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Heart FailureHeart Failure (HF)(HF)

 is the progressive inability of the heart is the progressive inability of the heart to to pump pump 
enough blood enough blood to to support thesupport the needs of the vital needs of the vital 
organsorgans

 is classically accompanied by significant fluid is classically accompanied by significant fluid 
retentionretention

 isis a a leading cause of mortality and morbidityleading cause of mortality and morbidity
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Fluid overload leadsFluid overload leads to to the common the common 
symptoms of symptoms of HF:HF:

 fatiguefatigue

 edemaedema

 shortness of breathshortness of breath
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Heart Failure Heart Failure –– ““disease of the disease of the 
milleniummillenium””

 5 5 mlnmln. . patients in the patients in the US US currently have the currently have the 
diagnosis of diagnosis of HFHF

 HF HF has has a a prevalence of ten prevalence of ten per 1000 per 1000 in the elderly in the elderly 
population population ((age age > 65 > 65 yearsyears))

 HF HF is responsible for is responsible for 1 1 mlnmln. . hospitalization and hospitalization and 
300. 000 300. 000 deaths deaths per per yearyear
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Heart FailureHeart Failure –– ““disease of the disease of the 
milleniummillenium””

 The rate of increase in new cases diagnosed each The rate of increase in new cases diagnosed each 
year is more than year is more than 500.000500.000

 Patients with Patients with HF (NYHA HF (NYHA class class IIIIII––IV) IV) are are 
hospitalized hospitalized 2 to 4 2 to 4 times annualytimes annualy

 The total annual cost of caring for patients with The total annual cost of caring for patients with 
HF HF is up is up to to $$ 40 40 billionbillion

The International Journal of Artifical OrgansThe International Journal of Artifical Organs
VolVol. 28/ no. 5, 2005/ . 28/ no. 5, 2005/ pppp. 466 . 466 -- 476476



ULTRAFILTRATION in HEART FAILURE

I. Zakke
ESC  Congress 2005, Stockholm

Acute Heart FailureAcute Heart Failure –– EtiologyEtiology II

CardiogenicCardiogenic

shockshock

 Global ishemiaGlobal ishemia

 Myocardial infarctionMyocardial infarction

 Acute valvular regurgitationAcute valvular regurgitation

 MyocarditisMyocarditis

 Malignant hypertensionMalignant hypertension

CardiologyCardiology, 2001; 96; 144, 2001; 96; 144--154154

Preexisting normal 
ventricular function:
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Acute Heart FailureAcute Heart Failure –– EtiologyEtiology IIII

Acute 
presentation

Preexisting normal systolic 
ventricular function:
 postoperative myocardial stunning
 toxin exposure

(sepsis, chemotherapy)

Preexisting subclinical 
ventricular dysfuntion:
 ishemic heart disease
 valvular heart disease
 idiopathic cardiomyopathy
 secondary cardiomyopathy

CardiologyCardiology, 2001; 96; 144, 2001; 96; 144--154154
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Acute Heart FailureAcute Heart Failure –– EtiologyEtiology IIIIII

Acute 
exacerbation

Known systolic or diastolic
ventricular dysfuntion: 

 dietary sodium excess

 medication noncompliance

 toxin exposure

 worsening renal function

 precipitating factor 
requires identification

CardiologyCardiology, 2001; 96; 144, 2001; 96; 144--154154
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Low – output cardiac failure, pericardial
tamponade, constrictive pericarditis

Extracellular
fluid volume

Secondary decrease of
intravascular fluid volumeCardiac output

Activation of ventricular and arterial receptors

SNS stimulation

Peripheral arterial and
renal vascular resistance

RAAS activationNon- osmotic AVP
stimulation

Renal water
retention

Renal sodium 
retention

Maintence of arterial circulatory integrity

CardiologyCardiology: 2001: 96: 122 : 2001: 96: 122 -- 131131

Pathophysiology of sodium and water retention inPathophysiology of sodium and water retention in Heart FailureHeart Failure
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Heart FailureHeart Failure –– vicious circlevicious circle
((clinical aspectsclinical aspects))

Cardiac output

Renal perfusion
pressure Lung congestion

Neurohormonal
activation Water and salt

retentation, vasoconstriction
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Heart FailureHeart Failure –– vicious circlevicious circle
((clinical aspectsclinical aspects))

Cardiac output

Renal perfusion
pressure Lung congestion

Neurohormonal
activation Water and salt

retention, vasoconstriction

Vasopressors Inotropes

CPAP

Diuretics

Vasodilatators
ß- blockers, ACE inhibitors

AT II blockers

The International Journal of Artificial OrgansThe International Journal of Artificial Organs/ / Vol Vol 27/ 27/ 
no. 12,2004/ no. 12,2004/ pppp. 1070 . 1070 -- 10761076
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Heart FailureHeart Failure –– managment and treatmentmanagment and treatment
Selected pharmacological therapySelected pharmacological therapy

-- increasedincreased
tolerancetolerance
-- hypotensionhypotension
-- renal renal 
dysfunctiondysfunction

-- arrhytmiasarrhytmias
-- hypotensionhypotension
-- potential potential 
myocardial damagemyocardial damage

-- electrolyte electrolyte 
abnormalitiesabnormalities
-- renal disfuntionrenal disfuntion
-- neurohormonal    neurohormonal    
activationactivation

Side effectsSide effects

increaseincreaseincreaseincreasemaymay
increaseincrease

MortalityMortality

may may 
improveimprove

may may 
improveimprove

improveimproveSymptomsSymptoms

SystemicSystemic
vasodilatatorvasodilatator

InotropesInotropesLoopLoop
diureticsdiuretics

Klein et alKlein et al, 2003; , 2003; Jain et alJain et al, 2003, 2003
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What do the doctors do?
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Current inpatient treatment strategies Current inpatient treatment strategies 
for Heart Failurefor Heart Failure

~ 2%

~ 20%

~ 80%

Extracorporal
ultrafiltration

I/v diuretics

I/v diuretics, inotropes
combination therapies

Estimate based onEstimate based on: HCAP : HCAP net net 1999 1999 datadata
HCF HCF coding bookscoding books, , physician interviewsphysician interviews
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Heart FailureHeart Failure –– managment and treatmentmanagment and treatment
Treatment effects in acute Heart FailureTreatment effects in acute Heart Failure

unchanged orunchanged orunchanged or unchanged or unchanged or unchanged or Heart rateHeart rate
no no changechangeno no changechangeArterial blood pressureArterial blood pressure

or unchangeor unchangevariablevariableCardiac outputCardiac output
Left atrial pressureLeft atrial pressure
Right atrial pressureRight atrial pressure
Urinary outputUrinary output

possibly  possibly  unchanged or unchanged or Plasma atrial natriuretic peptidPlasma atrial natriuretic peptid
unchangedunchangedPlasma norepinehrinePlasma norepinehrine

UltrafiltrationUltrafiltrationDobutaminDobutaminDiureticsDiuretics

CardiologyCardiology 2001: 96: 144 0 1592001: 96: 144 0 159
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Medical managment vs medical managment Medical managment vs medical managment + + 
ultafiltrationultafiltration
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Treatment time Treatment time (5 (5 days or moredays or more))

The International Journal of Artifical Organs The International Journal of Artifical Organs / / VolVol. 28 / no.5, 2005 / . 28 / no.5, 2005 / pppp. 466 . 466 -- 478478

More rapid relief of 
patient symptoms

Time for oral drug
adjustment

Earlier discharge ?

Reduced drug related complications – electrolyte imbalances, arrhytmias
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Ultrafiltration techniqueUltrafiltration technique

First suggested extracorporal ultrafiltration as a 
technique to treat uremia

Authors : Manilow and Korzon

1947. year
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Why ultrafiltration?
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Rationale for the use of ultrafiltration Rationale for the use of ultrafiltration 
therapiestherapies

 Fluid regulationFluid regulation

 Solute regulationSolute regulation

 Establish homeostasisEstablish homeostasis

Cardiology Cardiology 2001, 96, 144 2001, 96, 144 -- 154154
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Rationale for the use of ultrafiltration Rationale for the use of ultrafiltration 
therapiestherapies

 Fluid regulationFluid regulation

Therapeutic goal:
 Has been successful in patients when urine output 
is less than 1000 ml/day

Relieve pulmonary edema

Reduce ascites

Reduce peripheral edema

Hemodynamic stabilization

Improve oxygenation

Facilitate blood product replacement without excess 
volume

Enable parenteral support without excess volume

Cardiology Cardiology 2001; 96, 144 2001; 96, 144 -- 154154
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Rationale for the use of ultrafiltration Rationale for the use of ultrafiltration 
therapiestherapies

 Solute regulationSolute regulation

Therapeutic goal:

Correct acid – base balance
Correct serum sodium content
Eliminate “myocardial 
depressant factor” or known toxin
Correct uremia
Correct hyperkaliemia
Correct other electrolyte 
disturbances

CardiologyCardiology 2001; 96, 144 2001; 96, 144 -- 154154
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Rationale for the use of ultrafiltration Rationale for the use of ultrafiltration 
therapiestherapies

 Fluid regulationFluid regulation

 Solute regulationSolute regulation

 Establish homeostasisEstablish homeostasis
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Rationale for the use of ultrafiltration Rationale for the use of ultrafiltration 
therapiestherapies

 EstablishEstablish
homeostasishomeostasis

Therapeutic goal:

Rest water osmostat

Restore diuretic responsivences

 Reduce neurohormonal stimulation

CardiologyCardiology 2001; 96, 144 2001; 96, 144 -- 154154
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Ultrafiltration strategy in acute Heart Ultrafiltration strategy in acute Heart 
FailureFailure

-- fluid regulationfluid regulation
-- minimize effect on mean arterial minimize effect on mean arterial 
pressurepressure

Acute Acute 
cardiogenic cardiogenic 
shockshock

-- recovery of myocardial functionrecovery of myocardial function
-- support renal function support renal function 
-- support ventricular assist devicessupport ventricular assist devices
-- support intrasupport intra--aortic ballon pumpaortic ballon pump

Post Post –– cardiaccardiac
surgerysurgery

Outcome goalOutcome goal

CardiologyCardiology 2001; 96, 144 2001; 96, 144 -- 154154
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Ultrafiltration strategy in Ultrafiltration strategy in 
decompensated congestive Heart Failuredecompensated congestive Heart Failure

-- Candidate for heart transplantCandidate for heart transplant
-- bridge bridge to to transplant that maintains transplant that maintains 

renal function and fluid balancerenal function and fluid balance

-- NotNot a a candidate for heart transplant candidate for heart transplant 
-- optimize fluid optimize fluid status status and establishand establish

new baselinenew baseline, , relieve symptomsrelieve symptoms

CardiologyCardiology 2001; 96, 144 2001; 96, 144 -- 154154
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Isolated ultrafiltrationIsolated ultrafiltration

 First First line for treatment of heart failureline for treatment of heart failure

 Therapy concept Therapy concept –– removal of isotonic fluid through an removal of isotonic fluid through an 
extracorporal filterextracorporal filter

 Therapy Therapy -- controlled and predictablecontrolled and predictable, , even when urinary even when urinary 
ouput is lowouput is low

 For treatment of renal failure patientsFor treatment of renal failure patients

The International Journal of Artifical OrgansThe International Journal of Artifical Organs / / VolVol. 28 / no.5, 2005 / . 28 / no.5, 2005 / pppp. 466 . 466 -- 478478
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Isolated ultrafiltrationIsolated ultrafiltration

Clinical benefitsbenefits::
 Decrease      Decrease      -- cardiac filling pressurecardiac filling pressure

-- plasma norepinephrineplasma norepinephrine
-- aldosteronealdosterone
-- renin activityrenin activity

 ImproveImprove -- diuretic resposivenessdiuretic resposiveness
-- hyponatriemiahyponatriemia
-- edemaedema
-- renal functionrenal function
-- dyspneadyspnea

The International Journal of Artifical OrgansThe International Journal of Artifical Organs / / VolVol. 28 / no.5, 2005 / . 28 / no.5, 2005 / pppp. 466 . 466 -- 478478
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Ultrafiltration vs hemofiltrationUltrafiltration vs hemofiltration

Ultrafiltration:

 is not effective as a blood cleaning modality
 the concentrations of small solutes not rejected
 the fraction of the total body solute mass removal is the       

same as the fractional removal of plasma water
 fractional mass removal in the ultrafiltrate is proportionaly 

less than plasma volume reduction – increase in the blood 
concentration of larger sized molecules

The International Journal of Artifical OrgansThe International Journal of Artifical Organs / / VolVol. 28 / no.5, 2005 / . 28 / no.5, 2005 / pppp. 466 . 466 -- 478478
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Ultrafiltration vs hemofiltrationUltrafiltration vs hemofiltration

Hemofiltration:

 involves the simultaneous removal of plasma water and 
replacement with electrolyte solution
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Scheme of ultrafiltrationScheme of ultrafiltration

The International Journal of Artifical OrgansThe International Journal of Artifical Organs
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Ultrafilter constructionUltrafilter construction
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Benefits of Benefits of ultrafiltrationultrafiltration

 ImprovemenImprovementt in clinical signs/symptoms of in clinical signs/symptoms of 
volume overloadvolume overload

 Improvement in the Improvement in the hemodynamic hemodynamic and functional and functional 
status of the patientstatus of the patient

 Decrease in the levels of various hormones that Decrease in the levels of various hormones that 
participate in worsening status of these patientsparticipate in worsening status of these patients

 Promote absorption of excessive Promote absorption of excessive extravascular extravascular 
fluidfluid

 Improvement in renal Improvement in renal funtionfuntion
 Restoration of diuretic Restoration of diuretic resposivenessresposiveness
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Selected ultrafiltration study summarisSelected ultrafiltration study summaris

Ultrafiltration in Congestive Heart failure.Cardiology 2002
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Ultrafiltration Ultrafiltration –– future issuesfuture issues

 Device portability and case of useDevice portability and case of use
 Central venous accessCentral venous access
 Continious vs Continious vs intermittent daily intermittent daily ultrafiltrationultrafiltration
 Close collaboration between Close collaboration between nephrologist nephrologist and and 

cardiologistcardiologist
 Clinical date requirements for therapy adoptionClinical date requirements for therapy adoption

The International Journal of Artifical OrgansThe International Journal of Artifical Organs / / VolVol. 28 / no.5, 2005 / . 28 / no.5, 2005 / pppp. 466 . 466 -- 478478



ULTRAFILTRATION in HEART FAILURE

I. Zakke
ESC  Congress 2005, Stockholm

ConclusionConclusion

 ““ Of the various therapies that have been attempted for Of the various therapies that have been attempted for 
diuretic diuretic –– resistant congestive heart failure, resistant congestive heart failure, 
ultrafiltration ultrafiltration strategies strategies bbold particular promise”old particular promise”

 “ Broader adoption of this therapy would benefit from “ Broader adoption of this therapy would benefit from 
well well –– conducted clinical studies to further conducted clinical studies to further charaterize charaterize 
the extent of the extent of ultrafiltrations ultrafiltrations benefits”benefits”

Ultrafiltration in Congestive Heart failure.Cardiology 2002 

The International Journal of Artifical OrgansThe International Journal of Artifical Organs
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