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Eveluation af a systolic murmur is one of the most cammone
tasks which confronts the physican who is conducting a8 physical

examination especially with an asymptomatic child,

Misinterpretation  of innocent mupmur may lead to anxiety
or the part of both the physican and the pPatient & his Family;
throuh @ prolonced period of unnecasssary restriction of physical

activliy anc perhaps to cardlac neurpsis,

In tne pest, errovs in oiagnosis have led to exclusion of
healthy people from athletic activities, filying and military

service,

The proper intefpretatian of such murmur iz especially
impaortant in children with regard to the necessity of use of
prophylactic pencillin far rheumatlic fever and bacterial endo-

carditis,

U the oplher hand and after using many recent techniguses
g, g, phonacardiography and Echocardiography also with the helpfull
gid of cardiac c .theterization many cases proved to bhe organic in
origin es.g, mild pulmnéarg stenosls, ventricular septal defect,

Agrtic stenosis, or sJbaoriic muscular hypertraphy.
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Then as systoilic murmur in en asymptomatic child may be
compatible with perfect heslth or it may indicate organic heart
disease; pur aim in this work is to detect the aetinlogical ceuses
of systolic murmurs discovered on routine medical examination in
young children= at school age~ and to identify the correct way to

settle the proper diagnosie in 8 case like that,
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% The Probahle Mechanism of the Production aof Murmurs:

Turbulance Thepry

for many years the most widely accepted theory of the
cause of murmurs wss that due to turbulance in the blood flow,
This was based on the work of Osborne Reynolds, who described
fluid flow as @ function of the velocitiy, tube digmeter and
viscosity- a concept which would indicate the development of
turbulant flow from previously Laminar flow. If the resulte
ant value (termed by Reynold?s number) exceeded 2000, turbue

lance was presant (1)

D
H = 3 U % 2000 ————=> Jurbulance ~———rpinise
R = 200 600 2000
M
—— —
—_— P
{(Fig, 1}

¥ The derivation of the Reynolds number (R} 1s shouwn where(D)
is the 'diameter of the channel,(U}is the free stream velocity
and (V) is the kinematic viscosity,
The change fFrom laminar flow through the iransitianel zane
th Fully turbulent flow ia shown.
In this £he fluid particles move randomly in dirsciion and
velocity.

Unce turbulant, the flow does not become more randome or
turbulant{l}
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Hecause the Reynolds number of blood heing pulsed through
a atenosls thet produced a murmur wasgreater then 2000,I% was

ggsumed that the development of turbulence produceds the noise,

This thesory wes also applicable to conditlons in whilch
there wae no stenosis such ee sneemia or high cerdlac output sta-
tea snd this constituted 8 atrong reason for it's widespread

acceptance,

Thera 1ls, however good resson for doubting that turbulance
1z & ceues of murmurs, Recent discoveries in the fleld of sera-
dynamic mound heva ilndicated that turbulance is an ineffeclent

generator of noise st low velocities of flow. (2)

It becomes an effecient generator of sound, however, if
the veleclity of flow apprpeches the speed of =zound iln the medium,
A good example is the noise produced by jet enginea, Thie is
readiated & great digtence from itts source but one must rislize

thet the veloclty of elr flow eguels or exceads the Mech number,

When one reelizes that the spead of sound in the blood
is of ths order of 150,000 m/sscond 1t is difflicult to ececept
turbulengs ma & cause of murmurs: eince velocitles of flow af

this megnitudas ere naver approsched. (3)

If ths obeerver moves closer to the saurce of turbulence

than 1t is true that espprecisple nolse is generated &t lower
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velocities, however, &ven within a distance of cne wsve-
length there would be no significant sound caused by ture
bulance unless the velocities exceed what we know to exist

in the cardliovascular system,

Turbulance may also ba rejected as a cause of murmurs
on the basls of Macbonaldls finding that the critical Reynolds
number of pulsating blood in the asorta ang great vessels is as

law ag 1000 {4}

As the velocity of ejection through 2 normsl vealve pro-
duces a Reynolds number greater than 1000 throughout most of
the duration of the systole then one can reasonably expect all

of us to manifest pansystolic murmur,

Another reason for the weaknegss of the turbulance theory
of murmurs relates to the defenit pitch or freguency that cer-

tain murmurs manifest, {1}

It has been shown that nolse due to turbulance has a
very broad freguency spectrum and 1f murmurs were due to this,

then they would be essentially of all the same pltch,

Cavitation Theory:

It i well known that when a liguid 1s forced through

an orific st a veloclty sufficient to cause @ losal pressure
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grop below the vapour pressure of the liguld, bubbles sre
very rapidly formed and collapses az they move dbunh-stream,
progucing an 1ntense crackling ncise, The Frequency af this
type of noise In gemeral ls hlgher than what we know to exist
in the cardlovascular system gnd 1t is rediated B greet dis-

tance from its source,

In a long saries of experiments uaing both ateady and
pulgatile flow with sppropriate mpdles, we were abis tc peoduce
cavitatizn in blood, But it was found that the driving pressure
r quires to force bloog INTOUGN the merrow orifice which would
proguce thnis phenomenon was grestsr than 350 mmHp fﬁr these reae-
NS savitation thgory can not De accepted es B chuse 4f murmurs

such as arp detected and interpretad clinicelly, (3).

Yortex Sheeding Thecryd

It 18 known that when an sbatecls is preasnt iR the path

of asny fluid, vorticas sre -hed slony lts sdge, If the cbetucle

iz 2 smooth wirs or cylinder, & clear tone ls producsd FiQ.3 {6},

The scund produced by type of flow is deacrioed as 4 Aeol=
f=n tonmeg, In thiz gerticulsr typa of flow, the prassure ossillatign
sgsociated with wvortex stadding sre slgalficently greeter than
those esperienced with turbulancd., In thig partioular type of
fiou,the pressure oscillation of acousticnl fruguahcy ate uf the

praar of 2 to B we Hg, The Fact that 1 mm HY rapresgnts may dynes
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per ::m2 of azcoustical energy makes it easier to accept this

moTe effecient form cof fluid flow as a cauze of murmurs, (1]

1t should be memtioned that these pressure B9sclllaticns
areg genersated in the fluid itself, A resonant vibrztiaon of the
obstacle ar the vessel wall is not reguired for oscilletions

zignificant intensity to be gernerated,

This 1g emphaslzed because several investigatorg have

sousht to explain mMUIMUTE as being due te the vibration of &

veszel wall or a velve (7)

Several characteristics of thle type of flow &re worthy
of description, In the simplest form of vortex sheeding, that
is, in the production of an Aeglian tone- vortices are ehed on
either side of the ~ylinder.ln listening perponoiculsar to the
flois,a lift osclllatlon is found to occur with the shedding of

two vortices. However 1f one listens parrallel to the flow a dr-
an oacillation occurs with the shaddlng of esch vortax,

In genegral, the emplltuge of the drag oscillation is one
ninth the strength of that of tha 1ift oscilletion, (1.

in other words, the fregquency and strength of the scund
perceivied s dependant in pErt upon the poaltion of the listener

in relation to the flow,
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Another characteristic of vortex shedding flows is that the
freguency of the noise so produced increases in direct proportion
to the velocity, A linear relationship has been described by 8tr=-

ouhal and has been reconfirmed many times, (1}

gn the basls of the theoretical considerations shown in the
figure (4) one would expect 2 slight stenosis to produce 8 relative-
ly hlgh frequency MUTMUr a more severe stenosis one of lower freg-
uency , and 8 maximal stenosis 8 murmur which is once again high

in freguency,
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Flg. (2)

TURBULENCE IN STREAMS OF FLUID
A TURBULENT WAKE
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Fig. (3) A cylindrical obstructicn in a stream of fluld causes
eddy currenta downstream which may produce sounds corr-
esponding to Aeolin tones vibrations af similar origin
may he produced by clrcular obetructiem arcund the per-
iphery of a pilpe. A smailler orific produces central Jjet,
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Severs

Flg. (4) The changing contribution of high freguency compe-
onent of the murmur produced by increasing const-
riction of a dog's escending eorta,

The Elema phonocerdiagraphy was used to discrimin-

ete the relative intensities of high and lew frege
uenciea, (From Amer.J. Mex, 27:360,1959),
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