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Congestive Heart Failure: Natural History and Treatment
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•

Chronic progressive heart disease follows the same progression as any other chronic
progressive disease
o When function starts to decrease, the body can compensate through
homeostatic mechanisms, which, for the heart, are the sympathetic nervous
system (SNS) and the renin/angiotensin II/aldosterone system (RAAS).
o When homeostatic compensation is inadequate to the stressor, the cells and
organs change their protein and architectural structure, typically through
cytokine and other signaling. This adaptation is called remodeling in the heart
o Disease becomes symptomatic when external stress tips the heart into failure.
When large stress, such as climbing a hill, is required, this is mild disease. When
only mild stress, like climbing stairs, causes symptoms, this is severe disease. The
patient is asymptomatic at rest and clinical diagnosis is based on stress testing.
o Failure is diagnosed when symptoms are present at rest.

•
•

Pathophysiology is often illustrated using left ventricular function curves (see image).
When neurohormonal effects and remodeling do not increase function (curve C in the
figure), then symptoms ensue
o Venous pressure is usually < 3-5 mmHg. At 10 mmHg, patients develop pitting
edema in the extremities. When pressure is >20 mmHg, patients develop
pulmonary edema and shortness of breath.
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When treated CHF symptoms by diuresis to decrease preload, the therapeutic target is
the responsive part of the function curve. Lower preloads lead to hypertension. One
way to evaluate this is by monitoring renal function (i.e. eGFR). See point D in the figure.

•

Clinical classification of heart failure
A. New York Heart Association functional classification
o Class 1: No limitations; no symptoms during ordinary activities
o Class 2: Mild limitations; comfortable up to mild activity
o Class 3: Marked limitations; comfortable only at rest
o Class 4: Any activity is uncomfortable; symptoms at rest

These correlate well with prognosis. All classes taken together have a 5-year survival of
50%. Classes 3 and 4, together have a 1-year survival of 40%. Severe heart failure has a worse
prognosis than aggressive cancers.
B. American College of Cardiology/American Heart Association (ACC/AHA) clinicalpathologic classification
o Stage A: High risk, no pathologic or clinical findings
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o Stage B: Structural abnormalities, no symptoms
o Stage C: Structural disease and symptoms of heart failure
o Stage D: Refractory failure requiring specialized intervention
Both classifications correlate well with the model of chronic progressive disease

ACC/AHA
Stage A
ACC/AHA
Stage B
ACC/AHA
Stage D

ACC/AHA
Stage C
NYHA Class 1

•

3

NYHA Class 2

NYHA Class 3

NYHA Class 4

Presentation, differential diagnosis and diagnosis of heart failure
o Left ventricular failure
 Chief complaint: Dyspnea / orthopnea / paroxysmal nocturnal dyspnea
• Shortness of breath (dyspnea) most sensitive
• PND most specific
 Differential diagnosis: Lung
 Diagnosis (for more, see: Heart: CHF: Presentation and Diagnosis)
• Auscultation: crackles (pulmonary edema), S3 (ventricular dilation)
• CXR (see figure): cardiomegaly, Kerley B lines, pulmonary edema
(consolidation)
• BNP: stretch of ventricular myocytes (increase LVEDP/V)
• ECHO: heart size and internal structure, EF
• Wedge pressure: increased left atrial pressure

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

o Right ventricular failure
 Chief complaint: edema
 Differential diagnosis (abnormality of Starling forces
• Decreased oncotic pressure (hypoalbuminemia): liver (cirrhosis),
kidney (nephrotic syndrome)
• Increased hydrostatic pressure / blood volume: kidney (chronic renal
failure), heart (right-sided failure)
 Diagnosis
• If not due to LV-CHF (most common) or tricuspid valve disease, then
look for pulmonary artery hypertension.
Principles of Treatment
Treatments that improve symptoms should be differentiated from those that interrupt natural
history and prolong life. Those that prolong life block the homeostatic neurohormonal
responses to hypotension. They must decrease one of:
BP = CO X TPR
CO = SV X HR
SV ≈ preload, afterload & contractility
•
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Symptomatic treatment:
 Diuresis (↓preload): Furosemide:
1. Inhibits Na+K+2Cl- channel in thick ascending limb
2. Loss of high osmolarity in medulla due to loss of counter current
multiplier system
3. No water reabsorption through aquaporin 2 channels as there is
no osmotic gradient
4. Diuresis leads to decrease in preload to heart
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Increased contractility (↑intracellular Ca+2): Digitalis
1. Inhibition of Na+/K+ ATPase pump leads to ↑ Na+ (intracellular)
2. ↑Na+ leads to increased sodium excretion by the Na+/Ca+2
exchanger, resulting in increased intracellular Ca+2
3. increased intracellular Ca+2 leads to increased action-myosin
binding with increased contractility

Drugs that interrupt natural history
o Angiotensin converting enzyme inhibitors (ACE-I)
 Decrease conversion of AT I to AT II by inhibiting the angiotensin
converting enzyme found in endothelial cells of the lung and glomerulus
 The ↓AT II has multiple effects on the cardiovascular system (see Figure):
1. ↓AT II vasoconstriction (↓TPR)
2. ↓aldosterone production (↓preload)
3. Increase parasympathetic output by the NTS (↓HR)
4. ↓ hypothalamic output of ADH (↓preload)
5. ↓remodeling of ventricles
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o Angiotensin II receptor blocker (ARB)
 Mostly used when ACE-I have side effects (cough, angioedema)
 While there is much less data available, ARBs appear to have equivalent
effects of ACE-I
o β-blockers
 block β1 receptors in heart
1. SA node: ↓HR
2. Myocyte: ↓contractility (↓ intracellular Ca+2)
o Aldosterone antagonists (↓preload)- see #1 in figure
 Spironolactone: down regulates ENaC of principle cell of the collecting
tubule
o Neprilysin inhibiters (↓preload)- see #2 in figure
 Neprilysin metabolizes natriuretic peptides that downregulate the ENaC.
Inhibition of neprilysin leads to longer half-lives of natriuretic peptides
 Usually given with an ARB (Entresto®)
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Do You Know It?
Congestive Heart Failure: Natural History and Treatment
-

Describe progressive heart disease using ventricular function curves. Correlate this to
peripheral edema and pulmonary edema.

-

Labe the image of chronic progressive disease for heart, including:

o Asymptomatic disease, symptomatic disease, heart failure
o NYHA functional categories:
 Class 1: No limitations; no symptoms during ordinary activities
 Class 2: Mild limitations; comfortable up to mild activity
 Class 3: Marked limitations; comfortable only at rest
 Class 4: Any activity is uncomfortable; symptoms at rest
o ACCC/AHA clinical-pathologic categories

Stage A: High risk, no pathologic or clinical findings

Stage B: Structural abnormalities, no symptoms

Stage C: Structural disease and symptoms of heart failure

Stage D: Refractory failure requiring specialized intervention
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o What is the difference between severe heart disease and heart failure? How is
the approach to diagnostic testing different?
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-

Describe the presentation, differential diagnosis and diagnosis of left ventricular heart
failure

-

Describe the presentation, differential diagnosis and diagnosis of right ventricular heart
failure

-

Describe the treatment of CHF, noting which drugs alter life expectancy

-

Describe the mechanism of action of the following drugs:
o Furosemide
o Digitalis
o ACE-I
o ARBs
o β-blockers
o Spironolactone
o Neprilysin inhibiters

© 2020, ClinicoPath LLC. All rights reserved.

