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Congestive Heart Disease: Pathophysiology
Introduction
•

•

•

Defined as an inability of the heart to have output adequate for systemic demand.
o In clinical practice, failure is defined as an increase in end diastolic volume
(LVEDV) or increase in end ventricular end diastolic pressure (LVEDP)
 End diastolic volume correlates to preload. The force of the fiber
contraction increases with increasing fiber length (force is calculated with
fibers held at a fixed distance during contraction i.e. isometric). This is the
basis of the Frank-Starling law.
 End diastolic pressure correlates to afterload (i.e. blood pressure).
Increased aortic pressure decreases the velocity of fiber contraction, with
a shorter contraction time and decreased stroke volume (velocity of fiber
contraction is calculated at fixed different pressures i.e. isotonic).
Failure can be due to:
o Pump failure (i.e. contractile myocyte)
o Arrhythmia (i.e. conducting myocyte)
o Decreased filling (i.e. loss of compliance; pericardial disease)
o Abnormal peripheral resistance (severe ↑BP or severe ↓BP)
Heart failure is the common end pathway for all chronic progressive heart disease

Pathophysiology
•

1

As with all chronic progressive disease, when the stressor (i.e. a pathology that exceeds
the ability of homeostatic correction) leads to adaptation called remodeling. (For more
information see: Heart: Homeostasis and Adaptation and General Pathology,
Homeostasis, Adaptation and Disease)
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The image shows the standard model for chronic progressive disease, starting with the
asymptomatic period of functional reserve in which compensation with homeostasis
(sympathetic nervous system (SNS) and renin/angiotensin II/ aldosterone (RAAS)) and
adaptation (remodeling) are adequate. Decompensation, i.e. transient symptoms of
failure, occurs when a stressor, for example climbing a hill, exceeds compensation.
Failure is present when the patient is short of breath at rest (i.e. there is no or minimal
stress)
The body does not monitor cardiac output. It monitors the key function of tissue
perfusion using blood pressure. It senses hypotension through the baroreceptors of the
aortic arch (1b) and carotid bodies (1a), together with the juxtaglomerular apparatus
(JGA) of the kidney (2). It monitors and regulates volume overload of the heart by
stretch receptors in the cardiac myocytes (3). Severe hypotension also monitored in the
hypothalamus, which releases vasopressin (aka antidiuretic hormone).

Homeostatic response to hypotension (for complete discussion, see Heart: Homeostasis
and Adaptation):
o Key to understanding the response to hypotension are the relationships of
 BP = CO X TPR
 CO = HR X SV
 SV ≈ preload, afterload & contractility
o Cranial nerve IX and X afferents carry baroreceptor signals to the nucleus tractus
solitarius (NTS), which regulates the autonomic nervous system (ANS) through
the SNS and PNS.
o NTS signals the vasomotor center to stimulate the SNS, affecting 3 major organs.
Be able to explain, at a molecular level, how this results in:
 Heart: ↑HR, ↑contractility
 Adrenal glands: ↑HR, ↑TPR
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JGA: ↑preload, ↑TPR
ADH (severe ↓BP): ↑preload, ↑TPR

Remodeling (for detailed discussion, see Heart: Homeostasis and Adaptation)
o To pump blood, the pressure in the left ventricle, created by wall tension, must
exceed the aortic pressure keeping the aortic valve closed. Wall tension is
proportional to chamber radius and wall thickness, as seen in Laplace’s Law.

Wall tension ≈ Pressure (BP) X radius/ 2 thickness
o In hypertension or aortic stenosis, the ventricle remodels by making the wall
thicker by increasing the sarcomeres in parallel, called concentric hypertrophy.
o In mitral regurgitation or chronic renal failure (with increased blood volume), the
ventricle remodels by increasing the chamber radius by increasing the number of
sarcomeres in series, called eccentric hypertrophy.

3
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•

Physiologists will often depict progression of disease with this image of cardiac function
curves in health and disease.

•

There are several key ideas represented in cardiac function curves:
o The shape of the normal curve, in black, reflects the Starling effect. As the atrial
pressure increases on the X axis, reflecting the preload, cardiac output increases
due to the increase in contractility from the increased stretch of the myocardial
fibers.
o With any chronic progressive disease, there is a decrease in the function curve
(i.e. the normal curve of the black line drops to the lower function seen in the
“B” line).
o The resulting decrease in cardiac output can be corrected by the neurohormonal
effects of the SNS, the RAAS and remodeling through cytokines such as IL-1. This
is seen in the increase in CO from B1 to B2.
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o Note that compensation requires an increase in preload (seen in the increase in
atrial pressure) and an increase in afterload (i.e. TPR, not illustrated).
o Heart failure, the presence of symptoms at rest occurs when the progressive loss
of function cannot be corrected, as seen with the flat response of the CO. Note
that there is an increase in atrial pressure cue to an increase in ventricular end
diastolic pressure. When atrial pressure exceeds 10 mmHg in the right atrium,
patients develop pitting edema. When pressure exceeds 20 mmHg in the left
atrium, patients develop pulmonary edema and shortness of breath.
o “D” represents the goal of treatment, which is to decrease the atrial/ventricular
pressure back to a point where there is some Starling effect. Too severe a
diuresis results in hypotension. A common way to assess diuresis is by following
renal function (i.e. eGFR).
Irreversible progression
o Long term increased stimulation by the SNS and cytokines leads to apoptosis of
myocytes and interstitial fibrosis.
o Lost myocytes cannot be replaced by regeneration and this places an increased
burden on the remaining myocytes, hastening their loss in a negative spiral.
o Fibrosis leads to a loss in contractility from a stiff wall as well as decreased
diastolic filling.
o Prevention of irreversibility is a key component of therapy and is only seen with
those drugs that target homeostatic mechanisms.
 β blockers
 Anti-aldosterone drugs (e.g. spironolactone)
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ACE-I /ARB
Inhibitors of natriuretic peptide inhibitors (e.g. neprilysin)
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-

Define heart failure

-

Illustrate and describe the neurohormonal response to heart failure

-

Describe cardiac remodeling

-

Show progressive of chronic heart disease through compensated phase and failure,
using ventricular function curves

-

What is irreversible progression and how can it be prevented?
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