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Taillored Therapy

e Use of pulmonary artery catheter to guide
dosing and titration of diuretics and
vasodilators




Assumptions of Tallored
Therapy

« Acute Hemodynamics response can identify
the best regimen for long term benefit

 Acute Hemodynamics response permits

better dosing of vasodilators and diuretics

 |dentify medical regimen to achieve clinical

response without excessive hemodynamic
effect




Controversy about use of PAC

The effectiveness of RHC In the Initial care of
critically 1ll patients. JAMA 1996;276;889

Use of RHC in 1st 24 hrs in ICU
5 US centers; 5735 ICU patients

Case matching analysis: RHC associated
with increased mortality @30 days, increased
costs, increased LOS

9 subgroups analyzed; no improvement in outcomariy
of the subgroups; CHF subgroup no increase in nigrta




Evaluation Study of CHF and
Pulmonary Artery Catheterization

Effectiveness
(ESCAPEJAMA 2005; 294: 1625-1633)

 Investigated whether use of Pulmonary
Artery Catheter (PAC) to guide therapy In
patients with advanced heart failure
Improves morbidity and mortality




ESCAPE

Prospective randomized trial in 433 patients asiBés.

Patients randomized to receive therapy guidedA® Bnd
clinical assessment vs therapy by clinical assessme
alone.

Patients entered trial only if MD comfortable with
management w/o PAC

Exclusion criteria:

— Cr>3.5

— Use of high dose IV inotropes
— |ABP

— mechanical ventilation.

1° End point: Days alive and out of the hospital dgrtine
15t6 months




ESCAPE GUIDELINES

Clinical target: resolution of congestion
PAC Arm: PCW<15mmHg, RA <8mmHg
PAC Arm: No cardiac output criteria

No uniform therapeutic algorithm used but
use of Inotropes discouraged




Study Design

433 patients randomized

e

215 assigned to PAC 218 assigned standard Rx
17 did not receive PAC 21 received PAC later




Clinical Characteristics of ESCAPE

Age: 56x 14 years
Gender: 60% men
LVEF: 19+ 7%

Systolic BP: 106 mm Hg
BUN: 35

Cr: 1.5mg/dl




Hemodynamics

Hemodynamic
Measurement

Baseline

Final

RA

14+10

107

PCW

2519

17 7

Cl

1.9 £0.6

2.4 +0.7

CcO

3.8 £1.2

4.8 £2.1

1500 £800

1100 500




Impact of Interventions
at Discharge

PAC (n=215)
Mean Change

Clinical (n=218)
Mean Change

Weight, kg

-4 +5.4

-3.4 £4.2

Sys BP

4 +17

4 +17

NAVAD

45% decrease

42% decrease

Cr

0+0.4

0.1 +0.8

BUN

2+18

4 +21

Na

-1.3 £3.9

-1.4+4.4




Endpoint

e Use of PAC catheter did not impact days
alive and out of hospital during thé& @

months

— 133 days vs. 135 days

— Hazards Ratio= 1.0
—95% Cl =0.82-1.21
— P=0.99
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Impact on Subgroups
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Adverse Events

Clinical

AICD firing 1
VT

PAC Iinfection
nfection

PAC knotting

Bleeding




Possible explanation for lack of
efficacy

Acute hemodynamic response does not
determine long term outcome; wrong
surrogate marker for clinical outcome

Differences in drugs used to achieve clinical
endpoint

Strategy trial; non compliance with protocol

Trial design: Exclusion of patients who
needed the Swan




PAC in High Risk Surgical Patients

Sandham, NEJM 2003:348:1

Randomized Control Trial of PAC vs standard
care In patients > age 60; ASA Class lIl/IV
(1.e. pt with severe systemic disease) for
urgent or elective major surgery with f/u in

ICU

Multicenter Canadian Study (n =19 centers)
3803 patients eligible

1994 patients randomized




Clinical characteristics

Standard

(N=997)

PAC
(N=997)

Eligible not
enrolled
(N=1809)

Age (yrs)

(3x7

27

/37

Male (%)

70

(2

63

Urgent

surgery (%)

6.2

7.4

7.8

Angina

37

38

34

Ml

42

39

35

CHF

16

16

16




Use of PAC In High Risk Surgical Patients

—— Standard care

--- Pulmonary-artery
catheter
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Perioperative/Postoperative Morbidity

* No difference between Standard care and
PAC In
— LOS: median stay 10 days in each group
— MI (3.4 vs 4.3%)
— CHF (11 vs 13%)
— SVT (9 vs 9%)
— VT (0.2 vs 0.2 %)
— Renal failure (10 vs 7%; p=0..07)
— Sepsis (1.3 vs 1.3%)
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Meta-analysis
(Shah,JAMA 2005;294:1664)

13 Randomized Clinical Trials
5051 patients

8 studies: 2667 patients undergoing major
surgical procedure

4 studies: 1951 patients admitted to ICU for
sepsis or ARDS

1 study— 433 CHF patients (ESCAPE)




Meta-analysis

e Combined odds ratio for
— Mortality 1.04; 95% CI : 0.9-1.2; p=0.59

— Difference in the mean length of hospitalization
days: 0.11 CI -0.51-0.74;p=0.73




Odds Ratio: Mortality
(Shah,JAMA 2005;294)
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OR: Length of Hospitalization
(Shah,JAMA 2005;294)
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Guidelines for Use of PAC

 PAC not indicated in routine management of patients
admitted with acute decompensated CHF
« PAC should be considered:
— When initial therapy fails
Volume status unclear
Perfusion status unclear
Hypotension
Worsening renal insufficiency
Escalating doses of inotrope and other vasoacteesmequired

Measurement of pulmonary vascular reversibilitgatting of
Heart Transplant/LVAD eval.

Right Ventricular Stroke work for LVAD




Non-invasive Hemodynamic
Measurements

* Prognosis or Clinical Management
 Technigues

Thoracic Impedance (PREDICT)
Implanted sensors (Optivol)

Inert gas rebreathing for cardiac output (Innocor)
Electrical impedance for cardiac output (Cheetah)




Predict JACC: 2006; 47: 2245-2252

 Changes in Thoracic electrial impedance to
estimate Cardiac Output and hemodynamic
variables using thoracic fluid content.

e Can changes In filling pressure predict
clinical deterioration in ambulatory HF
patients when performed serially over time.




PREDICT

212 patients with stable CHF and recent
(<3month) Heart Failure Hospital

Prospective, blinded use of ICG every 2 weeks for
26 weeks (Stroke index; thoracic fluid content)

Patient assessment (Visual Analogue Scale)
MD assessment -NYHA Class
ICG

Endpoint: Hospitalization, urgent care, death




Events iIn PREDICT

59 years, 46% CAD, LVEF 27+x17%,
66% Class llI

104 episodes of ADHF

16 Deaths, 78 Hospitalizations, 10 ER
VISItS

80 episodes within 14 day period of
study - 624 days




Multivariate Analysis to Predict HF
Event in 14 days

Visual Analogue Scale

NYHA Class

Systolic BP

Thoracic Fluid Content Index
Velocity Index

LV Ejection Time — AV opening closing

Considering ICG variables together as
composite score
ICG score 3.83 0.0002 1.45 (1.27-1.66) per 1-U decrease
Patient visual analog score 0.0009 1.21 (1.10-1.35) per 10-U decrease
New York Heart Association 0.002< 2.38 (1.46-3.86) per 1-class increase
functional class
Systolic blood pressure (mm Hg) 4.94 0.0263 1.13 (1.01-1.28) per 10-mm Hg

decrease




Variable Chi-Square p Value Odds Ratio (95% CI)

Considering ICG variables

individually

Patient visual analog score 1.22 (1.10-1.35) per 10-U decrease

Thoracic fluid content index 1.51 (1.24-1.83) per 5-U/kOhm/m?
(/kOhm/m?) increase

New York Heart Association : 2.32 (1.43-3.77) per 1-class increase
functional class

VI (/1,000/s) : 1.36 (1.08-1.72) per 10/1,000/s

decrease

Systolic blood pressure (mm Hg) : 1.15 (1.02-1.29) per 10-mm Hg
decrease

LVET (ms) : 1.33 (1.09-1.63) per 25-ms decrease




Bioimpedance
Doppler Echocardiography

Inert Gas Rebreathing
method measures pulmonary

blood flow which equals CO
In the absence of shunts

— Safe

— Reproducible method during
exercise




 CO measurements: rebreathing with NO2 and SF6
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Number

Age (years)

Sex (male, %)

Body mass index (BMI) (kg/m?)
Resting mBP (mm Hg)

Resting Heart Rate (bpm)
Ischemic Cardiomyopathy, n (%)

NYHA Class (n) (%)
1

2

3
4

Medications

Diuretic, n (%)

Beta Blocker, n (%)
ACE Inhibitor, n (%)
A2 Blocker, n (%)

148
53+14
119 (80)
28+5
88+13
76+13
51 (34)
12 (8)

38 (27)

73 (49)
23 (16)

124 (90)
127 (91)
101 (73)
23 (17)




Variables

Exp B (95% Cl)

p-value

Peak VO, (ml/kg/min)

Peak CO (I/min)

VO, at AT (ml/kg/min)
LVSWI (gm-m/M ?)

Peak Cardiac Power (watt)
VE/NCO, Slope

0.85 (0.75, 0.96)
0.76 (0.63, 0.92)
0.74 (0.59, 0.93)
0.94 (0.91, 0.98)
0.26 (0.13, 0.56)
1.06 (1.03, 1.09)

0.007
0.006
0.001
0.001
<0.001
<0.001




Adjusted for age and sex

Variables Exp B (95% CI)

Peak Cardiac Power 0.04 (0.01, 0.29)

VE/VCO, slope 1.05 (1.01. 1.08)
Peak Cardiac Output 1.89 (1.11, 3.22)




Kaplan Meler Survival Curve in pts with Peak
Cardiac Power using a cut-off of 1.5 Watt




Bioreactance Methodology

RF
Generator
75kHz, Input

fixed Amplifier
amplitude
signal

¥

Phase Shift
d /dt

An electric current of
known amplitude and
frequency is applied
across the thorax between
the outer pair of electrodes

A voltage signal is
recorded between
the inner pairs of
electrodes




Comparison of Bioreactance and

Rebreathing techniques during CPET
Obtainable Results

Parameter Cheetah Innocor

Innocor {Gas Cheetah (Bioreactance)
Rebreathing)




Optivol: Precede HF




Starbrite: Multicenter trial using BNP targeted
Diuresis vs standard care. BNP based therapy
will lead to more days alive and out of the hospital
over 90 days than standard therapy

Shah; Am Heart J 2005;150




Baseline Characteristics

Congestion
Characteristic BNP Score
median (25 th, 75t) n=65 n=65

Age, yrs. 58.8 62.6
(49.7,70.4) (52.2,74.1)

Male (%) 67.7 72.3
Ischemic Etiology (%) 37.7 49.2
Hosp in Past Year 1(1, 2) 2 )
Ejection Fraction, % 20 20

(15, 25) (15, 25)
Systolic BP, mmHg 108 106

(95, 121) (95, 124.5)




Primary Endpoint Days Alive
and Out of the Hospital

Cumulative
Proportion

| | | | | |
30 40 50 60 70 80

Days not Dead or Hospitalized During 90 Days
(Days Well)

Arm —CS — BNP




‘Listen to the Patient
He’s trying to tell you

his disease’ g \william Osler

However new non-invasive
technology can provide important
hemodynamic data that can ease
patient management and guide
therapy.

The problem has not been with the
Swan data but with its invasive
nature and complications



