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Summary

Non-invasive techniques were assessed for their capabilities of detecting prosthetic valve malfunc-
tions in 70 consecutive patients with angiographically-documented or surgically-proven prosthetic valve
dysfunction. Their 74 dysfunctioning valves were studied using phonocardiography, M-mode and two-
dimensional echocardiography and Doppler methods, including pulsed and continuous wave (CW)
Doppler echocardiography and two-dimensional Doppler color flow mapping (2DD). These results
were compared among the examinations, and also compared between 43 patients with 44 dysfunc-
tioning mechanical valves and 27 patients with 30 dysfunctioning bioprosthetic valves.

Symptoms related to valve malfunction were recognized in all patients with prosthetic valve endo-
carditis and in all patients but one with stenotic condition. In patients with valvular regurgitation,
however, symptoms were observed in only six of the 21 patients with mechanical prostheses and in
12 of the 25 patients with bioprosthetic valves (p<0.01). Among 43 patients with 44 mechanical valve
dysfunctions, the sensitivities of phonocardiography, M-mode and two-dimensional echocardiography
and Doppler techniques were 85, 65 and 86 percent, respectively, in 20 patients with stenosis; 100,
57 and 80 percent in seven patients with transvalvular regurgitation; and 100, 50 and 100 percent in
14 patients with paravalvular regurgitation. Similarly, among 27 patients with bioprosthetic valve dys-
functions, the sensitivities of phonocardiography, M-mode and two-dimensional echocardiography and
Doppler methods were 67, 100 and 100 percent, respectively, in three patients with stenotic condition;
85, 65 and 100 percent in 20 patients with transvalvular regurgitation; and 60, 40 and 100 percent in
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five patients with paravalvular regurgitation. Furthermore, 26 of the 27 patients with malfunctioning
mechanical valves and 20 of the 24 patients with malfunctioning bioprostheses had abnormal findings
using more than two techniques. In addition, each patient had at least one abnormal finding.

In conclusion, malfunctioning mechanical or bioprosthetic prostheses could be detected using
non-invasive techniques. The combined use of phonocardiography, M-mode and two-dimensional
echocardiography and Doppler techniques is most helpful in detecting malfunctioning prostheses.
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Table 1. Number of malfunctioning valves

AIHEBHEDD

Mitral position Tricuspid position Aortic position Total
Mechanical valve
Stenosis 12 2 6 20
Regurgitation
Transvalvular 0 0 7 7
Paravalvular 5 0 9 14
Infective endocarditis 0 2 3
Bioprosthesis
Stenosis 2 0 1 3
Regurgitation
Transvalvular 11 4 5 20
Paravalvular 2 1 5
Infective endocarditis 2 0 0

tnx, 3) BERM disk FoHEEY hump O
3, £HKFHTIT, 4) cusp DERER, 5) cusp o flut-
tering (FEFH TRIRAEH, ¥A F TRIIHRY)
Bt L&z 7.

BEERy 77— #ER, 1) REBEA
MmFEEE OFE M (FEH=2.0m/sec, ¥ A
F£=>3.0 m/sec), 2) pressure half time DHFER
EE (REFH =200 msec, = F=400 msec)
—F eI TEE b T BEL B L. HiH
¥, BEARYHS S FroRHE Lo TBETL
7z

B OPBER TiX, R ICHYFE SRR
BES T ENEL, 1) B L RERpRED
FREHBHE L, 2 HLMREE -840
haBAE L BN L.

MAERREEED, PREEAVTRDER
5% K b-oTHEE L.

L E S
L ERERES L UREBREE
L B
Table 2 Z#iRFrHAETR M 43 B DR HB

R, BIUFEFBORELICE 2REFTROR
HETH 2. HEERSIHFRE LBRELERT

ERICED bR, RER CIRHARIFRIC
ERTH -7 (p<0.01)

DEHRPBEE Ry 77 — B ABERL2ER
B+ AHRORHELAEL, FiCHhHERTE, &
ERFICREFTRERHLERL. LALLM -
K3 XUWELT 2 — R Pl of0E8, #i%
D 65% CREFTRERHLELICTET, &
FRHRIFRCERTH - (p<0.05).

BERERIC SEDEEOFAMEL R L.
ez, M E— FBIUHEBLT = —KE
DREBRHBMME, 572 (p<0.05). %7, Fif
i GiX, transvalvular leakage, paravalvular lea-
kage & b IFERHBERBEL (Fh2h p<0.05,
p<0.01), paravalvular leakage <ix, M £—F
BIUOWRLT 2 —KREIC L 2ERERHELE
BRRERTH -7 (p<0.01).

PDED +XRTo FREH RELE EBITLAX
27 ploit T, 26 GIBBROREL T i
e TR T 5REFTRERHE .

2. A&k

Table 3 i34 FBETL 27 fil OIERHBTR,
BIUKHIERBBORERIC X 2 REBFTROKRE
RThs HEERIEERICBNTLRIEL
BAEOABERICHEBICHEAL, 2B 6h

— 165 —



iﬁlsj/iy :'f:;-}”’ :EEB, 1T

Table 2. Development of symptoms and abnormal findings in non-invasive techniques:
Mechanical valves

Doppler
Symptoms Phonocardiography  Echocardiography echocardiography
Stenosis 19/20 (95%) 17/20 (85%) 13/20 (65%) 6/7 (86%)
Regurgitation
Transvalvular 2/7  (29%) 7]7 (100%) 417 (57%) 4/5  (80%)
Paravalvular 4/14 (29%) 14/14 (100%) 7/14 (50%) 12/12 (100%)
Infective endocarditis 3/3 (100%) 2/3  (67%) 3/3 (100%) 1/2  (50%)

Echocardiogram=M-mode and two-dimensional echocardiograms; Doppler echocardiogram =pulsed and con-
tinuous wave Doppler echocardiograms and two-dimensional Doppler color flow images.

Table 3. Development of symptoms and abnormal findings in non-invasive techniques:

Bioprostheses
Doppler
Symptoms Phonocardiography = Echocardiography  echocardiography
Stenosis 3/3 (100%) 2/3 (67%) 3/3 (100%) 3/3 (100%)
Regurgitation
Transvalvular 11/20 (55%) 17/20 (85%) 13/20 (65%) 20/20 (100%)
Paravalvular 1/5  (20%) 3/5 (60%) 2/5 (40%) 5/5 (100%)

Infective endocarditis 2/2 (100%) 12 (50%) 2/2 (100%) 0/2 0%)

Abbreviations are the same as in Table 2.
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Table 4. Operative cases without the positive findings in each non-invasive technique

Doppler
Phonocardiography Echocardiography echocardiography
Mechanical valve
Stenosis 3/20 (15%) 7/20 (35%) 1/7 (14%)
Regurgitation
Transvalvular 0/5 (0%) 2/5 (40%) 1/3 (33%)
Paravalvular 0/3 (0%) 1/3 (33%) 0/1 (0%)
Bioprosthesis
Stenosis 1/3 (33%) 0/3 (0%) 0/3 (0%)
Regurgitation
Transvalvular 1/12 (8%) 1/12 (8%) 0/12 (0%)
Paravalvular 0/1 (0%) 0/1 (0%) 0/1 (0%)

Abbreviations are the same as in Table 2.
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Fig. 1. Two-dimensional Doppler color flow image in a case with paravalvular regurgi-
tation of Bjork-Shiley valve in the mitral position (Case 1).

Abnormal flow is seen only in the left ventricle in the vicinity of the mitral valve. Semiquantifica-
tion of this mitral regurgitation cannot be made.
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Fig. 2. Continuous wave (CW) Doppler recording of paravalvular leakage of Bjork-Shiley
valve in the mitral position in the same patient as in Fig. 1.
Abnormal flow suggesting mitral regurgitation in systole (4.5 m/sec) is recorded.
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Fig. 3. Phonocardiogram and carotid pulse recording in the same case as shown in
Figs. 1 and 2.

A pansystolic murmur and a mid-diastolic rumble are observed.

4L =4th intercostal space at the left sternal border ; H=high filter, M =medium filter, L =low filter
phonocardiogram.
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Fig. 4. M-mode echocardiogram of the leftventricle in the same case as in Figs. 1, 2 and 3.
Hyperkinetic motion of the left ventricular walls is seen.
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Fig. 5. M-mode echocardiogram of a patient with a malfunctioning Bjoérk-Shiley aortic
valve (Case 2).
No abnormality is observed.
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Fig. 6. M-mode echocardiogram of the left ventricle in the same case as in Fig. 5.
No abnormality is observed.
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Fig. 7. Phonocardiogram and carotid pulse recordin,
and 6.

An ejection systolic murmur and an early diastolic murmur are recorded, and carotid shudder sug-
gesting aortic stenosis is seen in the carotid pulse tracing.
Abbreviations : see Fig. 3.

g in the same case as in Figs. 5

-4m/sec
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Fig. 8. Continuous wave Doppler recording of the transaortic flow in the same patient
as in Figs. 5, 6 and 7.

The peak velocity of systolic flow is approximately 4.5 m/sec and diastolic regurgitant flow signal
is obtained.
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Fig. 9. Phonocardiogram in a patient with a malfunctioning Carpentier-Edwards tricuspid

valve (Case 3).

A high-pitched diastolic rumble and a presystolic murmur are obtained in the left 4th intercostal

space. No systolic regurgitant murmur is recorded.

KOBE GENERAL HOSPXTQL HR= 88 6F M KOBE GENERAL HOSPITAL.
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Fig. 10. Two-dimensional Doppler color flow images of tricuspid regurgitation in the same
case as in Fig. 9.

Severe transvalvular tricuspid regurgitation is seen in the right ventricular inflow image (left panel)

and in the parasternal four-chamber image (right panel).
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Fig. 11. Continuous wave Doppler recording of transtricuspid flow in the same patient
as in Figs. 9 and 10.

The peak velocity of tricuspid regurgitant flow is not elevated (approximately 1.7 m/sec). The peak
velocity of tricuspid inflow is approximately 1.5 m/sec and pressure half time is 400 msec.
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Fig. 12. High pulse repetition frequency pulsed Doppler tracing of transtricuspid flow in
the same case as in Figs. 9 and 10.

Laminar tricuspid regurgitant flow of low velocity (1.7 m/sec) is recorded.
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