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Objectives

• Understand the challenges we face in 
treating heart failure in  children.

• Review some common illusions of success 
in heart failure treatment

• Highlight some innovative approaches and 
why they may prove effective. 

• I will not discuss improvements in 
devices,or cardiac transplantation today.



Imagine the conversation….
Mother:  Doctor what has happened to my  child ?
You: He has heart failure, due to a problem with 

the heart muscle. 

Mother:  What is the actual problem with the heart 
muscle ?

You: We don’t really know

Mother: Well, can you tell me what caused it ?
You Actually, it’s hard to say…it may have been any 

one of a number of  things, that he was born 
with or acquired. We don’t really know. 

M th      Wh t d   d   ?



Imagine the conversation….
Mother:     What do we do now ?
You : Well, we have a number of tests to run, and 

then we have a number of treatments for 
heart failure, which we can try....

Mother: Do you know if they will help ?
You: No, we don’t really know- maybe, but not for 

sure. 

Mother: Well, will he get better ?
You: I’m afraid we don’t know.



The Heart Failure Service



Challenges we face

• Disease presents at an advanced stage, with 
indistinct symptoms 

• There are many causes and great variation 
in the underlying etiology.

• Medical treatments are largely unproven, in 
children: with uncertainty as to 
– Indications
– Dosing
– When to discern treament failure. 



CASE SCENARIO 1

The case of EB 
• Female age 4 days
• Unremarkable pregnancy. NSVD at 36 6/7

• Weight 3.3 kg
• Apgars 9 / 9. 
• Discharged from birthing hospital at 72 

hrs after phototherapy



CASE SCENARIO 1

• Presents to ER, drowsy, not feeding well.
• BP 65/45, HR 150, Femoral pulses 

normal.
• Afebrile 
• WBC 23,000/mm3 , no left shift.
• Admitted to NICU for empirical 

antibiotics (rule out sepsis).
• Mother:  Fever in the last week, upper 

respiratory symptoms.





Cardiology consult

• Fellow called 5pm next day (Saturday), because 
ectopic beats noted  on monitor in the NICU.

• Patient examined.
Afebrile. 
BP 55/35mmHg  
SaO2 96% on RA.
RR 50 HR 176
? Diminished pulses

“Occasional wide complex beats”  



Chest X-Ray 



• Persistent lactate of 3-4
• Bradycardic at 8pm
• CPR for 30 minutes- cannulated onto ECMO
• Troponin T = 9.8

Diagnosis: Acute Fulminant Myocarditis






Treatment of Acute Fulminant 
Myocarditis.

In addition to supportive care
• Antiviral therapy ? (which agent)
• Steroids ?
• IVIG ?
• Azathioprine/Cyclosporine ?

• The role of Biopsy: 



Conventional Wisdom

Myocarditis

Idiopathic dilated 
cardiomyopathy

Foerster, Circ Heart Fail. 2010;3:689-697



Don’t worry- We have the best 
doctors !

✓



Illusion 1: 
Knowing the possible outcome does not mean 
we understand the disease, or that we able to 
treat it effectively 

Enterovirus in blood

Extensive lateral wall 
infarction

Centrimag

Transplant

Died (Renal Failure)






Illusion 2: 
Immune supression (or immune modulation) is 
effective treatment



What have we done ?
• Put out guidelines 
• 2004
• 2013
• 2015

• Published textbooks
• Many many review articles
• Held symposia
• Funded grants
• Increased advocacy 



Trends in the Incidence of In-Hospital mortality, Cardiogenic Shock and Utilization of 
Mechanical Circulatory Support Devices in Myocarditis

(Analysis of National Inpatient Sample Data, 2005-2014)

J Card Fail. 2019 Apr 26

We are making the diagnosis of 
myocarditis more often (not by biopsy) 



J Card Fail. 2019 Apr 26

We are using mechanical support devices 
more commonly 



Illusion 3:  
Myocarditis is entirely an acquired 
cardiomyopathy 

Gene Status 
Positive

n=49
Negative

n=117
VUS 

n=113

Myocarditis
Yes 

n=32 4 (13%) 15 
(47%)

13 
(41%)

No
n= 247 45 (18%) 102 

(41%)
100 

(41%)

Myocarditis did not exclude the presence of a gene 
mutation. 



J Am Coll Cardiol. 2017 Apr 4; 69(13): 1653–1665.

Innovation
Myocarditis may be a coincident event in a 
patient with an underlying cardiomyopathy –
related gene anomaly 



• whole-exome sequencing of 42 
unrelated children with acute 
myocarditis some with proven viral 
causes.



Population of individuals who carry a 
gene variant in a cardiomyopathy 

associated gene 







Findings

• No enrichment of TLR or IL-α/β genes
• No enrichment of heterozygous rare 

variants
• Massive enrichment of homozygous rare 

variants, and some compound 
heterozygous rare variants



What does this mean ?

• Many people get a virus, but vanishingly 
few get myocarditis. 

• Still fewer, will die from the disease
• We can likely predict which those people 

will be by having exome sequence 
information available 

• What can we do about it ?



Case 2 

14 year old with increasing SOB on effort. 
• Only child, South Asian descent. 
• No sports, “works in mushrooms”

• Fatigue and weakness 



Background
• No Family History. Non-consanguineous 
• No toxin exposure (mushrooms ?)

• Examination: mild dyspnea at rest
• No muscle weakness/ wasting. 
• BP 80/55, HR 115. Pulses reduced. Liver 

3cm. JVP 6 cm. Gallop rhythm. Soft blowing 
systolic murmur








Patient assessment in acute 
decompensated heart failure

Kantor,  Eur J Pediatrics 2010



treatment plan

Kantor,  Eur J Pediatrics 2010



Cardiomyopathy Workup 

Kantor,  Eur J Pediatrics 2010



Cardiomyopathy Workup 



Systolic  Heart Failure general guide

No Added Salt Fluid and salt restriction

HF Clinic Follow-up Inpatient care

Class A Class B Class C Class D

ACEi 

Β- blocker

Aldosterone blocker

Pulsed---Diuretic -------- continuous

IN
O

TR
O

PE
S

VA
DCRT

risk factor 
interventions

lifestyle 
modification

CPAP



Polypharmacy in Heart Failure
1700s 1930s 1980s 1990s 2000s 2010s

Digoxin Digoxin Digoxin Digoxin  Diuretic Diuretic

Diuretic Diuretic Diuretic ACEi/ARB ACEi/ARB

ACEi ACEi Cardiosel. 
BB

Cardiosel. 
BB

Nonsel. BB MRA MRA MRA

Nonsel. BB Digoxin Digoxin

Nitrates Nitro-dilator Nitro-
dilator

Kfi inhibit.

Secubitril



How is this interpreted ?        4 y/o Fontan

4 Diuretics, 
9 separate dose 

administrations per day 

23 med administrations 
daily (not including feed 

supplements & 
anticoagulation).

No ACEi , Digoxin or Beta 
blocker therapy. 



Problems with polypharmacy

Allen L, Circulation 2015; 132:1347
“47% needed to start at least 1 NEW HF-related medication by discharge,
24% needed to start >1 medication, 
14% needed to start ≥3 medications to be in compliance with HF  guidelines”

Additive therapy is guideline driven 

Marengoni A, BMJ 11 March 2015

“How should doctors manage patients with multiple diseases to help to prevent a 
cascade of problems that starts with inadequate guidelines and moves through 
polypharmacy to an increased risk of drug-drug interactions?”

Open-ended guidelines drive drug interactions



Recent Trials and Tribulations (AHF)

Drug Trial Result Implication

Levosimendan
(Ca2+ sensitizer)

REVIVE I and II 
(placebo)
SURVIVE 

(Dobutamine)

No change in 
mortality

↑Arrhythmias
Improved GAS

Not FDA approved. 
Some empirical use 

in Europe.

Nesiritide
(natriuretuc
analogue)

ASCEND-HF
(placebo)

No change in 
symptoms, renal 

function 
readmission/ death

Limited role in 
Acute HF

Rolofylline
(Adenosine A2 

antagonist)

PROTECT
(placebo)

No change  in 
readmission renal 

failure

Not being marketed

Serelaxin
(Human recombinant 

Relaxin -2 
(pleiotropic effects)

RELAX –HF
RELAX-2HF

Mildly improved 
Dyspnea.
CV Death 

?readmission same

EMA/FDA not fans.
Pediatric Study 

suspended



PARADIGM-HF (2014)
Valsartan-Sacubitril

vs. Enalapril 

N=8442
Background:
Age 69 (WM)
NYHA II
EF: 27 %

Therapy 
Digoxin: 26 %
Β-blockers: 93% 
MRA: 54 %
B-blocker: 87

20 % relative reduction 
3.2 % absolute

Number needed to treat is 31



How effective is all of this ?

J Am Coll Cardiol 2017;70:2663–73



J Am Coll Cardiol 2017;70:2663–73

No difference in 
Transplant Rate

Difference in 
Mortality at 3 
years 

1990-1999 – 12%
2000-2009- 8%

• We are better at 
avoiding death 

• We aren’t curing 
disease

Illusion 4:  
More medications = better outcomes



Back to our patient
• Underwent a Transplant. 
• Discharged home successfully. 
• Still fatigued on effort with decreased effort 

tolerance. 

• CPK: 1200. 
• Dystrophin Gene deletion= Becker Muscular 

dystrophy

Illusion 5:  
Transplantation cures the disease



What innovations are occuring in 
this area ?



X-LINKED
-Barth syndrome, mitochondriopathies

-Duchenne’s, Becker’s
- Emery Dreifuss



Becker Muscular Dystrophy
• “Milder” form of Duchenne’s MD

• Variable presentation/clinical course
– Milder skeletal muscle disease
– Only 10% are wheel chair bound by age 40 

and none in childhood years

Cardiac (DCM)
• Onset usually by 30 years
• 70% develop DCM
• Heart failure most common cause of death



Cardiac surveillance and Rx in BMD
• First echo/ECG after 5 years
• q2 years till 10 years
• Annually thereafter (and within 12 mos prior 

to major surgery)

• cMRI not routinely recommended

• Treat LV dysfunction with ACE-I, beta 
blocker

• No pre-emptive therapy



Molecular basis of Duchenne-Becker 



CAP-1002 Cardiosphere derived cells 
(immunomodulatory, anti 
fibrotic)
Improved exercise and
respiratory capacity. 

HOPE1 - intracoronary 
injection
HOPE2 - IV injection in 
boys and young men

Eteplirsen Anti-sense oligonucleotide
(exon 51 skipping)

FDA approved

Golodirsen Anti-sense oligonucleotide
(exon 53 skipping)

Phase 1, 2

Gene 
editing

CRISPr/Cas9 dystrophin gene 
editing

Mouse models

Innovation
Modifying gene expression by replacing cells, 
skipping exons, or editing the mutation



Gene correction







Amoasii et al., Science 362, 86–91 (2018)



Conclusion
Illusion
There are many treatments for Heart Failure in Children 
that constitute the appearance of effectiveness, but in 
reality fall short

Innovation
Innovation is occurring and will almost certainly lead to 
molecular therapy for DCM 

Challenge At this stage we have no basis for that 
treatment in more than 2/3 of cases. The cause remains 
indeterminate. 



Thank You 
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