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Summary

Intracardiac flow dynamic alterations in patients (pts) with prosthetic mitral valve (PMV) were
studied to assess prosthetic valve functions using pulsed Doppler technique and two-dimensional echo-
cardiography. The study population consisted of 23 pts who underwent mitral valve replacement
(11 with the Starr-Edwards disc valve, nine with the Bjérk-Shiley tilting disc valve, two with the
Hancock porcine valve, and one with the homograft valve), 20 pts with mitral stenosis, and 17 control
subjects (15 healthy persons and two with lone atrial fibrillation). All pts had a normal functioning
PMYV by clinical evaluation except for one patient with a dysfunctioning homograft valve, which was
angiographically documented. Flow velocity patterns were obtained at various sites in the left ventricle
(LV) and the left atrium (LA). Flow dynamic alterations in pts with PMV were evaluated from
(1) the half time of transmitral flow velocity descent in diastole, as an index of the atrioventricular pres-
sure gradient, (2) the extent of dispersion of Doppler frequency spectrum of intraventricular flow
as an index of the degree of flow disturbances and (3) the Doppler signals with broadening spectra
indicating transvalvular regurgitant flow into the LA.

The results were as follows:
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(1) In pts with PMYV, the velocity of transmitral flow decreased slowly and linearly throughout
diastole. The half time was significantly prolonged for pts with PMV as compared with that for control
subjects (272494 ms [mean+SD] vs 79+ 15 ms, p<.001), though it was shorter than that in pts with
mitral stenosis (4574145 ms, p<.001). In pts with PMV, the half time for pts with the Bjérk-Shiley
valve was relatively short as compared with that for pts with other valve. Marked prolongation of
the half time (483 ms) was observed in a patient with a dysfunctioning homograft valve. These findings
indicate that any PMV is obstructive, even with normal valve function, as compared with healthy mitral
valves and that the Bjork-Shiley valve is superior to the other PMVs studied in regard to the pres-
sure gradient across PMV.

(2) Diastolic flow velocity patterns in the LV were highly dependent on the type of PMV. Ap-
parently, the flow characteristics in the LV were disturbed in every patient with PMV regardless of
the type of PMV. The high pressure gradient across the PMV suggested by the prolonged half time
in pts with PMV, may be partially caused by flow disturbances produced by PMV.

(3) In 4pts out of 23 pts with PMYV, regurgitant flows suggesting transvalvular leakage were
detected in the LA. In a patients with a dysfunctioning homograft valve, the severity of regurgitation
assessed in three degrees according to Sellers classification by Doppler was consistent with that by
angiography. In the other 3 pts, regurgitation was found immediately above the PMV in the LA, which
was not suspected before the Doppler examination.

We conclude that the present technique using a pulsed Doppler flowmeter has great potential
value for evaluating prosthetic valve function because of its noninvasiveness and sensititity.
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Table 1. Clinical and Doppler examination data in patients with prosthetic mitral valves
Prosthetic valves Doppler examinations
Annular  Orifice Half Mitral re-
Case Age Sex Surgery Valve diameter diameter time gurgitation
1. C.A. 38 F MVR, TAP Starr-Edwards 30 19 337
2. C.N. 51 F MVR, AVR, TAP Starr-Edwards 30 19 321
3. K.F. 24 F MVR Starr-Edwards 30 19 250
4. S.0. 49 M MVR, AVR, TAP Starr-Edwards 30 19 322 +
5. T.T. 56 M MVR Starr-Edwards 30 19 150
6. T.N. 30 M MVR Starr-Edwards 30 19 —
7. T.M. 43 F MVR Starr-Edwards 28 18 289
8. M.F. 27 F MVR, AVR, TAP Starr-Edwards 28 18 353
9. H.W. 56 F MVR Starr-Edwards 28 18 226
10. H.S. 49 F MVR, TAP Starr-Edwards 28 18 361
11. M.S. 46 M MVR, TAP Starr-Edwards 28 18 367 +
12. M.S. 45 F MVR Bj6rk-Shiley 31 24 235
13. S.I. 40 M MVR Bjérk-Shiley 31 24 180
14. Y.Y. 33 M MVR Bjork-Shiley 31 24 —
15. K.K. 39 F MVR Bjork-Shiley 29 24 198
16. H.S. 34 F MVR Bjork-Shiley 29 24 189
17. J.K. 48 F MVR Bjork-Shiley 29 24 94 +
18. F.T. 52 F MVR Bjork-Shiley 27 22 —
19. K.O. 49 M MVR Bjork-Shiley 27 22 —
20. Y.O. 9 F MVR Bjork-Shiley 25 20 —
21. K.M. 27 F MVR Hancock 31 — 275
22, M.W. 36 M MVR, TAP Hancock 31 — 272
23. T.Y. 37 M MVR Homograft — —
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MVR =mitral valve replacement; TAP =tricuspid annuloplasty; AVR =aortic valve replacement.
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Fig. 1. Schematic drawing of the measurement
of the half time of transmitral flow velocity
descent in diastole.
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Fig. 2. Representative patterns of the transmitral flow velocity in a control subject, a
patient with mitral stenosis and patients with the Bjork-Shiley tilting disc valve, with the
Hancock porcine valve and with the Starr-Edwards disc valve.

The cardiac rhythm is atrial fibrillation in every case. In patients with prosthetic mitral valves, the
patterns of transmitral flow velocities exhibit higher peak levels followed by slower decelerations than
those in control subjects.
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Fig. 3. The half time of the transmitral flow velocity descent in control subjects, patients
(pts) with prosthetic mitral valves and pts with mitral stenosis.

The half time is significantly prolonged in pts with prosthetic mitral valves as compared with that
in control subjects, though it is shorter than that in pts with mitral stenosis. Marked prolongation

of the half time is found in a patient with a dysfunctioning homograft valve.
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Fig. 4. Relation between the orifice diameter of the prosthetic mitral valve and the half
time of the transmitral flow velocity descent in patients with mechanical prosthetic valve.
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Fig. 5. Flow velocity patterns in the inflow tract (A), the outflow tract (B), near the apex (C),
near the posterior wall (D) and the center (E) of the left ventricle in a patient with the Starr-
Edwards disc valve (Case 7).

In every portion of the left ventricle, bidirectional broadening spectrum of Doppler frequency is
demonstrated during diastole, indicating that disturbed flow appears even in the inflow tract just below
the valve and spreads in the left ventricle.
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Fig. 6. Flow velocity patterns in the same portions as indicated in the legend of Fig. 5 in
a patient with the Bjork-Shiley tilting disc valve (Case 17).

Narrow spectrum of Doppler frequency in the inflow tract (A) and broadening spectrum of Doppler
frequency in the other portions (B-E) are shown during diastole, indicating that the central flow across
the valve is laminar, and that disturbed flow develops in the left ventricle.
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Fig. 7. Flow velocity patterns in the same portions as indicated in the legend of Fig. 5 in
a patient with the Hancock porcine valve (Case 22).

In the inflow and outflow tracts (A, B) a narrow spectrum of Doppler frequency indicating laminar
flow is shown, but in the other portions (C-E) the flow velocity patterns exhibit a broadening spectrum

of Doppler frequency, indicating disturbed flow.
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Fig. 8. Transvalvular regurgitant flow detected in the mid-portion of the left atrium in a
patient with a dysfunctioning homograft valve (Case 23).
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Fig. 9. Transvalvular regurgitant flow detected in the left atrium immediately above the
prosthetic valve in a patient with the Starr-Edwards disc valve (Case 4).
In the second beat regurgitant flow is clearly demonstrated, but in the first beat regurgitant flow is

absent.

LEZ BN ZofERE, FREICHET L AL
BWEEOFTR L —F L. —F, %35 3Hoifkk
fFEH1EE<, ZOLEENOILN VT ATHRE LI
R LT Ehi. S-E fo 14|z, Fig. 9
NI L, WREEPREHSh LM ERBESh
RWDEDRED b,

= 2=

1. EERALGEELE EEE

HFW A2 - 75— X0 3L 7= feiE
IR O Fe ZEFEAMLBEH 2 W30 b SRR ILE %
IR E R L, LA ETE R 2 SRR R I
WS p 8 — BB L. £, F77—FHBE

B g plic b_mywEREE R L, EERA
MFEEFHE N EZ 2 bk, Zh 6O R flE
FPRAE D LEZEFEAMLGE & TR D N 57—
Th Y, SBIRE LI N TRBTE TR %
FHET5ZLETFRTELDTHS.

Holen 5%, Hatle &3, 4§ f of
8 I ¥R o iR & R o % Bernoulli o i
MPEATES C LaRL, Mk K77 —Hkic
LY EREOHEEZ A, & 512, Holen 52
I B-S Fpic kT b AR 5 T IEZE O HEE
MARETH S Z L 2WMEL TS —F, bhbih
DTSN R - F7°F7 —E Hokat® g,
FESEFRAMLFEH 2> 5 8 L 72 half time 2 k- T

478 —



EEOHEENAETH »7z. = =T, Holen &,
Hatle 502 L KBER F 77 —Ic X Y IERkER
Mz RS 5i2ix, FHEAIZ K75 — ANAT
EHgic 0° S IR0 b B VIE AR A & E S
B+ s0ERHSB. LaL, RERTRITHEIE
Wi SR KPS —8BTR 77— ARAL
0 Icfro L, FEMNFE - aliasing ZhE Iz
XY AR N — o BB LR BRNI LD D
5. —F, BER K77 - AHALHED aliasing
IREBTCELTY, BrOBELLOATIR
EFITRED F77 - AFHALFHRIT 2 Z L3k
FLLESTRW. Zhizxt L, half time 3 F
77— AFAICREFEETRD ) 2FHRE BT 5.
7, AIHF, HBBRAOHE, OB IE
R+ 2EFVERRBD, Lz 75—k
TRFODWOMBEELELLRNT & §H W
25, > UBER 72 EBALIC 38 W T b M i a8 o> s A =X
DEID R NEEZ BRSO T half time D
HZPIRET H v, REBIEG] O FEMERERE
BLLTEYVERHTHZ EBbh5.

bhbh B EEREEic s THWwT WS half
time (4t, msec) & EZEEE#&ZE (dp, mmHg) o
BRI KDL ThBY.

4P = 0.0064t+0.53

Zz T, 4P i3 E=ZEE nadir oA L Y 100 msec
BOBEREBRETHS. ZoRT, EEHAD
P D3 M T LR O I TR A TIERE Y/
&<, BIZEERAOBBEIEERE 5 H <13 EE
TERENPKRBZZLERLTVS. EEE,
HALTH 5 homograft FHEEF D half time i
483 msec LEBICIERLTBY, ZOHEESR
3% 12mmHg 330)E8%E 14mmHg L X < —
Bl —F, ZORBER2H %RV IHER
Bt half time 260 msec (3 {&fgfHezeiE o half
time 475 msec IZHA_BLMICEETH o/ &
NFEREC LT, FERBET 44mmHg, EiF
ezt 107 mmHg /Y43, +4bb,
FERBIEERPERIC K 60% E8E
BLLTWBZLEFRBRLTWSY, FFC, I

ARSI 5 0 MR Bh R

AEMEIE A L RS OERENFFT D LER
bLTW3.

AILHROFBEMICH S L, half time DT
B-S #, S-E #¥ Xt Hancock s Fh
179, 294  x 8 273mmHg T v, EEEICL
TFhEFHR 26, 53 Lo 48mmHg L EH &
Nz, ThoDEBREZFERAOCRES ATV
B-S o iEH T ERZE 4.3 mmHg? %> Han-
cock F£» 8.0 mmHgs? |z L RfFEICTIRETH
B, h T —FNEIC X B EBREOEN - FR LS
FaeDFhEBesz bbby, BERUERE
KbLTWBLEXLRS. Thbb, B-SFik
S-E #% Hancock Fic L ~_IFEBEN/NR B Z &
ERLTWBR, ZofEREE T AVREBEREH
WTHE4 O NTHHRE% 34 L7z Walker 51,
Gabbay W0 L b —FHLTWS. —#Ric,
FEHICE L TALROY A ZERTHERR Y Frif
YA ZDKRERLDOINBITNSH, SEKRE LK
ATHROREHY A xix, Table 1 (7 LI-Z L <,
B-SHo—axkmEbE y RKEREZLWVWEWVZ
5. L»L, #0oFOY% A Xix S-E Hick~ B-
S H#THLMITKEL, B-S ROEKEN/INE S
Tito—REhTEELILND. Thbb, O
DREVERBITEL B0, EEET/NHEL
BHrEZONS. ZonzZrid, Fig. 4 » S-E
FEFIZBNT, FORINeBHlIZH_KE S
BICEBEP NS WERERLZZ ERHDL D2
2% %. Hancock # (Model 342) o EHoFOE
BREEDOATYXLHBLINTRYELMAT
BV, REEBLLRAT v MRICEHERFARIT
PRYIENZERMLATRBY, Zh B-S
HEFAMUBLIHEEETBATRLEMN S B-S FHic
HREBRENPKEVWEETHE LEX R, F
7oy, NIFREFROEZERND Z &L WA HBELF %
BT 354, EEOERKZET Bernoulli nEHE T
MEPLTFRISNZEREI VKREL, ZThIE
FBEEMA - bDE ARz N EH S h T W
2. ZoBOENBELIHEESE ELhAKE
WiEE KEhB. LehoTHRAD FEEE EHN

479 —



&, R, &4 @

#, BLREECRLTVWRTEREZIRL LS. &
NIKRThH, S-E #, Hancock iz RFITcH Y, E
BENRKLZ—R L AR->TWBLEZLRS.
—%, EARRICEFOOBIRLEE TS L &
n 312, FOOTIRPEETA MLFKBIRE 58+
3 L3SRoRIICBT S EEN-y VI
BWTHEALRICE - THAE =B BRolZ k
PoLHLLTHDE. TN L, MEHE ¥ —
VOB LFROREEMBZ L BTREL R BT
L &R+ %. homograft #i3 Hancock f& 13
ERILFEEEE TS EVE 5, SERFLE
FHEEAR 2D homograft FERITIX, EFH
#E» Hancock FER| & B0, FOMEDEE
WAMFF+CicEhizfihTh o7z, o AT
FIZBWT S, MRERICHES ROBROELS
EEFiC T 3BIEEE LI EZENOTAICEL
FAELIB. LLEXL, ROWROEVLEE
EMAMPBE AT — L ETBLLTSH, Zh
LEBE L ORI SEIORFT A SIS H TR
W, ZORIZOVWTRERMRRIBLETDH S
5. —F, EENOMKESZ — izRI—ATH
ThoTHHREBOMEARLICE->T, BEVE4A
9558, F—EFTREERRET2ETIIRERE
BBk AL B2 Li3hWE ZEXHbRBDT,
M7 — o OBbERHET 3 Z Lk Y i
RED FHliic B>z LA HIFFSh, FOMTO
half time DFHIE & iz SBATHRBERE DR
BEEMIc AR FHEL Y I LELLNS.

2. PR

FEBHA 23 ik 4 1] (17%) TEBRICBNWT
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FEER R Eh. Zhi #EBRRE shTws
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CHREFIZEVWEEL VWS, LrLers,
0 4Fd, EERAYIC R L 4% transvalvular
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DHT, Mo IFTEIALHROFROFECHES
BEDLIKICEE S, MITERERARATRITIEL
AMEELTRWEEZZXBhT. LizdioT, TO

BRI LAALVR - K75 —ko leakage 2%}
THRHBORENGWZ L TT 0 Ebh
3. zhbo 3o, B-S #1464, S-E #
2flcdh o7, B-S it lE, FEASHICHRL
i & ORI IEEAFEEL, FEGE 31mm o
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5% DOWEEL D ZEBRTFRIShTNS,
SERHE iz B-S FOFH K77 —EFRFZ
<HL RMERE L FROMECRO A L2 b,
ZOFFHIEFE B-S FeAks + 5 R AR
FHIRLZbon L Ly, B-S oLtz
DEIBRYFESTERBTERLoEHEL LT
ALFOEBICLS F 77— FEr—Feii i
Exbhsd. —kic, BRPIBEFRORKFERN
BWMRTH B, BEOWKOZ L & BKEKAR
7 MW ERRT P VEBEORWEF ST —EBEE
Bt sz L pRERBEALEV. 0 B-S o
L flciifBe - OMEEMERE RE L0 e D
Zixbohs. Lal, MBRFRKR EICX 3K
REOFHEEFBEEL X T, SBREERBEI YL
BmLEx oM. —7%, S-E g ERdims
EF¥Frz v, Lirl, BERCHEXTHD
EMEERED K3 e» R B Ex bh,
BRI AYRE AL 22 PRIV 5. &
E, S-E #eBHE SR ESTVThOHT
L35, EFROMEBOLATW R, INHEE
itk HHE T  IERUUEE D HFRTH o 7.
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S-E FEM L R ICHE LB T, Z 0HFHETH
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5], Hancock # 2 #535 & (°_homograft $ 1§,
>R 17 451 (fes 15 i3 X OV PRSEAE O RS 2 f5il)
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ARY bR E— b BT MFHEOEN D BE,
Q) EEREBI 2FFRMOGELEEE, Itko
TEMEL 7.
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eI TAESIFRCESBRRELET, RERY)
THER EEEY AL S —HehrTLExXBR
7z,

3. FEHHF 23 FlF 44l BT, EENI
transvalvular leakage & Bbh 5 FHRESH K
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K75 —#ic & v Sellers 4348 11 EEL S h,
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BEEAVR - F 77 —HIEERERGICE
33 RBEOFEICEMNTHS.

X ik

1) Wright JTM: Flow dynamics in prosthetic valves:
An assessment of hydrodynamic performance. in
The Mitral Valve, ed. by Kalmanson D, London,
Edward Arnold, 1976, p 271-289

2) Holen J, Simonsen S, Froysaker T': An ultrasound
Doppler technique for the noninvasive determina-
tion of the pressure gradient in the Bjork-Shiley
mitral valve. Circulation 59: 436442, 1979

3) mRE®%E HEB@EE e B kP EE K
¥, BAMA, KFEE, FRwE, ZBEXN, T
H ﬁ?“y %& z‘ﬂ: Bﬂl*l ?&17 ﬁﬂa %ﬁ]’» [;EI%[S
m, P, e B, BT VT AEA L
OIS RET ML R D 72 30 D EBFR Y 2T &
DR HBEMRERE 34: 7-8, 1978

4) Holen J, Aaslid R, Landmark K, Simonsen S:
Determination of pressure gradient in mitral
stenosis with a non-invasive ultrasound Doppler
technique. Acta Med Scand 199: 455-460, 1976

5) Hatle L, Brubakk A, Tromsdal A, Angelsen B:
Noninvasive assessment of pressure drop in mitral
stenosis by Doppler ultrasound. Br Heart ] 40:
131-140, 1978

6) HWAFEN : {EIEFILARREIC 31T B B ks D %
R B 0% EBANVRER K 7T
wEEHWT. HAEE 69: 3444, 1980

7) Bjork VO, Béok K, Cernigliaro C, Holmgren A:
The Bjork-Shiley tilting disc valve in isolated
mitral lesions. Scand J Thorac Cardiovasc Surg
7:131-148, 1973

8) Lurie AJ, Miller RR, Maxwell KS, Grehl TM,
Vismara LA, Hurley EJ, Mason DT: Hemo-
dynamic assessment of the glutaraldehyde-pre-

— 481 —



5, BAN, &4, Fh»

9

~

10)

11

~

12)

served porcine heterograft in the aortic and mitral
positions. Circulation 56 (Suppl 1I): 104-110, 1977
Cévese PG, Gallucci V, Morea M, Volta SD,
Fasoli G, Casarotto D: Heart valve replacement
with the Hancock bioprosthesis. Analysis of long-
term results. Circulation 56 (Suppl II): 111-116,
1977

Walker DK, Scotten LN, Modi V], Brownlee RT:
In vitro assessment of mitral valve prostheses. ]
Thorac Cardiovasc Surg 79: 680-688, 1980
Gabbay S, McQueen DM, Yellin EL, Becker RM,
Frater RWM: In vitro hydrodynamic comparison
of mitral valve prostheses at high flow rates. J
Thorac Cardiovasc Surg 76: 771-787, 1978
BRER, RS OBILEROFHENFE. M
% BRER RRHEE OBOEROSFELE
BRI, MRy A =50 70 2, 1980, p 156—
186

13)

14)

15)

16)

482 —

Mclntosh CL, Michaelis LL, Morrow AG,
Itscoitz SB, Redwood DR, Epstein SE: Atrio-
ventricular valve replacement with the Hancock
porcine xenograft: A five year clinical experience.
Surgery 78: 768-775, 1975

Davila JC, Magilligan DJ, Lewis JW: Is the
Hancock porcine valve the best cardiac valve
substitute today? Ann Thorac Surg 26: 303-316,
1978

Turner MA, Bain WH, Thomson RM, Lorimer
AR, Fife R, Lawrie TDV: Early results of heart
valve replacement with the Bjork-Shiley prosthesis.
Scand J Thorac Cardiovasc Surg 9: 162-168, 1975
Henze A, Fortune RL: Regurgitation and haemo-
lysis in artificial heart valves. An experimental
study of overlapping and non-overlapping closing
mechanisms and of paraprosthetic leakage. Scand
J Thorac Cardiovasc Surg 8: 167-175, 1974



