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Imaging in CRT and Heart 

Failure



• CRT has been shown to improve 
LV function and improve HF 
related morbidity and mortality.

•  However, despite significant 
research efforts, “non-
responders”(depending on 
definition) range between 20% 
and 40% of patients

Fornwalt BK,  et al. Agreement is poor among current criteria used to define response to cardiac 
resynchronization therapy. Circulation 2010;121:1985–91.





MMI for CRT
• Echocardiography has provided a means of evaluating 

segmental LV mechanical. Latest or adjacent to the latest 
activated segments.

• Cardiac venous anatomy is variable, and cardiac CT 

before implantation can provide the implanter with 

pre-operative information on which segments are 

covered by suitable cardiac veins for lead placement.

• For assessment of myocardial scar, CMR with 

gadolinium-based contrast remains the gold standard



The Importance of targeting the latest 
mechanically activated segment

The Importance of targeting the latest 
mechanically activated segment



CRT HF and Scar

• In this prospective randomized study of >100 patients, there was no difference in 
outcome by targeting a late mechanically activated scar-free segment using 
multimodality imaging compared with standard of care. 

• The intervention was not associated with a higher remodeling response rate nor 
with better clinical outcome.

Borgquist et al.  JA C C : EP , 2 0 2 O



• In the  on-treatment analysis, patients with 
concordant (optimal or adjacent) lead position did 
have a better clinical outcome compared with 
patients with distant LV lead placement. 

• This difference was primarily driven by a reduced risk 
of hospitalization for HF, reduced mortality, but total 
mortality was low in both groups. 

• The on-treatment result could imply that when the 
implanter succeeded in targeting the latest 
mechanically activated segment, there was a 
beneficial clinical effect with regard to long-term 
outcome.

Borgquist et al.  JA C C : EP , 2 0 2 O
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GWE= [constructive work/(constructive work - wasted work)]X100%]





Cardiac work which is performed by 
an early-activated LV segment
on an opposing, late-activated LV 
segment (elongating the late 
activated
segment during contraction of the 
early-activated segment),
does not contribute to the LV stroke 
volume, and leads to inefficient
LV function



Lo scompenso cardiaco: ruolo dell’imaging cardiovascolare.

Pediatric Heart Failure

• There are some 11,000-14,000 heart 
failure-related admissions in children 
annually in the United States.

St Luke healing the Dropsical Child, Giovanni Lanfranco 1620



PHF Morbidity and Mortality

Lasaet al. Circ Heart Fail. 2020;13:e006101. DOI: 

10.1161/CIRCHEARTFAILURE.119.006101

Pediatric CICU admissions to define the epidemiology of 

critical ADHF and to determine risk factors for mortality in 

a multicenter North American clinical registry dedicated to 

this patient population (Pediatric Cardiac Critical Care 

Consortium [PC4]).



PHF vs AHF

• Adults with ADHF are more likely to present 

with features of congestion and fluid 

overload, requiring treatment with diuretics, 

• Children with ADHF present rather than with 

features of a low cardiac output state or 

respiratory failure necessitating the addition 

of vasoactive medications or mechanical 

ventilation.

van Diepen S, et al. Int J Cardiol. 2014;177:840–846. doi: 

10.1016/j. ijcard.2014.11.007



PHF Mortality

• Hospital-wide and CICU-specific mortality 

rates were 19% and 15%, respectively, 

compared with reports of 4% to 9% all-cause 

30-day mortality in adults with acute HF 

syndromes admitted to higher acuity units.

• Inotropic medications are utilized in 14% to 

53% of adults hospitalized in an ICU for 

ADHF

• Children in PC4 were treated with inotropes 

much more frequently (up to 88%). 



Etiology in PHF

• Adult HF  mainly relates to 

ischemia (60-70% of cases), PHF 

is consequence of CHDs or 

cardiomyopathies in most of the 

cases.



PHF The CHD Impact

•  Congenital heart disease was:

–  present in over half of those hospitalized with ADHF 

–  was associated with greater resource utilization, 

– higher complication rates, 

– longer length of stay, 

– increased likelihood of readmission, 

– and poorer survival when compared with children 

without CHD. 

– Important additional risk factors associated with death 

include age <1 yrs 



Medical therapy for PHF 

Main goals: 

- decrease of pulmonary wedge pressure 

- increase of cardiac output 

- improvement of end organ perfusion 

- delay of disease progression.

Current pharmacological therapies for HF in children is 

extrapolated from adult cardiology practices rather than 

evidence from controlled clinical trials.



Clinical Trials in PHF



Pulmonary Artery Band

• The regenerative strategy is the basis of reversible PAB in infants and young 

children with dilated cardiomyopathy.

•  Application of a reversible PAB for months can increase the contractility of LV 

by ventricle–ventricle interaction as both RV and LV share a common septum. 



The Journal of Heart and Lung Transplantation, Vol 32, 

No 5, May 2013



➢ Consecutive patients since September 2015

➢ Inclusion criteria:
- age < 4 years

- hospitalization for heart failure due to LV-DCM

- preserved RV function

- failure to wean from inotropes or more than two ICU admissions within the same hospitalization

- listed for heart transplantation

➢ Exclusion criteria:
- biventricular failure

- TR > moderate

- idiopathic or reactive pulmonary hypertension (out of proportion with LV-DCM)

- associated major CHD (ie ALCAPA, ARCAPA, …)

➢ Outcomes:
- survival of study population

- reduction of the need for MCS and OHT

- improvement of LV shape and function

Methods

Di Candia A, et al. (2020) Pulmonary Artery Banding for 

Ventricular Rehabilitation in Infants With Dilated 

Cardiomyopathy: Early Results in a Single-Center 

Experience. Front. Pediatr. 8:347. doi: 

10.3389/fped.2020.00347



Results Recovery/improvement

n=4

Outpatient visits

n=4

# 3, 4, 5, 6 : Median follow up 34.9 (range 8.2 - 42.6) months









THERAPEUTIC ALTERNATIVES: 

Atrial Flow Regulator

• Self-expandable

percutaneous-delivered

fenestrated device

• The device is implanted into

the interatrial septum

• Maintain a permanent

interatrial communication

• Predetermined diameter



ATRIAL FLOW REGULATOR

Indications

- Heart failure

- Pulmonary hypertension

- Fontan fenestration

- Venting in ECMO 

Goals

- Create  a small, controlled left-to-right interatrial shunt

- Reduced elevated LA pressure



ATRIAL FLOW REGULATOR:

Our experience

7 months old baby girl,  BW 6.2 kg

New diagnosis of CMD 

Clinical examination:

• Tachycardia

• Metabolic acidosis

• Oliguria 

• Feeding intolerance

ECHO

• EF 5-10%

• severe mitral insufficiency

After AFR



ATRIAL FLOW REGULATOR:

Our Experience
After AFR



Conclusions
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