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Excitation-Contraction coupling 



Expert Opin. Biol. Ther. 2010;10:29-41 

Alterations  

in Excitation-Contraction coupling 



Systolic vs. Diastolic 

 
 Diastolic dysfunction 

 EF normal or increased 
 Hypertension 
 Due to chronic replacement fibrosis & 

ischemia-induced decrease in 
distensibility 

 Systolic dysfunction 
 EF < 40% 
 Usually from coronary disease 
 Due to ischemia-induced decrease in 

contractility 
 

 Most common is a combination of 
both  



Three Pathophysiological Causes 
of Heart Failure 

 Increased work load (pre & afterload) 

 

 Myocardial Dysfunction 

  (systolic and/or diastolic) 

 

 Decreased Ventricular Filling 



Afterload 

(arterial pr.) 

Vasodilators 

ACE inhibitors 

ARBs 

Preload 

(venous pr.) 

Diuretics  

Nitrates 

Contractility 

Inotropics 

Determinants of Stroke Volume 



Heart Rate 

Cardiac Output = Stroke Volume 

x 



Compensatory Mechanisms 

 Increased Heart Rate 

 Sympathetic = Norepinephrine 
 

 Dilation 

 Frank Starling = Contractility 
 

 Neurohormonal Activation 

 Redistribution of Blood to the 
Brain 



Decompensation 

Increased Pulmonary Venous Pressure 
(PAWP) 

 

 

 

Interstitial Edema 

 

 

 

Alveolar Edema 



Symptoms are Just the Tip of the Iceberg 

Orthopnea 

Dyspnea 

Fatigue 

Edema 

Abnormal LV function (systolic and/or diastolic) 

LVEDP + impaired volume regulation 

Increased LA and LVEDP 

Increased PCWP (congestion) 

Increased PA pressure 

Increased RV and RA pressure 

Systemic congestion  

(JVD, edema) 
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심부전 개념의 변화 

Cardiorenal 
Digitalis and 

diuretic to perfuse 

kidneys 

Hemodynamic 
Vasodilators or 

positive inotropes 

to relieve ventricular 

wall stress 

Neurohormonal 
ACE inhibitors, ARBs 

beta-blockers,  

Aldosterone antagonist 

and  

other agents to block 

neurohormonal  

activation 

   1940s     1960s       1970s      1990s - 2000 

Pepper, Arch Intern Med 1999. 



CHF Vicious Cycle 
(Simplified) 

Myocardial Injury 

CO 

LVEDP 

Neurohormonal activation 

RAAS, SNA 

Ventricular remodeling 

Vasoconstriction 

Na+, H2O retention 



Acute Exacerbations May Contribute  
to CHF Progression  

Gheorghiade M, et al. Am J Cardiol. 2005;96:11G-17G. 



Cardiac remodeling 

Stage B,C,D Stage B,C,D 

 Stage A 

Dilated 

cardiomyopathy 
Hypertensive 

or diabetic heart  

disease 

LV dilatation, Globular shape 
Systolic LV dysfunction 

Mitral regurgitation 

Normal cavity size, Concentric LVH 

Diastolic dysfunction 

Enlarged left atrium 

Jessup, Brozena. NEJM 2003;34

8:2007 





만성 심부전의 약물 치료 

• Key Drugs 

• Key Issues 



Optimal Medical Treatment  

is very important ! 

Congestive Heart Failure 



Current  

Medical Treatment  

for Heart Failure 

• ACE inhibitors/ARBs 

•  - blockers 

• Spironolactone 

• Diuretics 

• Digitalis 

•  Hydralazine/nitrates 

•  Others 



• ACEIs or ARBs 
  - blockers 

• Treat risk factors 
• Avoid toxics 
• ACEIs or ARBs 
      in selected pts. 

in selected patients 

• Palliative therapy 

• Mech. Assist device 

• Heart Transplant 

• ACEIs 

  - blockers 

• Diuretics  

Current Medical 

Treatment  

in the Evolution  

of Heart Failure 

A 

B 

C 

D 
in selected patients 

• Aldosterone antagonist 

 ARBs 

• Digitalis 

• Hydralazine/nitrates  

ACC/AHA HF guidelines 2009 



Practical Use of Diuretics 

• Optimal use of diuretics is the cornerstone for  treatment    

  of HF 

 

• All pts. who have current evidence of, and with prior   

  history of fluid retention 

 

• Generally, combined with RAS blockers and -blockers,  

  and moderate dietary sodium restriction(3-4 gm/d) 

   

• No long-term studies for diuretics effects on morbidity  

  and mortality of HF 



1. Bisoprolol  CIBIS II study 

2. Metoprolol succinate(sustained release) 

     MERIT HF study 

3. Carvedilol  CAPRICORN, US Carvedilol study 

Three -blockers  

: effective in mortality reduction  in pts. with CHF   

 One of these 3 blockers should be given  

in all pts. with Stage C HF. 

Practical Use of -blockers  



Which patients are sufficiently stable  

to be considered  

for treatment with a –blockers ? 

1. Not patients in CCU 

2. Not patients with volume overload evidence 

3. Not patients have required recent treatment 

with intravenous inotropic agent 

 Start at very low doses,  

followed by gradual increments (2 wks) 

to target dose or maximal tolerable dose (?) 



4 types of adverse reactions  

of -blockers  

1.Fluid retention and worsening HF 

2.Fatigue 

3.Bradycadia and heart block 

4.Hypotension 



2009 ACC/AHA Guideline 



Dose-response benefit 
(MOCHA Study)  

Bristow MR, et al. Circulation 1996. 

http://circ.ahajournals.org/content/94/11/2807/F5.large.jpg
http://circ.ahajournals.org/content/94/11/2807/F8.large.jpg




Practical Use of ACEIs 

• All pts. with all NYHA classes of HF due to LV 

dysfunction, unless contraindicaiton to their use.  

 First choice of drug ! 

 

• No differences among available ACEIs on symptoms or  

  survival. (captopril, enalapril, lisionopril, perindopril,   

  ramipril and trandopril) 

 

• Should be initiated with lose doses, until maximal dose. 

 

• Abrupt withdrawal of ACEIs can lead to clinical  

  deterioration of HF and should be avoided. 

 



Dose-response benefit ? 
(ATLAS Study)  



• Consider ACEI-intolerant HF patients. 

 

• Benefit in morbidity and mortality-but not mortality      

  alone, reasonable alternative, compared with ACEIs, 

  (Valsartan, Candesartan). 

 

• Less frequent angioedema. 

 

• Addition of an ARB to an ACEI (CHARM-added & Val-  

  HeFT) reduce hospitalization, but controversy for  

  all-cause mortality reduction 

Practical Use of ARBs 



ARBs in Heart Failure 



Higher Doses of Losartan are More 
Effective ? 

ELITE II 
mean dose:  41 mg 

RENAAL 
mean dose:  86 mg 

HEAAL 
losartan 50 mg  
vs. 150 mg LIFE 

mean dose:   
82 mg 

OPTIMAAL 
mean dose:   
45 mg 
 

Lancet 2000; 355:1582-87                               N Engl J Med 2001; 345:861-69          
Lancet 2002; 360: 752-60          Lancet 2002; 359:995-1003 

Lancet 2009; 374: 1840–48  

Negative  Positive 



HEAAL Study 
  (Death or Hospitalization for HF) 
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Losartan 50 mg

Number of patients at risk

Hazard ratio:  0.90,  p=0.027
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P=0.027 

Years 
1646                   1422                     1277                       1126                       644 

1684                    1493                     1344                       1205                       711 



Who is first ? 

ACEI/ARB or Beta blockers ? 

CIBIS III trial 

Willenheimer R, et al. Circulation 2005 

It may be as safe and efficacious  

to initiate treatment for CHF with bisoprolol as with enalapril. 

Inhibit cardiac remodeling Antiarrhythmic effect 



Practical Use of Aldosterone antagonist 

• Add low dose aldosterone antagonist should be considered in 

carefully pts. with mild to severe HF (EF  35%, NYHA II-IV) or pts. 

with LV  dysfunction early after MI. 

 

• Should not be given when renal clearance is less than   

  30 mL per minute. (Cr >2.5 or K+ >5.0) Hyperkalemia ! 

• f/u lab : within 72hr, 1 wk, 1 M, 3 M, q 3 M 

 

• RALE study : 30 % RRR of mortality, 35% RRR of HF   

  hospitalization over 2 yrs in low doses of spironolactone(12.5 – 25 

mg/d) were added to ACEI therapy in HF. 

• EPHESUS study 

: selective aldosterone antagonist, eplerenone , Post-MI HF patients 



Hyperkalemia Risk Groups 

• Elderly 

• DM w/ renal disease 

• NSAID 

• Low furosemide requirement 

If dehydration, vomiting, diarrhea,  

recommend careful monitoring K+ level ! 



EMPHASIS-HF 

Zannad F, et al. N Engl  J Med 2011. 

NYHA II CHF, EF   35 %, eplerenon (up to 50 mg/d) 

Adjusted HR 0.63 (P<0.0001) 

Placebo 

Eplerenone 

Placebo 

Eplerenone 

Adjusted HR 0.76 (P<0.0081) 

CV Death All-cause Death 



Practical Use of Digoxin 
•  Benefit for V. rate control in pts with HF and A. fib 

 

• Consider adding in symptomatic pts. with NSR   

  during therapy with diuretics, an ACEI and -blocker. 

  

• No effect on mortality reduction and asymptomatic HF  

   pts. with NSR 

 

• More than 1.0 ng/ml  deleterious CV effect in long-term 

 

Class I drug (2001)  Class IIa drug (2005) 



HF with renal insufficiency 

SCr > 3.0 mg/dL 일 때는, 

심부전 약물 치료 효과를 방해하고 

부작용을 일으킬 확률이 높으므로  

주의를 요한다.  

ACC/AHA HF guidelines 2009 



COPD in HF patients 
• COPD is an independent risk factor of mortality and  

  CV morbidity in HF 

ACEIs and Beta-blockers ? 

Recommend Beta-1 selective blockers in all pts with COPD + CHF  

Avoid during exacerbation of COPD and bronchospasm 



Clinical trials in HF-PSF 

Trial End Points Outcomes 

CHARM-Preserved CV death & hospitalisation 

No difference in death. 

Candesartan reduced 

hospitalisation 

I-PRESERVE Mortality & hospitalisation 
No differences in all cause mortality 

and CV hospitalization 

PEP-CHF 
All-cause mortality and CV 

hospitalisation 

Reduced mortality and CV 

hospitalisation vs. placebo at 1 yr 

TOPCAT 
All-cause mortality and CV 

hospitalisation 
Not yet reported 

SENIORS 
All-cause mortality and CV 

hospitalisation 

Reduced mortality and CV 

hospitalisation in 10mg dose group 

vs. placebo 

beta-PRESERVE 
Hospitalization for heart 

failure and CV death 

Not yet reported 

 



All-cause mortality 

HF rehospitalization 

Shah RV, et al. J Card Fail 2010 



 ESC guidelines on management  
of HF-PEF 

 No treatment has official indication to date  

 Therapeutic guidelines of the ESC: 

 Diuretics : control sodium and water retention 

and releive breathlessness and edema 

 Control HTN and myocardial ischemia 

 Control ventricular rate in AF 

 Verapamil : may improve exercise capacity 

and Sx in small studies 



HF w/ PEF 

ACC/AHA HF guidelines 2009 
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수축기 기능이  유지된 심부전 
환자의 치료? 



 New directions in the medical 
treatment of HF 

Neurohormonal blockade  Heart rate reduction  

• Oral renin inhibitor 
: ALOFT, ASPIRE, ASTRONAUT 

  ATMOSPHERE study.. 

 

• Omapatrilat 
: vasopeptidase inhibitor, angio-edema(+) 

 

• LCZ696 
: AR-neprilysin inhibitor, angio-edema(-)  

  PARADIGM-HF study 

 

• Vaptan 
: vasopressin antagonist 

  EVEREST study 

 

 

 

Systolic Heart failure treatment with 

the If inhibitor ivabradine Trial 

0 6 12 18 24 30 
Months 

40 
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Lancet. Online 29-08-2010 

- 18% 

Cumulative frequency (%) 

Ivabradine 

Placebo 

CV death or  

HF rehospitalization 

HR = 0.82   p<0.0001  



" The management of HF should be aimed 

at preventing or delay the progression of  

left ventricular dysfunction by understanding 

pathophysiology of HF,  

no longer be confined to the relief of 

symptoms " 

 Epilogue 



Appreciate  
Your Attention !! 


