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At completion of this educational session, the participant 
will be able to: 

Learning Objectives: 
After attending this lecture, participants should be able to: 
          Correlate selected cardiovascular structures with functional elements of the          

cardiovascular system 
          Discuss the definitions, etiology, pathophysiology, and clinical manifestations of HF 
         Compare and contrast the American College of Cardiology Foundation (ACCF),      

American Heart Association (AHA), and the New York Heart Association (NYHA) classes of HF 
           Examine specific SWG ICD-10 DRGs related to HF 
           Integrate the nursing process and collaborative treatment/management of HF 
           Evaluate current innovations in treatment strategies for patients with HF 



Why I am here… 

Nursing advocacy is a necessary part of providing good 
patient care 

 
84% of new medications are ordered as a result of nurse 

advocacy behaviors. 
 

*Davidson, Critical Care Medicine 2000; 28:A103 

 



Heart Failure: 
Natural History and Prevalence 

Presenter
Presentation Notes
This section will cover the natural history, prevalence, and economic burdens of heart failure.



Why we need to talk about HF 

 CHF is the first-listed diagnosis in 875,000 hospitalizations, and the most 
common diagnosis in hospital patients age 65 years and older. 

 In that age group, one-fifth of all hospitalizations have a primary or 
secondary diagnosis of heart failure. 

 More than half of those who develop CHF die within 5 years of diagnosis. 
 Heart failure contributes to approximately 287,000 deaths a year. 
  80 percent of the 3,241 hospitals CMS evaluated this year will face 

penalties for readmissions 
 
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.htm 
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties 
 

https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.htm
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties
https://www.advisory.com/daily-briefing/2017/08/07/hospital-penalties


Five year survival 



Cancer rates—CHF is worse than… 
Colo-rectal                       64%  
Larynx                               62% 
Breast                                90% 
Cervical                            66% 
Prostate                             98% 
Ovarian                             52% 
Testicular                           96% 
Hodgkins & Non-Hodg.   85%/57% 
Thyroid                              98% 
Melanoma                        89% 
Oral                                   65% 

5-year survival rates 

SEER Statistics, National 
Cancer Institute, 2015 

https://seer.cancer.gov/csr/1975_2015/results_merge
d/topic_survival.pdf#search=5%20year%20survival%

20rates%20for%20cancer 



HF patients-who are they? 



Causes of Heart Failure 

 Coronary heart disease – relative risk 8.1; overall PAR 62 percent, 68 percent in men and 56 percent in 
women. 
 

 Cigarette smoking – relative risk 1.6, PAR 17 percent. 

 
 Hypertension – relative risk 1.4, PAR 10 percent. 

 

 Obesity – relative risk 1.3, PAR 8 percent;  
 

 Diabetes – relative risk 1.9, PAR 3 percent. 

 
 Valvular Heart Disease- relative risk, 1.5, PAR 2 percent 
PAR=population attributable risk  
https://www.uptodate.com/contents/epidemiology-and-causes-of-heart-failure 

Presenter
Presentation Notes
CHD, hypertension, DM, obesity, and smoking are responsible for 52% of incident HF cases in the populationAlthough Hispanic patients hospitalized with HF were significantly younger than NH whites, the prevalence of DM, hypertension, and overweight/ obesity was higher among them.  



Most Common Comorbid Conditions 

Cardiovascular / Cerebrovascular: CHF – Acute (or Acute on 
Chronic); Systolic or Diastolic Cor Pulmonale, Acute CVA / 
Stroke / Cerebral Infarct or Hemorrhage Endocarditis / 
Myocarditis, Acute MI, Acute Pulmonary  

Embolism Respiratory & Infectious Disease: Aspiration 
Bronchitis, Aspiration Pneumonia HIV Disease Peritonitis 
Pneumonia, Including Viral Respiratory Failure, Acute 
Respiratory Insufficiency, Acute Postoperative Sepsis, Severe 
Sepsis, Septic Schock  



…and it’s not getting better 

The prevalence of HF continues to rise over time 
with the aging of the population. An estimated 6.5 million 
American adults ≥20 years of age had HF between 2011 
and 2014 compared with an estimated 5.7 million between 
2009 and 2012. 
Projections show that the prevalence of HF will increase 
46% from 2012 to 2030, resulting in >8 million people ≥18 
years of age with HF 



Distribution of Hospitalization 
Costs for HF 

 

31% 

35% 
9% 

8% 

6% 
5% 

3% 
3% 

ICU bed 
Non-ICU bed 
Pharmacy 
Laboratory 
Supplies 
Other Therapy 
Radiology 
Other 

Cardiology Roundtable 1998 

Presenter
Presentation Notes
Hospitalizations are the predominant contributor to costs associated with HF. The distribution of costs during the hospitalization are shown based on data collected and analyzed by the cardiology roundtable.Pharmacy costs make up only 9% of the total hospitalization costs for HF. 



Causes of Hospital Readmission for 
Congestive Heart Failure 

17% 
Other 19% 

Failure to Seek 
Care 

16% 
Inappropriate Rx 

Rx Noncompliance 
            24% 

Diet Noncompliance 
24%           

Vinson J Am Geriatr Soc 1990;38:1290-5 

Presenter
Presentation Notes
  NON-ADHERENCE “Other” includes arrhythmia-related decompensation, pneumonia, distrust of physician, acute ischemia and infections.Once admitted for decomp HF, 50% prone to readmission w/I 6 months, 20% w/I 1 month 2% w/I 2 daysAn Indiana study showed 69% were sodium indescretionNONCOMPLIANCE VS INABILITY TO COMPLY—NURSES MAKE A DIFFERENCE



DRGs for HF 

 
DRG 291 HEART FAILURE & SHOCK W MCC 
DRG 292 HEART FAILURE & SHOCK W CC 
DRG 293 HEART FAILURE & SHOCK W/O CC/MCC 
MCC- Major Complications / Comorbid Conditions  

 

 
https://www.cms.gov/icd10manual/fullcode_cms/P0136.html 



Comparing Stages of HF 



CHF Patient Population by NYHA Class 

Class I 
No limitations of physical  
activity 
Class II 
Slight limitations of physical  
activity 
Class III 
Marked limitations of 
physical  
activity 
Class IV 
Inability to carry out physical  
activities without discomfort 
and/or symptoms at rest 

Class II 
1.68 M 
(35%) 

Class IV 
240 K 
(5%) 

Class III 
1.20 M 
(25%) 

Class I 
1.68 M 
(35%) 

AHA Heart and Stroke Statistical Update 2001 

Presenter
Presentation Notes
Patients with NYHA Class III and IV HF comprise the largest population of patients hospitalized with HF.  These patients frequently require intravenous therapy once they have progressed to decompensated stages of HF.  Documented only 11% of the time



Yancy CW, Strong M. Prim Care Spec Ed. 2002;6:15 

High Risk: Hypertension, coronary artery disease, diabetes, family 
history of cardiomyopathy 

Asymptomatic LVD: Previous MI, LV systolic dysfunction, 
asymptomatic valvular disease 

Symptomatic HF: Known structural 
heart disease, shortness of breath and 

fatigue, reduced exercise tolerance 

Refractory 
End-Stage HF: 

Marked symptoms 
at rest despite maximal 

medical therapy 

A 

B 

C 

D 

Disease Progression of HF: 
ACC/AHA HF Stages 

Presenter
Presentation Notes
Disease Progression of HF: ACC/AHA HF StagesThe ACC and AHA have published joint guidelines on the diagnosis, treatment and long-term management of HF. Similar to the NYHA class designations, this staging system for HF stratifies from patients at high risk but without clinical signs of HF(stage A) to refractory end-stage disease (stage D).Similar to NYHA class III and IV, stage C and D patients are symptomatic, have demonstrated structural heart disease, and are most likely to experience an episode of ADHF. These patients are therefore most likely to benefit from nesiritide administration.Yancy CW, Strong M. Prim Care Spec Ed. 2002;6:15



Heart Failure Progression and Mortality 

Further damage 
      Excessive wall stress 
            Neurohormonal activation 
                     Myocardial ischemia  

            <5%              10%           20 to 30%        30 to 80% 

Progression 

ANNUAL MORTALITY 

Asymptomatic            Mild              Moderate              Severe 

Left Ventricular Dysfunction and Symptoms 

Mechanism of death 
      - Sudden death       40% 
             - Worsening CHF      40% 
                     - Other        20% 
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O’Connell JB. Clin Cardiol. 2000;23(suppl 3):S6-S10. 

 

Presenter
Presentation Notes
Heart failure follows a progressive pattern in each patient, and the risk of death increases with theadvancing severity of left ventricular dysfunction and symptoms. Once the severe stage is reached, thepatient has suffered irreversible damage to the heart, and mortality reaches 80%.1As a patient’s heart failure progresses, hospitalization for decompensation is inevitable.Reference:O’Connell JB. The economic burden of heart failure. Clin Cardiol. 2000;23(suppl 3):S6-S10.



Heart Failure: 
Pathophysiology, Diagnosis,  
and Hemodynamic Targets 

Presenter
Presentation Notes
CHF is a story about mystery, intrigue, and murderCHGF



Progression of Heart Failure 

Shah M, Ali V. Rev Cardiovasc Med. 2001;2(suppl 2):S2–S6. 

 

Myocardial dysfunction Diminished  
renal 

blood flow 

Diminished cardiac output 

Renin release 

Angiotensin II 

Aldosterone 

Increased  
sympathetic 

activity 

Vasoconstriction 

Increased  
force 

and rate of 
myocardial  
contraction 

Increased 
cardiac 

workload 

Renal 
retention  

of 
sodium  

and water 

Increased 
venous 
return 

Edema 

Presenter
Presentation Notes
Vasoconstrictive and antinatriuretic neurohormones are beneficial in the short-term setting ofdecompensation, but their long-term effects are detrimental. Prolonged vasoconstriction and fluidretention force the heart to work harder, which leads to ventricular remodeling and worsening heartfailure.1Reference:Shah M, Ali V, Lamba S, Abraham WT. Pathophysiology and clinical spectrum of acute congestive heart failure. Rev Cardiovasc Med. 2001;2(suppl 2):S2-S6.



What is heart failure? 
•The failure of the heart 
to pump blood 
adequately. 

• The heart receives a 
sufficient volume of 
blood from the 
incoming vessels but 
cannot pump it out 
adequately. 

  

Presenter
Presentation Notes
DECOMPENSATION—An acute worsening of chronic HF—dyspnea, orthopnea and peripheral edemaAcute decom HF—increased systemic vascular resistance due to excess vasoconstriction is met with insufficient systolic and diastolic myocardial functional reserve leading to acute afterload mismatch and a redistribution of fluid to the lungs



Right and Left sided HF 

 Right sided—the right ventricle cannot pump 
out enough blood causing fluid to leak out at 
the capillary level, leading to  systemic 
edema. 

 
 Left sided-left ventricle can’t                                  

pump out enough blood, causing                  
pulmonary edema. 

Presenter
Presentation Notes
Right sided—also called diastolic and left is systolic



•Coronary heart disease 

•High blood pressure over a period of 
years 

•Heart valve disease 

•Infections, such as viruses 

•Diseases of the pericardium 

•Myocarditis 

•Chemotherapy 

•Untreated chronic tachycardia 

•Connective tissue disease 
 

•Peripartum cardiomyopathy 

•Neuromuscular disease 

•Bradycardia 

•Hyperthyroidism 

•Pericardial tamponade 

•Birth defects 

•Radiation 

•Severe anemia 

•Hypothyroidism 

•Excessive alcohol drinking 

Living longer 
Surviving heart attacks 

obesity 
Worsening diets 

High 
blood 
pressure 

Primary Causes of Heart Failure 



How the body 
compensates…part 1 

    Activation of the Sympathetic Nervous System 
    Increase HR, contraction, vasoconstriction (BP) 

(causes increased myocardial oxygen demand) 

 
 Long term effects— 
             “down regulation” 
 Chronic- “remodeling” 

Beta blockers 

Presenter
Presentation Notes
Sympathetic—due to fall in C.O. barorecetpros in the carotid sinus and aortic arch—activate beta receptors…allows for rapid response to loss of circulating volumeDownregulation-decrease sensitivity to catecholamines (reduced response)Remodeling—strain causes thickening then distention (myonecrosis) ineffective contractions



Ordinary striated cardiac 
myocytes 

Presenter
Presentation Notes
Chronic heart failure results in changes to the ventricular size, shape, and dimension. This process iscalled ventricular remodeling. The heart tries to compensate for the fall in stroke volume by dilating theventricular chamber to increase intraventricular volume. The increase in volume does initially increasecardiac output, but at the cost of increasing ventricular filling pressures and wall stress, which leads tofurther remodeling and worsening heart failure.1,2Remodeling occurs at the cellular level, involving myocyte hypertrophy and elongation, myocyte death,fibroblast proliferation, fibrosis, and increased collagen formation. Persistent neurohormonal activationaggravates the process. Angiotensin II increases the synthesis of myocardial fibroblasts and myocytes.Aldosterone stimulates collagen synthesis. Norepinephrine is directly toxic to myocytes. Therefore,suppressing neurohormones may be an effective way of slowing down remodeling. This is importantbecause the more remodeling that has taken place, the higher the risk of progressive heart failure andsudden death a patient faces.1,2References:Cohn JN, et al. Cardiac remodeling—concepts and clinical implications: a consensus paper from an international forum on cardiac remodeling. On behalf of an international forum on cardiac remodeling. J Am Coll Cardiol. 2000;35:569-582.Shah M, Ali V, Lamba S, Abraham WT. Pathophysiology and clinical spectrum of acute congestive heart failure. Rev Cardiovasc Med. 2001;2(suppl 2):S2-S6.



Cardiac myocyte disorganization 

Presenter
Presentation Notes
   Patients with HCM who die suddenly often have extensive areas of cardiac myofiber disorganization (33). It has been speculated that the widespread myofiber disorganization may function as a substrate for abnormal electrical conduction and thus contribute to the genesis of ventricular arrhythmias (34).   It has also been noted that the degree of cellular disorganization is significantly less in the hearts of patients with end-stage, dilated phase of HCM in whom progressive wall thinning has occurred. It has been speculated that regions of LV with cellular disorganization may more selectively undergo scarring and thus contribute to the development of systolic dysfunction. Cellular disorganization may also contribute to impaired LV diastolic function (35).

http://www.fac.org.ar/scvc/llave/cardio-l/shirani/shiranii.htm


How the body 
compensates…part 2 

        Decrease blood flow to kidneys activates… 
    RENIN-ANGIOTENSION-ALDOSTERONE System 
 
          Renin--angiotension I-- (ACE)--angiotension II-

constricts arteries and veins 
         A II--Aldosterone-causes kidneys to retain salt and H2O 

 
 

ACE inhibitors 
ARBs 

Spironolactone 

 

Presenter
Presentation Notes
Renin-angiotension-aldosterone system-regulates salt/water homeostasisRenin released due to decrease in renal artery perfusion—converts angiotensinogen to angiotensionI, which is converted to angioension II by angiotesin-converting enzyme (ACE)Angiotension II causes renal /systemic arterioles constriction. ANG II stimulates adrenal cortex to secrete aldosterone—promotes reabsorption of NA for K+ in renal tubules, colon, sweat glands.



How the body 
compensates…part 3 

Naturetic peptides are released from atrial and 
ventricular tissue in response to volume 
expansion and rising pressure. 

Arterial and venous dilation  
Inhibition of sodium reabsorption 

Presenter
Presentation Notes
Naturetic peptides counterbalance the RAAS. Produce arterial /venous vasodilation as well as diuresis as a result of inhibition of sodium reabsorption. –in acute decompensation stored endogenous peptide is released, but cannot counteract RAAS



How the body 
compensates…part 4 

Endothelin—released by the vascular endothelium—a 
potent vasoconstrictor 

  
(especially in the kidney—reduces urine  output)  

Naturetic peptides-Bnp 

Presenter
Presentation Notes
Endothelin best works on the kidney because the reduced flow reduces urine production 



Heart Failure Signs and Symptoms  
are Insensitive and Non-specific 

Symptoms Include:   
Dyspnea              Shortness of breath 
Fatigue         Feeling of tiredness 
Peripheral Edema   Swelling of legs and ankles 
Orthopnea   Pulmonary congestion 
Weight gain    Due to fluid retention 
Rales    Abnormal lung sounds     

  

Presenter
Presentation Notes
HF symptoms are non-specific and relatively insensitive. Frequently, establishing the diagnosis of HF is clinically challenging. 



Current Treatments for ADHF 

Diuretics 

Reduce 
Fluid 

Volume 

Vasodilators 

Decrease 
Preload 

and 
Afterload 

Inotropes 

Augment 
Contract- 

ility 

  

  
Decrease 
Preload 

and 
Afterload;  
Reduce  

Fluid  
Volume 

 

Presenter
Presentation Notes
Current Treatments for ADHFDiuretics, vasodilators, and inotropes for management of acute and chronic decompensation have been available for long time.



Treatment for the last 20 years 

Diuretics (and potassium) 
Vasodilators (especially ACE inhibitors) 
Nitrates 
Digoxin 
Beta blockers 
Inotropes 
Surgery (transplant, valve replacement, etc.) 
Cardiac resynchronous pacing 
 

 Why we are failing… 

Presenter
Presentation Notes
Surgeries in late 90’s, beta blockers in 90’s. ace inhibitors in 90’s



Don’t forget about me… 

The kidney mediates much of the abnormal 
physiology of CHF, 

 is victimized by CHF, 
 and limits the therapy of CHF 



The murderous marriage  

With a decrease in cardiac output,  
the fight begins—angiotension II 

cardiac output and  systemic vascular 
resistance   results in renal perfusion 

 renal perfusion associated 
 with GFR 
 and renal excretion of 
 sodium and water 

intravascular volume and neurohormonal 
toxins accelerates ventricular remodeling 
and                        
decreases cardiac output and renal 
perfusion 

Cycle starts again 

Presenter
Presentation Notes
Cardiorenal syndrome when Cr >0.3 mg/dl  during tx of CHF…CRS is common and assoc. with poor outcomes.



Diuretic Resistance 

 Decreased perfusion of kidney results in decreased delivery of loop 
diuretics 

 Decreased GFR results in decreased filtered load of sodium 
 Volume depletion activates plasma renin activity and stimulates SNS 
 Increased proximal tubule reabsorbtion of sodium, particularly in setting 

of elevated AII and elevated catecholamine levels 
 Increased distal reabsorbtion of sodium, stimulated by aldosterone 
 Associated with tubular hypertrophy: resetting basal rates of sodium 

reabsorbtion. 
 Thiazide diuretics may be used 

GFR=glomerular filtration rate, SNS=sympathetic nervous system 

Presenter
Presentation Notes
This is why loop diuretics are first line followed by thiazide diuretics



Proximal Tubule 
Ang II increases Na 
reabsorption 

Collecting Duct 
Aldosterone 
increases Na 
reabsorption 

Glomerulus 
Norepinephrine, 
endothelin, Ang II 
decrease renal blood flow 
and GFR 

Neurohormonal Actions Influencing  
Diuretic Action 

Presenter
Presentation Notes
Neurohormonal Actions Influencing Diuretic ActionDiuretic resistance and refractoriness in HF patients are due to several factors:Avid sodium and water reabsorption in the proximal tubule due to the effects of Ang II. Loop and thiazide diuretics work distal to the proximal tubule, where the majority of sodium and water has already been reabsorbed. Therefore, loop and thiazide diuretics have less substrate (tubular sodium and water) on which to exert their effectsRenal vasoconstriction mediated by norepinephrine, endothelin-1, and Ang II can lead to reduced glomerular filtration rate. As a result, the ability of most diuretics to get to their site of action in the renal tubules is reducedHigh levels of aldosterone contribute (to a lesser extent) to sodium reabsorption



Effects of hBNP on the Kidneys 

1. hBNP causes vasodilatation of the 
afferent arteriole 

2. Vasodilatation of afferent arteriole 
causes an increase in GFR 

3. Increase in GFR causes greater 
renal perfusion allowing more 

diuretic to get to site of action—
therefore,  less diuretic is needed 

4.  hBNP physiologically  reverses the 
negative effects of the RAAS 

Presenter
Presentation Notes
Neurohumoral activation results in an excess of vasoconstrictors—those in the SNS and the RAAS, as well as Endothelin—which increase afterload and preload by retention of salt and water and also have direct effects on the kidney. The hormones of the Natriuretic Peptide System (atrial natriuretic peptide and B-type natriuretic peptide) act in opposition to the RAAS to unload the left ventricle and promote vasodilation, natriuresis, and diuresis.



Rapid Assessment of Hemodynamic 
Status 

Congestion at Rest 

Low 
Perfusion 

at Rest 

No 

No Yes 

Yes 

Warm & Dry 
PCWP normal  

CI normal  

 

Warm & Wet 
PCWP elevated 

CI normal 

Cold & Wet 
PCWP elevated 
CI decreased 

Cold & Dry 
PCWP low/nml 
CI decreased 

 

Signs/symptoms  
of congestion 
Orthopnea/PND 
JV distension 
Ascites 
Edema 
Rales (rare in CHF) 

Possible evidence of low perfusion 
Narrow pulse pressure  
Sleepy/obtunded  
Low serum sodium  

Cool extremities 
Hypotension with ACE inhibitor 
Renal dysfunction (one cause) 

Fonarow GC. Rev Cardiovasc Med. 2001;2(suppl 2):S7-S12. 

Presenter
Presentation Notes
There are 4 basic hemodynamic profiles of patients with advanced heart failure. The majority (90%) of patients presenting with acutely decompensated heart failure are volumeoverloaded (“wet”). These patients may have a cardiac index that is unchanged or decreased. Mostpatients with a decreased cardiac index have elevated systemic vascular resistance (SVR), although aminority have unchanged or low SVR.1The signs and symptoms of congestion include orthopnea, jugular venous distention, ascites,peripheral edema, and rales, although rare in heart failure. Signs and symptoms of low perfusioninclude narrow pulse pressure, low serum sodium, cool extremities, and decreased mental status.Hypotension with an ACE inhibitor and renal dysfunction can also constitute evidence of lowperfusion.1Reference:Fonarow GC. The treatment targets in acute decompensated heart failure. Rev Cardiovasc Med. 2001;2(suppl 2):S7-S12.



Patient Selection and Treatment 
 

Warm & Dry 
PCWP normal  

CI normal  
(compensated) 

 

Warm & Wet 
PCWP elevated  

CI normal 

Cold & Dry 
PCWP low/normal 

CI decreased 
  

 

Cold & Wet 
PCWP elevated 
CI decreased 

 
 

Congestion at Rest 

Low 
Perfusion 

at Rest 

Natriuretic  

peptides 

  

 

or 
 

Vasodilators 

(Nitroprusside) 
(Nitroglycerin) 

Inotropic Drugs 

(Dobutamine) 

  

High SVR Normal SVR 

No 

No 

Yes 

Yes 

Presenter
Presentation Notes
Drugs that vasodilate would be expected to have therapeutic benefits for “wet and warm” patientsand the majority of “wet and cold” patients. Drugs that vasodilate would be expected to have therapeutic benefits in the “wet and warm” and the majority of “wet and cold patients.”  Although intravenous intropic therapy is often employed to reduce filling pressures and improve cardiac output, intravenous vasodilator therapy in the setting of vasoconstriction can often achieve similar results without the risks of aggravating ischemia and arrhythmias, and with easier transition to oral vasodilator regimens.Patients who are “warm and dry” are compensated and do not require inotropic therapy. Patientswith signs of systemic hypoperfusion who are “cold and dry” would be expected to derive therapeuticbenefit from inotropic agents.1



Ideal agent for decompensated 
heart failure 

 Vasodilatation (venous and arterial) 
 Rapidly decreases ventricular filling pressures 
 Rapidly decreases symptoms of congestion 
 Not chrono-or inotropic (O2 demand) 
 No tachyphylaxis 
 Provides neurohormonal suppression 
 Promotes diuresis/natriuresis 



Natriuretic Peptides:  
Pharmacokinetics and Biologic Activity  

Presenter
Presentation Notes
Section Divider Slide 



     Natriuretic Peptides: Origin and Stimulus of Release 

Peptide Primary Origin              Stimulus of Release 
 
ANP  Cardiac atria                 Atrial distension 
 
BNP  Ventricular myocardium   Ventricular overload  
 
CNP  Endothelium                  Shear stress of endothelium 
              
   

Adapted from Burnett JC, J Hypertens 2000;17(Suppl 1):S37-S43 

ANP = Atrial Natriuretic Peptide 
BNP =  B-type Natriuretic Peptide 
CNP = C-type Natriuretic Peptide 

Presenter
Presentation Notes
The human natriuretic peptide family includes three molecules similar in structure and biologic activity.  ANP (atrial natriuretic peptide) is produced primarily in the cardiac atria and released during atrial distension.  BNP (B-type or brain natriuretic peptide) is principally found in the ventricular myocardium and expressed during ventricular overload or stretch. B-type natriuretic peptide was first discovered in the brain of a pig.  CNP (C-type natriuretic peptide) if found in various tissues and its release is stimulated by shear stress of endothelium. Recently DNP (D-type natriuretic peptide) has been discovered.



The Natriuretic Peptide System is Overwhelmed  
in Acute Decompensated Heart Failure 

Adapted from Burnett JC, J Hypertens 1999;17(Suppl 1):S37-S43 

Angiotensin II 
Norepinephrine 

Endothelin 
ANP BNP 

Aldosterone 

Presenter
Presentation Notes
Physiologic effects of the renin-angiotensin aldosterone system (RAAS) and other vasoconstor systems is to increase vascular resistance and afterload. Activation of these systems also produce salt and water retention, elevating filling pressures. Angiotensin II acts on the AT1 receptor to cause vasoconstriction, sodium retention and other physiologic effects.  Interventions have been developed to prevent decompensated heart failure by blocking the the renin angiotensin system and sympathetic nervous system (e.g. ACE inhibitors and beta blockers).  Activation of the natriuretic peptide system is beneficial in heart failure. ANP and BNP cause vasodilation and sodium excretion.  In decompensated heart failure patients this system is overwhelmed. Interventions have now been developed that act on the natriuretic peptide system to augment its actions using pharmacologic dosing of B-type natriuretic peptide (BNP). The use of this therapy can restore the balance of these competing systems and be used to reverse acute decompensated heart failure.  



ANP BNP 

Endothelin 
Aldosterone 

Angiotensin II 
Norepinephrine 

Effects of Endogenous hBNP 



Diuretic   

EMS 3% No 
treatment   

Vasoactive & 
diuretic    

16% 

10% 

   

71% 

Presenter
Presentation Notes
 Society for Academic Emergency Medicine a couple of years ago looking at what happens in the emergency department; 71% of heart failure patients will get treated with a diuretic, 16% get a diuretic and a vasoactive, and 13% get no treatment whatsoever. That just intuitively doesn't sound right. A patient comes to the hospital, gets no treatment for heart failure, but gets admitted? Well when we start teasing this out, 3% came by EMS, so they got a shot of Lasix just before they arrive in the ER; you're not going to repeat it 10 minutes later. But that leaves still 10% with no reasonable explanation for why they did not get any treatment.When you start looking at that, that's probably the misdiagnosis rate, but remember, this is from the ADHERE registry, and how did they get into that? They had a diagnosis at discharge of heart failure. Anybody who was called pneumonia who turned into heart failure when they were admitted and more tests were done, they would be included in this registry. Anybody who was called heart failure, but after more tests were run were changed to a different diagnosis would be excluded, so this probably underestimates the rate of misdiagnosis by half. The misdiagnosis rate is probably accurately more like 20%.There is other literature that suggests that The Breathing Not Proper Trial, which is the largest BNP assay trial that's been done to date, showed that in 1,500 patients the misdiagnosis rate, using BNP and history, was about 18.5%. The ED becomes a very critical place to get it right.



Devices for heart failure 

Resyncronization therapy 
Bi-ventricular pacing 
Dor Procedure or SAVER 
(Surgical Anterior Ventricular 
Endocardial Restoration) 
Dynamic Cardiomyoplasty 
Enhanced External 
Counterpulsation (EECP) 

Presenter
Presentation Notes
The CorCap Cardiac Support Device, manufactured by Acorn Cardiovascular, Inc., resembles a net that is placed around and attached to the heart to support the damaged heart muscle and limit further enlargement. It provides passive support that reduces the stress on the ventricular wall. What Is SVR? Heart failure is often caused by ischemic heart disease that causes enlargement of the heart's main pumping chamber, the left ventricle. SVR means Surgical Ventricular Restoration. This surgery is for people who have had a heart attack in the anterior (front) area of their heart.�     SVR removes pieces of damaged heart muscle that do not move properly when the heart beats. This "down-sizes" the heart back to a more normal size and shape.Who Can Have SVR?People with CHF who have fairly large dysfunctional areas of heart muscle (over 35%); and have adequate muscle function in other areas of the heart (inferior and lateral); with an ejection fraction less than 35%; and with left ventricular end-systolic volume more than 60 ml/m2.How is SVR Done?The dysfunctional areas of heart muscle are identified before surgery. Echo or MUGA is used to estimate the area of dysfunctional heart muscle, and to measure how well the rest of your heart muscle is working. MRI and cath, or MUGA measures ventricle size.�     After cutting open the heart's left ventricle, damaged areas are removed and stitches used to reshape the ventricle. The now-oval opening in the ventricle is repaired and closed with a patch.�     Any needed mitral valve repair is done and any restoration of blood flow, like CABG (bypass surgery), is also done during the same surgery.How Is SVR Different From the Batista Procedure?The Batista procedure reduces heart size by removing a section that may include some good heart muscle. SVR specifically removes only parts of the heart muscle that don't contract properly when the heart beats.Why Use the CorRestore System During SVR?The CorRestore System includes a heart patch of tissue from a cow's heart with a ridged inner ring that is flexible, surrounded by a shaped outer rim. This patch was designed to fill the irregular contours of the thick-walled parts of the heart usually still damaged after a heart attack followed by angioplasty.�     The patch's features guard against leaking. The sizer tool also makes it faster and easier to tell what size patch to use.What Are the "Proven" Benefits of SVR?A 3-year trial of 662 SVR patients has been completed. The overall 3-year death rate was 11% and readmission to the hospital with heart failure was only 11%. Annual hospital admission rate for class 3 and class 4 CHF patients is usually more than 40%, and 24% are admitted at least twice each year.�     After surgery, ejection fraction rose from 30% to 40%, and left ventricular end systolic volume went down from 96 to 62 ml/m2. In the 355 patients for whom heart class was reported at the last follow-up, 91% were improved or free of congestive heart failure symptoms. At 3 years, survival was 89%.SVR-- 4. clinical improvement primarily by two mechanisms: A chronic girdling effect of the stimulated muscle wrap, which results in stabilization of the remodeling process of heart failure and, at times, a reversal of this process resulting in decrease LV dilatation, there by decreasing myocardial wall stress and myocardial oxygen demand. Active systolic dynamic assistance has been shown in some patients, as well as in canine heart failure models, to decrease myocardial stress and improve myocardial energetics. What are the clinical results of dynamic cardiomyoplasty?Overall, approximately 80 to 85% of surviving patients have shown NYHA Class improvement (1.4 classes on average). To assess the feasibility of using enhanced external counterpulsation to treat patients with heart failure, 26 patients with stable heart failure (New York Heart Association classes II-III), with a left ventricular ejection fraction at or below 35%, and without fluid overload, were treated with enhanced external counterpulsation (1 hour daily, 5 days a week, to a total of 35 hours). Patients were followed for 6 months after completing the course of enhanced external counterpulsation. The primary parameter was safety as reflected by adverse events or by changes in laboratory parameters. Secondary end points included changes in exercise capacity and quality of life. There were no clinically significant problems associated with the administration of enhanced external counterpulsation. Significant improvements were seen in exercise capacity (peak oxygen uptake and exercise duration), and in quality of life assessments, at 1 week and 6 months after the course of enhanced external counterpulsation. Dynamic cardiomyoplasty--RESULTS1.What is dynamic cardiomyoplasty?Dynamic cardiomyoplasty is a therapy for end-stage heart failure that has been applied in more than 600 patients world-wide since its clinical introduction in 1985. In cardiomyoplasty, the patient's own latissimus dorsi muscle is mobilized as a pedicle graft, wrapped around the heart, and then stimulated in synchrony with cardiac systole. The key principle behind muscle-powered cardiac assistance is that with chronic electrical stimulation, skeletal muscle can be converted from fatiguing muscle to fatigue-resistant muscle.  There were three deaths during the immediate post-operative and graft conditioning periods. One was due to cardiogenic shock associated with pulmonary infection on about the twentieth post-operative day. Another presented with cardiogenic shock and localized infection with death on the 40th post-operative day and the third death occurred in the second post-operative month due to cardiogenic shock and pulmonary emboli. In the same period, a patient in cardiogenic shock requiring an intra-aortic balloon due to a progression of the heart failure was submitted to orthotopic heart transplantation. Six patients presented with ischemia of the muscle graft and did not respond to the stimulation of a pulse generator (cardiomyostimulator). The length of the post-operative follow up of the 39 patients who completed the muscle graft-conditioning period varied from 6 to 108 months, with a mean of 46.5 months and standard deviation of 28.8 months. Twenty-eight of these patients were maintained with grafted muscle stimulation at a 1:1 mode. Eleven patients were maintained with the grafted-muscle stimulation synchronized in an intercalated manner at each two heartbeats. Twenty-nine patients died during the late follow up period. In 14 patients, death occurred due to progression of the heart failure. In 15, death was due to sudden death. Two patients were submitted to heart transplantation for progression of the heart failure in the 22nd and 26th months of follow up. The survival curve shows indices of survival of 83.7% in the first year, 37.1% at five years and 9% at 9 years of follow up after dynamic cardiomyoplasty. Analysis of this curve demonstrates a pattern of exponential fall (R2 = 0.99) Pacemakers, also known as cardiac resynchronization therapy, or CRT, have been around for more than half a century. These small devices consist of electrodes implanted into the heart that deliver electrical impulses to regulate heartbeat. Two other main classes of devices are implantable cardiac defibrillators, or ICDs, which work similar to pacemakers, using electricity to correct irregular heart beats; and ventricular assistance devices, or VADs, supplementary pumps that help the heart pump blood.



Medications  
  ACE: A ARB: A      The clinical strategy of inhibition of the renin-angiotensin system with ACE 

inhibitors (Level of Evidence: A) (9–14), OR ARBs (Level of Evidence: A) (15–18), OR ARNI (Level of 
Evidence: B-R)(19) in conjunction with evidence-based beta blockers (20–22), and aldosterone 
antagonists in selected patients (23,24), is recommended for patients with chronic HFrEF to reduce 
morbidity and mortality.ARNI: B-R 

 ARB: A    The use of ARBs to reduce morbidity and mortality is recommended in patients with prior 
or current symptoms of chronic HFrEF who are intolerant to ACE inhibitors because of cough or 
angioedema (15–18,27,28). 

  
ACE: A    The use of ACE inhibitors is beneficial for patients with prior or current symptoms of 
chronic HFrEF to reduce morbidity and mortality (9–14,25). 

  
ARNI: B-R    In patients with chronic symptomatic HFrEF NYHA class II or III who tolerate an ACE 
inhibitor or ARB, replacement by an ARNI is recommended to further reduce morbidity and 
mortality(19). 

 Level C  Diuretics –loop diuretics with evidence of fluid retention  
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ARNI—angiotension receptor- neprilisyn inhibitor (sacubitril/valasartan= Entresto)Not all HF pts need diuretics 



Key Nursing Treatment for HF 
 Rapid triage to appropriate environment for safe clinical care: coronary care 

unit, cardiology ward, general medical ward 
 Objective monitoring for change in signs and symptoms suggestive of 

response to treatment. Promptly identify and address relevant changes in 
clinical status 

 Discharge planning and referral to a multidisciplinary disease management 
program  

 Anxiety of the patient should be addressed by promptly answering questions 
and providing clear information to the patient and family. 

 Ensure effective and consistent communication between the patient and/or 
family and multi-disciplinary team 

 End of life care 
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Mortality is high in patents discharged from hospital following an acute heart failure admission. Despite advances in care about 14 % of patients still die within six months of hospital discharge.



ACEs and ARBs 

Angiotension II receptor blockers 
 Azilsartan (Edarbi) 
 Candesartan (Atacand) 
 Eprosartan. 
 Irbesartan (Avapro) 
 Losartan (Cozaar) 
 Olmesartan (Benicar) 
 Telmisartan (Micardis) 
 Valsartan (Diovan) 

 

ACE Inhibitors 
 benazepril (Lotensin, Lotensin Hct), 
 captopril (Capoten), 
 enalapril (Vasotec), 
 fosinopril (Monopril), 
 lisinopril (Prinivil, Zestril), 
 moexipril (Univasc) 
 perindopril (Aceon), 
 quinapril (Accupril), 

 



Neprilisyn  

Neprilysin –endopeptidase-catalyses the degradation of 
ANP, BNP and breaksdown Angiotension II 

 
Sacubitril – inhibits nepilysin- increases BNP 
Entresto – Sacubitril and Valsartan (ARB) 
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Sacubitril      Entresto Natriuretic peptides are a group of hormones that have potent effects on sodium and fluid balance. Additionally, they act to inhibit RAAS, reduce sympathetic drive, and have both antihypertensive and anti-proliferative effects.6,7 Three types of NPs have been identified: Atrial NP (ANP) and Brain or B-type NP (BNP), released from the atria and left ventricle, respectively, in response  to increased filling pressures and increased cardiac chamber wall stress, act to promote natriuresis, diuresis, and vasodilation.8 The third, C-type NP (CNP) is found in the central nervous system, kidneys, and vascular endothelial cells; however, the significance of this peptide on the cardiovascular system has not been well established.9,10 Neprilysin (also known as neutral endopeptidase 24.11) is a zinc-dependent metallopetidase that catalyses the degradation of various peptides including ANP, BNP, and bradykinin, as well as contributes to the breakdown of angiotensin II.11 Thus inhibition of neprilysin in order to increase circulating levels of NPs has been studied for its therapeutic effect on BP. Though neprilysin inhibition alone has little, if any, antihypertensive effect, concomitant inhibition of both neprilysin and RAAS has demonstrated to synergistically lower BP.Inhibits neprilysin which increases BNP concentrationBreaks down angiotension II(can lead to angioedema—increases bradykinin levels)





What’s next? 
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Renal transplant, coronary bypass surgery, transplant, acute coronary syndromes 



Questions? 
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