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SUMMARY

Doppler  echocardiographic methods  based on the
continuity —equation can  accurately determine aortic  valve
area in patients (pts) with clinically significant aortic ste-
nosis; however, measurement of the left ventricular out-
flow tract diameter used in continuity equation may not
be technically feasible in all subset of pts. The purpose of
this study was to evaluate prospectively a simpler nonin-
vasive method for identifying pts  with  significant aortic
stenosis (aortic valve area <1cm2 or <0.53 cm/m’) de-
termined by the Gorlin formula at cardiac catheterization.
This marker called fractional shortening-velocity ratio, is
obtained by dividing the percent of fractional anteroposte-
rior shortening at the midventricular level by 4V, where
V is the peak instantenous Doppler-derived flow velocity
across the aortic valve. Pts with coexisting severe mitral
or aortic regurgitation and those in whom the aortic valve
could not be passed during cardiac catheterization, were
excluded from this study. Forty-five pts (9 women, 36
men, mean age 59+14) were included. Fractional shorte-
ning-velocity ratio was calculated in all pts by the same
physician without  knowledge of  cardiac catheterization
results. The sensitivity of this simpler method was found
94 % and the specificity 90%.

This study shows that the fractional shortening-velo-
city ratio is a simple Doppler echocardiographic method
that reliably identifies pts with clinically significant aortic
stenosis,  especially when aortic stenosis is difficult to as-
sess by conventional methods. A fractional  shortening-
velocity ratio  <.0.8 allows detection of aortic stenosis
(<0.63 cm/m’) with good sensitivity and specificity.
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OZET

Devamlilik denkleminin kullanildigi Doppler-ekokar-
diyografi metodlari ile, anlamli  derecede aort stenozu bu-
lunan  hastalarin  aort kapak alani dogru bir sekilde hesap-

lanmaktadir;  buna  karsilik, bu denklemde  kullanilan  sol
ventrikil  ¢ikis  yolunun  dlgiilmesi, teknik  nedenlere  bagl
olarak her hastada mimkin olmamaktadir. Bu calisma-

nin  amaci, anlamli  derecede aort stenozu (kalp katete-
rizasyonunda  Gorlin ~ formilii  ile  hesaplanmis  aort kapak
alani  Hem" veya $0.53 cm/m’) bulunan hastalarin  sap-
tanmasinda  kullanilan ~ basit ve non invazit bir metodun
prospektif olarak  degderlendiriimesidir. 45 hasta (9 kadin,
36 erkek, ortalama yas 59+74) bu c¢alismaya dahil edil-
mistir. Fraksiyonel kisalma-hiz orani adi verilen bu metod,
sol  ventrikiilen anteroposteriyor  kisalma fraksiyonu  yliz-
desinin  4V'ye  (V:  Doppler-ekokardiyografi ile elde edilen
maksimal aort kapak akim hizi) bolinmesi seklinde  uygu-
lanmustir. Siddetli  derecede aort veya mitral reglrjitasyo-
nu bulunan veya kalp kateterizasyonu sirasinda aort ka-
pagi  gecilemeyen  hastalar c¢alismadan  gikarilmigtir. Frak-
siyonel  kisalma-hiz orani her  hastada, kalp katete-
rizasyonu  sonucundan  haberdar olmayan ayni  Kisi tara-
findan  hesaplanmistir.  Bu basit yéntemin  duyarliligi %94,
6zgilligi ise % 90 olarak bulunmustur.

Sonug olarak bu g¢alisma, ozellikle  konvansiyonel yén-
temler ile aort stenozu  siddetinin  degerlendiriimesinin  zor
oldugu  durumlarda, basit bir metod olan fraksiyonel kisal-
ma-hiz  orani  hesaplanmasinin  anlamli  derecede aort ste-
nozu olan hastalari  saptayabilecegini gd&stermigtir. Bu oran
0.8'in altinda takdirde, 0.53 cm’/m nin altindaki aort kapak
alani  saptanmasinda iyi bir duyarliiga ve 0zglillige sahiptir.
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The high mortality rate associated with symptoma-
tic aortic stenosis makes the accurate clinical assess-
ment of this lesion essential. However, the classic cli-
nical descriptors of significant aortic stenosis are less
accurate in patients with hypertension, aortic insuffi-
ciency and coronary heart disease. Doppler echocar-
diographic techniques are now accepted as clinical
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methods for evaluation of the severity of aortic steno-
sis (1-3). Transaortic pressure gradients, calculated
from flow velocities using the Bernoulli equation, and
valve areas, determined by the continuity equation,
have been validated (compared with cardiac catheteri-
zation) in patients with a wide range of stenosis seve-
rity (3-9).

Despite the current widespread acceptance of
the continuity equation for determining aortic valve
area (AVA), this method has some limitations. For
example, the requisite measurements are time-
consuming and can be technically difficult in certain
subsets of patients (10). In this equation, the out-
flow tract diameter is the most difficult variable to
measure and shows the greatest intra and interob-
server measurement variability (11). Thus, methods
based on this equation may not be accurate or ap-
plicable in all clinical settings.

The purpose of this study was to evaluate a sim-
ple method, proposed first by Mann (12), for evalua-
ting aortic stenosis: "fractional shortening-velocity ratio
(FSVR)". With this method, we tried to eliminate the
difficulties and errors involving in measuring blood flow
across a valve, to remain sensitive and accurate in
low cardiac flow states and to apply easily in a gene-
ral clinical setting.

MATERIAL AND METHOD
Patient population

This study is consisted of a prospective series of
45 patients (9 women, 38 men, mean age 59+14). Ex-
clusion criteria included evidence of regional left ventri-
cular dysfunction and more than mild aortic and/or mit-
ral regurgitation.

Echocardiography

The echocardiographic data were recorded with
a Hewlett-Packard Sonos 1000 color echocardiogra-
phy and continuous/pulsed-wave Doppler équipe-
ment

Doppler echocardiography: The systolic velocity
porfile across the aortic valve was recorded from the
apical, suprasternal and right parasternal views using
continuous wave Doppler ultrasound. The maximal flow
velocity across the aortic valve was determined from
the outer envelope of the continuous wave Doppler
spectral tracing, in all patients, the pressure fall across
the aortic valve was calculated using the 4xV* approxi-
mation of the Bernoulli equation (peak velocity under
the aortic valve was <1.2 m/sec in all patients), where
V was the peak Instantaneous Doppier-derived flow
velocity across the aortic valve.

M-mode echocardiography: All M-mode studies
were performed with the patients in the left lateral de-
cubitus position using two-dimensional echocardiogra-
phic guidance and a parasternal long-axis view. The
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extent of left ventricular fractional anteroposterior shor-
tening was measured at the midpapillary muscle level
from the end-diastolic (EDD) and endsystolic (ESD) di-
mensions, using the leading edge to leading edge
convention according to American Society of Echocar-
diography guidelines (13). Percent fractional shortening
was calculated as (EDD-ESD)/EDDx100.

FSVR is obtained by dividing the extent of left
ventricular fractional shortening (FS%) at the midventri-
cular level by where V is the peak instantenous
Doppier-derived flow velocity across the aortic level;

where FSVR: FS%/4xV*.
Cardiac catheterization

Cardiac catheterization was performed via femoral
access and the stenotic aortic valve was crossed with
of a soft guide wire. Right sided pressures were mea-
sured with a balloon-tiped flow-directed catheter and
the cardiac output was estimated by means of the
thermodilutlon method. Simultaneous left ventricular
pressures and femoral artery pressures were registred
and a slow pull-back from the left ventricle to the as-
cending aorta was performed at the end of the proce-
dure. The orifice area of the narrowed aortic valve was
calculated automatically by means of the Gorlin formu-
la that is incorporated in the software of the Micor
(Siemens-Elema, Solna, Sweden) haemodynamics sys-
tems.

Data analysis

Doppler and M-mode tracings were analysed by
the same physician who was unaware of the catheteri-
zation results. For patients In sinus rhythm three
consecutive beats, in atrial fibrillation six consecutive
beats were analysed.

Statistical analysis

Data were expressed as mean valueststandart
deviation. The correlation between FSVR and AVA
determined at cardiac catheterization was assessed
using linear regression analysis. Sensitivity and spe-
cificity were determined using standart formulas
(14).

RESULTS

Figure 1 summarizes the relation between FSVR
and the AV A calculated from the data obtained during
cardiac catheterization. There was a linear relation
(r-0.81) between two parameters. FSVR ratio <1.15
identified all patients in this serie with significant aortic
stenosis (defined as an AVA <1 cm® or <0.53
cm®/m*). FSVR <0.8 had the best combined sensitivity
(94%) and specificity (90%) as seen in Table 1. When
FSVR <1.15 was used to identify patients with a signi-
ficant aortic stenosis, sensitivity was 100% but specifi-
city was FSVR £0.6 had the best specificity (100%)
but poor sensitivity.
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Figure 1. Relation between the fractional shortening-velocity ra-
tio (FSVR) and aortic valve area (AVA) in 45 prospectively stu-
died patients.

Table 1. Distribution of the patients according to frac-
tional shortening-velocity ratio (FSVR) and aortic valve
area (AVA) values

AVAS0.53cm’/m’ AVA>0.53 cm*/m”*

FSVR<0.8 33 1
FSVR>0.8 2 9
DISCUSSION

FSVR, although derived empirically, was based
on the Gorlin formula: it incorporates an index of
transvalvular valve flow in the numerator and an index
of the transvalvular pressure gradient in the denomina-
tor. In this study this ratio was prospectively tested
against the current invasive gold standart method car-
diac catheterization and the Gorlin formula. Additional
strenghts of this calculation:

1) It indexes gradient to a left ventricular function
variable, 2) the Doppler gradients is the continuous
wave gradient already in use and 3) fractional shorte-
ning is an accepted variable of left ventricular function
that requires minimal computation and no mathematic
assumptions.

In our study we observed a significant linear rela-
tion (r-0.81) between FSVR and AVA determined by
the Gorlin formula at cardiac catheterization. This ratio
appears to perform well: FSVR < 0.8 had a sensitivity
of 94% and a specificity 90% for identifying patients
with significant aortic stenosis (AVA < 1cm’ or < 0.53
cm’/m ). Mann (12) had found same relation (r-0.88)
in twenty-five patients studied retrospectively (patients
with regional left ventricular dysfunction and more than
mild aortic insufficiency were excluded). In his pros-
pective series (no patients were systemically excluded
from the analysis) with 29 patients (12), when FSVR <
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11 was used to identify patients with an AVA < 1cm’,
the sensitivity was 96%, and the specificity 50%. In
the same study, when FSVR < 0.8 was used to identi-
fy patients with an AVA < 0.7 cm’, the sensitivity was
100%, and the specificity 62%. if FSVR i 0.8 was
choosen for identifying patients with an AVA £ 1cm?,
the sensitivity was 67% and the specificity 100%. In
the study Otto (15) FSVR < 0 8 identified 239 of 307
patients with AVA < 0.7 cm® (sensitivity 78%) and
FSVR > 0.8 identified 38 of the 75 patients with AV A
> 0.7 cm® (specificity 51 %). In the study of Peter et al
(16), this ratio was applied as an estimate of effective,
available aortic valve area in patients with aortic valve
prosthesis.

However several issues remain problematic: 1)
The continuous wave measurement retains pitfalls, 2)
Although the fractional shortening is a good to excel-
lent indicator of left ventricular function, it is not equi-
valent to flow as such. This becomes apparent in pa-
tients with mitral regurgitation, for whom this method
may be severely limited. Finally, more patients need to
be studied with intermediate valve areas to determine
the performance of this technique in borderline situa-
tions.

In conclusion, this study shows that the "fractional
shortening-velocity ratio" is a sensitive and specific
non-invasive method for identifying patients with clini-
cally significant aortic stenosis. It is simpler to apply
and may be useful in clinical decision-making as conti-
nuity equation valve areas.

We  gratefully  acknowledge  the  assitance of C.
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