BiEERK F 77—
X 5 fEEfFEEE O FMm:
St. Jude Medical ##F
&7 A REF L O

KEE #
g B
Bl HE
HlAET
Bt &
JUAS  HEER
M 5L
BT HEx
ity EE*
DA HH*

Summary

Journal of Cardiography 15: 1119-1127, 1985

Continuous wave Dop-
pler assessment of pro-
sthetic valves in the
mitral position: Com-
parison of the St. Jude
Medical mechanical
valve and the porcine
xenograft valve

Akira KISANUKI
Chuwa TEI
Kiyotake ARIKAWA
Kumiko NATSUGOE
Yutaka OTSUJI
Yasuro KAWAZOE
Hiromitsu TANAKA
Yasuo MORISHITA*
Minae MARUKO*
Akira TAIRA*

To assess the opening function of prosthetic valves in the mitral position with special reference
to the type and size of the valve and the years since replacement, we recorded maximum flow velocity
through the mitral orifice using continuous wave Doppler echocardiography for 50 patients with mitral
valve replacement and 15 normal subjects. There were 33 patients with St. Jude Medical valves and
17 with porcine xenograft valves. An ultrasonic transducer was placed over the left ventricular apex
and the direction of the ultrasonic beam was positioned to be parallel with mitral flow using the Doppler
audio signals. A pressure gradient was calculated from continuous wave Doppler flow velocity with a
simplified Bernoulli’s equation proposed by Hatle et al. The peak and mean maximum flow velocity,
mean pressure gradient across the valve and the pressure half time were measured to evaluate the
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opening function of the prosthetic valve.
The results were as follows:

1. All four measurements were significantly larger in patients with valve replacements than in
normal subjects, and were significantly increased in patients with porcine xenograft valves compared

to those with St. Jude Medical valves.

2. The opening function was well maintained in patients having larger valves than in those having
smaller ones in the group of St. Jude Medical valve replacement.
3. In patients who had porcine xenograft valve for four years or more, the opening function was

decreased the more years they had been implanted.

We conclude that continuous wave Doppler echocardiography is a useful noninvasive method for
the quantitative assessment of the diastolic opening function of the prosthetic mitral valve.
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b3, WREHEOLCHEICHETHS.
Sk, ATLF oz EBmne i E 3 2548, O
¥H, M - FBIUHBLz 2K, H50n
BAVREFS—za—EY oOFAERRESH
TW3 A, WTFhoF b FREIEOERMFEMIC
ERARH Y, +HTiEAV. B, MREOR
W IC IS & ke IRl K 777 — ki, fLiko
EEEELHETZZ EBAETH Y, FEHIE
EOERWFMCERATH I Z L B@ESh T
5370, Lal, ERKEF77-HEEAWTAL
FOEE % ERAYICIME L B D ane. o
OHED BRI, EREF 77 —HEEHAWT, @
e BT BT 36 1F B HEAR I o L e e K EE &
EL, AIAOEEZALHROER ¥4 X, #f
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MR EHE

R MBS ERS S0 FlT, B 294, 4«21
#l, EHEET 43+10 5 (mean+standard de-
viation) T 5. ZDHNERIL St. Jude Medical
(SJM) mechanical valve 33§l (frEH#% 6~48

278, ¥4 X 27mm: 10}, 29 mm: 13 f], 31
mm: 10 ), porcine xenograft 17 ffi| (F{BE#f
#% 54~114 » §, Carpentier-Edwards # 9 {3,
Hancock # 8 ffl, # 4 X 29 mm: 3], 31 mm:
1341, 33mm: 1) cHs. EEALISH, (B8
Bl, &76l, FHFRRLEISHF)Ea s ba—n
L.

HRE F 75 —niEBEi3 ¥ SSH 40 B-SDS
21 B, #» 5\ i3 Pedof Doppler system # F%
SSH 11 A-SDS 10A i#Hg s b0 A
Wiz, BEfhFIE ERIBAMLIC T EBLRBIZB &,
K K77 —HAOBEFRE — L8 ATREER
FTHMPICH LTFEITICHR 32 & H9CAHL &
(Fig. 1). & K75 —= 2 —[Xid strip chart
recorder W T, #3X Y #E 50 mm/sec ¥ &
W0 100 mm/sec CiRk L. @K K75 —Ho
BEEE—L LML ZIRERTTHS EREL
THLFEEEEE & FH L. #EREE K77 — 5 b AL
FrDOKERE % FFMli+ 5 72 iT, peak velocity, mean
velocity, pressure half time, mean pressure
gradient 4 >DIEEEFiz. Peak velocity
PR R o rapid filling 23 5 B AHE %,
mean velocity (3 HEIR Ik 0K & LR HIRRHE
TR L7{ETdH 5. Mean pressure gradient {3,
Hatle 54z X v 78 & h 72§ 5, Bernoulli =R,
P=4V?2 (P: gz, V:EKEE) ¢HVT, i
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Fig. 1. Left ventricular apical 4-chamber
view of a patient with mltral porcine xeno-
graft valve.

The white line shows the ultrasonic beam direction
of continuous wave Doppler echocardiography
parallel to the flow through the valve orifice.

RV =right ventricle; LA=left atrium; RA=right
atrium ; LV =left ventricle.

BEA D KGHE 20 & Fe RIEBGE AR & ERR L, €
DR & LR IIR R TR L 72T H 3
half time |3 Hatle 59c X VB E72b DT,
PR R KIERE? B 1/2 OEREIC 2% %
TORMTHSD. Zh b ® I x, light pen
method # fjv»T, Picture Analyser model X'5
~mu&btv47u:/L4—9—m XV HE
Bk, ik 10,00 FEE cofie L
7. Fig. 2 3zo—#lTdh 5. J:Ex@i porcine
xenograft QN K77 —= 2 —[T & 5 7%,
SfloMA % light pen Thr—2¢425&, TF
L 0).7)) b B, FEAZMm#EE h#RE, T
5 LS A B 15 B Mz Rz i 2R L T
W5, FELTEOMIca L Ea—2 —CTHHY
Iz E &h iz, peak velocity, mean velocity,
velocity gradient (i dh#fR D Z), peak pres-
sure gradient, mean pressure gradient, pres-

sure half time OfEpREhTWVW5S

%. Pressure

i 4] oD Rl

W K7 —Hick b

L5 -

i D RAIEFr 1 &l 3 5k K 77 —
= o — i, 2EBEAN L OFIG féiﬂ jLie, &=
Wtk D FEH I & o Licps (Fig. 3), (LElshz
ffo e FpERGI T, HERRH O G T, —i&
Ph&os L (Fig. 2). BF, #off, 44 %,
FAERY 2 ic & 5 peak velocity, mean velocity,
pressure half time, mean pressure gradient ®
FEA R~ S.
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Table 1 (3% 0fEHR & RT. LEFW O peak
velocity »3#ix, SJM FHcix 1.4+0.3 m/sec,
porcine xenograft T 1.8+0.3 m/sec TH Y,
ALl IR b EFEE (0.8+0.1 m/sec) it
RTEME%E L7z (p<0.001). AILFfpo T
porcine xenograft »3 SJM F X Y HFEIC (p<
0.001) Efiz: L7z (Fig. 4). Mean velocity,
pressure half time, mean pressure gradient o
3omnigiEix, Table 1 /R4 &<, WTFird
peak velocity & [Fikic, ATFpflods 23MassE
roEfEEa L (p<0.001 %7213 p<0.01), 5o
porcine xenograft ®J54 SJM Fpic e~ TEfE
iR Lz (p<0.001).

2. AIHDOH A XDEWNZEZEIEZOLE

SJM Fpo peak velocity iF, # A X 27 mm
<1z 1.5+0.2 m/sec, 29 mm Ti& 1.4+0.2 m/sec,
31mm <% 1.3+03m/sec &, # A XANRKEL
RHICHONEEERL, W 4 Z 27mm & 31 mm
L oflicE R A EZE (p<0.05) »bh
7= (Fig. 5). %7z mean velocity, mean pressure
gradient 4,04 4 XA KEWIEE KEEZ R L
s, HEEIRED b Ao, —J5, porcine
xenograft Tit, # A X 29mm & 33 mm OJE
BAD 7 <, FERHLEE S REET & - 7.

3. MREBEHICLIRIEEOLE

SIM T i itk 4 AN DEEFIC 5T, 42
OFEICIZ Wh b RENELEZRD 2d - 7.

Zhizxt L porcine xenograft [Z35(f % mean
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Fig. 2. Measurements of flow velocity, pressure gradient and pressure half time obtained
using the microcomputer method in a patient with mitral porcine xenograft valve.

The upper panel shows continuous wave Doppler echogram. The left lower panel is the velocity
curve of the second heart beat (black arrow) traced by light pen method, and the right lower one is
pressure gradient curve obtained by the microcomputer using a simplified Bernoulli’s equation.

max Vi=peak flow velocity in early diastole; mean Vi=mean flow velocity; V gradient=velocity
gradient; max P-P=peak pressure gradient in early diastole; mean P-P=mean pressure gradient;

half P-P =pressure half time.

Table 1. Summary of measurements of four indexes in patients with mitral prosthesis and
normal subjects

Peak flow velocity Mean flow velocity Pressure half time Mean pressure gradient

(m/sec) (m/sec) (msec) (mmHg)
St. Jude Medical valve —1.4+0.3— —0.8+0.1— — 86+21— —3.5+1.1—
‘** *k ok \**
Porcine xenograft —=1.80.3%* 1. 1:=E 0. 3% =150+80* —=5.9+3.0%*
ok | |ss ‘ |ses Kok
Normal subjects 1—0.810.1—‘ I—O.7i0.1—’ l— 67+13— —1.24+0.4—

P value: **=p<0.001, *=p<0.01.
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Fig. 3. Mitral flow velocity recorded with continuous wave Doppler echogram from a

normal subject.

The pattern of the diastolic flow velocity is biphasic and similar to that of the M-mode echogram of
the anterior mitral leaflet. The peak flow velocity is 0.7 m/sec.

pressure gradient (&, itk 94 a ML TW
HiL b b T, HERLTWARWERZ 1 T
TE L7273, ol Ttk 4 420 6 8 45k L
ToIEHI T, FREES L & 1 IC mean pressure
gradient (ZHH 5 272 8K % 25 L, W [EICIEFH
B b (r=0.72). F7- peak velocity,
mean velocity, pressure half time o»fiid,, 1
il Z5x< &, mean pressure gradient & [a]kf7e
AR b E R L.

4. FEFIBIR

EH ICHERE L T 5 Llb v s N9 (Figs. 6,
7), ¥ X UOHREIR T 2 sh s AL (Fig. 8)
DEp & T

Fig. 6 13 S]M Ffro T, fekifi@EkE i 1.2
m/sec THEFHICTH AR TRE 2flarmd 25, ik

Wo 2w — 73 EEE EFHPLTwS. Fig. 73
porcine xenograft O], i KiEiEE 1.8 m/sec
S, SIM FpdEflic LESR L, % 72 hhii
oz e =713 ERHIERTHEERTSH 5. Fig.
8 1MWl L 2 — XIS TIRICHIKAL T B
7= porcine xenograft OFHT, JLEHO 2w —
TOETFZEHIMETL, FRED WKL,
PR IRASRE ISl L e S 7 — v B R LT 5.

% z
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W R77 =X Y, BRI TSI
JE#ZE & JEBMAICHIE L5 Z L 213 L TH
U7, B LR K 7T — o [RIRERC ik
2k, ooz Es L+ aEE S L

— 1123 —



AREE, 8, FHl, En

m/sec P<0.001
L P<0.001 I
2.5 o001

-
o

e

e0 0 0%, ° oqpep o

...
L]
N %
[ ]
: !
L]
0.5
1.4 1.8 0.8
+0.3 +£0.3 +0.1
o 1 1

SJIM PX NS

Fig. 4. Comparison of the peak mitral flow
velocity of the St. Jude Medical (SJM) valve,
porcine xenograft (PX) valve and native mitral
valve of normal subjects (NS).

The values of the peak flow velocity are significantly
larger in both prosthetic valves than in NS. They are
significantly increased in patients with the PX valve
compared to those with the SJM valve.
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Fig. 5. Comparison of the peak mitral flow
velocities among 3 sizes of the St. Jude Medical
(SJM) valves.

The peak flow velocity is lower in patients having
larger valves than in those having smaller ones.
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Fig. 6. Continuous wave Doppler echogram of a patient having normal function of St.
Jude Medical valve in mitral position.

The diastolic slope of the maximum flow velocity is similar to that of normal subjects. The peak

flow velocity is 1.2 m/sec.
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Fig. 7. Continuous wave Doppler echogram of a patient having normal function of a
porcine xenograft valve in the mitral position.
The peak flow velocity is 1.8 m/sec and the diastolic slope is gentle in comparison with that of the

St. Jude Medical valve shown in Fig. 6.
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Fig. 8. Two-dimensional (left panel) and continuous wave Doppler (right panel) echogram
of a patient with a calcified porcine xenograft valve in the mitral position.

The peak flow velocity is increased (1.9 m/sec). The diastolic slope of the velocity is markedly de-
creased compared with that of normal subjects. The pattern of continuous wave Doppler echo is
similar to that of mitral stenosis.

LV =left ventricle; LA =left atrium; Ao=aorta.
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AN TR EIRBUHERER K77 — & I5H LT Hig
REDFEMi % 177 > 2 Dix, Holen &R EFITH
219, 53 EiESHRALo Bjork Shiley FfofikiE
WM REE & 3B L, SEREH K 77—k Dk
JERGED, LA T—F NV TROLEBGEL L < —
BFszea@iELTwvws. L L Bjork Shiley
P CRF &A@ T B MR 1 & fod i@ 5
Ted, BRI F 77—k X 5 s o fE ic
BREE2ETSLEbh3. Z0M, ALFowh
T% SJM p, porcine xenograft 7 &3, i
7t (central flow) RB LRI 3 =wic, kK7
7B B EBEOMIR Y TH B LB bR
%. Lipson o' 3 f4ig Mk 9% 7 4188
L 7z porcine xenograft o JEHIE ezt % B M1y I
ROTWB D, KO ORI L ERK K75 — Tk
» 7o S Bl DRI L T v 5.

L AIFOBHEICLDHSE

BIE S B L R H B 5 RO T
X, AIFpfilidfdn#H L v peak velocity, mean
velocity, pressure half time, mean pressure
gradient » 4 SOIFEH, WFhL BIE H D
BEREZRLTRY, ALHIBEFERICHSRTH
BEBVWEBRELAT S LTRSS AT
F DT porcine xenograft iX, SIM F# X v §i
BORERV T FEEZRL, SIM Frick~
TEBENPKREVWZ & 2R L 2. —F, Hatle
ML, EIEFBAE 2 % v T, pressure half
time BFOEH L FHETZZ Lr MELTW
%. £[EIDOWFT, porcine xenograft & pres-
sure half time 73 SJM oz hic lh_T HE
ICIER L TW/eZ Li3, Hatle 5 ot x4
b % &, porcine xenograft DI OFER A SJM
ROZHR LIV LN LIRS, = DEEER
1% Chaux &Y% OREEIC—F LT3, 4 5 i 4ig
FEH% 1~2 B0 SJM # L porcine xenograft
FEBI O ERE & BllAIC BiE Lz, SIM
#ix 1.8+0.8 mmHg, porcine xenograft i3 3.6
+23mmHg <, SJM FnJ A% porcine xeno-

graft ICHRTEMEEZRLTWS. FHax OED
[Fl#% <, SJM Fpix porcine xenograft t b
HEBIVWEEX OGRS,

2. AIHOKRESITLBHSE

SIM #i%, ROHY A XHBKE < 125 ShEE
EWMETT3HAETRL, OF A XNHOEWE
BEICEET S LAVRER. L LB
FOKRE & L EBOERE & OB &+ i1ckhE
LIEBREZSETHOAARVDT, ZORBEOR
A OWTIR, SRIEFAZELTRILTNL
VERHDEEXORS. ik SIM foBFLH
DEEEY 4 X 27mm ¢ 3.67cm?, 29mm <
441 cm?, 31 mm < 5.18cm? T 3.

3. IHRRBEHIC LD HE

Porcine xenograft »BEMEE 5 T, Fk
KARIEPED ORI B Z Lid, WHBL2—KE
I{BRTZ2LTHBN, WL a—KTi}
ESEOF iz HEETH 5. Lipson & 133 [F—
» porcine xenograft IZ3\W T, EIEHREHRE
% &R T FEROEEE S BIMAICHIE L, E
#EN 5.940.7mmHg 5% 8.6+0.7mmHg iz
HMLTHWZ LR ELTVS. Hx OfEET
%, porcine xenograft TiX4EEARET 5127
v, JEBZESBREERICHIN L, Fp3sE 0RREE H3TE
{72 ZEWBRENTZ. ZDLD e BREMHEL
2, BEOREBBEL+HEETREEATHY,
FEBULK) 2 RE L T H 58 K 77 — i3, &
FHELE T3 L HR L BELBEbRS.
—7%, SIM Fifith 4 4 % CIIBEHBILTER
Hohieh otz

£ ¥

R K77 — k& B v TR BRG] o g
HKzZESHE L. Zh kv ATHROHEREE
Bl L, o, ¥4 X, IHREBEK X
BE(ICONWTRE L 72

AR IS ESE 50 Fl. PMEFRIE St Jude
Medical (SJM) valve 33 5| (FHB#at% 6~48 »
H) & porcine xenograft 17 i (FE#at 54~114
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»H)THY, BEEFISHEGBE L. AR
BfE 03Tz 1L, peak velocity, mean velocity,
pressure half time, mean pressure gradient »
iAW, ZORBRIKROEY TH oIk

L AILHEBRFIGBREE X VEVEREELR
L7=. AIFodTix S]M % porcine xeno-
graft L YV BAMEEI BT TH - /2.

2. SIM HTEFOH A4 XN KX WIEBRMEE
BBIFTH .

3. SIM Fofiftk 4 FLLNOREFITIX, B4
MR 2> 2. —TF5, itk 4 GELL LR
L 7= porcine xenograft FEFITiX, RERENRE
FEHET 2RO 2.
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