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• Narrowing of coronary artery
• Caused by atherosclerosis
• Asymptomatic until ~75% artery lumen occluded
• Chest pain (angina)
• May also cause dyspnea, other symptoms

Coronary Artery Disease
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Major Risk Factors
• Diabetes
• Chronic kidney disease
• Hypertension
• Hyperlipidemia (LDL)
• Age (M > 45, F > 55)
• Family History of premature CAD (1° relative, M < 55, F < 65)
• Smoking (quitting smoking → significantly ↓ risk)
• Obesity, sedentary lifestyle

CAD Equivalents
Diabetes

CKD
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Stable Angina
• Plaque occluding ~75% or more of coronary artery
• Causes “typical”  chest pain

• Pressure-like chest pain
• Occur with exertion
• Relived by rest or nitroglycerine

• EKG at rest: normal
• Symptoms at rest: absent
• Diagnosis: symptoms or stress testing

• Stress testing key when diagnosis uncertain
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Stress Testing
• Patient must be asymptomatic
• Goal: provoke ischemia and detect ischemia
• Provocation: exercise always preferred
• Detection:

• EKG changes (ST-depressions)
• Nuclear imaging (usually Technetium) 
• Echocardiography

Wikipedia/Public Domain
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• Pharmacologic nuclear (induce coronary steal)
• Regadenoson
• Dipyrimadole 
• Adenosine
• Persantine
• Contraindication: reactive airway disease/wheezing

• Dobutamine stress echocardiography 
• Risk of arrhythmias 

Pharmacologic Stress Testingwww.afratafreeh.com



• Identifies ischemia due to “flow-limiting” stenosis (usually >75%)
• Non-flow-limiting lesions not detected
• Acute MI may occur despite negative stress test

Stress Testing www.afratafreeh.com
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• Preventative therapy (↓ risk of mortality and myocardial infarction)
• Aspirin
• Statin

• Anti-angina therapy (goal: ↓ O2 demand)
• Beta-blockers or calcium-channel blockers (↓ heart rate/contractility)
• Nitroglycerine (↓ preload)

• Coronary stent implantation
• Coronary artery bypass grafting (CABG) surgery 
• COURAGE Trial: medical therapy has similar outcomes to stent implantation

Stable Angina
Management www.afratafreeh.com



Coronary Stents
• Percutaneous Coronary Intervention (PCI)
• About 600,000 stents/year implanted US

Wikipedia/Public Domain
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CABG
Coronary Artery Bypass Grafting
• “Bypass Surgery”
• Left Internal Mammary Artery (LIMA) Graft
• Saphenous (leg) Vein Grafts
• Radial (arm) Artery Grafts

Patrick J. Lynch/Wikipedia
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Stable Angina: Typical Case
• 65-year-old man with chest pain while walking 
• Relieved with rest
• Presents to ED: 

• EKG normal
• Biomarkers normal

• Stress test
• Walks on treadmill→ chest pain, EKG changes

• Cardiac catheterization performed
• 90% LAD artery blockage
• Stent placed → angina resolved
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• Slow, steady growth of scar tissue over stent
• “Neo-intimal hyperplasia” 
• Re-occlusion of vessel
• Rarely life-threatening
• Slow, steady return of angina
• Most stents coated “drug-eluting stents”

• Metal stent covered with polymer
• Polymer impregnated with drug to prevent tissue growth
• Sirolimus

Stent Complications
Restenosis www.afratafreeh.com



• Acute closure of stent
• Same as STEMI: life-threatening event
• Dual anti-platelet therapy for prevention
• Associated with missed medication doses

Stent Complications
Thrombosis www.afratafreeh.com



• “Dual antiplatelet therapy”
• Typically one year of:

• Aspirin
• Clopidogrel, prasugrel or ticagrelor (P2Y12 receptor antagonists)

• After one year, stent metal no longer exposed to blood
• Scar tissue and endothelial growth
• Risk of thrombosis is lower (but not zero)
• Most patients take aspirin only

Stent Thrombosis Preventionwww.afratafreeh.com



Variant (Prinzmetal) Angina
• Episodic vasoconstriction of coronary vessels
• Episodes usually at rest 
• Midnight to early morning
• Sometimes symptoms improve with exertion
• Associated with smoking
• Diagnosis: usually based on history
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• Quit smoking
• Calcium channel blockers, nitrates

• Dihydropyridine CCB: amlodipine
• Vasodilators
• Dilate coronary arteries, oppose spasm

• Avoid propranolol
• Nonselective beta blocker
• Can cause unopposed alpha stimulation 
• Symptoms may worsen

Variant (Prinzmetal) Angina
Treatment

Pixabay/Public Domain
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Acute Coronary Syndromes
• Plaque rupture → thrombus formation
• Subtotal occlusion

• Unstable angina
• Non-ST elevation myocardial infarction

• Total occlusion (100%)
• ST-elevation myocardial infarction (STEMI)

Subtotal Occlusion

Total Occlusion
Subendocardial Ischemia Transmural Ischemia
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• Unstable angina
• Ischemic symptoms occurring with increasing frequency or at rest
• Negative biomarkers

• NSTEMI
• Positive biomarkers

• Ischemic EKG changes (other than ST-elevation) may occur in both

Unstable Angina and NSTEMIwww.afratafreeh.com



UA/NSTEMI
ECG Changes
• ST depressions
• T-wave inversions
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UA/NSTEMI
Cardiac Biomarkers
• Biomarkers spill into blood with cardiac injury
• Most common marker used: Troponin I or T

• Increase 2-4 hours after MI
• Stay elevated for weeks

• CK-MB also used
• Increase 4-6 hours after MI
• Normalize within 2-3 days
• Very good for re-infarction 
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Treatment of UA/NSTEMI
• Thrombotic and ischemic syndrome (like STEMI)
• No “ticking clock” (unlike STEMI)

• Subtotal occlusion
• Some blood flow to distal myocardium
• No emergency angioplasty
• No benefit to thrombolysis

• Aspirin
• Beta-blocker
• Heparin
• Angioplasty (non-emergent)

A fraTafreeh .com for more
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Typical UA/NSTEMI Course
• Presents to ER with chest pain
• Biomarkers elevated
• Absence of ST-segment elevations
• Medical Therapy

• Aspirin 
• Metoprolol 
• Heparin drip

• Admitted to cardiac floor
• Hospital day 2 → angiography
• 90% blockage of LAD → Stent

Obtain EKG in all chest pain patients

Give aspirin to chest pain patients with possible NSTEMI
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UA/NSTEMI Treatment
Long-term therapy
• Goal: ↓ mortality and recurrent infarction

• Aspirin
• Statin

• Beta-blocker for prevention of recurrent disease
• Strong indication in STEMI
• Weak indication NSTEMI/UA
• Used for prevention in NSTEMI only 
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STEMI
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• Angina at rest with ST-segment elevation
• Biomarkers elevated after 4-6 hours

STEMI
ST-Elevation Myocardial Infarctionwww.afratafreeh.com



Leads go together
ST Elevations - Anterior www.afratafreeh.com



Leads go together
ST Elevations - Anterior www.afratafreeh.com



Leads go together
ST Elevations - Lateral www.afratafreeh.com



Leads go together
ST Elevations - Lateral www.afratafreeh.com



Leads go together
ST Elevations - Inferior www.afratafreeh.com



Leads go together
ST Elevations - Inferior www.afratafreeh.com



Posterior STEMI
• Anterior ST depressions with standard leads
• ST-elevation in posterior leads (V7-V9)

V7

V8

V9
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Special Complications
Inferior MI
• Right ventricular infarction

• Occurs in inferior STEMI (II, III, aVF)
• Loss of right ventricular contractility
• Elevated jugular venous pressure 
• Decreased preload to left ventricle →hypotension
• Diagnosis: right-sided chest leads
• Avoid nitroglycerine 
• Treatment: IV fluids (↑ preload)
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Special Complications
Inferior MI
• Sinus bradycardia and heart block

• Inferior wall ischemia
• RCA: SA node 60%, AV node 90%
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Special Complications
Anterior MI
• Cardiogenic shock 

• Usually occurs with large anterior STEMIs
• Hypotension
• Tachycardia
• Pulmonary edema
• Respiratory distress 
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n=1791

Treatment of STEMI
• “Time is muscle” 
• Coronary artery occluded by thrombus
• Longer occlusion →more muscle dies

• More likely the patient may die
• More heart failure symptoms
• More future hospitalization for heart disease

• Medical emergency
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Treatment of STEMI
• Main objective is to open the artery

• “Revascularization”
• Option 1: Emergency angioplasty

• Mechanical opening of artery 
• Stent placemnt
• Should be done < 90min

• Option 2: Thrombolysis 
• Alteplase, TPA
• Should be done < 30min

• “Door to balloon” or “door to needle”
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Treatment of STEMI
• Time matters

• Medical therapy is supportive
• Given while working to open artery

• This is a thrombotic problem
• Aspirin to inhibit platelet aggregation
• Heparin to inhibit clot formation

• This is also an ischemic problem
• Beta-blockers to reduce O2 demand
• Nitrates to reduce O2 demand
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Cautions
• Beta-blockers

• Inferior MI 
• Bradycardia and AV block can develop

• Nitrates
• Occlusion of RCA can cause RV infarct
• RV infarction → ↓ preload
• Nitrates ↓ preload→hypotension
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Other STEMI Treatments
• Clopidogrel

• ADP receptor blocker
• Inhibits platelets

• Eptifibatide
• IIB/IIIA receptor blocker
• Inhibits platelets

• Bivalirudin
• Direct thrombin inhibitor
• Inhibits clot formation

A fraTafreeh .com for more
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Typical STEMI Course
• Arrival in ER with chest pain 5:42 pm
• EKG done 5:50 pm

• STEMI identified
• Cardiac cath lab activated for emergent angioplasty
• Meds given in ER

• Aspirin 
• Metoprolol 
• Nitro drip 
• Heparin bolus 
• Transport to cath lab 6:15 pm

• Artery opened with balloon 6:42 pm
• DTB time 60 minutes (ideal < 90min)
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Typical STEMI Course
• Arrival in ER with chest pain 5:42 pm
• EKG done 5:54 pm

• STEMI identified
• Meds given in ER

• Aspirin 
• Metoprolol 
• Nitro drip 
• Heparin bolus 

• tPA given based on weight 6:07 pm
• IV push 
• Door to needle time 25 min (ideal < 30)
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• First 4 days
• Arrhythmia

• 5 – 10 days
• Free wall rupture
• Tamponade
• Papillary muscle rupture
• VSD (septal rupture)

• Weeks later
• Dressler’s syndrome
• Aneurysm
• LV Thrombus/CVA

Complications of Ischemiawww.afratafreeh.com



Cause of Death
0 –4 days after MI www.afratafreeh.com



• Most common cause among older patients: myocardial infarction 
• Ventricular tachycardia → ventricular fibrillation → cardiac arrest

Sudden Cardiac Death www.afratafreeh.com



• Free wall rupture
• Usually fatal – sudden death
• May lead to tamponade

• Papillary muscle rupture
• Acute mitral regurgitation (holosystolic murmur)
• Heart failure, respiratory distress
• More common inferior MIs

• Septal rupture –VSD
• Loud, holosystolic murmur (thrill)
• Hypotension, right heart failure (↑ JVP, edema)

Cause of Death
5-10 days after MI

Best Test: 
Transthoracic Echocardiogram
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• More common anterior infarction
• Risk of thrombus → stroke, peripheral embolism
• Causes persistent ST elevations

Ventricular Aneurysm
Weeks to months after MI

Patrick J. Lynch, medical illustrator/Wikipedia
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Ventricular Aneurysm
Weeks to months after MI www.afratafreeh.com



• Rupture contained by pericardium/scar tissue
• Not a true aneurysm

• No endocardium or myocardium
• May rupture
• Presents as chest pain or dyspnea
• Often seen in the inferior wall
• Occurs earlier (< 2 weeks) than true aneurysm

Ventricular Pseudoaneurysm
1 to 2 weeks after MI www.afratafreeh.com



• Form of pericarditis
• Chest pain
• Friction rub

• Immune-mediated (details not known)
• Diagnosis: clinical
• Treatment: NSAIDs or steroids

Dressler’s Syndrome
Weeks to months after MI www.afratafreeh.com



• Occurs days after MI
• Sometimes called “post-MI” pericarditis
• Not autoimmune
• Extension of myocardial inflammation

• Dressler’s occurs weeks after MI
• Sometimes called “post cardiac injury” pericarditis

• Rarely life-threatening
• Diagnosis: clinical 

Fibrinous Pericarditiswww.afratafreeh.com



• Must consider: STEMI, aortic dissection and pulmonary embolism
• Best first test: EKG to evaluate for STEMI
• Additional testing considerations:

• CT scan (PE or dissection)
• Cardiac biomarkers (NSTEMI)
• D-dimer

Evaluation of Chest Pain 

Public Domain
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Heart Failure I
Jason Ryan, MD, MPH
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• Clinical syndrome
• Impaired ability of left ventricle to fill or eject blood

Heart Failure
Definition www.afratafreeh.com



• Heart failure with reduced ejection fraction 
• HFrEF
• Systolic heart failure
• Problem ejecting blood from left ventricle
• Usually caused by a dilated cardiomyopathy

• Heart failure with preserved ejection fraction 
• HFpEF
• Diastolic heart failure
• Problem filling left ventricle with blood

Heart Failure
Types www.afratafreeh.com



Systolic Heart FailureDiastolic Heart Failure

Ejection fraction is reducedEF is normal (55-65%)
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• Euvolemic
• Hypervolemic

• Volume overloaded
• Wet

• Hypovolemic
• Volume depleted
• Dry 

• Most heart failure symptoms from volume overload

Volume Status www.afratafreeh.com



• Assessed by physical exam
• Rales, edema, jugular venous pressure

• Unrelated to ejection fraction
• LVEF of 20% can be dry
• LVEF of 70% can be wet 

Volume Status

Wikipedia/Public Domain
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• Dyspnea
• Orthopnea
• Paroxysmal nocturnal dyspnea

• Classic finding is rales
• Fluid filled alveoli “pop” open on inspiration

• Chest X-ray shows congestion

Heart Failure
Volume Overload Symptoms Normal Pulmonary Edema
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• Increased left atrial pressure
• Pulmonary capillary wedge pressure
• Increased pulmonary artery pressure
• Increased right atrial pressure

Increased Pressures
A fraTafreeh .com for more
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NYHA Classification

Class Symptoms

I Asymptomatic
II Symptoms with moderate exertion
III Symptoms with activates of daily living
IV Symptoms at rest
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• Classic finding associated with increased LA pressure
• Indicates volume overload state
• Normal finding in children, pregnant women

S3 Gallop
Signs/Symptoms

S1 S2S4 S3
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• Elevated jugular venous pressure (normal 6-8cmH2O)
• Look for height of double bounce 
• Hepatojugular reflux

Heart Failure
Signs/Symptoms www.afratafreeh.com



• Lower extremity pitting edema
• Increased capillary hydrostatic pressure
• Fluid leak from capillaries → tissues
• Gravity pulls fluid to lower extremities

Heart Failure
Signs/Symptoms

James Heilman, MD/Wikipedia
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• EKG
• Exclude ischemia as precipitating cause
• Q waves suggest prior infarction
• Evaluate for arrhythmia (atrial fibrillation)

• Transthoracic echocardiogram 
• Used to distinguish HFpEF from HFrEF
• Critical to determine therapy 

EKG and Echocardiogramwww.afratafreeh.com



Brain Natriuretic Peptide
BNP
• ANP (atrial natriuretic peptide) released by atrial myocytes
• BNP (brain natriuretic peptide) released by ventricles
• Serum levels rise with volume/pressure overload
• Both counter effects of RAAS system 
• BNP sometimes used for diagnosis in dyspnea

• Highly sensitive for diagnosis of heart failure
• High levels seen in most cases of heart failure but also many other disorders
• Low levels strongly suggest other causes of dyspnea

RAAS
ANP/BNP
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Right heart catheterization
Pulmonary Artery Catheterization
• Increased PCWP = left heart congestion/failure

• PCWP = pulmonary capillary wedge pressure
• Increased RA, RVEDP = right heart congestion/failure

BruceBlaus
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• History
• Physical examination
• Chest X-ray
• Transthoracic echocardiogram
• EKG
• BNP level
• Right heart catheterization

Heart Failure
Diagnosis www.afratafreeh.com



• Isolated right heart failure
• Hypertrophy
• Dilation
• Decreased contractility

• Caused by long standing pulmonary hypertension
• Lung disease (e.g., COPD)
• Primary pulmonary hypertension

Cor Pulmonale www.afratafreeh.com



• Dyspnea with right heart failure 
• Elevated jugular venous pressure
• Lower extremity edema
• Hepatomegaly
• Absence of rales

• Treatment:
• Usually aimed at underlying disease (COPD, etc.)

Cor Pulmonale www.afratafreeh.com



High Output Heart Failure
• Exact mechanism unclear

• Decreased LV filling time
• Defining characteristic: HIGH cardiac output

• Heart failure symptoms in absence of low output
• ↑JVP, pulmonary edema

• Heart in overdrive 
• Severe anemia
• Thyroid disease
• Thiamine (B1) vitamin deficiency (beriberi)
• A-V fistulas 

John Liu/Flikr

www.afratafreeh.com



Heart Failure II
Jason Ryan, MD, MPH
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• Acute heart failure
• Volume overloaded
• Goal: improvesymptomsof dyspnea, pulmonary congestion

• Chronic heart failure
• Euvolemic
• Goal: preventionof hospitalizations, mortality

Heart Failure
Treatment www.afratafreeh.com



• Goal: reduce left atrial pressure and remove fluid
• Improves pulmonary edema

• Most commonly used drug class: loop diuretics
• Furosemide, torsemide
• Increased urine output
• Reduce intracardiac pressures
• Improve pulmonary edema and lower extremity edema
• Main adverse effect: hypokalemia 
• Other adverse effects: acute renal failure, hypotension

• Also cause some venous dilation: ↓ left atrial pressure

Acute Heart Failurewww.afratafreeh.com



• Nitroglycerine
• Venous dilation → pool volume in venous system
• Reduces left atrial pressure
• Improves dyspnea

• Afterload reducers
• Hydralazine, ACE-inhibitors
• Increased cardiac output → improve renal perfusion →diuresis 

Acute Heart Failure

Nitroglycerine

HydralazineCaptopril

www.afratafreeh.com



• HFpEF
• No specific therapies 
• Control blood pressure, blood sugar
• Chronic diuretics often used (furosemide)

• HFrEF
• Many specific therapies shown to reduce hospitalizations and mortality
• Treatments aimed at prevention of cardiomyopathy progression

Chronic Heart Failurewww.afratafreeh.com



• Goal: reduce hospitalizations and mortality
• Guideline directed medical treatment (GDMT)

• Beta-blockers (metoprolol, carvedilol, bisoprolol)
• ACE-inhibitors (captopril, lisinopril)
• Aldosterone antagonists (spironolactone, eplerenone)
• Neprilysin inhibitors (sacubitril → increases ANP)
• Ivabradine (inhibits  SA node → ↓ heart rate)
• Nitrates/hydralazine (combination therapy)

• Most drugs disrupt chronic activation of SNS and RAAS
• Prevent cardiac remodeling (progression of LV dysfunction)

Chronic Systolic Heart Failurewww.afratafreeh.com



• Annual risk SCD > 20% some studies
• Most due to ventricular tachycardia

ICD
Implantable Cardiac Defibrillator www.afratafreeh.com



ICD
Implantable Cardiac Defibrillator
• Improve mortality in appropriate patients
• Indications:

• Aborted sudden cardiac death
• LVEF < 35%
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Out of Synch

Biventricular Pacemakers
Cardiac Resynchronization Therapy (CRT)

After Pacemaker
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Biventricular Pacemakers
Cardiac Resynchronization Therapy (CRT)
• Improve mortality in appropriate patients
• Indications:

• Left bundle branch block (wide QRS; > 120ms)
• LVEF < 35%

QRS > 120ms

Downward
in lead V1
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Heart Failure Treatment Pathway
Acute 

Heart Failure

Rx

Chronic
Heart Failure

Furosemide
Nitroglycerine

Afterload reducers

Diastolic
Heart Failure

Systolic
Heart Failure

No specific therapy Drugs
ICD

Bi-V Pacer
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• Severe form of HFrEF
• Severely reduced cardiac output

• Fatigue
• Hypotension
• Cool extremities
• Confusion
• Decreased appetite (cardiac cachexia)

Advanced Heart Failurewww.afratafreeh.com



• Inotropes (associated with ↑ mortality)
• Dobutamine
• Milrinone
• Digoxin (oral)

• Left ventricular assist devices (LVADs)
• Heart transplantation

Advanced Heart Failure
Treatments www.afratafreeh.com



• #1: Dietary indiscretion
• High salt intake

• #2: Poor medication compliance

Acute Exacerbations
Causes

LukeB20161933/Wikipedia Pixabay/Public Domain
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• Infection/trauma/surgery
• Activation of sympathetic nervous system

• Ischemia (rare)
• Decreased cardiac output

• Arrhythmias (A fib)
• NSAIDs

• Inhibit cyclooxygenase (COX) → ↓ prostaglandins
• Prostaglandins maintain renal perfusion
• Result: Less renal perfusion → salt/water retention

Acute Exacerbations
Causes www.afratafreeh.com



• ER presentation:
• Dyspnea, edema, sleeping in chair

• Admitted to hospital
• Nitro drip to relieve dyspnea
• IV Furosemide to remove fluid

• Hospital Day 2
• Weight down 4 kg, feels better
• Nitro drip stopped
• Changed to oral furosemide

• Hospital Day 3: Discharge 

Typical Acute Heart Failure Coursewww.afratafreeh.com



More Complex Heart Failure Course
• ER presentation:

• Dyspnea, edema, sleeping in chair
• Known LVEF 10%

• Admitted to hospital
• Nitro drip to relieve dyspnea
• IV Furosemide to remove fluid

• Hospital Day 2
• Poor urine output, Cool extremities, Cr rises 1.1→1.4
• Dobutamine drip started
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More Complex Heart Failure Course
• Hospital Day 3-5

• Good urine output
• Weight loss 4 kg
• Breathing improves

• Hospital Day 6
• Dobutamine stopped
• Furosemide drip stopped

• Hospital Day 7
• Oral furosemide given

• Hospital Day 8: Discharge
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• Positive pressure ventilation
• Administered through mask not ETT
• Used in acute respiratory failure
• Often effective for pulmonary edema
• Often avoids intubation
• Patient must be awake, alert, cooperative
• Classic case

• HF patient in respiratory distress
• Tachypnea, hypoxemia
• NIV → improved respiratory status

Noninvasive Ventilation 

Wikipedia/Public Domain
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• Caused by left ventricular dilatation 
• Mitral valve leaflets pulled apart
• Can cause holosystolic murmur at cardiac apex
• May resolve with diuresis 

Functional Mitral Regurgitation www.afratafreeh.com



• Occurs in severe heart failure
• RAAS activation →ADH release →water retention
• Poor renal perfusion → decreased water excretion 

• Poor prognostic indicator

Hyponatremia www.afratafreeh.com



• Common in the elderly
• Caused by poor venous drainage 
• Unrelated to heart

• No dyspnea
• Normal lung exam
• Normal jugular venous pressure

• Treatments:
• Leg elevation
• Compression stockings
• Diuretics rarely work

• May lead to skin ulcers/infection

Venous Stasis Edemawww.afratafreeh.com



• Metformin
• May cause lactic acidosis

• Thiazolidinediones (glitazones)
• Pioglitazone, rosiglitazone
• Cause fluid retention

• Calcium channel blockers
• Negative inotropes

• NSAIDs
• Cause fluid retention 

Drugs to Avoid in Heart Failure

Public Domain
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Cardiomyopathy
Jason Ryan, MD, MPH

www.afratafreeh.com



Dilated Cardiomyopathy
• Systolic heart failure with LV cavity dilation
• “Eccentric” hypertrophy 

• Volume overload (chronic retention of fluid in cavity)
• Longer myocytes
• Sarcomeres added in series

Normal
LV Size Dilated LV Increased myocyte size

Sarcomeres in series
Normal wall thickness

www.afratafreeh.com



Dilated Cardiomyopathy
Symptoms
• Depend on volume status
• Volume overload → acute systolic heart failure

• Dyspnea
• Pitting edema

• Severely reduced LVEF
• Fatigue
• Cachexia
• Confusion 
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Dilated Cardiomyopathy
• Diagnosis: Transthoracic echocardiography
• Treatment: Guideline directed medical treatment (GDMT)

• Beta-blockers
• ACE inhibitors
• Aldosterone antagonists
• Neprilysin inhibitors

• Defibrillators
• Bi-ventricular pacemakers

Ejection fraction is reduced
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Dilated Cardiomyopathy
• Most common cause: myocardial infarction

• Ischemic cardiomyopathy
• Myocytes replaced by scar tissue
• Focal hypokinesis (e.g., anterior wall)

• Many causes of “non-ischemic” cardiomyopathy
• About 50% idiopathic
• Many other causes
• Global hypokinesis
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• May follow upper respiratory infection
• Many associated viruses

• Coxsackie
• Influenza, adenovirus, others

• No specific therapy for virus

Nonischemic Cardiomyopathy
Viral

Pixabay/Public Domain
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Nonischemic Cardiomyopathy
Peripartum
• Late in pregnancy or early post-pregnancy
• Exact cause unknown (likely multifactorial)
• Women often advised to avoid future pregnancy

Øyvind Holmstad/Wikipedia
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Nonischemic Cardiomyopathy
Chemotherapy
• Usually after treatment with anthracyclines

• Antitumor antibiotics
• Doxorubicin and daunorubicin

Daunorubicin Doxorubicin
(Adriamycin)
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Nonischemic Cardiomyopathy
Familial
• Mutations 

• Often sarcomere proteins
• Beta-myosin heavy chain
• Alpha-myosin heavy chain
• Troponin

• Many autosomal dominant 
• X-linked, autosomal recessive also described

Wikipedia/Public Domain
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Nonischemic Cardiomyopathy
Tachycardia-mediated
• Constant, rapid heart rate for weeks/months 
• Leads to depression of LV systolic function
• Reversible with slower heart rate
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Nonischemic Cardiomyopathy
Takotsubo/Apical ballooning
• Stress-induced cardiomyopathy
• Occurs after severe emotional distress and high catecholamines
• Markedly reduced LVEF
• Increase CK, MB, Troponin; EKG changes
• Looks like anterior MI (but no coronary disease)
• Usually recovers 4-6 weeks Diastole Systole
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Alcohol
• Chronic consumption can cause cardiomyopathy
• Believed to be due to toxic metabolites
• Can recover with cessation of alcohol

Pixabay/Public Domain
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Restrictive Cardiomyopathy
• Something “infiltrates” the myocardium

• Amyloid protein (Amyloidosis)
• Heart cannot relax and fill
• SEVERE diastolic dysfunction

• Presents as diastolic heart failure
• Treatment: diuretics
• Also treat underlying cause

MarkBuckawicki/Wikipedia
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Restrictive Cardiomyopathy
• LVEF = normal
• Restricted filling = ↑ atrial pressure 
• Dilated left and right atria
• Classic imaging findings:

• Normal left ventricular function/size
• Bi-atrial enlargement
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Restrictive Cardiomyopathy

Restrictive CardiomyopathyNormal 
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Restrictive Cardiomyopathy
Clinical Features
• Dyspnea
• Prominent right heart failure

• Markedly elevated jugular venous pressure
• Lower extremity edema
• Liver congestion
• May lead to cirrhosis
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Restrictive Cardiomyopathy 
Classic signs
• Kussmaul’s sign

• Inspiration causes rise in JVP
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Restrictive Cardiomyopathy
Major Causes
• Amyloidosis
• Sarcoidosis
• Fabry disease (lysosomal storage disease)
• Hemochromatosis (rare)
• Post-radiation
• Loeffler’s syndrome (hypereosinophilic syndrome)
• Endocardial fibroelastosis (babies)

Ed Uthman, MD
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• Cardiomyopathy of myocyte hypertrophy
• Concentric hypertrophy

• Pathologic hypertrophy
• Not due to stress
• Absence of HTN or athlete’s heart

• Diagnosis:
• Echocardiography
• Genetic testing

• LVEF normal with increased wall thickness

Hypertrophic Cardiomyopathywww.afratafreeh.com



Hypertrophic Cardiomyopathy
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Hypertrophic Cardiomyopathy
• Genetic disorder caused by gene mutations
• About 50% cases familial (50% sporadic)
• Autosomal dominant 
• Variable expression 

• Significant variation in severity of symptoms
• Many variations in location/severity of hypertrophy

Wikipedia/Public Domain
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Hypertrophic Cardiomyopathy
Clinical Features
• Many patients asymptomatic
• Many symptoms from LVOT obstruction

• Left ventricular outflow tract
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Hypertrophic Cardiomyopathy
Clinical Features
• Heart failure

• Diastolic dysfunction
• LVOT obstruction

• Chest pain (angina)
• Increased O2 demand

www.afratafreeh.com



Hypertrophic Cardiomyopathy
Clinical Features
• Sudden cardiac death

• Abnormal myocytes → ventricular arrhythmias
• Most common cause SCD in young patients

• Syncope
• Arrhythmias may lead to syncope
• LVOT obstruction

• Mitral regurgitation
• Systolic anterior motion (SAM)
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• EKG: Left ventricular hypertrophy (LVH)

Hypertrophic Cardiomyopathy
Clinical Features

Hypertrophic CardiomyopathyNormal 
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• Systolic ejection murmur
• Usually left lower sternal border
• Caused by outflow tract obstruction
• Sounds just like AS unless you do maneuvers
• Other associated abnormal heart sounds

• S4
• Holosystolic murmur of MR
• Paradoxical split S2

Hypertrophic Cardiomyopathy
Clinical Features

S1 S2

A fraTafreeh .com for more
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• For any HCM maneuver, think about size of LV
• ↑ LV size → ↓ murmur
• ↓ LV size → ↑ murmur

Hypertrophic Cardiomyopathy
Maneuvers www.afratafreeh.com



Hypertrophic Cardiomyopathy
Maneuvers
• Valsalva

• Patient bears down as if having a bowel movement
• Or blows out against closed glottis
• Increase  thoracic pressure → compression of veins → ↓ VR
• Less VR → Less preload → Smaller LV cavity
• Obstructing septum moves further into the outflow tract
• Murmur INCREASES in intensity
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Hypertrophic Cardiomyopathy
Maneuvers
• Squatting

• Forces blood volume stored in legs to return to heart
• Preload rises → size of LV increases → less obstruction
• Murmur DECREASES in intensity

• Raising the legs
• Increases venous return
• Murmur DECREASES in intensity

• Standing
• Opposite mechanism of leg raise
• Murmur INCREASES in intensity

Wikipedia
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Aortic Stenosis
• Both HCM and AS cause a systolic ejection murmur
• Opposite effects of maneuvers in aortic stenosis

• Less preload → less flow → quieter AS murmur
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