Heart Failure
Systolic Failure (poor emptying)

-Large dilated ventricles w/ low output

-Ischemia of cardiac muscle is main cause

-Fatigue is main result

-(+) inotropic agents and arterial dilators treatment

Diastolic Failure (poor filling)

-Thick non-compliant ventricle (congestion) and small ventricular volume
-Hypertension is main cause

-Edema is main result

-Preload reducers ((blood volume or venous dilators)

Inotropic Agents

1/ Cardiac Glycosides
Digoxin

MOA:   *fig  p.156 Lipp*

1/ Cellular Effects
-
directly blocks sarcolemmal Na/K-ATPase pump 
-selective + reversible

-phosphorylation increases digoxin binding

-high extracellular K+ dephosporylates the Na/K ATPase -> activate pump

-Hyperkalemia indirectly inhibits digoxin activity (activate pump)

-Hypokalemia indirectly increases digoxin activity (inhibit pump)

-results: Intracellular Na (
-> ( activity of Na+/Ca+ exchanger (passive exchange: Ca goes in, Na goes out)

-> Ca++ concentrations ( in cell
-( inotropic contraction

-faster contraction of cardiac fibers leads to increased force of contraction

-Cellular effect favors increased automaticity of nodal fibers due to Phase 4 slope (
-Also increases slope of phase 4 in Purkinje fibers (see arrhythmia causing potential)



2/ 
Nervous System Effects
Low Dose:

-indirectly (sympathetic tone in person w/ CHF (( TPR)

-because better organ perfusion (esp. kidney) lowers sympathetic tone

-NOTE: direct vasoconstrictive action on smooth m. of normal person

-(parasympathetic tone ((automaticity at AV node)



3/ 
Net Effect on Automaticity
-(chronotropy (decreased HR)
Cellular effect                        + 
 Nervous system effect      = Decreased Automaticity
(increased automaticity)                (decreased automaticity)



4/ 
Net Effect on Frank Starling Curve  *fig  p.159 Lipp*

-(CO (due to increased inotropy)

-( Ventricular end-diastolic pressure (due to lower sympathetic tone and TPR)

5/ Arrhythmia Causing Potential
-Predispose ventricles to Arrhythmias 

-increases phase 4 slope in purkinje’s

-causes delayed after repolarizations in Purkinje’s 

-remember these are mini-depolarization spikes that may cross threshold potential

 High Doses (toxicity):

-( sympathetic tone (due to direct vasoconstriction(compare to low doses))

-further (AV conduction (due to further vagomimetic effect)



6/ 
Antiarrhythmic Effects
-slows AV conduction

-may block an atrial fibrillation from spreading to ventricles 



7/ 
Pharmacokinetics:
-Narrow Therapeutic Index
-oral or iv

-10% of population has enteric bacteria (E. lentum) that deactivate drug in gut

-long half life (36-48 hrs)

-large volume of distribution (to skeletal muscle only, not fat)

-eliminated unchanged by kidney

Drug Interactions

-Quinidine (IA): 

-Verapamil (Ca blocker)
              Raise digoxin plasma levels via:
-Amiodarone (III)


-competing for excretion at kidney
-displacing it from storage sites

-Thiazide and Loop Diuretics           hypokalemia = enhanced digoxin activity

-Ca blockers           danger of AV block (both agents slow AV conduction)

-Anything that acts like NE or stimulates its release

8/ 
Toxicity
Counterindications:
-Idiopathic hypertrophic subaortic stenosis

-AV block

-MI (24-48 hrs post, due to chance of promoting arrhythmia)

Signs of Toxicity:

-arrhythmias

-GI disturbances

-neurological (fatigue, drowsiness, headache)

-Visual (color perception disturbed)

Factors altering toxicity:

-Electrolyte balance (K, Ca, Mg levels)

-Age (older and babys are more sensitive)

-Hypothyroid (decreases renal digoxin clearance)

-Hyperthyroid (opposite effects)

9/ 
Antidotes
-Atropine (to block parasympathetic effects on heart)

-K+ (helps arrhythmias induced by digitalis)

-Lidocaine or Phenytoin (for ventricular arrhythmias)

-Fab fragment (directly deactivates digoxin…. but very expensive)

2/ (-Agonists
-( receptor stimulation results in (cAMP -> activated protein kinase -> +P Ca channel -> (Ca influx

-IV administration only
-used in acute HF or last stage chronic heart failure

Adverse effects
-arrhythmias

-increased myocardial O2 demand

Dobutamine

-preferred treatment in most cases of HF

-Less tachycardia
-tends to stimulate ventricular ( receptors more than atrial 

-so small (HR, but significant( CO 

-patients become tolerant quickly

Dopamine
  

Dose Dependent
   

low: D1 only  (Dopaminergic receptors trigger renal vasodilation )

     

med: D1 and (-1
   

high: D1 and (-1 and (-1

    

Use in HF
    

Should use medium dose 

3/ Phosphodiesterase Inhibitors
Milrinone
-selectively inhibits cAMP phosphodiesterase III -> ( intracellular cAMP -> (Ca+

-not too effective in treating HF

-moderately effective for short term treatment via IV admin.

-oral treatment increases death rate 

                                                      ------

*Items below include only details that are not found in antihypertensives
Diuretics

-lower BV 

-lower end diastolic pressure and preload

-also reduce ventricular wall tension allowing better coronary diastolic perfusion

-efficacies in CHF treatment (best to worse): Loop>Thiazides>K+ sparing
Drugs Interacting with K+ sparing diuretics to further promote Hyperkalemia:

-ACE inhibitors

-( blockers

-NSAID

Vasodilators

Preload reducers:

-Venodilator (lower end diastolic pressure), (wall stress, better coronary perfusion

Afterload reducers:

-Arterial dilator, (wall tension, better coronary perfusion

1/ ACE Inhibitors:  Captopril, Enalapril, Losartan

-afterload and preload reducers

-also blocking AGII helps prevent adaptive changes in heart

-decreases K wasting 

2/ Direct vasodilators
Hydralazine
-Arterial dilation and inotropic actions

-Liver metabolism

Isosorbide Dinitrate (same class and mechanism as Nitroprusside)

-Venous dilator
-(preload ((HR and wall stress) and (coronary flow

-to avoid tolerence problems, skip night dosages

Note: 

-Ca blockers are dangerous in systolic failure, but can help diastolic failure 

-(-1 antagonists are useless

-beta blockers are sometimes used to protect heart from sympathetics… see below

Combination therapy

-( blockers + Vasodilators  (block reflex sympathetic of vasodilators)

-Digoxin + Diuretic: 

-increased output helps systolic failure (digoxin effect)

-decreased volume helps congestion of diastolic failure (diuretic effect)

-Digoxin + Vasodilator (same reasons as above, but can also lower arterial TPR)

-Digoxin + Vasodilator + Diuretic 

-ACE inhibitor + Vasodilator 
