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2001 AHA Guideline for CHF

- Symptomatic LV dysfunction

� Class I : Diuretics, ACE inhibitor, beta-blocker, 

Digoxin

� Class IIa: Spironolactone, Exercise training, 
Angiotensin receptor blocker

� Class IIb: anticoagulation

� Class III: Routine use of nutrition 

supplements(coenzyme Q, carnitine, taurine etc)
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Non-pharmacologic Treatment 

� Nutritional support

� Exercise therapy

� Cell based therapy

� Device therapy (CRT &/or ICD)

� Interventional treatment

� Mechanical devices  

� Surgical strategy or Transplantation



2007-05-28 Nonpharmacologic Tx in CHF PO  5

Non-pharmacologic Treatment 

� Nutritional support

� Exercise therapy

� Cell based therapy

� Cardiac resynchronization therapy

� Interventional treatment

� Mechanical devices  

� Surgical strategy or Transplantation
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Nutritional Support in CHF 

� Energy intake less than 
energy expenditure 

� Substantial malabsorption
of nutrient intake

� Infants with CHF had a 
trend toward the highest 
REE

� Energy expenditure in 
specific defects with CHF 
and dietary intervention ?

Gil p627 그
림 1



2007-05-28 Nonpharmacologic Tx in CHF PO  7

� Malnutrition in up to 50% in severe CHF

- Depletion of lean body mass including vital organ

- Reduction of contractility and compliance

� Sufficient calories and protein to allow for normal 

growth & to prevent the breakdown of lean body 

mass

� Caloric density have to be increased to 

30kcal/oz(=100kcal/100ml) or greater due to 

restricted fluid intake and use of diuretic therapy

Nutritional support in CHF
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� Increasing caloric content may 

- augment the respiratory quotient if calories are 
added in the form of glucose polymer

� Patient with CHF are prone to the development of 
contraction alkalosis

� Combined effect my lead to inadequate 
ventilation or loss of calories due to excessive use 
of respiratory muscle 
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Etiology of Growth Failure: Multifactorial

� Intrauterine growth retardation

� Nutritional

� Hemodynamic disturbance

� Gene alteration

� Role of Endocrine factor such as IGF-I 
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Non-pharmacologic Treatment 

� Nutritional support

� Exercise therapy

� Cell based therapy

� Device therapy (CRT &/or ICD)

� Interventional treatment

� Mechanical devices  

� Surgical strategy or Transplantation
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A Few controlled exercise studies in 

patients with CHD

� A number of patients are physically inactive due 

to overprotection

� Maximal exercise capacity can be improved after 

a period of physical training

� Risk of physical exercise is very low

� Only a few defect associated with SCD 
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Kaplan-Meier plots for combined end 

point of hospitalization or death





2007-05-28 Nonpharmacologic Tx in CHF PO  18

Evaluation of children with CHD

� Formal exercise testing with continuous 
measurement of gas exchanges

� Maximal exercise performance – maximal 
workload, maximal O2 uptake(gold standard to 
assess aerobic fitness, not motivated), maximal 
exercise endurance time, 6 minute work test

� Ventilatory anaerobic threshold, HR based 
measurement(limited)

� Oxygen uptake kinetics
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Evaluation and risk stratification

� Latest diagnostic testing and surgical report

� NYHA

� Physical examination and BP

� Standard 12 lead ECG

� Imaging studies 
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Exercise recommendation 

in patients with CHD

� Impossible to predict how much energy will be expended 

for different pathologies

� Exercise intensity of sports- low, moderate, high 

dynamic with al low, moderate and high static 

components

� Talk test- safe exercise intensity, children should exercise 

at an intensity level at which they still able to talk to their 

peer or parents during exercise.
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Non-pharmacologic Treatment 

� Nutritional support

� Exercise therapy

� Cell based therapy 

� Cardiac resynchronization therapy

� Interventional treatment

� Mechanical devices  

� Surgical strategy or Transplantation



Working hypothesis of therapeutic stem cell 

transplantation for myocardial regeneration
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Cell based therapy

� Stem cell can exert beneficial effects on the 
failing heart by

� Transdifferentiation into cardiac cell type

� Providing a source of cardio-protective paracrine
factors

� Replacement of scar tissue by viable myocardim
should improve cardiac function and inhibit 
remodeling in CHF
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Safety concern of cell based therapy 

� Abnormal cellular differentiation

� Coronary obstruction, accelerated atherosclerosis

� Myoblast graft may represent an arrhythmogenic
substrate, esp. early after cell injection

� Transplanted myoblast fuse with cardiomyocyte

- generating spatial heterogenecity of Ca signaling 
at the graft-host interface

� Tissue injury and local inflammation
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Non-pharmacologic Treatment 

� Nutritional support

� Exercise therapy

� Cell based therapy

� Device therapy (CRT &/or ICD)

� Interventional treatment

� Mechanical devices  

� Surgical strategy or Transplantation



Pathophysiology of ventricular dyssynchrony and 

mechanism of action for cardiac resynchronization
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Rationale for CRT

� Advanced CHF(adult) , evidence of conduction delay, 
most often LBBB

� Significant delay uneven activation with region of 
early and late activation

� Dyskinetic activation increase wall stress, decrease 
dP /dT, increase LVEDP, impair systolic  function

� Dyssynchrony between LV & RV &

Sepal dyskinesis
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Study Population

� ≥ 18 years of age

� NYHA Functional Class III or IV

� QRS duration ≥ 130 msec

� LVEF ≤ 35%  by echocardiography

� LVEDD ≥ 55 mm (echo measure)

� Stable HF medical regimen for ≥ 1-month

� ACE-I or substitute, if tolerated

� β-blocker - stable regimen for ≥ 3-months

MIRACLE



MIRACLE Study Patient Status

Randomized

N = 266

Control

N = 132

CRT

N = 134

Exits

N = 13
Deaths (10)

Crossover (2)

Other (1)

Exits

N = 9
Deaths (8)

Other (1)

Completed

6-Month

Follow-up

N = 119

Completed

6-Month

Follow-up

N = 125

Enrollment Period:

11/1998 - 6/2000

44 Centers in 

US & Canada



Quality of Life
Minnesota Living With Heart Failure Score
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Metabolic Exercise Testing
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Echocardiographic Parameters
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6.50

6.75

7.00

7.25

7.50

Control

N=63

CRT

N=61

C
e
n
ti
m
e
te
rs

Baseline 6-Months

P<0.001

LVEF

10

15

20

25

30

35

Control

N=81

CRT

N=63
P
e
rc
e
n
ta
g
e

Baseline 6-Months

P<0.001

MIRACLE



Risk of Hospitalization for Worsening 

Heart Failure
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P = 0.015

Relative risk = 0.50; 

95% CI (0.28, 0.88)

Abraham W, et.al. ACC 2002 
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Inclusion Criteria

NYHA Class III or IV

QRS > 120 ms

LVEF ≤ 35%, LVEDD > 60 mm

No brady or tachy device indications

History of CHF hospitalization in last 12 months

Optimal pharmacological therapy

� Betablocker (3 months)

� All other HF drugs (1month)

COMPANION STUDY
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Study Design:  Cohort Study

1932 patients, 1:2:2 to one of the following  3 arms:

� Optimal pharmacological therapy

(OPT)

� OPT + Biventricular CRT 

� OPT + Biventricular CRT + ICD +

+

COMPANION STUDY
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COMPANION: Primary Endpoint

Death or Any Hospitalization
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COMPANION: Secondary Endpoint
All-Cause Mortality
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Asynchrony, not QRS Duration

Predicts Improvement

� Acute improvement can be predicted by the degree 

of mechanical baseline asynchrony 1,2

� Furthermore, the improvement in function is 

linearly correlated with the improvement in 

synchrony 3

1 1 Yu et al., PACE, 23:II9, 2000Yu et al., PACE, 23:II9, 2000

2 Nelson et al., Circulation, 101:27032 Nelson et al., Circulation, 101:2703--9, 20019, 2001

3 Yu et a., PACE, 23:II148, 20003 Yu et a., PACE, 23:II148, 2000
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Patient selection for CRT
Current FDA Labeling

� LVEF <35%

� NYHA class III or IV

� Optimized medical program

� Normal sinus rhythm

� QRS>130msec
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Patient selection for CRT

-Predictor of response

� 20-30% do not respond

� Increasingly recognized that QRS duration alone 

inadequate

� Optimal pre-implant parameters for response to 

CRT remain to be defined
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CRT in Children and young adult with 

Congenital heart disease 

� Acute effects of temporary epicardial CRT in 20 patients with evidence 

of  AV or intraventricular conduction delay & need for inotropic

support

� Used temporary pacing wire(RA, RV, LV) after CHD PO

� CRT resulted in improved arterial systolic, diastolic, and pulse pressure

� Correlated well with initial QRS duration and degree of QRS 

shortening

� Temporay epicardial CRT could be used as an adjunct in the immediate 

PO period in CHD patients

Janousek et al, 2001, Am J Cardiology
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CRT in Children and young adult with 

Congenital heart disease

� Acute effect of temporary epicardial CRT at surgery in 

29 patients with CHD PO, 

� Patient with Single ventricle and biventricular anatomy 

� Significant increase in systolic blood pressure and CI, 

and shortening of QRS duration

� Facilitated weaning from CPB in two patient

� Epicardial CRT could be used as an adjunct PO therapy

Zimmerman et al, 2003 Ann Thorac Surg



2007-05-28 Nonpharmacologic Tx in CHF PO  51



CI(L/mim/M2) dP /dT

(mmHg/s)
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Unsolved issues with CRT

� Device placement exert a Substantial placebo response

� Assessment of mechanical asynchrony using echocariography such as  

TDI, strain, strain rate, tissue tracking , etc

� Uncertain  whether optimization of AV delay, intraventricular

resynchronization, or interventricular resynchronization

� Underlying etiology of HF(MI, scar tissue, op scar, conduit or patch)

� Extrapolation of CRT to mild(NYHA II)

� Unclear whether ICD must accompany CRT (CRTD)
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Summary: Who benefits most from CRT?

� Patients with NYHA III/IV CHF tend to show greater therapeutic benefit than 

those with NYHA I/II CHF

� Patients with LBBB respond consistently, whereas those with RBBB do not

� Patients with DCM tend to respond more than those with ICM

� 80% of patients with QRS > 150 ms improve their hemodynamics with 

CRT( mechanical synchrony and electrical synchrony are not synonymous)

� Improvements in asynchrony seem to be the determinant of the improvements 

obtained with CRT, and this may be independent of QRS width

� Heterogeneous nature of pediatric patients with CHD pose a special challenge 

in assessing the short-term and long-term efficacy of CRT



Biventricular PacingBiventricular Pacing



Lead introduction into coronary vein



On admission 5th day in CCU

75/F with Dyspnea (NYHA IV)

EF: 11%, Sinus rhythm, LBBB
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Pre biventricular pacing



6 months after 

resynchronization
The next day after 

resynchronization
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Post biventricular pacing



Before synchronization

EF=11%

6 mo after cardiac 

Resynchronization, EF=46%

Echocardiography
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Summary 

� A Major focus in children with HF is growth and nutrition. 
Supplementary nutritional support is needed.

� Patient with Pediatric CHF seemed to benefit from regular physical 
activity. Not all patients, however, are eligible for competitive 
sports. 

� Cell therapy for patients with CHF is still in its infancy.Stem cell 
transfer to failing heart may be feasible, firm conclusion regarding 
efficacy cannot be drawn at this time

� There is preliminary evidence to suggest that selected patients with 
CHD may benefit from CRT, perhaps with RV or alternate pacing

� Multidiscipline team approach should be considered


