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Heart tones/Murmurs

https://medgeeks.co/articles/heart-murmur-chart



How to accentuate murmurs
 Increase afterload: hand grip

 Increase

 AI, MR, VSD

 Decrease

 HOCM

 MVP

 Increase preload: squatting

 Increase

 AS, MS, AI, MR

 Decrease Preload: Valsalva maneuver, stand quickly

 Decrease

 AS, MS, AI, MR, VSD, TR

 Increase

 HOCM, MVP

 Special Maneuvers: Left lateral decubitus- accentuate mitral murmurs

 MS, MR

 S3/S4 accentuate

 Special Maneuvers: sitting up/lean forward- accentuate Aortic murmurs

 AS, AI

 Inspiration: Increase tricuspid murmurs

https://medgeeks.co/articles/heart-murmur-chart



Aortic Valve 

 Trileaflet valve

 Between the LV and Aorta

 1% of the population will have bicuspid AV

 May be true two leaflet AV

 May be three leaflets w/fused leaflets

 May develop aortic aneurysm, early failure of AV

 Other malformations can be unicuspid and Quadricuspid

(Braverman, 2019)



Aortic Valve

Parasternal short axis view

(Mitchell et al., 2019)



Aortic Valve

Echo AV parasternal long axis

(Mitchell et al., 2019)



Aortic Valve

(Mitchell et al., 2019)



Aortic Stenosis
 Dimensionless Index= LVOT VTI/AV VTI

 Avoids LVOT measurement and angle issues

 Assessment: 

 Severe <0.25

 Moderate 0.25-0.3

 Mild 0.3-0.35

(Van der Bilt et al., 2015)

(Khanna, 2017)



Aortic Stenosis

 Obstruction to LV outflow

 Cause LVH

 AVA <1cm2 

 Cause symptoms with exertion

 Longstanding AS

 LV dilates, causes progressive LV dysfunction

 Can cause MR

 LV dilation pulls Mitral Valve Annulus apart

 HCOM or IHSS can be mistaken for AS

 Different treatment

 Myomectomy

 Alcohol septal ablation

 BB, CCB, antiarrthymics

https://www.mayoclinic.org/diseases-conditions/aortic-stenosis/symptoms-causes/syc-
20353139



Aortic Stenosis Symptoms

https://www.therightbeat.com/tavr.html
https://nurseslabs.com/heart-failure



Aortic Stenosis:
Cause, diagnosis
 Cause:

 Calcification of congenital 
bicuspid

 Age
 Rheumatic fever

 May result in:

 LVH
 LV dysfunction
 LV dilation can cause MR

Diagnosis:

 Patient symptoms
 Physical exam

 Loud mid- to late-peaking systolic murmur RUSB
 Ejection murmur

 May radiate to carotids

 Single second heart sound
 Softer it is, more severe AS

 S4 with progressive disease

 Parvus et tardus
 Diminished and delayed carotid upstroke

 Sustained PMI

 Precordial thrill

 Echocardiogram
 TEE
 CXR

 Calcific AV, enlarged LV/LA

 EKG
 LVH, LA abnormality

https://www.youtube.com/watch?v=AOJ5pdJxswA
http://learningradiology.com/archives2013/COW%20552-/ascorrect.html https://ecgwaves.com/topic/ecg-left-ventricular-hypertrophy-lvh-clinical-

characteristics/



Stenotic AV on TEE
Long axis, Short axis (SAX) 



Doppler of AV demonstrating severe AS

(Khanna, 2017)



Treatment options

 If asymptomatic: no treatment

 If symptomatic

 Medical therapy- limited benefit

 SAVR- surgical aortic valve 
replacement

 Bioprosthetic

 Mechanical

 Bentall

 TAVR- Transcatheter aortic valve 
replacement

 Bioprosthetic 

https://www.gundersenhealth.org/services/heart-care/conditions/heart-valve-
problems/tavr/



Aortic regurgitation

(Van der Bilt et al., 2015)



Aortic Regurgitation (Insufficiency)
Symptoms

 Most often, aortic valve regurgitation develops gradually, and your heart 
compensates for the problem. You may have no signs or symptoms for years, and 
you may even be unaware that you have the condition.

 However, as aortic valve regurgitation worsens, signs and symptoms may include:
• Fatigue and weakness, especially when you increase your activity level

• Shortness of breath with exercise or when you lie down, PND, orthopnea

• Swollen ankles and feet

• Chest pain (angina), discomfort or tightness, often increasing during exercise

• Lightheadedness or fainting

• Irregular pulse (arrhythmia)

• Heart murmur

• Sensations of a rapid, fluttering heartbeat (palpitations)

• Shock, cyanosis---Acute AI
https://www.mayoclinic.org/diseases-conditions/aortic-valve-regurgitation/symptoms-
causes/syc-20353129



Diagnosis- Assessment

https://app.pulsenotes.com/medicine/cardiology/notes/aortic-regurgitation

 Acute AI
 Sudden dyspnea

 Chest pain

 Bi-basilar crackles

 Elevated JVP

 Chronic AI
 Palpitations

 Angina

 Water hammer pulse (Corrigan pulse)
 Patient reclining- examiner raise arm vertically 

upwards. Grasp the muscular part of the forearm. 
Will be felt as a tapping impulse through the 
muscle.

 Wide pulse pressure

 Chest signs
 Displaced PMI (down and to left), possible S3

 Diastolic decrescendo ejection murmur, LLSB

 Soft S1 and S2

 Handgrip increases intensity of murmur

 Increases SVR



Eponymous Signs of AI
• Austin Flint Murmur- Mid-diastolic, low-pitched rumbling 

heard at the apex
• d/t vibration of the anterior leaflet of the MV as it is buffeted by 

the jets from the LA and aorta

• Corrigan’s Sign
• Abrupt distension and collapse of the carotid arteries

• de Musset’s Sign
• head nodding with the heart beat

• Duroziez’s Sign
• Gradual pressure over the femoral artery leads to systolic and 

diastolic bruit.

• Systolic murmur heard best when proximal femoral artery is 
compressed

• Diastolic murmur d/t turbulent retrograde flow- Severe AI

• Heard best when distal femoral artery is compressed

• Müller’s Sign
• pulsation of uvula with systole

• Quincke’s Sign
• Pulsation of the red coloration in nail beds

• Traube’s Sign 
• Auscultation of femoral artery reveals pistol shot crack in time 

with systole
https://app.pulsenotes.com/medicine/cardiology/notes/aortic-regurgitation



Diagnosis- Testing

 CXR
 Enlarged cardiac silhouette, dilated 

aorta

 EKG
 LVH

 Echo
 Dilated root

 Reversal of flow from aorta to LV

 TEE
 Cardiac catheterization

 Degree Aortic regurgitation

 Degree of LV dysfunction

https://www.heartsite.com/html/tee.html
https://www.grepmed.com/images/7118/electrocardiogram-leftventricular-hypertrophy-cardiology-diagnosis-strain-ecg

https://www.researchgate.net/figure/X-ray-chest-PA-postero-anterior-view-showing-concentric-LVH-
left-ventricular_fig9_316565643



Aortic Insufficiency



Treatment
 Asymptomatic, normal LV function, 

Stage A, B

 No therapy

 Asymptomatic, severe AI, LV 
dysfunction, Stage C1, C2

 ACE-I, ARB, ARNI for afterload 
reduction. SBP <140

 Asymptomatic, severe AI, LV 
dysfunction (EF </= 55%), Stage D

 AVR

 Symptomatic, severe AI

 AVR

 Mod or Severe AI, regardless of 
symptoms

 AVR if undergoing open surgery 
for other reason

 Asymptomatic, severe AI, Normal 
LVEF

 AVR if LVESD >50 or LVESDi >25

https://www.osmosis.org/learn/Valvular_heart_disease:_Clinical_practice

https://www.uptodate.com/contents/natural-history-and-management-of-chronic-aortic-regurgitation-in-adults



Bicuspid AV

https://www.researchgate.net/figure/Schematic-overview-of-bicuspid-aortic-valve-BAV-morphologies-The-drawings-are_fig1_290477497

https://www.semanticscholar.org/paper/Association-between-bicuspid-aortic-valve-and-of-Habchi-
Ashikhmina/4788b2fd2d3d5005a7008a7f673579d4f797ee3b/figure/0

Sievers Type…..
Raphe….
Congenital vs functional
Treatment
Concerns

https://www.researchgate.net/figure/Schematic-overview-of-bicuspid-aortic-valve-BAV-morphologies-The-drawings-are_fig1_290477497


Bicuspid AV



Malformed valves

Quadricuspid AVUnicuspid AV Quad valve



Mitral Valve

 2 leaflet valve, between the LA and LV

 In the short axis view it appears like a 
fish mouth

 In the long axis and apical views it 
appears like clapping hands.

 Structures of the MV

 The posterior MVL is 2/3 of the annulus, 
but is shorter in length

 The anterior MVL is about 1/3 of the 
annulus, but is longer in length

 The anterior MVL is located nearest the 
aortic valve

 The leaflets are made up of 3 scallops

 Chordae tendineae
(Schiller, Ren, & Ristow, 2019)



Mitral Valve

(Mitchell et al., 2019)



Mitral Valve



3D MV image on TEE



Mitral Regurgitation: Etiology

 Functional—think problem in LV

 Decreased EF

 Dilated LV

 Normal valve

 Leaflet tethering

 Eccentric jet to side of tethered leaflet

 Ie anterior tethering, will see anteriorly 
directed eccentric jet

 Wide central jet

 Cause:

 CAD

 MI

 Dilated cardiomyopathy

 Hypertrophic cardiomyopathy

 Right ventricular pacing

 Degenerative—think problem is valve

 Normal, low normal EF

 Structural dysfunction of MV

 Prolapse, flail, thickened leaflets

 Eccentric jet

 Directed to opposite side of affected leaflet

 Anterior prolapse, will see posteriorly directed jet

 Cause:

 Myxomatous degeneration- younger

 “Stretchy valves” or “floppy valves”

 MVP

 2% of population

 Fibroelastic deficiency disease- older

 Elongated chordae, Ruptured chordae

 Rheumatic heart disease

 Infective endocarditis

 Trauma

 Meds: ergotamine, bromocriptine, pergolide, 
cabergoline, anorectic drugs

 Congenital malformation

 Mitral annular calcification

https://www.osmosis.org/learn/Valvular_heart_disease:_Clinical_practice



MR symptoms

 Asymptomatic

 Can vary with BP/Volume

 Holosystolic murmur

 Dyspnea on exertion

 Orthopnea

 Paroxysmal nocturnal dyspnea

 Bendopnea

 Fatigue

 Peripheral edema

https://www.osmosis.org/learn/Valvular_heart_disease:_Clinical_practicehttps://healthjade.net/mitral-valve-regurgitation/

https://armandoh.org/disease/mitral-regurgitation-incompetence/



Mitral Regurgitation

(Van der Bilt et al., 2015)



MR- functional TEE



MR: Degenerative-Prolapse/Flail



Mitral regurgitation: Treatment

 Functional

 Meds first (GDMT)

 Then consider surgery

 MVR vs MVr vs TEER

 Degenerative

 Surgery first

 MVR vs MVr vs TEER

 Can consider meds (GDMT)

 Based on symptoms

Treatment is determined by etiology of MR! 
Functional (secondary) vs Degenerative (Primary)



Treatment of MR



TEER devices/MVR vs MVr
Degenerative or Functional

https://www.researchgate.net/figure/A-composite-of-bioprosthetic-mitral-valves-from-each-of-the-four-major-
manufacturers_fig3_266623621https://intermountainhealthcare.org/news/2018/10/new-study-finds-tiny-clip-that-repairs-leaky-heart-valve-is-a-powerful-treatment-

option-for-heart-failure-patients/

https://www.edwards.com/gb/devices/transcatheter-valve-repair/PASCAL



GDMT 
recommendations for 
functional MR (HFrEF)

https://www.jacc.org/doi/10.1016/j.jacc.2020.11.022?_ga=2.137494704.1883295411.1613863
736-862977590.1611202043



GDMT

https://www.jacc.org/doi/10.1016/j.jacc.2020.11.022?_ga=2.137494704.1883295411.1613863736-862977590.1611202043



GDMT cont. 

https://www.jacc.org/doi/10.1016/j.jacc.2020.11.022?_ga=2.137494704.1883295411.1613863736-
862977590.1611202043



GDMT cont.

https://www.jacc.org/doi/10.1016/j.jacc.2020.11.022?_ga=2.137494704.1883295411.1613863736-862977590.1611202043



Mitral Stenosis

(Van der Bilt et al., 2015)



Doppler of Mitral Stenosis



4 chamber view of Mitral Stenosis



Cause/ Symptoms
 Most common cause

 Rheumatic heart disease

 Other causes

 Mitral annular calcification

 Radiation associated valve disease

 Hodgkins lymphoma

 Rare:

 Fabry’s disease

 Whipple’s disease

 Mucopolysaccharidosis

 Methysergide therapy

 Carcinoid valve disease

 Endomyocardial fibrosis

 Systemic rheumatic disease

 Other disease can mimic symptoms/hemodynamic 
abnormalities

 Atrial myxoma

 Large infected vegetations

 Ball valve thrombus

 Degenerated stenotic bioprosthetic mitral valve

 SYMPTOMS

 Dyspnea

 Hemoptysis

 Atrial fibrillation

 Hoarseness

 Infective endocarditis

 Angina

 Thromboembolism

 Right sided heart failure

https://www.uptodate.com/contents/pathophysiology-and-natural-history-of-mitral-
stenosis?search=mitral%20stenosis&source=search_result&selectedTitle=3~150&usage_type=default&display_rank=3

https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-rheumatic-mitral-
stenosis?search=mitral%20stenosis%20symptoms&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
#H24817810



Diagnosis
 Physical exam

 Can be difficult to auscultate murmur

 Physical signs can be difficult to 
appreciate

 PHTN and diminished Cardiac output

 Mitral Facies (pinkish-purple patches on 
cheeks)

 Advanced disease

 Right sided heart failure

 Pulmonary edema

 Auscultate

 Low pitched diastolic murmur at the apex

 Diminished on inspiration

 Louder on expiration

 Increase venous return- augments

 Lay down and Leg raise

 Echo/TEE

 Angiogram

 EKG

 Afib

 May see changes with PHTN and RV 
hypertrophy

 P wave changes

 CXR

 Left atrial enlargement (double contour sign)

 Normal or undersized LV

 Pulmonary edema

http://learningradiology.com/archives2012/COW%20493-MS/mscorrect.html
https://litfl.com/left-atrial-enlargement-ecg-library/

https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-rheumatic-mitral-
stenosis?search=mitral%20stenosis&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2



Treatment
 Meds

 BB, CCB, Ivabradine

 Tachycardia/SR

 Lengthen diastolic filling and lower LA pressure

 ***do not use if no tachycardia

 May result in chronotropic incompetence

https://www.jacc.org/doi/pdf/10.1016/j.jacc.2020.11.018?_ga=2.173746083.1883295411.1613863736-862977590.1611202043



What is TR?

https://www.mayoclinic.org/diseases-conditions/tricuspid-valve-regurgitation/symptoms-causes/syc-20350168



Tricuspid Regurgitation

(Van der Bilt et al., 2015)



Etiology
 Present in 70% of adults

 Frequently asymptomatic

 Diagnosed by echo

 Largely secondary

 Tricuspid annular dilation and/or leaflet tethering

 d/t right ventricular pressure and/or volume overload

 Implantable device leads crossing leaflets

 Effects of chronic RV pacing on RV geometry and 
systolic function

 Direct impingement on leaflet motion

 Foreign body  inflammation and fibrosis of leaflets

 Thrombosis

 Endocarditis

 Occasionally d/t primary disorders of valve 
apparatus

 Dilation of the RA and RV w/dilation of the 
tricuspid annulus and tethering of the tricuspid 
valve leaflets, although the mechanism of valve 
dysfunction has not been fully defined. 

 RV dilation, tricuspid annular dilation, and 
tricuspid leaflet tethering may result from a 
condition that directly involves the RV or causes 
elevation in RV systolic  pressure often 
w/pulmonary HTN

https://www.uptodate.com/contents/etiology-clinical-features-and-evaluation-of-tricuspid-
regurgitation?search=tricuspid%20regurgitation%20symptoms&source=search_result&selectedTitle=1~150&usage_type=default&d
isplay_rank=1



Secondary (functional) TR

https://www.researchgate.net/figure/Changes-of-Tricuspid-Annular-Geometry-in-Functional-Tricuspid-
Regurgitation_fig1_322335280 https://twitter.com/vallealfonso/status/1275764660428517376



Disorders that induce 
Pulmonary HTN/secondary RV 
dilation

 Left sided heart failure

 Mitral stenosis and regurgitation

 Primary pulmonary disease- Cor Pulmonale, pulmonary embolism, pulmonary HTN of any cause

 Left to right shunt- ASD, VSD, anomalous pulmonary venous return

 Eisenmenger syndrome

 Congenital malformation with intracardiac communication

 Leads to PHTN, reversal of flow, cyanosis

 Rare

 Stenosis of the pulmonary valve or pulmonary artery

 Hyperthyroidism

https://www.uptodate.com/contents/etiology-clinical-features-and-evaluation-of-tricuspid-
regurgitation?search=tricuspid%20regurgitation%20symptoms&source=search_result&selectedTitle=1~150&usage_type=default&d
isplay_rank=1



RV diseases that cause secondary TR

 Cardiomyopathies affecting one or both ventricles

 Ischemic heart disease

 May involve the RV myocardial and tricuspid papillary 
muscles

https://www.uptodate.com/contents/etiology-clinical-features-and-evaluation-of-tricuspid-
regurgitation?search=tricuspid%20regurgitation%20symptoms&source=search_result&selectedTitle=1~150&usage_type=default&d
isplay_rank=1



Causes of primary TR
 Direct injury

 from a permanent pacemaker or AICD placement 
or removal

 Endomyocardial biopsy in cardiac transplant 
recipients

 Chest wall or deceleration injury or trauma

 Infective endocarditis

 Ebstein anomaly

 Most common form of congenital disease 
affecting the tricuspid valve

 Rheumatic heart disease

 Carcinoid syndrome

 Ischemic heart disease affecting the RV with 
papillary muscle dysfunction or rupture

 Myxomatous degeneration a/w tricuspid valve 
prolapse

 Connective tissue disorder (ie Marfan syndrome)

 Marantic endocarditis in systemic lupus 
erythematosus or rheumatoid arthritis

 Non-bacterial thrombotic endocarditis

 Drug induced diseasehttps://www.uptodate.com/contents/etiology-clinical-features-and-evaluation-of-tricuspid-
regurgitation?search=tricuspid%20regurgitation%20symptoms&source=search_result&selectedTitle=1~150&usage_type=de
fault&display_rank=1

https://thoracickey.com/tricuspid-regurgitation-in-patients-with-pacemakers-and-implantable-cardiac-
defibrillators/



Echo- TR

https://www.jacc.org/doi/pdf/10.1016/j.jacc.2020.11.018?_ga=2.239815811.1883295411.1613863736-
862977590.1611202043

https://www.ahajournals.org/doi/full/10.1161/CIRCIMAGING.116.005332



Proposed New TR Grading Scheme
By Becky Hahn, MD

https://www.researchgate.net/figure/Grading-the-severity-of-TR_tbl6_43534776



Echo 

https://www.onlinejase.com/



TEE

https://www.onlinejase.com/



Clinical Manifestation

 Mild/Mod TR: no sx

 Severe TR:

 Distended/pulsatile jugular veins

 Symptoms of right sided heart failure

 Painful hepatosplenomegaly

 Ascites

 Peripheral edema

 Symptoms of underlying cause

 IE Pulmonary HTN

 Symptoms of low cardiac output

 Fatigue, weakness, SHOB, exercise 
intolerance

 Rt Heart failure/RV dysfunction

https://nurseslabs.com/heart-failure/



Physical exam
 Physical Exam:

 Appears cachectic, chronically ill, cyanotic, 
occasionally jaundiced

 If d/t left ventricular dysfunction, signs of left sided 
heart failure may be found.

 Distended and prominent jugular veins

 Possible systolic thrill with severe TR

 Palpation of chest: dynamic RV heave d/t dilated 
RV

 Edema

 Ascites and peripheral edema

 Unilateral and bilateral pleural effusion

 Hepatomegaly 

 TR murmur: holosytolic murmur at the RUSB 
or left midsternal border or subxiphoid area

 Little radiation

 Usually no thrill

 Maneuvers to increase venous return (to 
augment TR murmur)

 Leg raising

 Exercise

 Hepatic compression

 ***standing will decrease murmur
https://www.medicalestudy.com/5-areas-listening-
heart/

https://www.uptodate.com/contents/etiology-clinical-features-and-evaluation-of-tricuspid-
regurgitation?search=tricuspid%20regurgitation%20assessment&source=search_result&selectedTitle=1~150&usage_type=default&
display_rank=1



Stages of TRSevere TR (stages C and D) is associated with poor 
prognosis independent of age, LV and RV function, and RV 
size. Patients with signs or symptoms of right HF would 
fit into the stage D category even if they do not meet 
other hemodynamic or morphological criteria. 

https://www.jacc.org/doi/pdf/10.1016/j.jacc.2020.11.018?_ga=2.2398158
11.1883295411.1613863736-862977590.1611202043



TR treatment
Evaluation: 
Class I- TTE
Class IIa- invasive measurement 
of PAP/PVR
Class IIb- CMR or real-time 3d 
echo- Assess RV function 
w/severe TR (stage C/D); 
Exercise testing

Med Tx:
Class IIa- diuretics for severe TR 
and signs of right sided heart 
failure
Class IIb: therapies to reduce 
elevated PAP and/or PVR in 
patients w/severe functional TR 
(stages C and D)

https://www.jacc.org/doi/pdf/10.1016/j.jacc.2020.11.018?_ga=2.239815811.1883295411.1613
863736-862977590.1611202043



Helpful websites/APPs

 https://www.acc.org/guidelines

 https://www.echopedia.org

 https://www.osmosis.org

https://www.acc.org/guidelines
https://www.echopedia.org/
https://www.osmosis.org/
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