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S U M M A R Y 

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 cm2/m2) 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 4V2, 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 
(<0.53 cm2/m2) with good sensitivity and specificity. 
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Ö Z E T 

Devamlılık denkleminin kullanıldığı Doppler-ekokar-
diyografi metodları ile, anlamlı derecede aort stenozu bu
lunan hastaların aort kapak alanı doğru bir şekilde hesap
lanmaktadır; buna karşılık, bu denklemde kullanılan sol 
ventrikül çıkış yolunun ölçülmesi, teknik nedenlere bağlı 
olarak her hastada mümkün olmamaktadır. Bu çalışma
nın amacı, anlamlı derecede aort stenozu (kalp katete-
rizasyonunda Gorlin formülü ile hesaplanmış aort kapak 
alanı Hem2 veya $0.53 cm2/m2) bulunan hastaların sap
tanmasında kullanılan basit ve non invazit bir metodun 
prospektif olarak değerlendirilmesidir. 45 hasta (9 kadın, 
36 erkek, ortalama yaş 59+74) bu çalışmaya dahil edil
miştir. Fraksiyonel kısalma-hız oranı adı verilen bu metod, 
sol ventrikülen anteroposteriyor kısalma fraksiyonu yüz
desinin 4V2'ye (V: Doppler-ekokardiyografi ile elde edilen 
maksimal aort kapak akım hızı) bölünmesi şeklinde uygu
lanmıştır. Şiddetli derecede aort veya mitral regürjitasyo-
nu bulunan veya kalp kateterizasyonu sırasında aort ka
pağı geçilemeyen hastalar çalışmadan çıkarılmıştır. Frak
siyonel kısalma-hız oranı her hastada, kalp katete
rizasyonu sonucundan haberdar olmayan aynı kişi tara
fından hesaplanmıştır. Bu basit yöntemin duyarlılığı %94, 
özgüllüğü ise % 90 olarak bulunmuştur. 

Sonuç olarak bu çalışma, özellikle konvansiyonel yön
temler ile aort stenozu şiddetinin değerlendirilmesinin zor 
olduğu durumlarda, basit bir metod olan fraksiyonel kısal
ma-hız oranı hesaplanmasının anlamlı derecede aort ste
nozu olan hastaları saptayabileceğini göstermiştir. Bu oran 
0.8'in altında takdirde, 0.53 cm2/m nin altındaki aort kapak 
alanı saptanmasında iyi bir duyarlılığa ve özgüllüğe sahiptir. 

Anahtar Kel imeler : Aort stenozu, Fraksiyonel kısalma-hız 
oranı, Ekokardiyografi 
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T h e h igh mortal i ty rate a s s o c i a t e d with s y m p t o m a 
tic aort ic s tenos i s m a k e s the a c c u r a t e c l in ica l a s s e s s 
ment o f this l es i on e s s e n t i a l . H o w e v e r , the c l a s s i c c l i 
n ica l descr ip to rs o f s igni f icant aor t ic s t e n o s i s a re l e s s 
a c c u r a t e in pa t ien ts wi th h y p e r t e n s i o n , aor t i c insuf f i 
c i e n c y a n d co ronary heart d i s e a s e . D opp l e r e c h o c a r 
d i o g r a p h i c t e c h n i q u e s a r e n o w a c c e p t e d a s c l i n i c a l 
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m e t h o d s for eva lua t ion of the sever i ty of aor t ic s teno
s i s (1-3) . T r a n s a o r t i c p r e s s u r e g r a d i e n t s , c a l c u l a t e d 
f rom f low ve loc i t ies us i ng the Bernou l l i equa t i on , a n d 
v a l v e a r e a s , d e t e r m i n e d b y the con t inu i t y e q u a t i o n , 
h a v e b e e n va l ida ted ( c o m p a r e d with c a r d i a c catheter i 
zat ion) in pat ients with a w ide r a n g e of s t e n o s i s s e v e 
rity (3-9). 

D e s p i t e the c u r r e n t w i d e s p r e a d a c c e p t a n c e o f 
the con t inu i t y e q u a t i o n for d e t e r m i n i n g ao r t i c v a l v e 
a r e a ( A V A ) , th is m e t h o d h a s s o m e l im i ta t ions . F o r 
e x a m p l e , t h e r e q u i s i t e m e a s u r e m e n t s a r e t i m e -
c o n s u m i n g a n d c a n be t echn i ca l l y diff icult i n cer ta in 
s u b s e t s o f pa t i en t s (10) . In th is e q u a t i o n , the out
f l ow t rac t d i a m e t e r i s the m o s t di f f icul t v a r i a b l e to 
m e a s u r e a n d s h o w s the g r e a t e s t int ra a n d in te rob
s e r v e r m e a s u r e m e n t var iab i l i ty (11) . T h u s , m e t h o d s 
b a s e d on this equa t i on m a y not be a c c u r a t e o r a p 
p l i cab le in al l c l in ica l se t t ings . 

T h e p u r p o s e o f this s tudy w a s to eva lua te a s i m 

ple m e t h o d , p r o p o s e d first by M a n n (12), for e v a l u a 

ting aort ic s t e n o s i s : " f ract ional shor ten ing-ve loc i ty ratio 

( F S V R ) " . W i th this m e t h o d , we tr ied to e l iminate the 

dif f icult ies a n d er rors invo lv ing in m e a s u r i n g b lood f low 

a c r o s s a v a l v e , to r e m a i n sens i t i ve a n d a c c u r a t e in 

low c a r d i a c f low s ta tes a n d to app ly eas i l y in a g e n e 

ral c l in ica l set t ing. 

MATERIAL AND METHOD 
P a t i e n t p o p u l a t i o n 

T h i s s tudy is c o n s i s t e d of a p rospec t i ve se r i es of 
4 5 pat ients ( 9 w o m e n , 3 8 m e n , m e a n a g e 59+14). E x 
c lus ion cr i ter ia i nc luded e v i d e n c e of reg iona l left ventr i 
cu la r dys func t ion a n d m o r e than mi ld aor t ic and /o r mit
ral regurgi tat ion. 

E c h o c a r d i o g r a p h y 

T h e e c h o c a r d i o g r a p h i c d a t a w e r e r e c o r d e d with 
a H e w l e t t - P a c k a r d S o n o s 1 0 0 0 co lo r e c h o c a r d i o g r a 
p h y a n d c o n t i n u o u s / p u l s e d - w a v e D o p p l e r é q u i p e 
m e n t 

D o p p l e r e c h o c a r d i o g r a p h y : T h e s y s t o l i c ve loc i ty 
porf i ie a c r o s s the aor t ic va l ve w a s reco rded f rom the 
ap i ca l , sup ras te rna l a n d right pa ras te rna l v i ews us ing 
con t i nuous w a v e Dopp le r u l t rasound . T h e m a x i m a l f low 
ve loc i ty a c r o s s the aor t ic v a l v e w a s de te rm ined f rom 
the outer e n v e l o p e o f the c o n t i n u o u s w a v e D o p p l e r 
spec t ra l t rac ing , in al l pat ients , the p r e s s u r e fall a c r o s s 
the aor t ic va l ve w a s ca l cu la ted us i ng the 4 x V 2 approx i 
mat ion of the Bernou l l i equa t ion (peak ve loc i ty under 
the aor t ic v a l v e w a s <1.2 m / s e c in all pat ients) , w h e r e 
V w a s the p e a k I ns tan taneous D o p p i e r - d e r i v e d f low 
veloc i ty a c r o s s the aor t ic va l ve . 

M - m o d e e c h o c a r d i o g r a p h y : A l l M - m o d e s t u d i e s 
w e r e pe r fo rmed with the pat ients in the left lateral d e 
cub i tus pos i t ion us ing two -d imens iona l e c h o c a r d i o g r a 
ph ic g u i d a n c e a n d a pa ras te rna l l ong-ax is v iew. T h e 
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extent of left ventr icu lar f rac t iona l an te ropos te r io r s h o r 
ten ing w a s m e a s u r e d a t the midpap i l la ry m u s c l e l eve l 
f rom the end-d ias to l i c ( E D D ) a n d endsys to l i c ( E S D ) d i 
m e n s i o n s , u s i n g the l e a d i n g e d g e t o l e a d i n g e d g e 
conven t ion acco rd ing to A m e r i c a n S o c i e t y o f E c h o c a r 
d iog raphy gu ide l ines (13). P e r c e n t f ract ional sho r ten ing 
w a s ca lcu la ted a s ( E D D - E S D ) / E D D x 1 0 0 . 

F S V R is o b t a i n e d by d iv id ing the ex ten t o f left 
ventr icu lar f ract ional shor ten ing ( F S % ) a t the midvent r i -
cu la r leve l by w h e r e V is the p e a k i ns tan tenous 
D o p p i e r - d e r i v e d f low ve loc i ty a c r o s s the aor t i c l e v e l ; 
w h e r e F S V R : F S % / 4 x V 2 . 

Cardiac catheterization 

C a r d i a c catheter izat ion w a s pe r fo rmed v i a f e m o r a l 

a c c e s s a n d the s tenot ic aor t ic v a l v e w a s c r o s s e d wi th 

o f a soft gu ide wire. R igh t s i d e d p r e s s u r e s w e r e m e a 

s u r e d with a ba l loon- t iped f low-d i rec ted ca the te r a n d 

the c a r d i a c output w a s e s t i m a t e d b y m e a n s o f t h e 

the rmod i l u t l on m e t h o d . S i m u l t a n e o u s left v e n t r i c u l a r 

p r e s s u r e s a n d femora l ar tery p r e s s u r e s w e r e reg is t red 

a n d a s low pu l l -back f rom the left vent r ic le to the a s 

c e n d i n g aor ta w a s pe r fo rmed a t the e n d o f the p r o c e 

dure . T h e or i f ice a r e a o f the na r rowed aor t ic v a l v e w a s 

ca l cu la ted automat ica l ly by m e a n s o f the G o r l i n f o r m u 

la that i s i n co rpo ra ted in the so f twa re o f t he M i c o r 

( S i e m e n s - E l e m a , S o l n a , S w e d e n ) h a e m o d y n a m i c s s y s 

t ems . 

Data analysis 

D opp l e r a n d M - m o d e t rac ings w e r e a n a l y s e d b y 

the s a m e phys i c i an w h o w a s u n a w a r e o f the ca the te r i 

z a t i o n r e s u l t s . F o r p a t i e n t s I n s i n u s r h y t h m t h r e e 

c o n s e c u t i v e bea ts , in atr ial f ibri l lat ion s ix c o n s e c u t i v e 

bea ts w e r e a n a l y s e d . 

Statistical analysis 
D a t a w e r e e x p r e s s e d a s m e a n v a l u e s t s t a n d a r t 

d e v i a t i o n . T h e co r re l a t i on b e t w e e n F S V R a n d A V A 
d e t e r m i n e d a t c a r d i a c ca the te r i za t i on w a s a s s e s s e d 
u s i n g l inear r e g r e s s i o n a n a l y s i s . Sens i t i v i t y a n d s p e 
c i f i c i t y w e r e d e t e r m i n e d u s i n g s t a n d a r t f o r m u l a s 
(14). 

RESULTS 
F igure 1 s u m m a r i z e s the re lat ion b e t w e e n F S V R 

a n d the A V A ca l cu la ted f rom the d a t a ob ta ined dur ing 

c a r d i a c c a t h e t e r i z a t i o n . T h e r e w a s a l i n e a r re la t i on 

( r - 0 . 8 1 ) b e t w e e n two p a r a m e t e r s . F S V R rat io <1.15 

ident i f ied all pat ients in this se r i e with s ign i f i cant aor t i c 

s t e n o s i s ( d e f i n e d a s a n A V A < 1 c m 2 o r <0.53 

c m 2 / m 2 ) . F S V R <0.8 h a d the bes t c o m b i n e d sens i t iv i ty 

(94%) a n d spec i f ic i ty (90%) as s e e n i n T a b l e 1 . W h e n 

F S V R < 1.15 w a s u s e d to identi fy pat ients wi th a s ign i 

f icant aor t ic s t e n o s i s , sensi t iv i ty w a s 1 0 0 % but spec i f i 

ci ty w a s F S V R £0.6 h a d the bes t spec i f i c i t y (100%) 

but poor sensi t iv i ty . 
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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. 

T a b l e 1. Distr ibut ion of the pat ients a c c o r d i n g to f rac
t ional shor ten ing-ve loc i ty ratio ( F S V R ) a n d aort ic va l ve 
a r e a ( A V A ) v a l u e s 

AVAS0.53 cm 2 /m 2 AVA>0.53 c m z / m 2 

FSVR<0.8 33 1 
FSVR>0.8 2 9 

DISCUSSION 
F S V R , a l t hough derived empirically, w a s b a s e d 

on t he G o r l i n f o r m u l a : i t i n c o r p o r a t e s an i n d e x o f 
t ransva lvu la r va l ve f low in the numera to r a n d an index 
of the t ransva lvu la r p r e s s u r e grad ient in the d e n o m i n a 
tor. In th is s tudy this rat io w a s p rospec t i ve l y t es ted 
aga ins t the current i nvas i ve go ld s tandar t me thod car
d i a c ca theter iza t ion a n d the Go r l i n fo rmu la . Add i t iona l 
s t renghts of this ca l cu la t i on : 

1) It i n d e x e s grad ient to a left ventr icu lar funct ion 
va r i ab le , 2 ) the D o p p l e r g rad ien t s i s the c o n t i n u o u s 
w a v e grad ien t a l ready in u s e a n d 3) f ract ional shor te
n ing is an a c c e p t e d var iab le of left ventr icu lar funct ion 
that requ i res m in ima l computa t ion a n d no ma thema t i c 
a s s u m p t i o n s . 

In our s tudy we o b s e r v e d a s igni f icant l inear re la 
t ion ( r -0 .81) b e t w e e n F S V R a n d A V A de te rm ined b y 
the Gor l i n fo rmu la a t c a r d i a c ca theter iza t ion . T h i s ratio 
a p p e a r s to per form we l l : F S V R < 0.8 h a d a sensi t iv i ty 
o f 9 4 % a n d a spec i f ic i ty 9 0 % for ident i fy ing pat ients 
with s igni f icant aor t ic s t e n o s i s ( A V A < 1 c m 2 or < 0 .53 
c m 2 / m ) . M a n n (12) h a d found s a m e relat ion ( r -0 .88) 
in twenty- f ive pat ients s tud ied re t rospect ive ly (pat ients 
with reg iona l left vent r icu lar dys func t ion a n d m o r e than 
mi ld aor t ic insu f f i c iency w e r e e x c l u d e d ) . In h is p ros 
pec t i ve s e r i e s (no pat ients w e r e sys temica l l y e x c l u d e d 
f rom the ana lys is ) with 29 pat ients (12), w h e n F S V R < 
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1.1 w a s u s e d to identify pat ien ts wi th an A V A < 1 c m 2 , 
the sensi t iv i ty w a s 96%, a n d the spec i f i c i t y 5 0 % . In 
the s a m e study, w h e n F S V R < 0.8 w a s u s e d to ident i 
f y pat ients with an A V A < 0.7 c m 2 , the sensi t iv i ty w a s 
1 0 0 % , a n d the spec i f i c i t y 6 2 % . i f F S V R i 0 .8 w a s 
c h o o s e n for ident i fy ing pat ients with an A V A £ 1 c m 2 , 
the sensi t iv i ty w a s 67% a n d the speci f ic i ty 1 0 0 % . In 
the study Ot to (15) F S V R < 0 8 ident i f ied 2 3 9 of 3 0 7 
pa t ien ts wi th A V A < 0 . 7 c m 2 (sensi t iv i ty 7 8 % ) and 
F S V R > 0.8 ident i f ied 38 o f the 75 pat ients with A V A 
> 0.7 c m 2 (specif ic i ty 51 %). In the s tudy of Pe te r et al 
(16), this ratio w a s app l ied as an es t ima te of e f fect ive, 
ava i lab le aort ic va l ve a r e a in pat ien ts with aor t ic v a l v e 
prosthesis. 

H o w e v e r s e v e r a l issues r e m a i n p r o b l e m a t i c : 1 ) 
T h e con t i nuous w a v e m e a s u r e m e n t re ta ins pit fal ls, 2 ) 
A l though the f ract ional shor ten ing is a g o o d to e x c e l 
lent ind icator of left vent r icu lar func t ion , i t is not e q u i 
va len t t o f low as s u c h . Th i s b e c o m e s apparen t i n p a 
t ients with mitral regurgi tat ion, for w h o m this m e t h o d 
m a y be seve re l y l imited. F ina l ly , m o r e pat ients n e e d to 
be s tud ied with in termedia te v a l v e a r e a s to de te rm ine 
the performance of this technique in border l ine s i tua 
t ions. 

In c o n c l u s i o n , this s tudy s h o w s that the " f ract ional 
shortening-veloci ty ra t io" is a s e n s i t i v e a n d s p e c i f i c 
non - i nvas i ve me thod for ident i fy ing pat ients with c l in i 
ca l ly s igni f icant aor t ic s t e n o s i s . I t is s imp le r to app l y 
a n d m a y be usefu l i n c l in ica l d e c i s i o n - m a k i n g as cont i 
nuity equa t ion va l ve areas. 
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