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Interests: I am a clinical cardiologist and an interventional cardiologist with a special interest 

in chronic heart failure. I have spent the last 12 years examining the effects of B-adrenergic 

blockade on myocardial function, energetics, pathological remodeling, morbidity, and 

mortality in patients with heart failure. I am the Principal Investigator and Co-Chairman for 

the NHLBI-VA Cooperative Study, the B-Blocker Evaluation of Survival Trial (BEST). 

This study is investigating the effects of B-blockade in patients with advanced heart failure 

in 90 hospitals in the US and Canada. Current research efforts and collaborators include: 1) 

the relationship of myocardial viability and response to B-blockade and the relationship of 

reverse remodeling to morbidity and mortality (Paul Grayburn, MD, UT Southwestern) 2) 

the effects of anti-cytokine therapy on ventricular function and remodeling (Doug Mann, 

MD, Baylor College of Medicine) 3) the effects of endothelin antagonism on ventricular 

function and morbidity in heart failure. Outside interests of mine include golf, skiing, and 

SCUBA diving. 
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The approach to treatment for chronic and acute heart failure are totally different 

with disparate goals and philosophies. Chronic heart failure is a syndrome of progressive 

ventricular remodeling (dilatation, fibrosis, cell death and hypertrophy) which is triggered 

by activation of compensatory neurohormonal pathways (sympathetic nervous system, 

renin-angiotensin-aldosterone system, endothelins, cytokines)(Figure 1).1 
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Figure 1 

While activation of these neurohormones provide short term compensation (increased 

contractility and heart rate, sodium and water reabsorption, and vasoconstriction), it may 

lead to progressive cell death, fibrosis and interstitial remodeling, and a change in gene 

expression within the myocyte.l-3 This may lead to further myocardial depression and a 

vicious cycle is established. Chronic treatments of heart failure which were designed to 

improve hemodynamics (inotropes, vasodilators), worsened the biology of the myocyte 

and lead to no long term improvement or in many cases, accelerated death.4-8 By contrast, 

chronic treatments which focus on preservation of biological energetics and inhibit 

intracellular signals for growth by antagonizing neurohormonal activation have lead to 

improved ventricular function and a slowing or reversal of the pathological remodeling 

process),9,10 This neurohormonal antagonism is often accomplished at the cost of acutely 

worsening hemodynamics when initiating therapy.I0-12 

By contrast, the treatment of acute heart failure focuses on hemodynamic 

improvement and returning the decompensated patient back to compensation. This short 

term strategy to some degree ignores the long term goals of inhibiting the adrenergic 
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pathways within the heart (and in fact one strategy for acute heart failure treatment is to 

stimulate these pathways) and thereby temporarily exposes the patient to some danger of 

arrhythmias and worsened ischemia (Table 1). 

Table 1 

Goals Agents Risk of Initiating 
Used to Therapy 
Achieve 
Goals 

Chronic heart To inhibit pathological ~-blockers Hypotension 
failure therapy remodeling (reducing (negative inotropes) Decompensation 

pump failure death) Azotemia ACEI 
and inhibit stimuli to (vasodilators) 
arrhythmias (to reduce 
sudden death) 

Acute heart To improve stroke Vasodilators i arrhythmias 
failure therapy volume, reduce Inotropes 

i ischemia preload (wedge Pressors 
pressure) to decrease i hypotension 
congestion, and/or 
maintain blood 
pressure ·---------------

Yin and Yang- The Yin and Yang of heart failure therapy has to do with the sometimes 

discrepant goals of acute vs chronic therapy. Chronic therapy for CHF is designed to block 

neurohormonal pathways and improve energetics and biology of myocytes. This is often 

accomplished as the acute expense of hemodynamics. Acute therapy for CHF is designed 

to improve hemodynamics. This is often accomplished at the expense of energetics and 

biology of myocytes. Despite the dichotomous goals of acute vs chronic therapy, the 

ultimate goal of both acute and chronic therapy is to improve the clinical status of the patient 

and prolong survival. 

Identification of the level of decompensation-

In order to properly treat acute decompensation, it is important to not only identify 

the decompensated patient, but also to identify the level of decompensation. The treatment 

for acute decompensation is determined by proper identification of the level of 

decompensation as therapies differ by level. In the chronic heart failure patient, I break this 

down into 3 levels 12: 

1. Fluid overload responsive to diuretics- most heart failure patients will present 

with an increase in body weight, increased shortness of breath or edema (lung, legs, 

abdomen), but no hypotension or organ hypoperfusion. These patients will usually 

respond to an increase in diuretics. 
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. 
2. Fluid overload not responsive to diuretics- these patients also have an increase in 

body weight and edema, but they are either on maximal doses of diuretics, do not respond 

sufficiently to these doses of diuretics, or have tising BUN/creatinine indicating poor renal 

perfusion. However, they are not oliguric and do not complain of lightheadedness. More 

aggressive (IV) diuresis in these patients might throw the patient into renal failure or induce 

symptomatic hypotension. 

3. Incipient cardiogenic shock- these patients have evidence of end-organ 

hypoperfusion with a rising BUN/creatinine, hypotension, perhaps altered mentation, and 

even oliguria. 

Effects of altered preload and afterload on ventricular function-

Cardiac output in failing and non-failing hearts is determined by multiple different 

factors including the intrinsic contractility of the myocytes in the chamber, preload, 

afterload, and heart rate (Figure 2): 

I Determinants of Performance I 
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Figure 2 
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The effect of preload on ventricular function can best be represented by the Frank-Starling 

relationship (Figure 3).13 As preload increases, stroke volume increases. Preload can be 

altered by volume infusion (which increase) or diuretics (which reduce) preload. Failing 

hearts shift this relationship to the right and downward. Pure inotropic agents shift the 

relationship upward while arterial vasodilators shift the relationship upwards and to the left. 

Venodilators shift the relationship to the left and diuretics do not shift the relationship. 

Stroke volume is related to afterload (end-systolic wall stress) by the stress 

shortening relationship (Figure 3).14 The failing heart shifts this linear relationship 
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downwards while inotropes shift it upwards. As afterload increases (with pressors), 

ejection is reduced and as afterload is reduced (with vasodilators), ejection increases. 

I Effects of Preload and Afterload on the Heart I 

LV filling pressure Afterload, <Jes 

Figure 3 

Alternatively, left ventricular systolic and diastolic function can be represented by a 

pressure-volume loop (Figure 4 ).15-18 This loop rotates counter-clockwise beginning at 

end-diastole and passing through isovolurnic contraction, ejection, end-systole, isovolurnic 

relaxation, and filling. The area within the loop is mechanical work. The greater the area 

subtended by the loop, the greater the mechanical work done by the ventricle. 

Left Ventricular Pressure-Volume Loop 
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Left ventricular systolic dysfunction will result in a smaller loop with the end

systolic pressure-volume point shifted rightward and downward (Figure 5).15-17 Changes 

in chamber stiffness will result in a shift upwards in the diastolic pressure-volume 

relationship (Figure 5).18 

I Altered LV Systolic Function I Altered LV Stiffness (Diastolic Dysfunction) 

Normal CHF 

Volume Volume 

Figure 5 

Events which can precipitate acute heart failure-

Acute heart failure can be precipitated by ischemia (including papillary muscle 

dysfunction resulting in mitral regurgitation or VSD), dietary indiscretion, failure to take 

medications (diuretics, ACE inhibitors), initiation of B-blockers, infection, metabolic 

derangements, and worsening systolic or diastolic function. It is important to understand 

that heart failure signs and symptoms can develop with either systolic and/or diastolic 

failure, and both should be treated. Systolic dysfunction may lead primarily to a low stroke 

volume (low output) while diastolic dysfunction may lead to elevated filling pressures and 

edema. Most of the time, there is not isolated systolic or diastolic dysfunction.19 Normally, 

there is a combination of systolic and diastolic dysfunction. 

Treatments for acute heart failure-

There are 3 main categories of treatments for acute heart failure (vasodilators, 

inotropes, and diuretics) (Table 2). Within each therapeutic type, the drugs differ 

considerably in their properties. The object of therapy for acute heart failure is to 

select an agent or agents which achieve the goal of therapy (reduce preload, 

improve stroke volume, or increase blood pressure) with the least adverse 

effect on energetics and arrhythmias. 
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Table 2 

Agent Desired Action Adverse Effect 
Diuretics Reduce preload i azotemia 

i hypokalemia 

i hypomagnesemia 
Vasodilators Reduce afterload i azotemia 

Reduce preload 
i hypotension 

Inotropic agents 
Digoxin Increase contractility Digoxin toxicity 

Reduce SNS activation i arrhythmias 
Non-digoxin inotropes Increase contractility 

Increase stroke volume i arrhythmias 
Increase heart rate 

i ischemia 
-

Pressors Increase contractility 
V asoconstrict iii arrhythmias 
Increase heart rate 

iii ischemia 

Diuretics- Diuretics reduce preload by inhibiting sodium and water reabsorption in the 

kidney.20 However, in states of poor renal perfusion (renal blood flow) due to poor stroke 

volume, little blood volume is filtered and diuretics become less effective or ineffective. In 

this situation, improved renal perfusion must be established before diuretics will work. 

Oral torsemide is more effective than oral furosemide in most cases due to higher 

bioavailability (80% vs 64% ).21 Thus, in patients with reduced response to furosemide, 

torsemide can be tried. 

Continuous intravenous furosemide is more effective than intermittent bolus 

furosemide (Figure 6).22 Continuous furosemide produces a greater urine volume and 

sodium content than bolus furosemide with less ototoxicity. In addition, combination 

diuretics which act at different sites in the nephron can be used synergistically 23 Thus, use 

of metolazone and a loop diuretic can be very effective at diuresis, but may be synergistic at 

promoting adverse effects of diuretics. 

Diuretics are excellent at reducing edema and improving dyspnea. However, they 

promote hypokalemia and hypomagnesemia as potassium and magnesium are lost in the 

urine.24 In addition, as preload is reduced, stroke volume may be reduced by a Starling 

mechanism (Figure 3) and this may result in worsened renal perfusion (leading to elevated 

BUN). When monitoring diuretic or vasodilator therapy with pulmonary artery 
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catheterization, it is important to watch the stroke volume changes as preload changes and 

not watch cardiac output. As shown in Figure 7, stroke volume can be compromised long 

before cardiac output begins to fall due to a concomitant increase in heart rate. The increase 

in heart rate results in an increase in myocardial oxygen consumption which is energetically 

unfavorable. Finally, these agents activate the renin-angiotensin system 25,26 (Figure 8) 

which may have adverse consequences both short (vasoconstriction, sodium and water 

retention) and long term (pathological remodeling, hypertrophy, fibrosis). 

Continuous vs Bolus Furosemide 
24 hour excretion 

3000 

2000 

1000 100 

0 
Continuous Bolus Continuous Bolus 

Donnans TPJ et al. JAm Coli Cardiol1996; 28: 376-382 

Figure 6 
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Chronic Effects of Diuretics on Renin-Angiotensin 
Activation 
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amiloride 

Figure 8 

Vasodilators- There are two types of vasodilators, those that primarily affect the arterial 

system (hydralazine) and those that affect the venous system (nitrates). Some vasodilators 

are balanced and affect both the arterial and venous system (nitroprusside). 

The benefit of vasodilators are: 1) a reduction in load (afterload and/or preload) 

producing a reduction in wall stress allowing a more complete ejection (larger stroke 

volume) 27 2) Reduced wall stress leads to a reduction in myocardial oxygen consumption 

(energetically favorable) 28,29 3) Improved oxygen delivery (reduced ischemia) 4) 

Reduction in afterload also leads to improved relaxation 19 which may lead to a reduction in 

filling pressures 30 5) Reduction wall stress may lead to a reduction in neurohormonal 

activation (reducing arrhythmias) 6) Reduction in wall stress may lead to less tension on the 

chordae and more coaptation of mitral leaflets leading to less mitral regurgitation) I 

The choice of vasodilator agents depends on the goal of therapy. If the goal of 

therapy is a reduction in preload, a venodilator (such as nitrates) would be preferred. If, 

however, the goal of therapy is to improve forward output, an arterial or mixed action 

vasodilator would be better (ACE inhibitor or nitroprusside). If both a reduction in preload 

and afterload is needed to improve stroke volume while reducing wedge pressure, 

nitroprusside would be the agent of choice. 

Many physicians fear using nitroprusside because of hypotension. However, many 

patients with heart failure have a high systemic vascular resistance. As this is reduced with 

nitroprusside, the fall in SVR is offset by an increase in stroke volume which leads to a 

maintenance of systolic blood pressure. A study by Heesch and Eichhorn demonstrated that 

patients with the largest end-systolic volume or the lowest ratio of peak systolic pressure to 
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end-systolic volume (i.e. the sickest patients) had the smallest reduction in blood pressure 

per dose of nitroprusside (Figure 9).27 Conversely, the patients with the lowest blood 

pressure or lowest ratio of peak systolic pressure to end-systolic volume (i.e. the sickest 

patients) had the greatest improvement in stroke volume with nitroprusside (Figure 9). 

Thus, the sickest patients have the best response to nitroprusside. While patients with low 

blood pressures can become hypotensive on this agent, it is so short acting that it can be 

turned off and the effect be gone in a couple of minutes. 

V aloe of Peak Systolic Pressure to ESV Ratio for 
Predicting Response to Nitroprusside 

• 
-1 5 11!-1111!1~~11!!111~~~~ 

.2 .4 .6 .8 1 1 .2 1.4 1.6 
Most sick Least sick 

PSP/ESV (mmHglml) 

0 .. ~-.~~-P .. ~~ 
Most sick Least sick 

PSP/ESV (mmHglml) 

Heesch and Eichhorn. Am J Cardiol 1994; 74: 951-954. 

Figure 9 

Inotropic agents- There are three types of inotropic agents clinically available to treat 

acute heart failure, digitalis agents, non-digitalis inotropes (B-agonists, PDE inhibitors), 

and pressors (a,B-agonists, high dose dopamine). 

Digoxin- Digitalis agents such as digoxin are weak inotropic agents, but also have 

other properties. 32,33 Inhibition of the sodium-potassium A TPase pump in baroreceptors 

may result in a "resetting" of the receptors resulting in inhibition of sympathetic 

discharge. 34 This produces a reduction in sympathetic tone in the vasculature causing 

systemic vascular resistance to fall. Thus, digoxin is also a weak sympatholytic agent 

while providing weak inotropic support. Digitalis compounds have also been shown to 

improve myocardial relaxation in patients with mixed systolic and diastolic dysfunction.19 

This effect is probably due to increased elastic recoil as the effect of digoxin is to increase 

intracellular calcium flux. The net effect of digoxin is an increase in stroke volume and a 

reduction in wedge pressure. 35 
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Recent studies of digoxin have demonstrated that the neurohormonal and 

hemodynamic benefits of digoxin are at a lower dose of digoxin, with little additional 

benefits at higher doses.36 In addition, a post hoc analysis of the DIG study suggests a 

relationship between baseline serum digoxin concentrations and risk of death. 32 In this 

empirical observation, the risk of death increased significantly above a digoxin level of 1.0 

ng/ml. While this relationship is not cause and effect since a higher plasma concentration 

may only reflect worse cardiac and renal function at baseline, a similar relationship between 

serum digoxin concentrations and mortality was observed in the Prospective Randomized 

Milrinone Survival Evaluation (PROMISE) trial where a serum digoxin concentration > 1.1 

ng/ml was associated with a 38% excess mortality rate.37 In addition, digoxin is known to 

be arrhythmogenic at higher plasma concentrations.38-40 This may be of most concern 

when higher doses of digoxin are used in patients with advanced coronary artery disease 

and ongoing ischemia. Myocardial ischemia itself may cause inhibition of sodium

potassium ATP-ase and render myocardial tissue more sensitive to the arrythmogenic 

effects of digitalis even at lower serum concentration.41 -44 Since reduction in worsening 

heart failure is seen with low dose digoxin and higher doses may provide little or no 

additional hemodynamic or neurohormonal benefit 36 (but do offer a higher risk of 

arrhythmia) 37-44, a dose that results in a serum concentration of 0.7-1.0 ng/ml may be 

preferable. The only exception to this might be patients who have atrial fibrillation and 

acute heart failure where rate control is necessary and acute beta-blockade cannot be 

initiated. 

Non-digitalis inotropes- These agents primarily work by increasing the intracellular 

second messenger, cAMP.45-47 This may be done by one of two methods: 1) stimulation 

of B-adrenergic receptors (B-agonists) or 2) preventing cAMP degredation 

(phosphodiesterase inhibition). Examples of B-agonists include dobutamine, isoproterenol, 

and low dose dopamine. Examples of phosphodiesterase inhibitors (PDE ill inhibitors) 

include amrinone and milrinone. 

j3-agonists increase contractility, relaxation, and cause some modest vasodilation by 

either stimulation of B2 receptors (dobutamine, isoproterenol) or by stimulation of 

peripheral dopaminergic (DA1) receptors (dopamine). The classic agent to use for heart 

failure is dobutamine.29,48-59 Dobutamine is very good at increasing stroke volume, but 

only has modest effects on reducing pulmonary capillary wedge pressure.29,50 Thus, it has 

to be combined with a vasodilator (such as nitroprusside) or diuretic in order to reduce 

filling pressures. In addition, dobutamine (as well as other B-agonists) has several 

limitations: 1) tachyphylaxis develops within 72 hours (probably due to further B-receptor 

downregulation)(Figure 10) 60,61 2) dobutarnine increases myocardial oxygen consumption 
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in a dose-dependent fashion(Figure 11).29,62 This may be especially important in situations 

where oxygen delivery is limited (in the presence of ongoing ischemia or dilated 

cardiomyopathy with ischemic endocardium) 3) dobutamine is very arrhythmogenic.50 
I Tachyphylaxis to Dobutamine I 

~10 
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Figure 10 
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Figure 11 

Other B-agonists (Figure 12) include isoproterenol, which has much more B2-

mediated vasodilation than dobutamine and thus may reduce BP in the patient who already 

has a low blood pressure.53 In addition, dopamine has direct stimulatory effect on B

receptors while inhibiting presynaptic NE release.50,51,53 Dopamine at low doses also 

stimulates DA1 receptors in the kidney promoting direct vasodilation of this vascular bed 

and improving renal blood flow. At higher doses, dopamine stimulates alpha 1 receptors 

causing vasoconstriction and a pressor effect. 
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Agent 

renerg1c eceptor ctiVIty o 
Sympathomimetic Amines 

Alpha 8eta1 

Vasoconstriction Inotropy Vasodilation Vasodilation 

Norepinephrine ++++ ++++ 0 0 

Epinephrine ++++ ++++ ++ 0 

Dopamine (LD) + +++ +++ ++++ 

Dopamine (HD) ++++ ++++ ++++ ++++ 

Isoproterenol 0 ++++ ++++ 0 

Dobutamine + ++++ + 0 

Methoxamine ++++ 0 0 0 
Sonnenblick EH et al. N Engl J Med 1979; 300: 18. 

Figure 12 

Phosphodiesterase inhibitors, such as amrinone and milrinone, have some distinct 

advantages over B-agonists 29,63-72: 1) Milrinone is less subject to tachyphylaxis from B

receptor downregulation (Figure 13) 63 2) Phosphodiesterase inhibition in the periphery 

leads to vasodilation producing after load reduction. 63,64, 72 This is much like combining 

dobutamine with nitroprusside. This leads to a greater reduction in wedge pressure and less 

effect on myocardial oxygen consumption (Figure 14).63 3) Milrinone is much more 

effective in the presence of B-blocker therapy as rnilrinone is not as dependent on the 

presence of intact-unoccupied B-receptors 73 4) Milrinone reduces RV afterload better than 

dobutamine.71 Despite the better energetics of rnilrinone 63, it is still very arrhythmogenic 

due to higher cAMP levels.65 
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I Change in +dP/dt in Response to Dobutamine and Milrinone I 
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Figure 13 
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MV02 (ml Oimin) 

Monrad et al. Circulation 1986; 73 (Suppl III): 111-168 

Figure 14 

Pressors- The prototypical pressor is norepinephrine (levophed). Other pressors 

include methoxamine and high dose dopamine.53 Levophed increases BP by alpha1 

vasoconstriction. While BP increases, so does afterload and rate-pressure product. This 

theoretically results in: 1) increased myocardial oxygen consumption 2) little improvement 

in stroke volume as positive inotropic effects are counterbalanced by increased afterload 3) 

and can potentially result in ischemia in cardiac and non-cardiac tissues. Thus, 
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norepinephrine should be reserved for code situations or severe hypotension where re

establishment of a BP is critical. 

Methoxamine is an alpha agonist without B-agonist properties. While this will result 

in an increase in BP and afterload, it will also result in a reduction in stroke volume as 

inotropy is not augmented much while afterload is increased substantially. 

High dose dopamine results in stimulation of the alpha receptors as well as B

receptors. This produces both positive inotropy as well as vasoconstriction. Like 

norepinephrine, this produces an increase in BP and afterload that can result in ischemia 

and little improvement in stroke volume. Thus, high dose dopamine should be reserved for 

code situations or severe hypotension where re-establishment of a BP is critical. 

Additional measures- In addition to pharmacologic therapy outlined, the patient may 

benefit from the following measures: 1) the patient should receive a 1.5-2 gm Na+ diet 2) 

any NSAIDS should be stopped as inhibition of renal production of prostacyclin in the 

afferent blood supply may result in vasoconstriction which can worsen renal perfusion 

(especially in the presence of ACE inhibitors and poor stroke volume to begin with) 74 3) 

all calcium channel blockers (except amlodipine used to treat refractory hypertension or 

angina) should be stopped 75,76 4) consider the need for revascularization in patients with 

severe coronary disease (especially if diastolic dysfunction prominent) 5) try to maintain 

sinus rhythm 6) consider mechanical devices (LV AD or IABP) as bridges to more 

definitive therapy or with the hope of remodeling the ventricle 77 7) consider mitral repair 

78 8) consider transplant. 

Summary- The ·treatment of acute heart failure must be designed to achieve the goal 

(reduce preload, improve stroke volume, maintain BP) at the least expense to energetics 

(MV02). 

16 



Medical Therapy for AHF 

Agent PCW sv 

Nitrates 

Nitroprusside 

Dobutamine 

Levophed 

Epinephrine 

Isoproterenol 

Dopamine (LD) 
Dopamine (HD) 

Milrinone 

HR SBP MV02 Effectiveness 

Figure 15 

in presence of 
6-blockers 

+++ 
+++ 
+ 
+ 
+ 
+ 
+ 
+ 

++ 

As is evident from Figure 15, nitrates, nitroprusside, and diuretics reduce 

pulmonary capillary wedge pressure (PCWP) without increasing MV02. In fact, MV02 

falls in response to these agents due to reduced wall stress, making these energetically 

favorable interventions. If PCWP needs to be reduced and stroke volume is adequate (>25 

ml/m2), diuretics would be the agent of choice. If PCWP is high and stroke volume is low, 

nitrates or nitroprusside should be used. These agents should be the first therapy given to 

reduce wedge pressure unless the patient has symptomatic hypotension (Figure 16). If this 

does not achieve the goal, then either dobutamine can be added to nitroprusside or 

milrinone can be given. 
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Algorithm for Acute HF Treatment 

ReducePCWP 

Nitroprusside 
Milrinone 
Dobut+NP 

Goal of Therapy 

Milrinone 
Dopamine (low) 

}..,igure 16 

If the goal is to improve stroke volume, and the PCWP is low (<10 mmHg), fluids 

should be given to reach a PCWP of 15 to 18 mmHg. If PCWP is adequate (i.e. > 20 

mmHg), nitroprusside will improve stroke volume without increasing MV02. Thus, this 

agent should be the first therapy given to improve stoke volume unless the patient has 

symptomatic hypotension (Figure 16). If this does not achieve the goal, then either 

dobutamine can be added to nitroprusside or milrinone can be given. Low dose dopamine 

can be added to maintain renal perfusion in cases where low stroke volume has resulted in 

elevations in BUN and creatinine. 

If the goal is to maintain BP in a patient with SYMPTOMATIC hypotension (altered 

mentation, oliguria, shock), dopamine moderate to high doses should be used. If the 

patient is unresponsive, norepinephrine can be used. However, norepinephrine can result 

in limb and cardiac ischemia, increased afterload, and arrhythmias. 
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