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Summary

“S murmur ”, so designated by Cassels, is characterized by the sigmoid shape of transmission
pattern of the right-sided cervical bruits over the precordium.

Ten typical cases of S murmur” were investigated by external phonocardiogram (PCG) and
in some cases by intracardiac phonocardiogram (4 cases), aortography (2 cases), dye dilution method
(1 case) and echocardiogram (3 cases). They were all young subjects, 9 males and 1 female, ranging
in age from 16 to 27 years and averaged 20.1. No cases had anemia or hyperthyroidism and other hy-
perkinetic states, though 3 cases had mild hypertension.

History taking revealed that valvular heart disease had been suspected in 4 cases, because of the
intense murmur or widened pulse pressure with systolic hypertension. The complaints sometimes
observed as palpitation.

Cervical bruit was characteristic. It was harsh and early systolic murmur of short duration and
had the point of maximum intensity in the right neck or over the supraclavicular fossa, or both. The
loudness was Levine III to IV, and 2 cases had a thrill. On auscultation, this murmur had the trans-
mission pattern from the right neck to the right upper sternal border and then to the upper left ster-
nal border and toward apex along the parasternal border. The precordial murmur had the loudness
of Levine II to III. However, closed examination, particularly the simultaneous recording of various
auscultatory areas, disclosed that the precordial murmur was not the transmitted one, but it had dif-
ferent configuration. The precordial murmur had relatively long duration over the right ventricu-
lar area, indicating co-existence of the pulmonary systolic murmur. The other type of precordial
murmur was also noted in some, indicating the presence of left-sided ejection systolic murmur. All
of these systolic murmurs were markedly intensified by either amyl nitrite inhalation or isoproterenol
infusion, and inversely, it was greatly attenuated or even disappeared transiently by either methoxamine
or propranolol injection.

Other physical examination revealed no abnormality except wide pulse pressure and vivid apex
impulse. Chest roentgenogram was within normal range or showed rather small heart and the elec-
trocardiogram revealed no abnormality except occasional high T waves in the left precordial leads.
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Echocardiogram was almost normal, although it was examined after treatment.

Aortography disclosed no stenotic lesion of the aortic valve or aorta and its branches, and there
was no aortic regurgitation. It was noteworthy to observe that the injected dye was promptly cleared,
so that mean systolic ejection rate was extremely high (e.g., 435 ml/sec/M?2).

Intracardiac phonocardiogram revealed that the systolic murmur was most intense at the bifurca-
tion of the innominate artery, where the external cervical murmur had its point of the maximum inten-
sity. It transmitted even to the superior vena cava. However, similar ejection systolic murmur of
longer duration was also recorded at any other places within the aorta, though it was less intense. Pul-
monary ejection systolic murmur was also recorded within the pulmonary artery.

Discussion was made on the genesis of “S murmur”. The possible mechanism was thought
to be a very rapid blood flow relative to the size of the arteries. Cervical murmur may be due to
the impact of the aortic blood to the bifurcation. High cardiac index, greatly increased mean
systolic ejection rate, lowered PEP/LVET, rapid disappearance of the dye from the aorta and the
effect of pharmacodynamic tests, all support the hypothesis.

Clinical significance of “ S murmur ” is in the differentiation from any kinds of organic lesions,
such as carotid artery stenosis, valvular diseases and hypertension. However, the association of this
murmur with so-called idiopathic hyperkinetic state (Brachfeld and Gorlin) or hyperdynamic beta-
adrenergic circulatory state (Frohlich) remains unsettled.

Key words
Cervical bruits Functional systolic murmur Hyperkinetic state Pharmacodynamic
phonocardiography “S murmur”’
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Rl D/NERHE Cassels 13, BRI LA L,
S O R HIHET R E T b X CEIR & h, MaEAfx s HLRE~E S PRICEET 5 1L
HEFLLRE ZE xR, FRICERTIIAY Wir % S murmur L LTRER L . Kx i
DINE DI AERICTHEET 200 THY, i 1968 4%, Z oIz SOV THEL?, Hix0E
Table 1. Materials and
R. Neck
Age B.P. CTR P b
Case (years) Sex €. C. (mmHg) (%) (Irlee\f'}:llJ (lrlrln-ielc%n
1 16 M H.T. 140/ 0 40 I 150
2 17 M murmur 130/36 37 IV~V 130
8 17 M murmur 140/60 43 v 120
4 18 M palpitation 153/80 45 III 60
5 19 M murmur 146/66 36 III 90
6 20 M H."T: 148/ 0 42 111 120
7 21 M murmur 164/78 <50 I1I 100
8 23 M murmur 160/ 0 49 v 110
9 23 M H.T. 120/30 <50 III 60
10 27 F murmur 120/70 43 111 80
mean 20.1 42 102

M =male, F=female, C. C.=chief complaints, H. T.=hypertension, CTR =cardiothoracic ratio, PEP/ET =pre-
ejection period/ejection time, AN=amyl nitrite, ME=methoxamine, ISP=isoproterenol. PROP=propranolol,
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AWFgED BE9E, 2205 10 EFIC ST ERHAY

BEETY, HERERFEEET I LILHD
RER & iE

TERNE Y BITEEIC B 1 2 DERIRER D, FH5
i, A8HE B iciRR 2R Levein LI/ VI i
VL EoBRHPEIGHERIHES 23 0, DRI E TRER
DULHEHIHES 28 & 2o, o0 IRESE O Bt e
10 ff Z38 A 72, GEIRE DRSS, Fifn, HRRERE
JUHESE, ZofioBERREBEIRESA TS
Table 1 o<, BT IH, &1 16T, 4
16~27 3%, ¥4920.13%THh 5.

O HRAL I RS ML, PERUED 1T TIT Y,
A5 R BUH O MEF s B X OBED 13>, S
2k b, ZEHES, EEoMET bIRAIE LRkl
. OEX(IEFK) fegk e, ek e b R-—1
TEEETIT, 4 EOFRME L RIT&E L. £
HEZHTR, Ay imxa—70BE,L, #IE
AL B Y IR A TRIRZ RS EZITY, A
fr sl e IR A L 7z,

AR - WEREEE 7 2 L (amyl nitrite : AN)
WA %64, # %4 I (methoxamine : ME)
1 (0.08~0.1mg/ke) #3 4, 747 e7L
/ — L (isoproterenol : ISP; 0.02 pg/kg # 14y

clinical data

S HEE DERRMBILE

e TfE) #2641, = >5 / w— ) (propra-
nolol: PORP; 5~10mg # 2 4y c#iE) # 5
Bl HEFT U, HEF OREREE 2 HRFT L 72
DIEPRLE - MEFRAE %, REEOfR
EERRT 5 AN THHIC ffT L. D3
FL2HTHB. Aol h 7T —FNEF & LA
y % A{§i ] Cournand ﬁ':l double lumen # 7 —
%»&77?%%%%6

KEIRE ﬁ@%#?*&umﬁﬁe,iﬁ
i%@ﬁmiﬁéthM CHEAT L 7=

D= = — XA 3 4% ®, Aloka SSD 90
F 8 100, 2.25 MHz oA BT 2 Vv, #E2%
e 50 7213 100msec 2 vV v FF ¥ —
Mz TR FEg L7z (Case 6,7, 10 o 3 4)).

151 i

L EFpR

REER 2 3 ], DLFICERT 5.

FER 2:

17 3%, B+ 172cm, 60kg, )£ 130/ 36
mmHg. ®)F, B8hrsd v, @EICKERSE
P2, MERMERE 2 EDbA Tz, i X #
%D NE R 37% ok & 2 (Fig. 1), O
BRI TRAEMEHFE co T EEmshic iz
WERoie ot (Fig. 2). 2L, ASE L

Pharmacodynamic PCG

PEP/ET ’*?ﬂﬂ%ﬁi;gh‘ ICPCG Avriography
AN ME ISP PROP
— 168/55 1 ! | L -
0.30 172/60 1 l | L Es
0.23 173/64 1 | R
0.38 — !
0.37 172/51 1
0.20 167/60
0.21 172/64 1 |
— 167/59 1 ! L, R
0.30 180/68
0.23 149/45
0.28

PCG phonocardiography, ICPCG =intracardiac PCG, L, R=left- or right-sided ICPCG, | =decreased

murmur, | =increased murmur.

— 609 —



YA, PIH, Ak, @

Fig. 1. Chest roentgenogram (Case 2).
Note the rather small heart (cardiothoracic ratio
is 379%) and clear lung field.

Fig. 2. Elecrtocardiogram (Case 2).
No abnormality is present.

e IV-V/VI EoIR k% £ 5 Frlii 0@ n i
72 WHEHIMER 2 & 0, BB ik, Zoifk, (DRI
b R IR e 2 B v 7. DAl S
hRSMAlC filii, XEEB 72 TI5 R S v, ik

WM BETE L ol B o h b ofER i
RALERIC X 2B EZ T e oTe. ZOFIRE
DK (Fig. 3) TES LA TV 5. oo
Mg 4, AN, ISP &ffic X v % 85 % % 7= (Fig.
ﬁﬁAKME%ETiMOW%%Kant@g
6). FpPES MERAES L L TELER V2D
MR Fig. 7), OHER. ui‘ (Fig. 8) ’a’:yu
L72hs, KEIARS X U072 o MRz i ez, R
EIT &R &37‘4: Dolo. B, AN AT clear
Shite. FHTI, 7{:‘:{ PR H 5 FEHL S
m:%wkﬁlf;?%fxfﬁa 3, KEIIR o> 48 £ Bh AR 53 I
WAHETH - & bR < GRSk LT

BB, TA Y M—=FHEICX B2 oREF ORI
1% 13.23 L/min, [M%¥x 7.82 L/min/M2, Iy
RIS SERH =R mean systolic ejection rate (%
435 mil/sec/M? L\ Fh LR L Tz, Y
e TS #iF, DREFIEEZONS.

=6l 3 (Fig. 9)

17 %%, BF. 173cm, 64kg. FEITOHEE %
fRfff & T skeBe.  ifE 140/60 mmHg. figEp X
MERE T T 43%, OERTE ZRE
Fh o T Est e L. AUEERT IV
VI o Iufa#igEs 2 JEIR, nifgiE < S =ikic
JER % LD KV BRI Mo i (-1 )
nwa vy, I FoWRRERESZR, Lol ¥F
#3Ww7-. Levine II/VI ¥ o i 4% (abdomi-
nal bruit) #[FoLL iz v, Fig. 10 o
<, M AN Affcsil, ME Affcids
LTV 5. ALoOEALE (Fig. 11) T A
BTk (rt. subclavian vein) o i, FliEIIRA
T b UNHE MRS R0k L 7S, B bR
o lo. T OFNSERRR O & i B, FRR
NREERESE o SR 25R 0 95, TS M, L BMrL .

FEF 8

23 5%, BF. 167cm, 59kg. HEIERZTZR W
2, TELE, KENRFPHASHAREE 2 &bh T,
ME 160/0 mmHg, CMgEiRE 49%. A8#HE E
#o IVIVI EolRE* £ 5 4%, 2L © A o
TOE, DRI RO 2R OCUHE R oo BERH e
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Fig. 3. Routine external phonocardiograms (Case 2).

Cervical bruit with systolic thrill (Levine IV/VI) is inscribed at the right supraclavicular fossa
(R. Sternoclavicular joint). It is short and high-pitched ejection type systolic murmur. Sys-
tolic murmurs are also inscribed downward along right and left sternal borders to the apex (5L
lat). All the murmurs have sightly different configuration, although one may appreciate the
sigmoid form of transmission of the cervical bruit to the apex. 1R~4L: the first, ... fourth
right or left intercostal spaces along sternal margin. L1=flat, L2=50/6, M1=100/12, M2=
200/24, H1=400/24 and H2=600/24 (Hz/dB).
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Fig. 4. Pharmacodynamic phonocardiography using amyl nitrite (Case 2).

Amyl nitrite inhalation causes the intensification of all systolic murmurs. No diastolic mur-
mur appeared. BP: blood pressure, 20/, 30, 43, ... 1’53, etc mean the seconds and minu-
tes and seconds after the inhalation. RR: R-R interval of the electrocardiogram (90 means

900 msec., and so forth).
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Fig. 5. Pharmacodynamic phonocardiography using isoproterenol (Case 2).
0.02 ;g/kg of isoproterenol given intravenously causes dramatic augmentation of all systolic
murmurs.

— 613 —



WA, PIH, #,

R R i it e | | W )
| Methoxaming BP 120/36 29 sec 1667104

i | CONTROL | H M

R.Sterno- |
clav. jOll’I"l 11

I |
H1 Y .LI ) lil
it " T

R R R

[ PR e T e s R B | S !
i HUTS S on 116 A 19 218/98 e sse
i i |
Ty | 1 N i
il | g
i ol WA

\'MA/} MWII"""'WMWV WWW WW*—'V\/] A‘v vl /”‘W‘

| I 1

i

{ 1 &b y
i i i : |
| i L Jidy Sl k i 2
“’-qlw b i f ;[.‘W
i

Mf‘;’\ 'MW}SMWNM ] | AAW t‘www mwp/ ,\M “AM

iﬁk
e

. ) ‘,1.
et vifl,M

i
; | i Lty
190 145 98

» ! s - | i I AR RS B

Fig. 6. Pharmacodynamic phonocardiography using methoxamine (Case 2).

Intravenous administration of methoxamine (0.08 mg/kg, within 30 sec) results in greatly
attenuated systolic murmurs, particulary the cervical bruit (practically disappeared). Reversed
splitting of the second heart sound is seen in the tracings of 1 to 2 min.
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Fig. 7. Aortography (Case 2).
Neither stenosis nor insufficiency of the aortic
valve is demonstrated. No stenotic lesion in any

branches of the aorta is demonstrated and contrast
medium is rapidly cleared.
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Fig. 8. Intracardiac phonocardiogram (Case 2).

Ejection systolic murmurs are recorded at various
locations within the aorta. Upper phonocardio-
gram in the middle and bottom tracings is recorded
externally in the right sternoclavicular joint where
the most intense cervical bruit is present. There is
the difference in the configuration of systolic mur-
murs, but there is an early systolic accentuation
similar to that of cervical murmur.
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Fig. 9. Routine external phonocardiograms (Case 3).

Cervical bruit which has the maximum intensity in the right neck (R. Neck) is Levine III/VI.
There are spindle-shaped systolic murmurs along the sternal margin to the apex (so-called sig-
moid transmission). Widely split second heart sound and prominent third heart sound are also
shown. Note the difference of each systolic murmur. The phonocardiograms other than
apical area are inscribed by high-frequency filter. Apical phonocardiogram has four different
filter characteristics. IIA and IIP: the aortic and pulmonic components of the second heart
sound, III: third heart sound.
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Fig. 10. Pharmacodynamic phonocardiograms (Case 3).

Top tracing shows the routine phonocardiograms simultaneously taken from apex (top 2 trac-
ings), right neck (middle 2 tracings) and second left intercostal space along the sternal border
(2L: bottom 2 tracings). Right carotid pulse tracing is also inscribed. There is cervical bruit
of short duration as seen in the preceding figure. Amyl nitrite inhalation (bottom left) causes
intensification of the murmur of all areas and the cervical murmur is tremendously intensified
and the duration becomes longer. On the other hand, methoxamine injection produces marked
attenuation of the cervical bruit and the splitting of the second heart sound is abolished
(bottom right). No mitral insufficiency was induced.
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Fig. 11. Right-sided intracardiac phonocardiograms (Case 3).

The upper tracing of each pannel is the externally recorded cervical bruit in the right supra-
clavicular fossa (R. Neck), and the lower tracings are the intracardiac phonocardiograms. The
systolic murmur in the right subclavian vein is similar to that external cervical bruit. Pul-
monary artery systolic murmur is also observed, but practically no murmur is recorded in the
right atrium. PA: pulmonary artery, RA: right atrium, SVC: superior vena cava.
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Fig. 12. Pharmacodynamic phonocardiograms (Case 8).

Apical (top tracing), basal (the 2nd left intercostal space: 2L, middle 2 tracings), and right
cervical (bottom 2 tracings) systolic murmurs are simultaneously recorded (left pannel). These
murmurs are intensified by amyl nitrite inhalation (middle panel) and attenuated by methox-

amine injection (right panel).
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Fig. 13. Right-sided intracardiac phonocardiograms (Case 8).

Systolic murmur is detected in the right and main pulmonary artery (R. PA and main PA),
but the murmur in the right subclavian vein is similar to the external cervical murmur, indicat-
ing the transmission of the cervical murmur to the adjacent vein. RV: right ventricle, IVC:
inferior vena cava. Others: see Fig. 11.
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Fig. 14. Left-sided intracardiac phonocardiograms (Case 8).

Systolic murmur similar to the external cervical bruit is present maximally in the innominate
artery and less markedly in the aortic arch and left subclavian artery and its origin. Delayed
systolic murmur is inscribed in the descending aorta. The systolic murmur in the ascending
aorta contains artifactual vibrations.
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Fig. 15. An example of drug-induced systolic murmur of the functional origin. 21-
year-old male with mild systolic hypertension (154/60 mmHg).

This young adult has arterial bruits over the carotid artery (R. Car.) as well as over the epi-
gastrium (Epig.). Precordial systolic murmur of different duration (third left intercostal space:
3L) is also present. All the systolic murmurs are markedly intensified by isoproterenol injection
(right panel), producing typical S murmur . Aortography showed no abnormalities. This
case is not included in this study, simply because of the weak intensity of the original cervical
murmur, but the result of the pharmacodynamic phonocardiographic study indicates that the so-
called “ S murmur ” will be produced in many young persons with slight hyperkinetic state.
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