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%ﬁf%@ﬁﬂﬂ: X 5HAZW  of phonocardiography on
D5 the etiological diagnosis

b - Tsuguya SAKAMOTO

Summary

Reviewing the various disorders of the mitral complex causing mitral insufficiency (MI), an attempt
was made to evaluate the ‘“‘genesis’’ of MI based on the auscultatory and phonocardiographic (PCG) data.

Firstly, the typical PCG findings of “established’’ rheumatic MI were described in detail as a stand-
ard, and it was pointed out that the PCG feature of rheumatic MI, once it was established, is fairly stable
and constant and the heart sounds and murmurs are balanced each other in regard to the relative loudness.

Although it was assumed that the PCG findings of MI are mainly the reflection of the hemodynamic
changes of this diseased state irrespective of the etiology, the auscultatory and PCG findings different
from or against those of rheumatic MI and the unbalanced feature of heart sounds and murmurs in any
individual patients usually indicate the MI of non-rheumatic etiology. The clue to the final etiological
diagnosis was virtually difficult to obtain in many cases without autopsy, but it was occasionally obtained
by the special PCG finding and/or the change in the findings on the serial PCGs.

Particular importance was placed on the following findings: 1) unbalance between the loudness of
the systolic murmur (SM) and the enlargement of the heart (weak murmur with enlarged heart or very
loud murmur with small heart), 2) systolic whoop or honk and any other musical SM, 3) late SM with
or without mid-systolic click(s), 4) crescendo type SM, 5) mid-systolic or non-pansystolic murmurs, or
undetermined type SM, 6) change in the loudness of SM, daily or beat-to-beat basis, 7) unusually loud
third heart sound with weak SM, 8) unusually loud mid-diastolic rumble without loud SM, 9) atrial
sound (or large atrial wave on the apex cardiogram) and also quadruple rhythm with significant SM
(usually pansystolic), 10) MI with booming second heart sound due to systemic hypertension or aortic
aneurysm, 11) markedly accentuated pulmonic component of the second heart sound (IIP) without loud
SM, 12) accentuated, but not delayed first heart sound (normal or slightly prolonged Q-I interval)
without definite mitral opening snap (OS), and finally, 13) absence of diminution, or paradoxical inten-
sification, of SM (as well as mid-diastolic r{lmble) by inhalation of amyl nitrite.

Several cases were demonstrated to illustrate the significance as well as the limitations of PCG to
make the “‘etiological’’ diagnosis of MI.
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Figure 1. Schematic representation of the rela-
tionship between phonocardiogram and hemo-
dynamics in rheumatic mitral insufficiency (MI).
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Figure 2. Typical phonocardiograms of established rheumatic MI
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Pansystolic murmur (Levine V/V]I) of spindle-shape had its point of maximum
intensity (PMI) 6 cm lateral (6. AAL) to the apex beat (ACG), which was located
in 6LMCL and was sustained throughout systole (sign of LVH). The systolic
murmur (SM) contains both low- and high-pitched component (free regurgita-
tion). The first heart sound (IS) was depressed. The OS was well inscribed, and
the third heart sound (IIIS) with definite mid-diastolic rumble was present.
The atrial sound and also the large a wave in the apex cardiogram were not
recorded. The dissociation of the PMI of the SM and the PMI of the other
acoustic phenomena (IS, IIIS, and the rumble) is a commonly observed
phenomenon in cases with rheumatic MI with enlarged heart.

L1: low, M1 and M2: medium, and H1: high frequency phonocardiogram.
SL, 3L, etc: 5th, 3rd left intercostal space at the sternal margin. MCL: mid-
clavicular line, AAL: anterior axillary line.
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Figure 3. Typical phonocardiogram of established rheumatic mitral insufficiency (MI) with
mitral stenosis (MS), atrial fibrillation. 20-year-old female.

In almost all cases with significant mixed mitral valve lesion (MI and MS), atrial fibrillation is present.
In this case, the phonocardiographic features of MI are dominant, except the long diastolic rumble and
occasional loud IS (MS) and the murmur of tricuspid insufficiency at the base. The presence of loud IIIS is
somewhat disproportionate to the MS, and also this indicates the absence of MS of severe degree. With
extremely loud IIIS in case of rheumatic mitral valve disease, anemia, active carditis and other hyperdynamic

state should be considered at all times. R. Car.:
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iz, Carey Coombs #ERAE S Bk Doz 2
LIXZOHERVWEETHS.

G 4 IEEHgE. 24F, B (Figure 5)

WHEFHZ Vo 7RI LDBBZDEOK
late systolic murmur %, ¥ 7 < F#HEMITI—%
iz ohiznwbDThb. AfITix Levine 11
BE DB VDT &, 11 F ofRIR VW 3L,
FhIFEDREIX /2 v. Methoxamine &1 Cils
MEOE L WEESER ESh (o k ) RIUEE
ks> osgsaE M1 ofE bz v), %7
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Figure 4. Serial phonocardiograms in a case of active rheumatic carditis. 14-year-old male.
At the stage of active carditis, the prominent diastolic acoustic phenomena were observed, whereas the SM
was not so marked (A). A high-pitched musicality appeared in the course of the activity (B), (—next page)
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and the pericardial friction rub transiently appeared (C). Finally, all the acoustic phenomena tended to dis-
appear, except for the very faint aortic diastolic murmur of minimum insufficiency(D). The state of es-
tablished MI is the problem in the future.
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Figure 5. Late systolic murmur. 24-year-old male.

Late systolic murmur with or without mid-systolic click(s) is not familiar with rheumatic MI.
Methoxamine infusion caused a marked increase in the murmur with concomitant appearance of
atrial sound and odd diastolic sound (III or OS). Systolic click was occasionally observed after the
test.
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Figure 6. Crescendo murmur of MI. Mitral valve prolapse. 31-year-old male.
Crescendo type SM is not familiar with the rheumatic MI. Echocardiagram shows pansystolic

bowing of the matral valve.

~FHEMITRiELAE LAY, Dxa—K
TiX pansystolic bowing A& Hh 3.

fEG) 6 FURARBERETCERE L ML 41, &
(Figure 7)
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Thd. LREWICITEIEHRES A 5h 5 28
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Figure 7. MI in hyperthyroidism. 4l-year-old female.

Accentuated IS, basal scratchy ejection SM, typical thyroid bruit, all are
characteristic to hyperthyroidism, though the early appearance of IIS is not
observed. The apical pansystolic murmur (Levine I1I/VI) accompanied with the
late systolic component and systolic click. The atrial sound was recorded.
After methoxamine infusion, the ejection SM and the thyroid bruit disap-
peared completely for about 2 min, whereas the late SM was markedly intensi-
fied. An odd diastolic sound newly developed transiently. In hyperthyroidism,
the murmur of MI is frequently discovered by methoxamine test, in contrast
to the aortic diastolic murmur in hypothyroidism by the same test.
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Figure 8. Acute MI in the course of SBE. 62-year-old male.

The long decrescendo character of SM (Levine IV/VI) with atrial sound is not consistent with rheumatic
MI. Echocardiogram demonstrates the fluttering of the posterior mitral valve (PMYV) and normal-sized left
atrium. The third heart sound (III) is loud.

FiIHEL L, PR Eo thyroid bruit 334/
D}, £L{WRLTT ok, HEHLF BRI
ETR.

Hyperthyroidism {Z{33E Y UV =Ff#EDZ D Lk H
iz MI 23475 fg v, REERNC L Y FHic MI
%3 2 FHMA DH B (hypothyroidism T3 AL
BahHv). ok5ks ML 3ipgLkiciER
FTBZENREVRROSHHALRRERA SRS,

fEH 7 HEEMEONIESR (SBE) & ML 627,
5 (Figure 8)

SBE @iz AE LTz »/z ) EEL MI ©
b 5. Levine IV E 0O 2UNERIMEE CTHEK 2R
T2, WRBANREL, »220) vwFHEMI
LRSmEFRIZLTWAS. Il FRFEETH 5.
DEELHK. bx=ax—HKE #BRLoKE
fluttering XA 5N 5. EEBROILKITE.

JEF) 8 EIEFIRAE L B L PIESR (SBE).

36 F, %4 (Figure 9)

FEH, BEE ORIERBIED b 3l Uil
MI #EHIC, ZOEREFIERRMNCES, FFF
g I etk HIERE-THWS. DE
FbAbhd. bLoOMERBEOKRRITS Lk
STIEHALNTREWVE, 2ixl & LREOREIX
YV =FHEMITHS. Dxa—FE, IHEDH
KREEEza—B23HR 6N 5 (BEWHED. HE
B3 kT, DLEFREJAVS) Loz — Lok
Barbhb.

ERI 9 mlEMELRE L ML 9%, &
(Figure 10)

DREZ L E LTHW SIS 2 5
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Figure 9. Mitral valve disease and SBE. 36-year-old female.
This patient had mild mitral valve disease prior to SBE. The combination of accentuated IS, IIIS and
very high-pitched SM indicates the unusual etiology of this MI. Rupture of chordae tendineae is demon-

strated on the echocardiogram. The exaggerated ezcursion and septum contact of anterior mitral valve
(AMYV) are likely to be resulted from free movement of the valve.
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Figure 10. Hypertensxve heart disease and MI.

DFHIC X 2 EIEFASET 2O RRLE

59-year-old female.

The exoapical, weak (Levine II/VI) and exclusively high-pitched regurgitant SM (jet regurgitation)
indicates the presence of the enlarged heart due to the cause other than rheumatic etiology. The SM is not
pansystolic. The accentuated and ringing IIS (IIA in this case) and huge atrial sound (or summation gallop)
indicate the presence of hypertensive heart disease. Atypical presystolic murmur with the definite atrial sound
indicates severe left ventricular decompensation. Autopsy revealed so-called “relative” MI.
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Figure 11. Hypertensive heart disease and MI. 60-year-old male.

Exclusively high-pitched pansystolic murmur with quadruple rhythm
indicates non-rheumatic etiology of MI (A). Grossly accentuated ringing
IIS and the right-sided aortic diastolic murmur of ‘“‘relative’ aortic insufficiency
(very high-pitched regurgitant diastolic murmur with high diastolic blood pres-
sure level) indicate severe hypertensive heart disease.

Following the appropriate therapy, the murmur of MI and the IIIS due to
“relative” diastolic overload disappeared. This is contrary to MI of valvular
destruction. The blowing diastolic murmur also decreased in intensity (B).
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Figure 12. MI due to congestive cardiomyopathy. CRBBB. 29-year-old male.

The very high-pitched, rasping, and weak SM (Levine I1/VI) of atypical configuration was present with a
quadruple rhythm. Despite of weak murmur, the pulmonic component of the IIS (IIP) is accentuated at
the base. Large a wave is present on the apex cardlogram Left ventricular dilatation due to possible chronic
myocarditis was demonstrated at autopsy.
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Figure 13. Acute MI due to ischemic episode. 59-year-old male.

The MI typical for papillary muscle dysfunctlon due to ischemia is encountered in this case. Quadruple
rhythm with mainly accentuated atrial sound is demonstrated. IS decreased probably due to the prolonged
P-R interval (0.22 sec). IIP is accentuated.
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Figure 14. Angina pectoris and MI. 61-year-old male.

Papillary muscle dysfunction causes variable form of regurgitant SM. This is a case of late systolic murmur.
Atrial sound and the a wave of apex cardiogram are prominent.
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Figure 15. Angina pectoris and MI. 65-year-old male.

Very weak murmur was detected during the follow-up study of the quadruple rhythm. The reversed
splitting of IIS was also detected incidentally, which is not observed in the cases of usual MI. Continuous
murmur was present over the orbita probably due to the arteriosclerotic changes in the Willis’ circle.
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Figure 16. Myocardial infarction and MI. 65-
- year-old male.

One week after the attack of acute anteroinferior
infarction, systolic click and weak late SM
appeared (top), which increased in intensity during
observation (bottom). The atrial sound was
audible. Apex cardiogram showed the systolic dip
coincided with the click.
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Figure 17. Papxllary muscle dysfunctnon after myocardlal mfarc&én
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65-year-old male
Pansystolic murmur (Levine IV/VI) faded away after the 10 min bed rest. Such an inconstant feature of

SM is one of the diagnostic clue of so-called functional MI. Exercise provoked late systolic MI. Quadruple

rhythm with dominant atrial sound is observed. The short P-R interval contributes to the accentuated IS.
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Figure 18. Unusual systolic honk. Ventricular aneurysm after myocardial infarction.
65-year-old male.
The apex beat is typical for the ventricular aneurysm, which has the slow movements during
diastolic filling phases. Quadruple rhythm with dominant atrial sound is present. During the
course, the unusual systolic honk of inconstant feature appeared and persisted to his death.
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Figure 19. Late systolic honk in case of MI and tricuspid msuﬁiclency (TI). Suspected of myo-

carditis, dysrrhythmia. 24-year-old male.

Apical pansystolic murmur (MI) was mainly crescendo, whereas the pansystolic murmur at the left sternal

margin (4L) (TI) was mainly decrescendo. The apical SM contained late systolic musical murmur which was
intensified by the strong beat of pulsus alternans. Typical dicrotism was also observed. Both murmurs

were changing on the serial phonocardiograms. This unusual phonocardiogram seems to indicate the
serious state of the patient, but the heart is, small and the subjective complaint is only mild and occasional

palpitation. Sinus tachycardia has persisted almost 2 years. The catheterization revealed no significant
hemodynamic disturbances. Diagnosis is uncertain, although myocarditis has been suspected since the first

admission.
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Figure 20. Peculiar mitral regurgitant systolic murmur accompanied with movement
of the pediculed left atrial myxoma. 42-year-old female.

The apical regurgitant systolic murmur of Levine III/VI abruptly disappears with or without late
systolic snappy sound (arrow) (A). The unusual feature of MI is caused by the sudden return of
myxoma into the left atrium at the time of this snappy sound. During early to mid systole, the
pediculed myxoma still prevents the complete closure of the mitral valve, causing mitral regurgita-
tion. The tumor plop (TP) is recorded at the base (B). The auscultatory and phonocardiographic
features of this case changed from time to time and the murmur of MI was occasionally pansystolic
with more delayed tumor plop, which hadthe unbalanced loudness.
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