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Summary

The effect of methoxamine was studied at the time of routine phonocardiography in 52 out of 167
patients with hyperthyroidism and in 11 out of 26 patients with hypothyroidism to evaluate the incidence
of latent (or silent) valvular regurgitation. Methoxamine (0.08 mg/kg) was intravenously injected within
20 to 30 sec. Control cases consisted of 65 patients subjected to the pharmacodynamic phonocardio-
graphy to examine nonspecific systolic murmur or hyperkinetic states other than hyperthyroidism,
such as anemia.

Prior to the pharmacodynamic phonocardiography, 5 cases with hyperthyroidism had an apical
systolic murmur indicating mitral insufficiency (MI), of which 3 were in atrial fibrillation. The murmur
disappeared following the appropriate therapy in 3, but it waxed and waned repeatedly in a young male
and it did not disappear in another young female. On the other hand, no case of hypothyroidism had
the murmur of either MI or aortic insufficiency (AI).

Out of 52 cases with hyperthyroidism studied by methoxamine, a newly developed murmur of MI
was observed in 19 (i.e. 36.5%), whereas it was in only 10.8% of 65 control case (p<0.001). The devel-
oped murmur was late systolic crescendo as in the usual case of mitral valve prolapse and the echocardio-
graphy done during the test in 8 cases disclosed that either midsystolic buckling or pansystolic bowing
was developed in all 3 with unmasked latent MI by the systolic murmur. Comparison of the 2 groups
with or without methoxamine-induced latent MI disclosed that this MI was often discovered in the
female patients, but atrial fibrillation had no influence. In addition, such a latent MI became never pro-

ERAZEEFER F=AR
FERSOR A 7-3-1 (T113)
*H)EEERKE BRBEAR
*H)MGERKE BRENE
H)BRERKFEER F-AE
Presented at the 15th Meeting of the Japanese Society of Cardiovascular Sound held in Kyoto, October 15-16, 1977
Received for publication December 15, 1979

The Second Department of Internal Medicine, Fa-
culty of Medicine, University of Tokyo, Hongo 7-
3-1, Bunkyo-ku, Tokyo 113

—859 —



#ijk) A, __‘fy [E3:

voked by the drug after the appropriate therapy.

Out of 11 cases with hypothyroidism subjected to methoxamine test, 4 cases (36.4%) showed a newly
developed diastolic murmur indicating Al, but it was provoked in only one out of 65 control cases (p<
0.001), in which the murmur of MI was simultaneously developed. Comparison of the 2 groups with
or without methoxamine-induced latent AI disclosed that this AI was observed in higher age and in
clinically severe cases. This Al was reversible in 2 cases and never provoked by the same test after the
treatment.

Discussion was made on the clinical significance of these latent valvular diseases, particularly in
respect to the development of congestive heart failure. Further discussion was the possible mechanism
causing mitral valve prolapse due to papillary muscle dysfunction in thyrotoxic heart and the one causing
Al due to mucopolysaccharide degeneration in myxedema heart.

Key words
Hyperthyroidism Thyrotoxic heart Hypothyroidism Myxedema heart
Mitral insufficiency (regurgitation) Aortic insufficiency (regurgitation)
Mitral valve prolapse Papillary muscle dysfunction Methoxamine
Pharmacodynamic phonocardiography Pharmacodynamic echocardiography

BERERY 72 BORIC 317 B FRIEUE 0 Mg L 72 B WTHEME

F L&l ZoNWT, +RHBRELDONEH D LTV RV

FORIRBSRER B3, #MRESLEETHh, HEEE
THEThh, BEERICRTZEERLERDO—
2THB. ZoZ I EHLI hbabh T
DTH B, REOFEVNMBERECH 50,
— R OHEE Tk DBRBRFHERTbh
Rz ENBEL, WEFIZ Basedow (2 & 38t
B0zl E23%n. Lird, R
BafkEETLHE (hEUE) 283 5 thyrotoxic heart
disease, FEUETFEICHIT 5 %5 % K & O myx-
edema heart IZf3 30z, Zh b DEEMR

ZomiBEL, EHEo—A (T.S) i3, &2H
kE Laennec Society (1966) izisv T, JEEEME
FRE S FIRIREEREF LI LEA bR B
EEHLY, Zzh Burch 557D 501nbw 3
FLEE#AER 2 (papillary muscle dysfunction),
b B\ WX KBRS D Bt 2 = ZEEFER (muco-
polysaccharide deposition) (ZB8{%+ 2 L3 L
7z.
UTRZ0BOEFIZONT, ZThbDRES
BREL, Ao TRIBBHF2IT- T, LT

Table 1. Materials

No. of Age (yrs) male: female

cases (mean)
Hyperthyroidism 167* 16-72 (37.3) 43: 124
Hypothyroidism 26 22-72 (43.7) 9: 17
Control 65** 15-64 (28.2) 38: 27

* Five cases had mitral insufficiency (MI) at the time of study, in which 3 were in atrial fibrillation.
Atrial fibrillation was noted in 17 cases and atrial flutter in 1 out of 167.

** Control cases for the methoxamine test include 13 cases with hyperkinetic states other than
hyperthyroidism (8 males and 5 females) and 52 cases with nonspecific systolic murmurs including
innocent systolic murmur in the young and possible arteriosclerotic systolic murmur in the elderly.
No cases had a history of rheumatic fever.
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Fig. 1. Typical apical phonocardiogram in a patient with hyperthyroidism before and
after the treatment (16-year-old male).

Top: the phonocardiogram recorded before therapy (heart rate 94/min and BMR +38.5%) reveals
the accentuated apical first heart sound, shortened electromechanical systole (note the second heart
sound around the peak of the T wave), loud third heart sound and normal fourth heart sound. The
high-pitched apical systolic murmur (Levine IV/VI) is crescendo-decrescendo in configuration with
a mid-to-late systolic peak, indicating unusual form of mitral insufficiency, probably due to mitral
valve prolapse.

Bottom: After treatment, the abnormalities of the heart sounds disappear and the murmur of
mitral insufficiency is no longer present.

Filter characteristics: L1=flat, M1=100 Hz/12 dB, M2=200 Hz/24 dB, H1=400 Hz/24 dB. Paper
speed: 100 mm/sec, time lines: 0.01 and 0.1 sec.
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(36.5%) ic¥iizic MI #5354 (Table 2), #
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FiXIkE# ST (late systolic murmur: LSM)
T, BEALCEICHEETH -2 (Fig. 2). BE
DLRE LSM LiutE#H s vy 2 (SC) 2HL
T/ MI o 1flcid, A b¥x4 I XY
LSM oMb 27885k E sk L (Fig. 3). 22 BMH
BEICTEAES 50 S HDBRHPL LA S (Lerman-
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LSBES, vl 1~2 Hificbic > TERICH
% L7 (Figs. 2, 3).

Table 2. Results of methoxamine test

Methoxamine induced MI or Al

Cases

tested MI Al Both
Hyperthyroidism 52 18 0 1
Hypothyroidism 11 0 3 1
Control 65 6 0 1

MI=mitral insufficiency; AI=aortic insufficiency.

Statistical significance is present between hyperthyroidism and control as to MI (p<0.001), and
between hypothyroidism and control as to AI (p<0.001).
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Fig. 2. Pharmacodynamic phonocardiogram using methoxamine in a patient with hyper-
thyroidism (57-year-old female).

Top: Control tracing shows the accentuated apical first heart sound, high-piched systolic mur-
mur similar to the basal systolic murmur, relatively early occurrence of the second heart sound, faint
apical mid-diastolic rumble, loud (Levine IV/VI) high-pitched basal ejection systolic murmur typical
for Lerman-Means scratch, split second heart sound in a usual sequence (IIA=aortic component;
IIP =pulmonic component) and loud thyroid bruit (Levine IV/VI).

Bottom: Tracing during the test (53 sec after the beginning of injection). Heart rate reduces from
102 to 80/min. The apical first heart sound is depressed slightly and a newly developed late systolic
murmur is recorded, which is preceded by a very faint early to midsystolic regurgitant murmur.
Lerman-Means scratch is attenuated a little, so is the apical systolic murmur of ejection type. The

second heart sound shows reversed splitting. Thyroid bruit completely disappears as usual in this
test.
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Fig.3. Pharmacodynamic phonocardiogram using methoxamine in a patient with
hyperthyroidism (41-year-old female).

Top: Prior to the test, quadruple rhythm, accentuated apical first heart sound and a Levine II/VI
pansystolic murmur with faint late systolic component and distinct systolic click are observed. Basal
ejection systolic murmur is as usual in this disease and the thyroid bruit is a continuous murmur.

Bottom: During test, ejection systolic murmur and thyroid bruit are completely abolished, and
a conspicuous late systolic murmur indicating mitral valve prolapse appears with a marked reversed
splitting of the second heart sound. Concomitantly, loud mid-diastolic click of unknown origin ap-
pears transiently.

(reproduced from Sakamoto T': Mitral insufficiency: Role of phonocardiography on the etiological
diagnosis. J. Cardiography 6: 213, 1976, Fig. 7).
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Fig. 4. Pharmacodynamlc phonoechocardiogram using methoxamine in a patient with

hyperthyroidism (22-year-old female).

Left: Control tracing shows no significant apical systolic murmur and the mitral valve prolapse

is equivocal on the echocardiogram.

Right: Following the test, definite apical systolic murmur appears with concomitant midsystolic

buckling on the mitral valve echo.

Paper speed: 50 mm/sec, time lines: 0.05 sec.

— 865 —



gi*y o, _fy (£

d— [ ,.':»

“?v""’ ": %\'\:“, e -

W
G ~ S B

>

Ny

M

N

Methoxamine  Control

0 A

Fig.5. Pharmacodynamic phonoechocardiogram using methoxamine in a patient with
hyperthyroidism (54-year-old female).

Left: Control tracing shows apical systolic murmur of ejection type and almost normal, though
it is hyperdynamic, mitral valve echogram.

Right: Following the test, the apical systolic murmur decreases, but a late systloic murmur of
small amplitude newly appears. Mitral valve echogram shows pansystolic bowing, though it is not
so typical.

Paper speed: 50 mm/sec, time limes: 0.04 and 0.2 sec.

Table 3. Comparison of clinical findings in the groups with or without methoxamine-
induced MI in 52 patients with hyperthyroidism

No. of Age (yrs) Sex* Atrial Duration HR BMR PEP/ET DDR**

cases (mean) M:F fibril- of disease (%) (mm/sec)
lation (yrs.)
MI (+) 19 19—57 1:18 1 1.9 97 57.0 0.264 94
(38.8) aHt ()]
MI (—) 33 16—65 9:24 4 1.3 89 46.7 0.298 157
(46.7) Dt

M=male; F=female; HR=heart rate per min; BMR=Dbasal metabolic rate; PEP=preejection phase;
ET =left ventricular ejection time; DDR =diastolic descent rate (diastolic slope) of the anterior mitral leaflet.
tFigures in the parenthesis are the number of cases observed, whenever it is not the total number of
patient. *p<0.05, **p<0.01
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Fig. 6. Pharmacodynamic phonocardiogram using methoxamine in a patient with hypo-
thyroidism (27-year-old male).

Top: Control tracing shows the accentuated aortic component of the second heart sound with
a questionable early diastolic murmur in the second left intercostal space (2L).

Bottom: Following methoxamine injection, marked reversed splitting of the second heart sound
is observed. The early diastolic murmur indicating Al is now definitely inscribed. Crescendo type
long systolic murmur at the base is probably due to the regurgitation of either tricuspid or mitral
valve.

L2: 50 Hz/6dB. Paper speed: 100 mm/sec, time lines: 0.01 and 0.1 sec,
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Table 4. Comparison of clinical findings in the group with or without methoxame-
induced Al in 11 patients with hypothyroidism

No. of Age (yrs) Sex Duration HR BMR PEP/ET
cases (mean) M:F of disease (%)
(yrs.)
Al (+) 4 19—64 2:2 4.0 60 —38.8 0.50
(43.5) 31
Al (-) 7 23—63 2:5 4.8 66 —24.9 0.49
(37.6) 6)t

Abbreviations and explanation: see Table 3.

No statistical difference is oberved between the 2 groups.
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