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Summary

To assess the prosthetic aortic valve functions according to types and sizes of valves, the
peak flow velocity was recorded by means of continuous wave Doppler echocardiography in 40
patients (age 45+ 15 years) with prosthetic aortic valves and in 25 normal subjects. Twenty-one patients
had Bjork-Shiley valves (1-18 months after replacement); 12 had St. Jude Medical valves (6—48 months
after replacement); and seven had Carpentier-Edwards porcine xenografts (48-84 months after replace-
ment). The peak blood flow velocity across the prosthetic valve was recorded at the left ventricular apex,
the suprasternal notch, and the right parasternal border in the second intercostal space. The pressure
gradient was derived from the peak flow velocity by means of the simplified Bernoulli equation (P=4V?),
The peak and mean flow velocities and the peak and mean pressure gradients were measured to evaluate
the opening function of the prosthetic valves. The results were as follows;

1. The peak flow velocities were recorded in 33 patients (83%,) with aortic valve replacements. All
four measurements were significantly greater in patients with prosthetic aortic valves than in normal
subjects, but there was no significant difference according to the valve type.

2. The opening function was less in patients with smaller valves than in those with larger ones.
There was a clear correlation between opening function and valve size.

We concluded that continuous wave Doppler echocardiography is a useful noninvasive method for
evaluating the opening function of a prosthetic aortic valve.
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MR EFE
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& %. Bjork-Shiley REHMIHG - L% < 21
Flc, EHEBIT 48+14 5, REHREZOFZIBA

Bz 1~18 7 A ¢, Hro¥ 4 Xix Table 1 (Z7r
45 Y T 5. St. Jude Medical Fpix 12 T,
e 48111 5%, FRERK ORIEIT 6~48
4 B, Carpentier-Edwards 7" # B3 7 T,
ek 4918 R, FREHRK 48~8 1 A &iE
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EFiamEesl SSH40B-SDS21B & Pedof
Doppler system OHEHKE, »ovid 7E R
SSH11A-SDS10A & Pedof Doppler system o
BEEBEERAVWE. BFRO BIRAEEE SSH
40B-SDS21B iz 24 MHz, Pedof Doppler
system T 20 MHz » 3w 24MHz Tb%
5. #EE K75 —xa—0R&EE, EROR
B, MaBA%EE 2 mM, $HE B3 FmI VT
2\, Zh % strip chart recorder 2R Y BHE
50 mm/sec 3 X ¢ 100 mm/sec TCIREL 7-.
KBRS A %588+ 5 fLif oo J5 ) & Efesk K 7°
7 —OEERE - LHMEDRTAEIRHTDH
% 7%, high-pitched @ Doppler audio signal #
FEHR L, MK SHARICEEETSE 58, T0k
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peak flow velocity & L 7. Peak flow velocity
XY B RE#ED B, Hatle 59z X v iR
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Table 1. Subjects by age and valve type and size

Valvular size (mm)

Number Age (yr)
19 21 23 25 27 29 31
Bjork-Shiley valve 21 48+14 4 1 5 6 2 2 1
St. Jude Medical valve 12 48+11 1 5 6 — — — —
Carpentier-Edwards valve 7 49+8 — — 3 1 2 1 —
Normal subjects 25 45+15 — — — — — — —
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Fig. 1. Measurements of the peak and mean flow velocities (max Vi, mean Vi), and of the
peak and mean pressure gradients (max P-P, mean P-P) by means of the microcomputer
method in a patient with a Bjoérk-Shiley aortic valve.

The upper panel shows a continuous wave Doppler echogram. The left lower panel indicates the
velocity curve of the first heart beat (block arrow) traced by light pen method. The right lower panel
shows a pressure gradient curve obtained using the simplified Bernoulli equation.
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Fig. 2. Aortic flow velocity of a normal subject recorded by using continuous wave Doppler

echocardiography.

The left panel is obtained from a suprasternal approach ; the right panel from an apical approach.

Each peak flow velocity is 0.8 m/sec.

—%fwT, light pen method i2X Y, HIH
iz peak flow velocity, mean flow velocity, peak
pressure gradient, mean pressure gradient ¢ 4
S ofaEE kol (Fig. 1). Zh b ofFEEE,
AT 5~10 Do O P TR 72

] S

1. REEOXERFASBMITEE

e 25 pleplc, KRS DML FHEE o
kxRS B2 LN FRETH 57z, Peak flow
velocity & 25 filrf 21 flcidZESE LR L Y, 4
#l T8 B S B Wi e AR 2 i X 0 &
bhie. Fig. 2 icfs# o KBRS 1 2 @i
+ % M oM K 7°7 —= a —MEpRd. KA
FE ALY, RARASLRIBE DL
L, DT 5. Peak flow velocity iz ¥ &
0.8 m/sec TITELLTWAS. 7o BEHH OKBIIR

Jp& i+ 5 peak flow velocity oI f#Ix 1.1
+0.2mfsec TH - 7z.

2. KERFBIRHOFOABRAMIAEE

KBRS E ] 40 Fih, W] WE 72 peak flow
velocity %5 7S FliE 33 411 (83%) TH - 7z.
= o 33 i, peak flow velocity 1% 24 51 (73%)
TIRZEEDRE, 8 1 (24%) B Mt ks 2 Wk,
14 3%) 3#F EmiviEohnk, &Y 76T
1%, peak flow velocity #BAIRICR®D 5 Z L3 T
X tpinote. Zo 7 HF, 5 iz Bjork-Shiley
F,  14hx St. Jude Medical #, 1)k Car-
pentier-Edwards F# DEHITH - 2.

PAF, KBRS ESRG] 0 Fp] & 753

Fig. 3 i3 Bjork-Shiley F4 4 X 29 mm D
HlTh 5. RAEENEARS 2 I, KAEAES
DRI E VG LS DT, Wi, peak flow
velocity 39 2.2mfsec T, ITfHlL Tz
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Fig. 3. Aortic flow velocity recorded by means of continuous wave Doppler echocardio-
graphy of a patient with a Bjérk-Shiley 29 mm aortic valve.

The left echogram is made at the right parasternal border in the second intercostal space; the
one on the right is at the left ventricular apex. Each peak flow velocity is 2.2 m/sec.

Fig. 4 138754 1 X @ Bjork-Shiley i
%, ERLRML OB LILLOTHS. YA
% 31mm <k 1.2m/sec, 27 mm Tk 2.3 m/
sec, 19 mm Tix 2.8 m/sec » peak flow velocity
PRBRTWS.

Fig. 5 12771449 2 4E#%3f8 L 7= St. Jude Medical
o4 X 21 mm OFEFIZE, B AR 2 MIF X
DEEELZL D Th 5. Peak flow velocity i
3.1mjsec Th Y, FKREKZEF 38 mmHg L5
HEhie.

Fig. 6 137fft% #9 6 4 #% it L 7= Carpentier-
Edwards Fp4 4 X 29 mm OFEFT, Wikl =
a—[k, RENCFEF L, RRICAKILER
whhD. NEARKE 2 M XY ffk L peak
flow velocity % 3.1 m/sec T, FRE#HGET 38
mmHg L HH sh .

3. FOBHEIZLDZEEFOLRK

Peak flow velocity »3-3fE 13 Bjork-Shiley Fp
<1t 2.5+0.6 m/sec, St. Jude Medical 7Tl
2.7+0.4 m/sec, Carpentier-Edwards FTix 2.7
+0.7mfsec Thole. ThiCH LT, HEEHED
Y 1.1+0.2mfsec T, WTFHADOFHFOKE)
IRFEWFI T, EEE LV IERCHMEEZTL
7z (p<0.001). L»L, zhZho ATHRETE
SEMTY b o 7o (Fig. 7). Peak pressure
gradient MIFEfEIF, Bjork-Shiley FTix 26+
12mmHg, St. Jude Medical F# Tk 30+9
mmHg, Carpentier-Edwards F <% 31%15
mmHg Th -7 #ANLHMTEERBD bR
feinoleh, HEANLH L LARCEWERELH
LTk Y, 30mmHg PLEDORKERIEZR LI
SE@IAS 13 4, % 40% IciBw bhiz (Fig. 8).
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Fig. 4. Continuous wave Doppler echograms recorded from the left ventricular apex in
three patients with Bjork-Shiley aortic valves.

The peak flow velocities are 1.2 m/sec in the 31 mm size, 2.3 m/sec in the 27 mm size, and 2.8
m/sec in the 19 mm size. The peak flow velocity increases in inverse proportion to the size.
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Fig. 5. Continuous wave Doppler (CWD) echogram recorded at the right parasternal border
in the second intercostal space of a patient with a St. Jude Medical 21 mm aortic valve.
The peak pressure gradient obtained from CWD echocardiogram is 38 mmHg.
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Fig. 6. Two-dimensional echograms (left panel) and continuous wave Doppler echogram
(right panel) of a patient with a calcified Carpentier-Edwards 29 mm aortic valve inserted

six years ago.

The peak flow velocity is 3.1 m/sec and the peak pressure gradient is 38 mmHg.

Table 2. Indices measurements of patients with prosthetic aortic valves by type and of

normal subjects

Peak velocity

(m/sec)
Bjork-Shiley valve 2.5+0.6
St. Jude Medical valve 2.7+0.4
Carpentier-Edwards valve 2.7+0.7
Normal subjects 1.1+0.2

Mean velocity, mean pressure gradient ¢
i1z Table 2 2R3 L < Th 5.

4 FROYA XERBEEDORBER

Fig. 9 iz Bjork-Shiley Fpic 13 % peak flow
velocity LI+ 4 XOBfRE RS, BB HE
ELTHERSNIHERAAEMETR LTS, #
O/~ & wvwig & peak flow velocity (13 &l
ERAEUR 25 B Y, ARF AR (X) L peak
flow velocity (Y) & o[z

Mean velocity

Peak pressure Mean pressure

(m/sec) gradient (mmHg) gradient (mmHg)
1.7+0.4 26+12 14+6
1.8+0.3 30+9 16+5
1.9+0.5 31+15 18+9

542 31

Y=—-04X+35 (r=-0.62, p<0.01)
PEFA 2BY b EARFRE (X) &
RETHE CHIIE L7z peak flow velocity (Y') &
DFIC D

Y'=—15X+45 (r=—0.60, p<0.01)

L I ORI 238 B 7o, Bjork-Shiley Fp o4 1
X Lo 3 > DFRIE L DBfR% Table 3 27"
Table 4 123 5D ANLTIFHD A B0 FH £k
EDIYE % v3.  St. Jude Medical T34
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Fig. 7. Comparison of peak aortic flow velo-
cities of patients with Bjork-Shiley (B-S), St.
Jude Medical (SJM), Carpentier-Edwards (C-E)
valves and of normal subjects (NC).

The peak flow velocity of patients with prosthetic
valves is significantly increased compared with that of
NC, but it does not differ significantly relative to the
three kinds of prosthetic valves.

(s]

AZXPNENZEEFVEBREEZRLTVWS. L
L, Carpentier-Edwards f4 4 %X 29 mm o 1
Blix, FOF A XBKREVIZL 22T, T
EfZi 32mmHg LEEZRLTWE.

5. MREBEHICLIEIL

St. Jude Medical G, #HikiiEEK (X)
L peak flow velocity (Y) & offjic

Y=02X+21 (r=0.66)

DIEFBIAFR® b, FPHAE DIRERUE T AR
Shi.

mmHg N.S.
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Fig. 8. Comparison of the peak aortic pressure
gradients of patients with Bjérk-Shiley (B-S),
St. Jude Medical (SJM), Carpentier-Edwards
(C-E) valves and of normal subjects (NC).

Peak pressure gradient of patients with prosthetic
valves is significantly increased compared with that of
NC, but is not significantly different relative to the
three kinds of prosthetic valves. Values of peak pres-
sure gradients exceeding 30 mmHg are seen in 40%,
of the patients with aortic prosthetic valve.

] z=

1. EEERFTS—KICkZ KBRFASD FgzE
DOFEE

Hatle &1z X 92" & h /= Bernoulli nff5
X, P=4V3 2Hnw3 z Licky, KESPHE
FEICB T B EMZEDELAIRETH D Z L3 TT
ICHE SR T35, KRERFIZSEICB W T
4) Hatle [:313,14), Berger [‘915)’ Bl(fﬁkm)ﬂ,
LK K77 — B2 AW TR OMERZE 2 M <
EBZ LERELTWS. KBIIRFERFIC BV
Tb, MATEHERYICIZ KBIARFIRASIE DA L
¥RiZ, BRMFEEHE 2 bR KESEZ M+ 5 =
LMAEETH B LBEDbRS. LhL, S ETKEH
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¢ . W ZHICHR LT, kK75 — ko KmFE

2t ¢ HEE, I B BEEE L KBIRED, B
* B IC B B EREE Y KIF 5. L7sio>,

. B D FETLI T —FLREPSBONBIEKR

1 JEBGER, SERE K77 — TR B X VR
EERTAEEE RS B0, Z oz Lix, KENR

2.0 3.2 4.6 RERPIZISWTLRIETHS. T7bb, KB

0 15 2.5 3.8 ont WR B 0 22 K BIRTEE S % 3% f + 5 5
(19m232527§?mm) &, EREE K77 — T B e X vide ],

Fig. 9. Comparison of the peak flow velocity
and valvular size of Bjork-Shiley aortic valves.

A clear correlation between peak flow velocity (Y)
and valvular size (X) is observed.

RAAHRYICIZ & D ERE e B KEBELZ KB LTV
tnzb.

2) AE(@EFKE— L AF]A) ORE

HWHEE K 7°5 —#k2 5 Bernoulli nffi SR %

Table 3. Correlation between valvular size (X) and indices (Y) of Bjork-Shiley aortic

valve
Indices Regression equation r p value
Peak flow velocity Y=-0.4X+3.5 —0.62 <0.01
Mean flow velocity Y=-0.3X+2.5 —0.70 <0.01
Peak pressure gradient Y=-6.8X+45.9 —0.60 <0.01
Mean pressure gradient Y=-4.1X+25.7 —0.65 <0.01
Table 4. Mean pressure gradients by type of aortic valve prosthesis and valve size
Valve\ Size (mm) 19 21 23 25 27 29/31
Bjérk-Shiley 21£7 16 14+4 14+7 9+4 7+6
(n=3) (n=1) (n=4) (n=4) (n=2) (n=2)
St. Jude Medical 23 16+5 13+3 —_ — —
(n=1) (n=5) (n=5)
Carpentier-Edwards — — 17+12 17 12+1 32
(n=2) (n=1) (n=2) (n=1)
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BAZSE 2 I, $1F L&D 3 Fms b KERA
PERMLBTEREE 2 FTH/HTE 52, MEETEBET
INEL T BRI, 3FHEHLE DN I MHHEE
DEKE%L peak flow velocity & L7z, ATH
D¢, St. Jude Medical #, Carpentier-
Edwards Fpix L5 B 5 23, Bjork-Shiley
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S TWBAEEMEDL H 55, thof LRk Kk
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Bjork-Shiley #, St. Jude Medical #, 7# &
fEfTHh 5 Carpentier-Edwards D 3 oD F#
¥, peak flow velocity, peak pressure gradient
ZoEETAHINEY, BliTHH L RML S
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3. AIFRFOYA XIZkZFHMBEDHE
Bjork-Shiley #, St. Jude Medical #<ii,
DY A ZH /M & vwig L, peak flow velocity,
peak pressure gradient 4 D ISEII BE %R L iz.
IDNZLEY, A XDNSWHTRFOEH
BTN S WD ICBEVWEREER T30 L
EZxbhs. Fih, BOMHFEEAVWTRIELL
JERZET b Rk 2ErBE shTns. +4b
%, Bjork 5220 Levang &273 Bjork-Shiley
FIZBWT, F7 Chaitman 5203 Carpentier-

Edwards iz WT, FOH A4 KB /IEINEE
ESEEPBN LERELTRY, BroF7F—4
B S0 WE L 4 1 B0 EHEREIC k<
FEEILTW3. —%, Chaux 52¢ St. Jude
Medical F#piz > W T 0¥ Tix, EHEEZETW
FTho# 4 XTHi mmHg LKEERL, o
A XL BEBEDERBT/NENLNS. L
L, %5 o@Eaifig 24~48 N0 b0 T
by, FRECTHRE L BHERESIC BT 5 ER
ELRALL&HCHET sz LIz TE RV EEDR
5.

ZDESk, KBRERGIOESZEZTFOY A
RV RARBDT, NILEREOBEIF O
A X EFCANTHEEBEICRESA ThERDE 7
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Edwards 4 4 X 29 mm OFEFIIZBW T H S
N EHERE 32mmHg i, L4 A4 XD
Bjork-Shiley F > 7 mmHg izt LA & 2 IC B E
ERLTHEY, NIRRELDHTEZ LBTE
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ALFIT I T % BAREE » #RELE{kIC B LT,
BB, EFEEED T RELRTHTH S,
HBMREETH2BHEE F 77— 2 A v
T, SBRECRFAEZELR TS FETH 5.

%

EHE K 75— A vwhid KRR ERR S 0
FOPERZEEZFTMT 22 LBFETHY, ik
FOEBEZEZIFOY A XL VHELY S 1T 5.

£ #

B K 7° 7 —E 2 AW T RBIRESR S DK K
ML & 5K, FEMKEE, Licd > TEKEE
Ml L7c. &bz, ZhERoOEE, 4 X, i
HIRBER = L IC R E L 7z,

xt i3 KBIARF B #5540 61 (F 28 4, £ 12 7)),
TEN 45115 BTH 5. Wi Bjork-Shiley
Fp 21 ) (FpfBH1% 1~18 » H), St. Jude Medical
# 12 5| (FpEH% 6~48 # A), Carpentier-Ed-
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L L. FBRRERZHMT 572 ic, peak flow
velocity, mean flow velocity, peak pressure
gradient, mean pressure gradient o 4 $giE% f
W, FORERIIKROBY THoT.

L. KBRS EHAF 40 5l 33 51 (83%) iz HAME
7z peak flow velocity %7 #3252 LB TE L.
Z DY Bjork-Shiley # ik 2.5+0.6 m/
sec, St. Jude Medical # iz 2.7+0.4 m/sec,
Carpentier-Edwards # it 2.7+0.7 m/sec T&
ofe. Zhizx LT @EE O FfEr 1.1£0.2
mfsec T Y, KEIRFEHSITIE T Hh OFEH
DALFLEEEIVHALLCEELRLE (p<
0.001). UL, FATHBCIENEDOLLR
Mo fz. Peak pressure gradient §, AT <t
ENTEDbhid o), 30mmHg LU EoERH
ZERLIERD 1341, # 40% c@Bobhi.

2. FoH¥A X LFRKREDLETIX, Bjork-
Shiley cizHOEEMN/PNE v iF ¥ peak flow
velocity 3 EZTRL, A% HF 0 EE X) &,
peak flow velocity (Y) & offlic, Y=—04X+
3.5, r=—-0.62 DRREX1ELh

3. WHREBER I X 5 RRKEIC SV TR,
5 ieFHE A/ O Mg hr o T

LIk, #EfERE K75 —i, KBARFERE O
FBMEDFMICERA TS Y, 0¥ A X LM
WREDORICIZHEBEREAONEZ LBRHAL M E R -
7z.
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