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The The rolerole ofof hemodynamichemodynamic evaluationevaluation in in 
ACUTE ACUTE heartheart failurefailure

IsIs right right heartheart hemodynamichemodynamic profileprofile necessarynecessary in in 
patientspatients withwith acute acute heartheart failurefailure::

 toto optimizeoptimize therapytherapy ? ? 
 toto stratifystratify the the riskrisk ? ? 
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PULMONARY CONGESTIONPULMONARY CONGESTION

II NORMALNORMAL IIII Pulmonary CongestionPulmonary Congestion
-- DiureticsDiuretics ((FuroxemideFuroxemide))
-- VasodilatorsVasodilators (NTG,(NTG, slsl; iv); iv)

III III 
HypoperfusionHypoperfusion

i.v.i.v.FluidsFluids

IVIV P.P. CongestionCongestion + + 
HypoperfusionHypoperfusion , cardiogenic , cardiogenic 
shockshock --
VasodilatorsVasodilators//diureticsdiuretics

-- Inotrope if hypotensionInotrope if hypotension

NoNo

NoNo

YesYes

YesYes

2,2 l/m/m2

18mmHg

CorrelativeCorrelative classificationclassification of of clinicalclinical and and 
hemodynamichemodynamic functionfunction afterafter AMIAMI

ForresterForrester JS, Am J JS, Am J CardiolCardiol 19771977

Mortalità:

Gr1: 2.2%

Gr2: 10.1%

Gr3: 22.4%

Gr4: 55.5%



Clinical assessment Clinical assessment identifies  hemodynamic profiles that identifies  hemodynamic profiles that 
predict outcomes in pts with NYHA Class III/IV HF.predict outcomes in pts with NYHA Class III/IV HF.

Nohria ANohria A et al. J Am Coll Cardiol J 2003et al. J Am Coll Cardiol J 2003

Clinical evaluation of 

congestion and perfusion



Comparison of echocardiography and BNP for Comparison of echocardiography and BNP for 
monitoring response to treatment in AHFmonitoring response to treatment in AHF

Gackowski A, Eur Heart J 2004

95 95 ptspts admittedadmitted becausebecause ofof AHF; serial BNP and AHF; serial BNP and 
echoecho evaluationsevaluations; 60 ; 60 daysdays ff--up (37 up (37 eventsevents) ) 

1.1. BNP BNP decreasedecrease >10% at >10% at dayday 22
2.2. BNP BNP decreasedecrease <300 <300 pgpg/ml at /ml at dayday 77

predictpredict a a betterbetter outcomeoutcome. . 



IsIs right right heartheart hemodynamichemodynamic profileprofile necessarynecessary in in 
patientspatients withwith acute acute heartheart failurefailure::

 toto optimizeoptimize therapytherapy ? ? OnlyOnly in in selectedselected patientspatients..
 toto stratifystratify the the riskrisk ? ? ItIt can can bebe more more easilyeasily donedone

withwith a  a  clinicalclinical or BNP or BNP evaluationevaluation..

AnyAny rolerole forfor hemodynamichemodynamic evaluationevaluation in in 
ACUTE ACUTE heartheart failurefailure ??



?



The The rolerole ofof hemodynamichemodynamic evaluationevaluation in in 
CHRONIC CHRONIC heartheart failurefailure

•• The right The right heartheart hemodynamichemodynamic profileprofile
characterizescharacterizes the the pathophysiologypathophysiology ofof HF in the HF in the 
single pt and single pt and thereforetherefore itit mightmight bebe usefuluseful forfor: : 

11) ) therapeutictherapeutic optimizationoptimization, , 22) ) prognosticprognostic
stratificationstratification..



The The rolerole ofof non invasive non invasive hemodynamichemodynamic evaluationevaluation in in 
CHRONIC CHRONIC heartheart failurefailure

UsuallyUsually nonnon--invasiveinvasive evaluationevaluation withwith Doppler  Doppler  
echocardiographyechocardiography; right ; right heartheart catheterizationcatheterization
isis limitedlimited toto selectedselected situationssituations. . 

AllAll mostmost importantimportant hemodynamichemodynamic parametersparameters can can bebe
estimatedestimated withwith echoecho::

•• PulmonaryPulmonary capillarycapillary wedgewedge pressurepressure
•• PulmonaryPulmonary arteryartery pressurepressure ((SS,,DD))
•• Right Right atrialatrial pressurepressure
•• CardiacCardiac outputoutput
•• PulmonaryPulmonary vascularvascular resistanceresistance



Estimate Estimate ofof wedgewedge pressurepressure at Doppler at Doppler echoecho::
transmitraltransmitral flow pattern.flow pattern.

• E/A <1      - DT  >220ms
PWP  < 12mmHg

• E/A =1-1.5 - DT  130- 220ms
PWP  = 12-18mmHg

• E/A > 1       - DT  < 130ms 
PWP  > 18mmHg



• 3540 pts enrolled in 18 studies

• Collated at the MeRGE 
coordinating center (Auckland)

• Best DT cut off = 140 ms.

• DT was independent of age, 
etiology (IHD vs non IHD), degree 
of LV dysfunction (EF<30%, 30-
45%, > 45%).



The The rolerole ofof non invasive non invasive hemodynamichemodynamic evaluationevaluation in in 
CHRONIC CHRONIC heartheart failurefailure

 WeWe stillstill do do notnot knowknow howhow toto useuse echoecho
hemodynamichemodynamic information information toto optimizeoptimize treatment.treatment.

 No No validatedvalidated approachapproach -- No expert No expert consensusconsensus..



STARSSTARS--BNP BNP 
MulticenterMulticenter StudyStudy..

Jourdain P, 
JACC 2007;49:1733

220 HF pts under optimal 220 HF pts under optimal 
medical treatment medical treatment 
randomized to treatment randomized to treatment 
guided by clinical acumen guided by clinical acumen 
or by BNP levels (goal<100 or by BNP levels (goal<100 
pg/ml)pg/ml)

In a median fIn a median f--up period of 15 up period of 15 
months, less events months, less events 
recorded in BNP vs clinical recorded in BNP vs clinical 
groupgroup

69 pts with LVEF<40% 69 pts with LVEF<40% 
randomized to treatment randomized to treatment 
guided by clinical acumen guided by clinical acumen 
or by Nor by N--BNP levelsBNP levels

In a median f-up period of 9.5 
months, less events 
recorded in BNP vs clinical 
group

Treatment of HF guided Treatment of HF guided 
by Nby N--BNP. BNP. 

Troughton RW, 
Lancet 2000;355:1126



•• ContinuousContinuous right right heartheart hemodynamichemodynamic
monitoringmonitoring in in patientspatients withwith chronicchronic heartheart
failurefailure mightmight bebe helpfulhelpful in in decidingdeciding therapytherapy
and and potentiallypotentially in in preventingpreventing episodesepisodes ofof
worseningworsening heartheart failurefailure. . 

A A rolerole forfor invasive invasive hemodynamichemodynamic monitoringmonitoring toto
preventprevent ACUTE ACUTE heartheart failurefailure ??



Ambulatory Hemodynamic Ambulatory Hemodynamic 
MonitoringMonitoring



System components

 Implantable Hemodynamic Monitor
 Pressure sensor implanted in RVOT (implant technique similar to PM)

 External Pressure Reference
 external device which measures barometric pressure

 Remote Monitor
 Home unit: allows patients to send Chronicle data to physician

 Chronicle® Information Network
 Web site: allows clinicians to view and evaluate data over time



Pressure Sensor Lead Implant in 
RVOT



Chronicle® parameters collection

 Primary Hemodynamic Data
 RV Diastolic and Systolic Pressure
 Estimated Pulmonary Artery Diastolic pressure 

(ePAD)
 Secondary Hemodynamic Trend Data
 Max + dP/dt
 Pre-Ejection  and Systolic Time Intervals

 Other Trend Data
 Heart Rate
 Activity Level
 Core Temperature



Enrolling criteria:

- NYHA III or IV HF
- optimal medical 
therapy for at least 3 
m.
- managed in centers 
with HF programs
- at least 1 HF 
hospitalization in 
previous 6 m. 





The equation:
volume expansion = increase in ePAD and increase in RVSP 
may not necessarily hold true in all cases of worsening HF, 
especially in pts with RV failure. 



10 advanced NYHA IV HF pts, follow10 advanced NYHA IV HF pts, follow--up 15up 15±±12 months.12 months.
18 hospitalisations due to acute HF; 10 low cardiac output 18 hospitalisations due to acute HF; 10 low cardiac output 
(LCO) episodes  and 8 pulmonary congestion episodes. (LCO) episodes  and 8 pulmonary congestion episodes. 

RVSP RVSP and and ePADePAD increased before six hospitalisations and increased before six hospitalisations and 
decreased before three episodes;  decreased before three episodes;  RVDP RVDP increased before increased before 
ten hospitalisations and decreased before one. ten hospitalisations and decreased before one. 
RVDP RVDP increase was 16increase was 16±±24 % before pulmonary congestion 24 % before pulmonary congestion 
episodes and 29episodes and 29±±32 % before LCO episodes. 32 % before LCO episodes. 



55 HF HF hospitalizationshospitalizationsPatient n°1

Pulm Cong Low card output



Ambulatory Transthoracic 
Impedance  Monitoring



Rationale:
fluid retention decreases transthoracic impedance
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InSync SentryTM Physical Characteristics

• Impedance measured from RV Coil to Can

• Impedances averaged from 12 noon to 5 pm

• OptiVol Fluid Status Monitoring is initialized 31 d. after implant

• Programmable parameters:  OptiVol Threshold,  Patient Alert



373 patients studied.
53 alerts during a median
of 4.2 months.

The alert detected
clinical HF deterioration
with a 60%  sensitivity
and a positive predictive
value of 60%.

Examples: 
A: true positive
B: false positive
C: false negative





“SENSE HF”

Sensitivity of the InSync Sentry OptiVol feature for the prediction of Heart Failure

Phase I:
Blinded OptiVol Monitoring
Evaluate sensitivity of Trend data for HF hospitalizations

Phase II:
Patient alert turned on; physician may not change therapy
Evaluate prediction of HF event based on patient alert

Phase III:
Physician may use information for patient management
Clinical usefulness of Optivol monitoring

6 months duration





Invasive and non invasive Invasive and non invasive monitoringmonitoring methodsmethods
in in advancedadvanced heartheart failurefailure..

1.1. ItIt isis notnot necessarynecessary toto bebe alwaysalways
invasive invasive toto treattreat the acute the acute patientpatient. . 

2.2. ItIt seemsseems usefuluseful toto bebe aggressive (and aggressive (and 
invasive) invasive) duringduring the the chronicchronic phasephase toto
preventprevent instabilizationsinstabilizations. . 
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