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This is the first of a two part series of clinical correlates of 
cardiac auscultation to be presented as a review of cardiac auscultation 
and to report recently developed theories which explain auscultatory 
events in the normal and diseased heart. 

A picture is worth a thousand words; therefore, we have selected 
pertinent graphics which explain the auscultatory events that will be 
discussed and de~onstraterl. 

A brief review of the cardiac cycle will place auscultory events 
into perspective. 

1. Cardiac Cycl~0 

PRESSURE 

VALVE 
MOTION 

ECG 

RIGHT 

LEFT 

Dbp;~m of the cardiac crclc, showing the pressure curves of the great veueU and card iac chan1ben, 
v~ lvul.1r e veonh :~nd hu rt sounds, J,•!t ventricubr volume curve, jus ulu pulse wJ.ve, ape."< cndiogr"m ( Sanborn 
plUO crystJ. I) , ~nd the eltttroc:u d_iogram . For illustralive ru rposes, the time intervals between the \'ah'\l lu events 
h.t~e been mod.11ied ~nd t_he NZ po•n~. hu been prolonged. \'.ah·e motion: MC and MO, mitral "closure .. .2. nd open· 
:!~ir: _ •nd ~.o. lr 1cusp1.d clomre a n~ opening;''~ and ~0, :\ort ic "closure" and optoning ; PC and PO, pul-

• c ~losur~ .1nd o~nmg; O.S., opemng snJp of atnoventrJcu l3r valve( s ). Apex cudio&ram: IC, isovolumetric 
con.r~ct~ on wave; lR, novolumetric 1~bxa tion wave; 0, ope ning o( mitr:ll v.1lve; RF\V, rapid -filling wa,·e: SF\V, 
slow-fillmg wne. Ste led (or del.aih. 
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2. First Heart Sound 

THE FIRST HEART SOUND 
s, St 

I I IIASE 

.. NORMAL s, St .. I I APEX 

s, s. 

I I 
SHOIIT Pit INTERVAL 

SOUND 
IIITRAL STENOSIS 

b. LOUD FIRST EXERCISE, TACHYCARDIA 
ANEIIIA, HYPt:IITHYIIDIDISII 

s, St 

SOUND I I LONG Pit INTERVAL 
c. FAINT FIRST SEVERE HYPERTENSION 

a. The second sound is characteristically louder than the first sound at the base, 
and although the first sound is usually more prominent than the second at the 
apex, this relationship is less constant and less reliable for timing purposes. 
b. A loud first heart sound is heard in the presence of a short P-R interval, 
mitral stenosis, exercise, tachycardia, anemia, hyperthyroidism, and hyperkinetic 
states in general. 
c. A faint first heart sound usually occurs in the presence of a long P-R interval, 
and it frequently occurs in severe hypertension . 

from AHA 
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fro"' Yu & Goodwin 

-------------

CY CLE 

s, : 

PCG·MA ~ ··~ --------

MV( 

ECG 

Mitral valv< patt<rns at difforent P-R intorvala. Subject SM. Cycle 1-abOI't P-R with loud M,, 
Cycle 2 - intermediate P-R with abs<nt fun hoart sound . Cycle 3-long P-R with reopeoing and aecoodary 
clooure of mitral valvo coincident with a softer M,. ~ lA - :O.Iitral a.noa, MVE - mitral valve echogram, 
PA = pulmonic area, PCG = phonocardiogram, S, - second heart sound, M, aa in Figure 1. Tall vertical 
arrows indicate time of mitral valve clooure. P and QRS of electtocardioqram iodicated bv short arrows. 
(From Burggraf, G. W., and Craige, E.2 -Uaed with p<rmwion.) 

fro~ Yu & Goodwin 
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3. Second Heart Sound and Splitting of the Second Heart Sound 

PCG·AA ~~J'Iil~·l~~· i I I I I • • I I w•j· .. v>·• II;' ' *' r •1-
~ 

SM ., ·' 
~ I ·.rr• .,,~,\VIIUlQ I 

~-··· 
·,~ PCG ·MA.....,~P 
I I . . 'I 

-------------- ----------- ----- ------ ---_ ._-_.-:·_-- ~ -:<:::~ >~~c_.~:-~;~·i;;tS~~:·.L~::=~~ -
--~-- - ................ ,---

.. ,~:f:'!&$3~ 

Echophonoca.rdiogram from a woman in uremia. The aorta (AVE) is o( normal dimemiooa. 'Ibc. 
aortic valve: is clearly shown with iu box-like separarion of cusps in systole and cl01ure at the time c:l At (arrow). 
A systolic murmur (8~1 ) i.s aLso Jet:n. 

from Yu & Goodwin 
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NORio4AL PRESSURE· SOUND RELATIONSHIPS 
OF THE SECOND HEART SOUND. 

St A2P2 

I H 

II 

II 

I 
I 
II 

The aortic and pulmonic closure sounds which are coincident with the 
incisurae of the aortic and pulmonary artery trace, punctuate the left and right 
ventricular systolic ejection period. Although the duration of left and right ven­
tricular electromechanical systole are nearly equal, right ventricular systolic 
ejection time is longer than the equivalent event occurring on the left side of the 
heart. As a result, the pulmonic sound occurs slightly later than aortic closure 
sound. 

from AHA 

- ~onnal rupin~tory variation of splitting of the second hurt sound. Sounds 
are reco~ed stmultlneous_ly at the pulmonary area CPA) and apex, tocether with the ECG 
~carotid pulse. On up1ration. A2 aM P2 arc superimpoted ifar ft/tl. but. with inspira­
tion , the tw? heart beats on the riaht show incrcasina scparauon of A2 and P2. 
~e tractn& ap~n demonstnnes the normal relationship of the second heart sound to the 

carottd pulse; A2 precedes the dicrotic notch by a small but constant interval, musurin~ 
0.04 second t~ the Clllllnple above, and P2 precedes the notch in the flnt two heart beats 
and follows lhts notch by a small intcl"'al in the final bcal at the riaht. 

i I~ 

! 
! 

v D ... 
-./, ... 
~~~-~-1- 1 il -t, ~,~,-+~ ~~.~~~-~, -L. ~ 

from Tavel 
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PARADOXICAL SPLITTING OF THE 
SECOND HEART SOUND 

EXPIRATION INSPIRATION 

I II I 
Delay in closure of the aortic valve, if pronounced, results in reversal 

of the usual closure sequence, and pulmonic closure occurs before aonic 
closure. Durijjg inspiration under these circumstances, when the usual prolonga· 
tion of right ventricular systolic ejection occurs, the pulmonic closure occurs 
later and the two closure sounds approach each other or fuse; on expiration, 
the two closure sounds again become more widely split. This paradoxical re­
sponse to respiration is called paradoxical splitting of the second hean sound. 
It is seen in left bundle-branch block, aortic stenosis, patent ductus aneriosus, 
and, at times, during coronary insufficiency. 

-------­·------ -------

PARADOXICAL SPLITTING OF THE 
SECOND HEART SOUND 

DELAYED AORTIC CLOSURE 
Delayed electrical activation of the left ventricle 

Complete LBBB {proximoltypej 
Right ventricular paced beats 
Right ventricular ectopic beats 

Prolonged left ventricular mechanical systole 
Complete LBBB {peripheraltypej 
left ventricular outflow-tract obstruct inn 
Hypertensive cardiovascular d i seas~ 

Arteriosclerotic heart disease 
Chronic ischemic heart disease 
Angina pectoris 

Decreased impedance of the systemic vascular 
bed !increased hangout) 

Post-stenotic dilatation of the aorta secondary 
to aortic stenosis or insufficiency 

Patent ductus arteriosus 

EARLY PULMONIC CLOSURE 
Early electrical activation of the right ventricle 

· Wolff-Parkinson-White syndrome , type B 

--------------------------------
Abbreviation : l8Ba • left bundle-brond1 block . 

from Shaver & O'Toole 

from AHA 

WIDE PHYSIOLOGICAL SPllntNG OF THE 
SECOND HEART SOUND 

DELA YEO PULMONIC CLOSURE 
Delayed electrical activofiOtt of the r~ht ventricle 

Conopl••• RBII (pro•imol type I 
left ventricular paced beots 
left ventricular e<topic b4ats 

Prolonged right v.ntricular mechanical systole 
Pulmonic stenosis with intod septum (moderate to 

severe) 
Acute massive pulmonary embolws 
,.ulmonary hypertension with right-heart foil~o~re 

Decreased im,..Once of the JK~Imonary vascular bed 
(incr.a.-d hang0411) . 

Normotensive atrial septal c:t.fect 
Idiopathic dilatation of the pwlmonory artery 
Pulmonic stenosis (mild) 
Atrial septal defect, postoperative {70%) 
UnexP'ained AES in the normal 

EARLY AOUIC CLOSURE 

Shortened left ventricular mechanical systole (lVETJ 
Mitral insuMciency 
Ventricular septal defect 

from Shaver & O'Toole 

fi. 
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SPLITTING OF THE SECOND HEART SOUND 

ElCPIItATION IN SPIItATION . , .. s, 

NORMAL. SPLITTING JL 
s, .. s, 

WIOE SPLITTING ~~T ..1 L II ltioM lll.lfldl• 8foflch Blocll ... " 
s, s, s, 

PU\.WONIC STENOSIS ~ JL " 
s, s, 

ATitiAL. SEPTAL. DEFECT F·· 11,>~ . .J L 
s, :: Sz 

,, 
MITitAL. INSUFFICIENCY I ~: lil 011 

\I[NTfUCUL Ait SE:PTAL DEflECT 
Az Pz 

Wide splitting of the second heart sound may be due to late closure 
of the pulmonic valve as occurs in right bundle branch block, pulmonic sten­
osis and atrial septal defect; or to early closure of the aortic valve as occurs 
in mitral insufficiency and ventricular septal defect. ln atrial septal defect, the 
splitting is both wide and fixed . 

from AHA 
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4. Third and Fourth Heart Sounds (Gallops) 

o. ATIII:IAL SOUND 
(A) 

b. 3rd HEART SOUND 
V!IITRICULAR GALLOP 

IV) 

c. EARLY DIASTOLIC SOUND 
OR 

PERICAftOIAL KNOCK 
IKl 

If , QUADRUPLE RHYTHM 

o. INCOMPLI!:TE SUMMAT ION 
GALLOP 

I, SUMMATION OAI..LOP 
(SO) 

DIASTOLIC FILLING SOUNOS .. j' j' •• 
l j . , , • I I 
s, •• ., •• 
J J j j 
I I v I I v 

s, •• s, •• 

---t-fr--+-fr-
s, •• .. •• 

~r+. 

+-+tt-+ 
•• 

a. An atrial sound (A) occurs in presystole in patients with hypertension, 
coronary artery disease, and long P-R intervals. 
b. A filling sound may occur in early diastole in children and young adults, 
but it disappears with age. This sound is called a normal third heart sound. 
When it is heard in middle age, it is called a ventricular gallop and indicates 
myocardial failure or A V valve incompetence. 
c. In constrictive pericarditis, a sound occurs in early diastole (K) which is 
earlier, louder, and higher-pitched than the usual ventricular gallop but is, in 
fact, an accelerated form of this filling sound. 
d. If both an atrial (A) and ventricular (V) gallop are . present, a quadruple 
rhythm results. 
e. At faster heart rates these sounds occurring in rapid succession may give 
the illusion of a mid·diastolic rumble. 
f. When the heart rate is sufficiently fast, the two rapid phases of ventricular 
filling reinforce each other and a very loud summation gallop (S.G.) may 
appear. This sound may be louder than the other two heart ~ounds. 

from AHA 
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5. Ejection Clicks (Sounds) 

~ 

I I• PCG·PA 

-±-~ \.. 
T -

LfM T !~. SM 

2 

!~ 
.. 

PCG·MA •• .A,.._. 
I' 

l 
f'' ,; 

s jx 

II li 
APEX ·' 

'I 

• 

v v 
........ _A, 

:; 
....... r-.. - - IT CAROTID 

-Aonic ejection sound in aortic stenosis and insufficiency with dilated aorta 
in a l~ycar-old male. ThC' ejection 1ound tXI ts e;.asily ~ccn at both aortic area (AA) and 
;~pe.o;. but the first sound is not seen at the aortic area. The eject•on sound coii"'Cidcs with 
the onset or the carotid upslrokc. 

Bi..:t L,pid aordc valve. Opening r:J the 
.turtit· vain· i~ ~hown in the echocardiogram. The 
v. tl vt· n· ;u.:h~ il< fully opened pc-itioo at the time 
of thr loud e-jection 10und (x). Tbe pruwncd diag• 
tu-.is uf hit:tL,pid aortic vah-e i.s bucd on the eccentric 
lt-.:atinn of the valve CWpl in dia.stole.u (From 
Waidn, W., and Craige, E.u Used with per· 
mis.,ion.) 

from Tavel 

EARLY SYSTOLIC 

EXPIRATION 

sl s. 

AORTIC EJECTION 
SOUND 

(APEX AND BASE) II I 
Ej 

PULMONIC EJECTION 
SOUND 

I BASE ONLY) II 
Ej 

fro~ Yu & Goodwin 

EJECTION SOUNDS 

INSPIRATION 

sl s. 

It I 
II Ej I 

Aortic ejection sounds are heard at the apex as well as at the base and 
usually have little respiratory variation. Pulmonary ejection sounds, on the other 
hand, radiate poorly, are usually heard at the base only, and in the ab!ence of 
severe pulmonary hypertension, diminish or disappear on in.piration. Aortic root 
ejection sounds are seen in coarctation of the aorta, aneurysm or dilatat ion of the 
aorta, hypertension and aortic insufficiency. Aortic va1vular ejection sounds occur 
in aortic stenosis and are most easily heard when the valve is not severe!\' calcified. 
Pulmonary root ejection sounds occur in idiopathic dilatation of the pulmonary 
artery, pulmonary hypertension, hyperlhyroidism and anemia. Pulmonary val­
vular ejection sounds occur in pulmonary valvular stenosis, especially weU heard 
in mild pulmonary stenosis. 

from AHA 
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- Sc h~mali..: rcprcscntallnn of the llnunK uf 1hc pulmonary ejection ~ound CXI 
HI rclaliun hi vuriUU:\ hem,xl ynam•c ~•lteral•nn" w•thm the rtlehl hcan . When I he pulmonary 
an ery pres~urc: • ~ hivh. !he cjc..:tiun S\IUOI.Ii' lah: and folluw~ the ORS and the mitral ftnt 
heart suund hy n rchatlvcly lnntc mlcrval. 

A, nunnul rulmo nury and nvht-vcnlrlcutar (\rc~surc:\ . as miaht occur in uncompl icated 
utri11l M~J'IIKI dcfccl . I, pulmorutry :\lcnusi\, wi1 h h•wh r!Jht-vcnukuh&r prenurc but low 
pulmonKry ancria.l preu urc. in wh•ch 1hc eJeCt ion 'uund ts earlier than that in uample A. 
C, rulmunury nrtcriRI hypcrtcnsiun, in whu:h !he cjcclwn sound occun illtc. 

These c •ampks abo help lu c:-.rlain I he considerable l.lch~oy of pulmonary valve closure 
in pulmunary slcnosi!l. Ill. , in..:c P2 \k:CUD only afltr the n1ht-ventrkular pressure hu 
fwllen helnw that of the rulmunary anery in t" urly dillstole. 

0~ 
PHO J: l 

l X 2 

®A·A 
RV : I 

PHONO li i 
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PHONOI j l 
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6. Mitral Regurgitation 

NORMAL 
PRESSURES 

PULMONARY 
STEN06IS 

PULMONARY 
HYPERTENSION 

from Tavel 

ETIOLOGY OF MITRAL REGURGIATION 

I. Congenital 
1. Congenital mitral regurgitation 

A. Isolated lesion 
B. As part of atrioventricular canal 

2. Endocardial fibroelastosis 
3. The t~arfan syndrome 
4. Anomalous left coronary artery from the pulmonary 

artery 
5. The Eh l ers -Danos syndrome 
6. Corrected transposition of the great arteries with 

Ebstein's anomaly of the left atrioventricular valve 
7. Idiopathic hypertrophic subaortic stenosis 
8. Prolapsed mitral leaflet- midsystolic click; 

late murmur syndrome - (Barlov1's) 
I I. Acquired 

1. Rheumatic valvulitis 
2. Bacteria l endocarditis 
3. Ruptured mitral chordae tendineae 
4. Papillary ~uscle rupture or dysfunction 
5. Calcified mitral annulus fibrosis 
6. Secondary to left ventricular dilatation 

ln. 
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4. 
5. 
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6. 
7. 
8 . 
9. 

10. 

11. 
12. 

13. 

0• 
I 
E 
E 
w" 
~ 50 
Ul 
(f) 
w 
a:: 
Cl. 

Timing 
Duration 

Intensity 
Pitch & Quality 
Radiation 

Position 
Respiration 
Peripheral Signs 
Special Stud,i es 

Clicks or O.S. 

S and 
duses 

s4 

Other 

Mitral Regurgitation 

-Systolic 
- If holosystolic thru A2; may be early, mid 

or late systolic 
- 1 - 6+ 
- High and medium 

Moderate to Severe+ axilla; 
Anterior leaflet -+ Spine; 
Posterior leaflet-+ aorta 

- Supine; L.S.B. t o apex 
- No change 
- Rapid upstroke if severe 
- Val sa lva decreases murmur late, if minimal, 

No change if severe; 
- Midsystolic and multiple clicks; 

occasionally an early click ; 
rarely an O.S. 

- S3present if severe; S4 present if acute 
Ruptured chordae, rheumatic, trauma, SBE, 
papillary muscle dysfunction 

- Early diastolic flow rumbl e if severe 

Hemodynamics of t·1itral Regurgitation 

NORMAL 
JL #06-30-43 

~05sec-4 

'--o--' 
' ' 

LV/ 

50 

0 

J.K # 05-64-03 

LV-
v'\.! 

Ld 

I 
I 
I 

I 
/ 

5 - - LAM-- 38 
10 - - v 70 

9016 --LV 90/15 

330 - -C I 115 

M I 

t----0.5 sec~ 

I 
I 
i 

I 

/ 
.' 

mmHg 
mmHq 

mmHq 

L / mon/ M
2 
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PANSY STOLl C REGURGITANT MURMUR 

s, Sz 

The pansystolic regurgitant murmur of mitral insufficency begins 
wnr. and may replace the first heart sound. This murmur continues up to and 
through the aortic closure sound, since at that time ventricular pressure con-
tinues to exceed left atrial pressure. from AHA 

-Pure mitral insufficiency in a ~2-year·old male. showing typ1cal sounds and 
apexcardiogram. A pansystolic murmur is present which contmues through, and partially 
obscures, A2. Mitr.t.l first '>ound is soft and indistinct, and the first major high-frequency 
vibration is probably an ejection sound, as suggested by its coi ncidem:e w1th the E point of 
the ACG . loud third heart sound (3) is followed by a short diastolic murmur (OM). 

The apexcardiogram shows a steep. large. rapid-filling wave and evidence of early ven­
tricular stasis. as signaled by leveling of the slope in m•d-d1a.stole (C hapter 8). 

from Tavel 
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VARIANTS OF THE PANSYSTOLIC REGURGITANT MURMUR 

PAN SYSTOLIC REGURGITANT s, s, s, 
MURMUR 

H "II 
Mitral Insufficiency ! '1:;: I· , ,,,,,,, ,,,;.I Tricuspid Insufficiency 

'" Ventricular Septal Defect 

s, s, s, s, 

EARLY SYSTOLIC MURMUR ~ ~·1"n] II r·· II Small Ventr icular Septal Defect :~,::::;.1~ :; .. 

s, s, s, s, 
LATE SYSTOLIC MURMUR I . .. .... n I .: ::::,II ('~:r';')! ·~~·~r: . 
Mild Mitral Insufficiency ' ·ll.;:k.~c:li,.l:iJ . .:.,::. 

In addition to the classical pansystolic regurgitant murmur seen 
in mitral insufficiency, tricuspid insufficiency, and ventricular septal defect, two 
variations "txist. In patients with small ventricular septal defects. the murmur, 
which starts with the first sound, may suddenly stop during early systole. The 
proposed explanation is that as ventricular volume becomes smaller after maxi· 
mal ejection, the defect seals shut and the murmur ceases. The late systolic 
murmur might be considered to be the reciprocal of the former. In some cases 
of mild mitral insufficiency, the valve is apparently competent in early systole: 
but now, as ventricular volume decreases, the leaflets become incompetent and 
a murmur begins which builds up in late systole to become maximal at the time 
of the second heart sound. 

from AHA 

7. Click-Murmur or 11itral Valve Prolapse Syndrome: 

"'-. "CLICK" LATE t1UR11UR SYNDRm~E 

t Females 

Congenital - Rarely familial 

Asymptomatic; hyperventilation; nonspeci fic chest pain 

ECG - Ischemia 

X-ray - Normal 

Midsysto lic click late murmur 

t with Valsalva and upright position 

Rarely sudden death 

Prophylaxis 

13. 
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J. w. 
Apex Area 

ECG 

from Lobstein 

Phonocardiogram sho~Jing a typical mitral click and late systolic murr1ur . 
' . ~ . ·~ ... ~. ' .... 
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W. T. 

~~~ 

Ccrotid 

Control 

Reclining control, 
In mid-expiration 

J,~~~ tvjv SM 
PCG SC :· ,~. ! t ' y \ 

~ ~:n )~>---
1 I ~~ ,/ 

Carotid 

Standing 

Mid -expiration 

Va lsalva 

7th beat 

Phonocardiograms showi ng the effect of postural chanaes. On standina the 
systolic click (SC) moves closer to the first heart sound (SJ), and the 
systolic murmur (SM) increases in duration. On standing, the murmur i n­
creases markedly in amplitude and assumes a "whoopin(J" quality. A Val sa lva 
maneuver results in lengthening of the murmur. 

15. 
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AVR 

!I AVL 
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. -.~· __ AVF 
ii!ml 

ECG from a patient with click murmur syndrome showinq inverted T wave in 
II, III, and AVF and V5 and sliqht ST elevat ion su9qesting inferior ischemia . 
Coronary angiograr1s were normal 

l f . 
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J.W. 
INSPIRATION 

Apex Area 
I 

I 
_____j~ 

ECG 

EXP IRATION 

Apex Area 

A phonocardiogram showing the typical resp iratory vari at ion often seen in 
patients with prolapsed mitral valve leaflet. 

A. REST B. AMYL NITRITE 

I llecord111g from a patient !Lith the late systolic put t em of rm trul 
r·ulrt· prolup.-e at re.-1. As in fig ure I . the earliest t:ibrutions of the 
ummltatory phenomenu I X I occur during the P-.\,f interwl. One­
,.,.""" lime lines /wee been used fo r illu.-trutit:e purposes . . \!!am 
jrJ IIII er ••choes may be seen synchronous u:ith and po; terior to the 
laiJf' led dominant mitral value echo . Laheh u.s in }i{!t iTe I . R Rc· 
nmli11g from the same patient during amy/nitrite inhalat1or1. The 
'""''t of prolapse ( P) occurs earlier in systole d ue to a decrl'a.ve in the 
L-1' intervul. Time lin es and paper speed same as in :\ . 

from Winkle, Goodman & Popp 
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8. Mitral Stenosis 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

ETIOLOGY OF MITRAL STENOSIS 

I. Ornani c 

A. Rheumatic 

I I. Functional 

A. Myxo~a and other atrial tumors .. B. Atrial thrombi 

C. Bacterial vegetations 

I II. Congenital 

Timing 
Duration 

Intensity 
Pitch & Quality 
Radiation 
Position 
Respiration 
Peripheral Signs 
Special Studies 
Clicks or O.S. 
s1 and s4 Causes 
Other 

Mitral Stenosis 

Diastolic 
- Early and late to holodiastolic, begins with 

o.s. 
- 1 - 4+ 
- Low pitched, rumbling 
-Very little; rarely to apex 
- Left lateral decubitus 
- No change 
- Clubbed, mitral faces 
- Leg raised t, Val salva ~ 

O.S. (S? - O.S. time of value) 
No s1 or s4: loud S

1 Rheumatic; rarely congenital 
-Short systo lic murmurs frequent; 

Graham-Steell with pulmonary hypertension 

18. 
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FILLING MURMUR 

MITRAL STENOSIS 
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In mild mitral stenosis, the diastolic gradient across the valve is 
lim ited to the two phases of rapid ventricular filling in early diasto le and pre­
systole, and the rumble occurs during either or both of these periods. As the 
stenotic process becomes severe. a large gradient exists across the v::tlve during 
all of the diastolic filling period. Therefore, all other things being equal, the 
longer the significant gradien t, the longer the rumble and the more severe the 
stenosis. As left atrial pressure becomes highe r. the time fr0m the aortic closure 
sound to the opening snap shortens. In severe mitral stenosis, secondary pul­
monary hypertension results in a louder pdmonary closure sound and the split­
ting becomes narrow. 
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left sternal border. Only A2 radiates stronaly to the apex , despile the rather larac P2 at 
Lhe LSD. The OS is barely visible at the apex. The diastolic mural rumble bcains a shon 
time after the OS, a relalionship which can be appreciated by comparina the two sound 
tracings with each other. 
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- Mitral ~h:nu~i s in a :!K·)'Cotr-uiJ female . The opcnmg 'oar i~ fotlt)WC: tl hy a 
hnef ~i l e nt tnlerval. dunn~ whi..:h the AC<i ;, ins..: nhtn~ the r:tptJ - Illlin~ wa ve lrj 1. The mur­
mur begm~ Wtth ;1 large vtbraw.m a t the peak of the r<~p iJ -filhng wave. a pomt a t whtch the 
third hean sound normally would m;tke its appea ram.:e. Shortly hdurc: the fi rst 'l.ound. the 
murmur \ hUW!<o <t prc:sys10li~.: accen!Uation. 
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