Although the latter has its inherent
limitations we assume it to be more precious than using es-
timated oxygen consumption data. Furthermore, it is not
clear whether the constant of Gorlin formula is valid for
various shapes of aortic valves and low cardiac output (17).

Concerning the MRI, the images are obtained from
a section of a 5mm thickness that is moving during the data
acquisition. The planar MRI images need not completely
correspond to the three-dimensional shape of the imaged
object and to the real resistance of the stenotic valve. In-
accuracies in measuring AVA can be also attributed to flow
turbulence and calcifications that are often present in severe
valvular lesions.

Conclusion

Our study shows low agreement between cardiac cathe-
terization and magnetic resonance imaging in the assess-
ment of aortic stenosis. Magnetic resonance significantly
overestimates the size of aortic valve orifice. Based on our
data we were not able to determine MRI indexedAVA cut off
that would reliably identify severe aortic stenosis as defined
by cardiac catheterization. However, MRI might have a role
in the diagnostic algorithm in patients with suspected severe
aortic stenosis and mild to moderate mean aortic gradient
or concomitant aortic insufficiency. MRI results seem to be
valid when severe valvular narrowing is found. These pa-

tients might be consequently “saved from” the need of in-
vasive hemodynamic study. On the other hand, cardiac cat-
heterization is definitely indicated when the aortic stenosis
is described as moderate according to MRI.
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