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Prevalence of coronary artery disease
in vascular disease

Prevalence of coronary artery disease
in vascular disease

Vascular Disease               Coronary Artery Dise ase

Lower extremity arterial                         55 %

Aortic aneurysm                                     50%

Carotid artery disease                            5 0%

Symptomatic PAD: 29% 5-year mortality!

Ann Surg. 1984 Feb;199(2):223-33



The carotid: starting the vascular exam The carotid: starting the vascular exam 



Examining the popliteal arteryExamining the popliteal artery



Elevation PallorElevation PallorElevation Pallor Dependent RuborDependent RuborDependent Rubor



The third heart sound (S3) is :The third heart sound (S3) is :

A.A. Heard in heart failureHeard in heart failure

B.B. Heard with LV volume overloadHeard with LV volume overload

C.C. Heard in healthy children / adolescentsHeard in healthy children / adolescents

D.D. A low frequency sound best heard with the bell A low frequency sound best heard with the bell 
lightly applied at the apexlightly applied at the apex

E.E. All of the aboveAll of the above



Determinants of the third heart sound (S3): 
a study of 580 pts

Determinants of the third heart sound (S3): 
a study of 580 pts

•• S3 in 52% of severe LV dysfunctionS3 in 52% of severe LV dysfunction

•• S3 in 24% of severe MRS3 in 24% of severe MR

•• S3 in 20% of severe ARS3 in 20% of severe AR

•• 55% of pt with S3 were NYHA class III 55% of pt with S3 were NYHA class III –– IVIV

•• 18% without S3 were NYHA class III 18% without S3 were NYHA class III -- IVIV

Am J Med 111:96, 2001



Third heart sound in CHFThird heart sound in CHF

•• Observers agree S3 present: 49%Observers agree S3 present: 49%

•• Observers agree S3 absent: 58%Observers agree S3 absent: 58%

•• No gender difference in S3 detectionNo gender difference in S3 detection

•• Conclusion: Conclusion: 

**poor agreement due to low signal/noise ratio****poor agreement due to low signal/noise ratio**

Chest 91:870, 1987



Case 1

An active 29 y/o woman presents for her annual exam.  
Physical examination reveals a loud S1, and an apic al 
diastolic murmur with pre-systolic accentuation. 

What is the most likely diagnosis?

Case 1

An active 29 y/o woman presents for her annual exam.  
Physical examination reveals a loud S1, and an apic al 
diastolic murmur with pre-systolic accentuation. 

What is the most likely diagnosis?

A.A. Mitral stenosisMitral stenosis

B.B. Aortic stenosisAortic stenosis

C.C. Mitral regurgitationMitral regurgitation

D.D. Patent ductus arteriosus Patent ductus arteriosus 



Listening at Listening at BaseBase::
•• abnormally loud S1 at baseabnormally loud S1 at base
•• shorter S2shorter S2--OS interval OS interval 

indicates indicates severesevere MSMS

Listening at Listening at ApexApex: : 
•• crescendo, presystolic murmurcrescendo, presystolic murmur
•• loud S1loud S1
•• S2, OSS2, OS
•• midmid--diastolic murmurdiastolic murmur

Inspection: Inspection: 
•• JVP is JVP is aa--wave dominantwave dominant
•• aa--wave occurs with loud S1wave occurs with loud S1

A. Mitral stenosisA. Mitral stenosis



Mitral StenosisMitral Stenosis

•• Apical diastolic rumble Apical diastolic rumble 

•• Best heard with the bellBest heard with the bell

•• �� JVP, V wave if TR presentJVP, V wave if TR present

•• Increased P2Increased P2

•• Often accompanied by MROften accompanied by MR

•• LV apex not palpableLV apex not palpable



Mitral stenosisMitral stenosis



• Palpation RV lift
• Loud P2 = PHTN
• Loud S1
• Opening snap
• Diastolic rumble

• Palpation RV lift
• Loud P2 = PHTN
• Loud S1
• Opening snap
• Diastolic rumble

Mitral StenosisMitral Stenosis
ExaminationExamination

What heart sound 
can’t you get with 

severe MS?

What heart sound What heart sound 
cancan’’t you get with t you get with 

severe MS?severe MS?

S1S1 P2P2A2A2 S1S1OSOS

S3SS33

CP1195680-80

Pliable Pliable 
MVMV



S1 and the opening snap (OS) 
in mitral stenosis

S1 and the opening snap (OS) 
in mitral stenosis

•• OS present in 90% of MS patientsOS present in 90% of MS patients
a surprise to the authors!a surprise to the authors!

•• OS softer when more mitral calcificationOS softer when more mitral calcification

•• S1 softer when more mitral calcificationS1 softer when more mitral calcification

Int J Cardiol 125: 433, 2008



66 bpm66 bpm ::
•• each component can be each component can be 

heard heard 
•• loud S1, S2/OS, MDM, PSMloud S1, S2/OS, MDM, PSM

80 bpm80 bpm ::
•• tachycardia exacerbates LA                     tachycardia exacerbates LA                     

emptying dysfunctionemptying dysfunction
•• loud S1loud S1
•• loud MDM, PSMloud MDM, PSM

110 bpm110 bpm ::
•• loud murmur was thought to        loud murmur was thought to        

be systolic by house staffbe systolic by house staff
•• murmur murmur ends with loud S1ends with loud S1
•• midmid--diastolic murmurdiastolic murmur

Mitral stenosis: 
hemodynamic effects of 

heart rate

Mitral stenosis: 
hemodynamic effects of 

heart rate



Mitral StenosisMitral Stenosis
(S2(S2--OS)OS)

ASDASD
(fixed split S2)(fixed split S2)

LV dysfunctionLV dysfunction
(S2(S2--S3)S3)

Let’s compare!Let’s compare!



Mitral stenosis and regurgitationMitral stenosis and regurgitation



MS / MR: note increased P2MS / MR: note increased P2



MS / MR: transesophageal echoMS / MR: transesophageal echo



Case 2
An 80 year old woman is referred to you pre-op beca use of 
a heart murmur: her surgeon is concerned she may ha ve 
severe aortic stenosis.   On exam, you note a 2/6 s ystolic 
murmur in the aortic area.

Which finding would be most likely to assist in exc luding 
significant aortic stenosis?

Case 2
An 80 year old woman is referred to you pre-op beca use of 
a heart murmur: her surgeon is concerned she may ha ve 
severe aortic stenosis.   On exam, you note a 2/6 s ystolic 
murmur in the aortic area.

Which finding would be most likely to assist in exc luding 
significant aortic stenosis?

A.A. Normal aortic closure sound (A2)Normal aortic closure sound (A2)

B.B. No radiation to the right carotidNo radiation to the right carotid

C.C. An early peaking murmurAn early peaking murmur

D.D. Normal carotid upstrokeNormal carotid upstroke



Case 3Case 3

82 year old man with worsening dyspnea,82 year old man with worsening dyspnea, steroidsteroid --
dependent COPD; chronic home O2dependent COPD; chronic home O2

Mild aortic stenosis on echo 4 years earlierMild aortic stenosis on echo 4 years earlier

ExamExam
3/6 long, late3/6 long, late --peaking systolic murmurpeaking systolic murmur
Heard widely, loudest at baseHeard widely, loudest at base
Aortic closure sound absentAortic closure sound absent
Carotid upstroke brisk and fullCarotid upstroke brisk and full



Case 3Case 3

What best describes the normal carotid pulse?What best describes the normal carotid pulse?

A.A. aortic stenosis is not severeaortic stenosis is not severe

B.B. this is hypertrophic cardiomyopathythis is hypertrophic cardiomyopathy

C.C. superimposed superimposed ““ CC--VV”” wave of TRwave of TR

D.D. upstroke normalized by stiff aortaupstroke normalized by stiff aorta



Aortic Stenosis
How does the physical exam stack up?

Aortic Stenosis
How does the physical exam stack up?

•• Systolic murmur: 90% of severe AS had grade 3/6 or Systolic murmur: 90% of severe AS had grade 3/6 or 
louder louder --but not always at basebut not always at base

•• Soft/absent A2: 73% of severe AS, but also 24% of Soft/absent A2: 73% of severe AS, but also 24% of 
mild AS!mild AS!

•• Delayed carotid: present in 40Delayed carotid: present in 40 --50% of severe AS50% of severe AS

•• Soft, earlySoft, early --peaking murmur best guide to mild ASpeaking murmur best guide to mild AS

Q J Med 93:685, 2000



Case 4
A sports physical

Case 4
A sports physical

A 22 year old male presents for a routine A 22 year old male presents for a routine 
physical exam.  He was referred to cardiology physical exam.  He was referred to cardiology 
because of a murmur and wanted clearance because of a murmur and wanted clearance 
to play sports. to play sports. 

Cardiac ExamCardiac Exam
PMI is markedly sustained with a palpable PMI is markedly sustained with a palpable ‘‘aa’’ wavewave

On auscultation you hear a systolic murmur which On auscultation you hear a systolic murmur which 
increases with standing and Valsalvaincreases with standing and Valsalva



Murmur increasing with ValsalvaMurmur increasing with Valsalva



Lubna Piracha, D.O.

Sports physical: HCMSports physical: HCMSports physical: HCM



Hypertrophic CardiomyopathyHypertrophic Cardiomyopathy

•• Vigorous LV apical Vigorous LV apical 
impulse impulse –– sustainedsustained

•• Systolic Murmur Systolic Murmur 
INCREASESINCREASES with with 
ValsalvaValsalva

•• S4 often presentS4 often present

•• Dyspnea, angina, Dyspnea, angina, 
palpitation, syncopepalpitation, syncope



ManeuversManeuvers

•• ValsalvaValsalva ––�� intrathoracic pressure, intrathoracic pressure, 
inhibits venous return and inhibits venous return and �� preloadpreload

�� MR, MS, AR, AS, MR, MS, AR, AS, ““flowflow”” murmursmurmurs

�� MVP, HCMMVP, HCM

•• SquattingSquatting ––�� venous return, venous return, �� afterloadafterload

�� HCM, lessens MVP, but HCM, lessens MVP, but �� MRMR
•• Hand GripHand Grip -- �� afterload afterload 

�� HCM and AS, HCM and AS, �� MRMR



MVP with Valsalva: a mimic of HCMMVP with Valsalva: a mimic of HCM



Case 5
A college student presents for evaluation of 
HTN after being rejected as a blood donor.  
BP 160/86, HR 66. Carotid, JVP, & pulm exam nl.  
Cardiac Exam – nl S1, early sys click RUSB, 
nl S2 and a grade 2/6 sys ejection murmur 

Which of the following would you do next?

Case 5
A college student presents for evaluation of 
HTN after being rejected as a blood donor.  
BP 160/86, HR 66. Carotid, JVP, & pulm exam nl.  
Cardiac Exam – nl S1, early sys click RUSB, 
nl S2 and a grade 2/6 sys ejection murmur 

Which of the following would you do next?

A.A. Holter monitorHolter monitor

B.B. Simultaneous palpation of brachialSimultaneous palpation of brachial --femoral pulsesfemoral pulses

C.C. Auscultation during a squatAuscultation during a squat --stand maneuverstand maneuver

D.D. Auscultation during Valsalva maneuverAuscultation during Valsalva maneuver



Case 5: auscultation at RUSB Case 5: auscultation at RUSB 



Case 5: auscultation at LLSB Case 5: auscultation at LLSB 



Ejection Sound (ES):Ejection Sound (ES):

•• mobile Ao valve leafletsmobile Ao valve leaflets

•• easily confused with S1easily confused with S1

Midsystolic MurmurMidsystolic Murmur ::

•• begins with ES, not S1begins with ES, not S1

•• ends before S2 ends before S2 

Case 5: bicuspid aortic 
valve with coarctation

Case 5: bicuspid aortic 
valve with coarctation



Case 6Case 6

46 year old woman with PND,46 year old woman with PND, 20 year history 20 year history 
of heart murmur, felt well until the past 2of heart murmur, felt well until the past 2 --3 3 
weeksweeks

Exam:Exam:
carotid upstroke normalcarotid upstroke normal

3/6 apical holosystolic murmur with radiation to th e 3/6 apical holosystolic murmur with radiation to th e 
base and carotidsbase and carotids

apex displaced and hyperdynamicapex displaced and hyperdynamic



Case 6
46 year old woman with PND

Case 6
46 year old woman with PND

What are you detecting on auscultation?What are you detecting on auscultation?

A.A. aortic stenosisaortic stenosis
B.B. hypertrophic cardiomyopathyhypertrophic cardiomyopathy
C.C. posterior leaflet MVPposterior leaflet MVP
D.D. congenital pulmonary stenosiscongenital pulmonary stenosis



LALA
LVLV

RVRV AoAo

Posterior leaflet MVPPosterior leaflet MVP

Posterior prolapse directs blood (and murmur) anter iorly Posterior prolapse directs blood (and murmur) anter iorly Posterior prolapse directs blood (and murmur) anter iorly 



Mitral Valve Prolapse Mitral Valve Prolapse 

•• CHANGECHANGE in Murmur (from clickin Murmur (from click--murmur or isolated murmur or isolated 
late sys murmur to holosystolic without audible click)late sys murmur to holosystolic without audible click)

•• Skeletal deformities in up to 50% Skeletal deformities in up to 50% 

•• Upright posture enhances auscultation of the midUpright posture enhances auscultation of the mid--late late 
systolic murmursystolic murmur

•• May develop severe MR, May develop severe MR, referrefer for additional testing as for additional testing as 
patient may be candidate for mitral valve repairpatient may be candidate for mitral valve repair

•• Murmur may Murmur may INCREASEINCREASE with Valsalvawith Valsalva



Another case of MVP: note the multiple clicks!Another case of MVP: note the multiple clicks!



.

Case Study 7Case Study 7

A 75 year old male presents with severe chest A 75 year old male presents with severe chest 
tightness and acutely short of breath.  He has PND tightness and acutely short of breath.  He has PND 
and orthopnea.  He is hypotensive, tachycardic and and orthopnea.  He is hypotensive, tachycardic and 
in respiratory distress.  His ECG reveals an inferi or in respiratory distress.  His ECG reveals an inferi or 
and posterior wall myocardial infarction.and posterior wall myocardial infarction.

Exam:Exam:
Unremarkable PMIUnremarkable PMI
Diffuse pulmonary ralesDiffuse pulmonary rales
Ausculatory findings reveal this:Ausculatory findings reveal this:



Inspection:Inspection:
•• rocking stethoscope by rocking stethoscope by 
LVLV

•• left subcostal heave left subcostal heave 
(RV)(RV)

Auscultation:Auscultation:
•• Early systolic murmur Early systolic murmur 
begins with sharp S1begins with sharp S1

•• Isolated, clear S2Isolated, clear S2
•• S3 rumbleS3 rumble

Acute MRAcute MR



Lubna Piracha, D.O.

Acute mitral regurgitationAcute mitral regurgitation



Normal:Normal:
•• S1, S2, no murmursS1, S2, no murmurs

Mitral valve prolapse:Mitral valve prolapse:
•• midsystolic click, possible late midsystolic click, possible late 

systolic murmur of MRsystolic murmur of MR

Acute MR:Acute MR:
•• here, from chordal rupturehere, from chordal rupture
•• loud S1, initiates explosive loud S1, initiates explosive 

systolic murmursystolic murmur
•• S3 with midS3 with mid--diastolic murmurdiastolic murmur

Compensation:Compensation:
•• increased compliance of LA, LVincreased compliance of LA, LV
•• blowing holosystolic murmurblowing holosystolic murmur
•• midmid--diastolic rumblediastolic rumble

Hemodynamics of Acute 
and Chronic MR

Hemodynamics of Acute 
and Chronic MR



Physical Exam ReviewPhysical Exam Review

•• In In acute MRacute MR (papillary muscle (papillary muscle 
rupture), the rupture), the murmur may be shortmurmur may be short, , 
soft and confined to early systole.soft and confined to early systole.

•• In In chronic MRchronic MR, the murmur is , the murmur is 
typically typically holosystolicholosystolic (extending (extending 
from S1 to S2).from S1 to S2).



Chronic:Chronic:
Base: Base: 
•• MSM (Ao outflow)MSM (Ao outflow)
•• EDM (Ao regurgitation)EDM (Ao regurgitation)

Apex: Apex: 
•• Austin Flint (mitral inflow)Austin Flint (mitral inflow)
•• ““splitsplit”” S1 (S1 + eject. sound)S1 (S1 + eject. sound)

Acute:Acute:
Base: Base: 
•• MSM (Ao outflow)MSM (Ao outflow)
•• EDM is abbreviatedEDM is abbreviated

Apex: Apex: 
•• Austin Flint (mitral inflow)Austin Flint (mitral inflow)
•• absent S1 (eject. sound only)absent S1 (eject. sound only)

Chronic vs. Acute 
Aortic Regurgitation
Chronic vs. Acute 

Aortic Regurgitation



Listening at apex:Listening at apex:
tachycardia (110 bpm) tachycardia (110 bpm) 

dynamic apical impulse dynamic apical impulse 

threethree--component component 
pericardial friction rubpericardial friction rub

Viral pericarditisViral pericarditis



A case of post-infarct pericarditisA case of post-infarct pericarditis



So what’s the best stethoscope?So what’s the best stethoscope?

•• Separate high and low frequency filtersSeparate high and low frequency filters

•• Heavy head to capture low frequenciesHeavy head to capture low frequencies

•• Short tubing to enhance sound transmissionShort tubing to enhance sound transmission

•• Comfortable anteriorlyComfortable anteriorly--directed earpiecesdirected earpieces
““the canal should be occluded, not invadedthe canal should be occluded, not invaded””

•• Familiarity with the stethoscope is crucialFamiliarity with the stethoscope is crucial

Crit Care Nurs Q 30:166, 2007



About two hours and 3,000 playbacks later, the 
students were able to correctly identify 80% of the 
heart sounds on a test - - up from 30% before the 

practice listening session.



ResourcesResources

• www.blaufuss.org
• www.acc.org
• www.cvtoolbox.com

•• askmayoexpert.comaskmayoexpert.com

•• ShindlerShindler: : PracticalPractical Cardiac Cardiac 
AuscultationAuscultation
CritCrit Care Care NursNurs Q. 30: 166, 2000Q. 30: 166, 2000




