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Demographics and past history



 

C.G, a 48 y old male, married+4, until recently non- 
sedentary lifestyle



 

2000- left temporal intracranial bleeding D/T AV 
malformation, treated by embolization and radiation. 
No neurological deficit. Impaired short-term memory 
and mood fluctuations. 



 

Risk factors : Dyslipidemia treated with statins, past 
history of smoking (18 years ago). No significant 
family history for IHD or CMP



Current event


 

Fatigue over recent months. 


 

A month before admission “common cold” w/o fever. 


 

Progressive symptoms of fatigue, extreme weakness, effort 
dyspnea, epigastric pain,vomiting and weight loss. 



 

Admission to another hospital. Echo demonstrated dilated 
left ventricle with estimated LVEF of 20% and antero- 
apical dyskinesis



 

Coronary angiography revealed anatomically normal 
coronary arteries. 



 

A diagnosis of non-ischemic CMP (M/P post 
myocarditis) was made and the patient was discharged 
under treatment of B.blockers, ACE inhibitors and diuretics. 



Current event- contd’


 

Due to further clinical deterioration (NYHA 3) the 
patient was admitted to a second hospital with signs 
of low CO state with secondary “shock liver” and 
acute renal failure. 



 

ECG—




 

Echo at that time: LVEDD 62 mm, 
EF 15%, moderate MR, mild 
pulmonary HTN, severe RV 
dysfunction


 

TDI- no evidence of intraventricular 
disynchrony.



Complicated situation !



Definition
Acute heart failure (AHF) is defined as a rapid 

onset or change in the signs and symptoms of HF, 

resulting in the need for urgent therapy. AHF may 

be either new HF or worsening of pre- 

existing chronic HF. Patients may present as a 

medical emergency 



ACS is the most frequent cause of acute 
new onset HF.



Clinical classification 













the recommendations largely represent
expert consensus opinion without adequate documented
evidence. Class of recommendation I, level of evidence C



To BNP or not…?


 

“There is no consensus regarding BNP or NT-proBNP 
reference values in AHF”.



 

During ‘flash’ pulmonary edema or acute MR, 
natriuretic peptide levels may remain normal at the 
time of admission. 



 

Increased BNP and NT-pro BNP levels on 
admission and before discharge carry 
important prognostic information”

ESC guidelines 2008



Admission B-Type Natriuretic Peptide Levels 
and In-Hospital Mortality in Acute 
Decompensated Haeart Failure-Adhere

Fonarow GC et al. J Am Coll Cardiol 2007; 49(19):1943-1950

Gregg C. Fonarow MD, FACC, William F. Peacock MD, 
Christopher O. Phillips MD, MPH, Michael M. Givertz MD, FACC,  
Margarita Lopatin MS and ADHERE Scientific Advisory 
Committee and Investigators 



In-Hospital Mortality Risk by Initial BNP Levels in 
the ADHERE Registry
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Concentrations of BNP or NT-proBNP 
should be measured in patients being 
evaluated for dyspnea in which the 
contribution of HF is not known. Final 
diagnosis requires interpreting these 
results in the context of all available 
clinical data and ought not to be 
considered a stand-alone test.

- 2009 update- The Hospitalized Patient 

New
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DyspneaPatients Being Evaluated for 



Invasive monitoring



 

Arterial line- ?



 

CVP- Class of recommendation IIa, level of evidence C



 

Pulmonary artery catheter -?



 

Coronary angiography -Class of recommendation I, level of 

evidence B
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Invasive hemodynamic monitoring can be useful for 
carefully selected patients with acute HF who have 
persistent symptoms despite empiric adjustment of 
standard therapies, and 

a. whose fluid status, perfusion, or systemic or
pulmonary vascular resistances are uncertain;
b. whose systolic pressure remains low, pr is 
associated with symptoms, despite initial
therapy;
c. whose renal function is worsening with therapy;
d. who require parenteral vasoactive agents; or
e. who may need consideration for advanced device

therapy or transplantation. 

2009 UPDATE The Hospitalized Patient 

I
IIa

IIbIII

Monitoring HemodynamicInvasive 

New
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Invasive hemodynamic monitoring 
should be performed to guide therapy in 
patients who are in respiratory distress 
or with clinical evidence of impaired 
perfusion in whom the adequacy or 
excess of intracardiac filling pressures 
cannot be determined from clinical 
assessment.

In. 

2009 UPDATE The Hospitalized Patient 

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

Organ Performance-Preserving End

New
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Pulmonary artery catheter 
placement may be reasonable 
to guide therapy in patients 
with refractory end-stage HF 
and persistently severe 
symptoms.

Patients With Refractory End-Stage 
Heart Failure (Stage D) 

NO CHANGE from 2005 guidelines 

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

Pulmonary Artery Catheter Placement 

The effectiveness of mitral valve /



What can we do?



Treatment Approach for the Patient 
with Heart Failure

Stage A

At high risk, no 
structural 
disease

Stage B

Structural heart 
disease, 

asymptomatic

Stage D

Refractory HF 
requiring 

specialized 
interventions

Therapy

• Treat 
Hypertension

• Treat lipid 
disorders

• Encourage 
regular exercise

• Discourage 
alcohol intake

• ACE inhibition

Therapy

• All measures 
under stage A

• ACE inhibitors in 
appropriate 
patients

• Beta-blockers in 
appropriate 
patients

Therapy

• All measures 
under stage A

Drugs:

• Diuretics

• ACE inhibitors

• Beta-blockers

• Digitalis

• Dietary salt 
restriction

Therapy

• All measures 
under stages A,B, 
and C

• Mechanical assist 
devices

• Heart 
transplantation

• Continuous (not 
intermittent) IV 
inotropic 
infusions for 
palliation

• Hospice care

Stage C

Structural heart 
disease with 
prior/current 

symptoms of HF

Hunt, SA et al.  ACC/AHA Guidelines CHF, 2001.



Current Opinion in Cardiology 2008, 23:134





Medical treatment



Euro heart survey 



Diuretics



The use of diuretics for the treatment of patients with

ADHF represents an area of medicine with a paucity of

rigorous clinical trials. 

The acceptance of diuretics into the HF treatment 

paradigm is largely based on clinical and anecdotal 

experience over the last forty years without the 

benefit of large, multi-center randomized trials.



There is evidence that low-dose 
furosemide in combination with 
vasodilators may enhance diuresis 
with less adverse effects than 
high-dose boluses.





 

A recently performed Cochrane database review 
found that based on the data from the limited studies 
available, that an increased diuretic effect and a 
better safety profile was observed with a 
continuous infusion of loop diuretics when 
compared to bolus dosing for patients in NYHA 
III-IV HF .



 

However, the currently available existing data still 
does not allow definitive recommendations for clinical 
practice.



 

Heart Fail Rev (2007) 12:125–130
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Patients admitted with HF and with evidence of significant 
fluid overload should be treated with intravenous loop 
diuretics. Therapy should begin in the emergency 
department or outpatient clinic without delay, as early 
intervention may be associated with better outcomes for 
patients hospitalized with decompensated HF (Level of 
Evidence: B).

If patients are already receiving loop diuretic therapy, the 
initial intravenous dose should equal or exceed their 
chronic oral daily dose. Urine output and signs and 
symptoms of congestion should be serially assessed, and 
diuretic dose should be titrated accordingly to relieve 
symptoms and to reduce extracellular fluid volume excess. 
(Level of Evidence: C).

2009 update- The Hospitalized Patient 

Treatment With Intravenous Loop Diuretics

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

New
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UPDATE 2009 The Hospitalized Patient

III IIaIIaIIaIIbIIbIIbIIIIIIIIIIII IIaIIaIIaIIbIIbIIbIIIIIIIIIIII IIaIIaIIaIIbIIbIIbIIIIIIIIIIIaIIaIIaIIbIIbIIbIIIIIIIII

Intensifying the Diuretic Regimen

New

When diuresis is inadequate to relieve congestion, 
as evidence by clinical evaluation, the diuretic 
regimen should be intensified using either:

a. higher doses of loop diuretics;
b. addition of a second diuretic (such as 
metolazone, spironolactone or intravenous 
chlorthiazide) or
c.  Continuous infusion of a loop diuretic.



Inotropes





Class of recommendation IIa, level of evidence B



The ESCAPE trial published in
2007 revealed that inotropic agents such as 
dobutamine and milrinone in heart-failure patients 
with low ejection fraction and hypotension had higher 
6-month mortality rates [hazard ratio (HR) 2.14, 95% 
CI 1.10– 4.15] than patients on vasodilators such as 
Nesiritide when compared with placebo (HR 1.39, 
95% CI 0.64–3.0). Inotropes in combination with 
vasodilators showed the highest mortality (HR 
2.90, 95% CI 1.88–4.48)

Elkayam U, Tasissa G, Binanay C, Stevenson L. Use and impact of inotropes
and vasodilator therapy in hospitalized patients with severe heart failure. Am
Heart J 2007; 153:98–104.



 In-Hospital Mortality in Patients With Acute Decompensated Heart 
Failure Requiring Intravenous Vasoactive Medications An Analysis 
From the Acute Decompensated Heart Failure National Registry 
(ADHERE)
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clinical assessment.

In patients with clinical evidence of 
hypotension associated with hypoperfusion 
and obvious evidence of elevated cardiac 
filling pressures (e.g., elevated jugular 
venous pressure; elevated pulmonary artery 
wedge pressure), intravenous inotropic or 
vasopressor drugs should be administered to 
maintain systemic perfusion and preserve 
end-organ performance while more definitive 
therapy is considered. 

The Hospitalized Patient 2009 
UPDATE

III IIaIIaIIa IIbIIbIIbIIIIIIIIIIII IIaIIaIIa IIbIIbIIbIIIIIIIIIIII IIaIIaIIa IIbIIbIIbIIIIIIIIIIIaIIaIIa IIbIIbIIbIIIIIIIII

Organ Performance-Preserving End

New
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Patients With Refractory End-Stage 
Heart Failure (Stage D) 2009 update

NO CHANGE

Continuous intravenous infusion of a positive 
inotropic agent may be considered for 
palliation of symptoms in patients with 
refractory end-stage HF.

III IIaIIaIIa IIbIIbIIbIIIIIIIIIIII IIaIIaIIa IIbIIbIIbIIIIIIIIIIII IIaIIaIIa IIbIIbIIbIIIIIIIIIIIaIIaIIa IIbIIbIIbIIIIIIIII

Continuous Intravenous Infusion of Positive Inotropic Agents

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII
Routine intermittent infusions of vasoactive and 
positive inotropic agents are not recommended for 
patients with refractory end-stage HF.

Modified
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Routine use of invasive hemodynamic 
monitoring in normotensive patients with 
acute decompensated HF and congestion 

with symptomatic response to diuretics 
and vasodilators is not recommended.

Use of parenteral inotropes in 
normotensive patients with acute 
decompensated HF without evidence 
of decreased organ perfusion is not 
recommended.

The Hospitalized Patient 

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIII

InotropesParenteral

New



Phosphodiesterase inhibitors 
(Milrinone)


 
Increases myocardial cAMP 
concentrations by selective inhibition of 
phospho-diesterase III, which leads to 
an increase in intracellular calcium, 
causing increased myocardial 
contractility, myocardial toxicity 
secondary to calcium overload, and 
relaxation of the endothelium. 



 
Intermediate effect between pure 
vasodilator to pure inotropic agent







It can be used simultaneously with 
catecholaminergic agonists or 
antagonists.





Summary : 


 

Inotropes are indicated in 
the case of peripheral 
hypo perfusion      with or 
without pulmonary edema



Levosimendan


 
Levosimendan differs from 
conventional inotropic agents due to 
its vasodilator properties and  
positive inotropic effects achieved by 
enhancing myocyte sensitivity to 
calcium that is already in the cells 
rather than increasing calcium in the 
cell



•Two most recent trials, SURVIVE and REVIVE II, 
both support the symptomatic benefit of  
Levosimendan in comparison with placebo.
•Mortelity untill 180 days did not differ between 
levosimendan vs either inotropes or 
plcebo(survive),and was non- significantly increased 
at 90 days (Revive2)
In a meta-analysis of LIDO, CASINO
and SURVIVE, mortality at 6months was lower in 
the Levosimendan group (relative risk 0.76, 
P¼0.032)

Class of recommendation IIa, level of 
evidence B 







SURVIVE-W: Primary endpoint
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•There was no There was no 
significant significant 
difference in the difference in the 
primary endpoint of primary endpoint of 
allall--cause mortality cause mortality 
between the between the 
levosimendanlevosimendan and and 
dobutaminedobutamine groupsgroups

AllAll--Cause Mortality at 6 monthsCause Mortality at 6 months
(% of treatment arm)(% of treatment arm)

ESC 2005ESC 2005

p = 
0.401





Vasopressors


 

Vasopressors (norepinephrine) are not recommended 
as first-line agents and are only indicated in 
cardiogenic shock when the combination of an 
inotropic agent and fluid challenge fails to restore 
SBP .90 mmHg, with inadequate organ perfusion, 
despite an improvement in cardiac output. Patients 
with sepsis complicating AHF may require a 
vasopressor.



 

Class of recommendation IIb, level of evidence C





 
Nitroglycerin



 
Nitropruside



 
Nesiritide

Vasodilators





Nesiritide

rhBNPDR I
M
KRG

S S SSGL
GFC CS S

GSGQVM
K V L R RH

KPS

ffects of Nesiritide

Venous, arterial, coronary
VASODILATION

CARDIAC
INDEX

Preload
Afterload
PCWP
Dyspnea

HEMODYNAMIC

CARDIAC
No increase in HR
Not proarrhythmic

Aldosterone
Endothelin
NorepinephrineSYMPATHETIC AND 

NEUROHORMONAL SYSTEMS

NATRIURESIS
DIURESIS

Fluid volume
Preload
Diuretic 
usage

RENAL





Nesiritide and Mortality



VMAC investigators JAMA2002  287:1531

(acute heart failure+RHC)

P<0.05 nsir or nitro vs placebo 
// p<0.05 nesirvs nitro
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In patients with evidence of 
severely symptomatic fluid overload 
in the absence of systemic 
hypotension, vasodilators such as 
intravenous nitroglycerin, 
nitroprusside or neseritide can be 
beneficial when added to diuretics 
and/or in those who do not respond 
to diuretics alone.

2009 UPDATE The Hospitalized Patient 

Severe Symptomatic Fluid Overload

New

I IIaIIbIII



Non-pharmacological 
therapies


 
Small randomized trials have shown that 
continuous positive airway pressure (CPAP) 
and other noninvasive ventilation decreased 
the need for endotracheal intubation in 
cardiogenic shock without a significant impact 
in mortality.



 
Ultrafiltration- small trials revealed its 
potential benefit for relief of pulmonary 
edema, ascites,and peripheral edema

Costanzo MR, Guglin M, Saltzberg M, et al. UNLOAD Trial Investigators,
ultrafiltration versus intravenous diuretics for patients hospitalized for acute
decompensated heart failure. J Am Coll Cardiol 2007; 49:675–683.
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Ultrafiltration is reasonable for patients with 

refractory congestion not 
responding to medical 
therapy.

2009 UPDATE The Hospitalized Patient 

. 

Ultrafiltration

New

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII



Mechanical 
assistance



IABP



 
Recommended in acute decompensated 
states, as an urgent measure of cardiac 
support, to stabilize the patient and 
maintain organ perfusion until 
transplantation is done.

Class I B



What can we do more?

Assist device!!!



Rationale of assist device use



 
Restoration of normal hemodynamics 
and vital organ perfusion.



 
Reduction of ventricular strain and 
improving remodeling



Assist devices


 
A a bridge to recovery or to heart 
transplantation

Class IIa B
Short termOxygenator- ecmo

LV+RVThoratec

long term, destinationHeartmate I/II/ 
Heartware
Total artificial heart



Thoratec® Implant 
Versatility 
Cannulation Options 

Thoratec® Implant 
Versatility 
Cannulation Options





Total artificial heart - 
abiocor



Heartmate II



Heart ware

http://www.google.co.il/imgres?imgurl=http://www.tuftsmedicalcenter.org/AboutUs/NewsRoom/LVAD_Study/HeartWare-LVAD_200x194px.jpg&imgrefurl=http://www.tuftsmedicalcenter.org/AboutUs/NewsRoom/LVAD_Study&usg=__rJDlL-6UrMgxFp_8-o79TU8lVmE=&h=194&w=200&sz=30&hl=iw&start=3&zoom=1&itbs=1&tbnid=mYk4wZheK0YTUM:&tbnh=101&tbnw=104&prev=/images%3Fq%3Dlvad%2Bheartware%26hl%3Diw%26sa%3DX%26gbv%3D2%26tbs%3Disch:1
http://surgery.med.umich.edu/cardiac/images/content/HeartMateXVE_LVAD.jpg


Indications


 

May be indicated to patients not 
responding to conventional Rx, 
when there is a potential for 
recovery or as a bridge to 
transplant



There is therefore no consensus concerning LVAD 
indications or the most appropriate patient population

† Current indications for LVADs and artificial hearts 
include bridging to transplantation and managing 
patients with acute, severe myocarditis.

Class of recommendation IIa, level of evidence C

† Although experience is limited, these devices may be 
considered for long-term use when no definitive 
procedure is planned.
Class of recommendation IIb, level of evidence C



Who should get an assist device?



Major complications of assist 
device


 

Bleeding


 
Infection


 

Neurologic events



Univentricular vs. Biventricular 
Assist Device Support 
Univentricular vs. Biventricular 
Assist Device Support



 
Indications for Biventricular Support


 

Signs of Right Heart Failure


 

Intractable Arrhythmias


 

RV/Septal Infarction


 

Elevated PVR


 

Secondary Organ Involvement


 

Prolonged Cardiogenic Shock “Sicker 
Patients” 



 
Indications for Biventricular Support


 

Signs of Right Heart Failure


 

Intractable Arrhythmias


 

RV/Septal Infarction


 

Elevated PVR


 

Secondary Organ Involvement


 

Prolonged Cardiogenic Shock “Sicker 
Patients”







There is always an option for  
patients with severe 
decompensated heart failure



 
Patients with acute decompensated heart 
failure should receive all evidence –based  
treatments (medical and mechanical) in order 
to maintain vital organ function



 
After stabilization, patients should be 
transferred to  tertiary centers specializing in  
assist device implantation and orthotropic 
heart transplantation
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