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Left Ventricular Non-compaction
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Left Ventricular Non-compaction Embryology

 Embryologically, the theory is that there is a “failure of the
compaction process during fetal development”

* Normal development and compaction:

e Greater surface e Positive and e Growth and
area / volume - negative gene . pressure related
Compaction can ,
* Increased bCompac;u;)nS regulators conr'zinue into triggers
muscle mass €gins ?( e Majority complete tnatal lif e Effects efficiency
* Prior to coronary Weeks by end of 2nd postnatal liie of ventricular
establishment trimester contraction

Trabeculations
evident early in
1st trimester

Sedmera D, et al. Heart Failure Clinics. 2008 Henderson D, et al, Pediatric Cardiology. 2009 Faber et al. iScience. 2022
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Left Ventricular Non-compaction Embryology

Developing hearts:
Mouse

Control
P EX N Single-Cell RNA-seq
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LVNC phenotype

Human heart EC/endo genes encoding
secreted factors

Trabeculation

: " Up in Up in
Cardiac d ' Wea ¥ Contro| LVNC
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Gene expression

similarities g '_ ) —
¢~ Cardiomyocytes m

\ Proliferation Maturation )

Vv
Changes in angiocrines that signal from
EC/endo to CMs contribute to LVNC

Trabeculae

Misra C, et al. Nature. 2013 Rhee S, et al. Eur Heart Journal. 2021
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Left Ventricular Non-compaction

* Currently makes up 3-10% of all pediatric cardiomyopathy

Abnorma
Screenmg ECHO

Qo

Brescia S, et al. Circulation. 2013 Towbin JA. Circulation Research. 2017 lkeda U, et al. J Cardiology. 2020
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Left Ventricular Non-compaction Genetics

e LVNC has a familial occurrence rate of
~30% in new presentations

* More heterogeneous and complex than
other forms of cardiomyopathy

* Inheritance can be Autosomal Dominant,
X-linked, AR, or mitochondrial

Bhatia, et al. J Car Fail. 2013 Van Waning J, et al. JACC. 2018 Rojanasopondist, et al. Circ Genom Precis Med. 2022
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Left Ventricular Non-compaction Genetic Pathway

Transcriptional / translational regulator
9%

Signal transduction
Protein degradation 10%
9%
lon channel
10%

Mitochondrial

function
9%

Intracellular trafficking
9%

Cellular junction

protein Cytoskeletal protein
9% 14%

Sarcomere function
64%

Sarcomere function
19%

Cellular junction
protein
5%

Mitochondrial function
9%

Transcriptional /
translational regulator
24%

Rojanasopondist, et al. Circ Genom Precis Med. 2022
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Left Ventricular Non-compaction Genetics Testing

Genetic Evaluation of Cardiomyopathy—A Heart Failure Society
of America Practice Guideline

RAY E. HERSHBERGER, MD, "~ MICHAEL M. GIVERTZ, MD," CAROLYN Y. HO. MD," DANIEL P. JUDGE, MD,*
PAUL F. KANTOR. MD,” KIM L. MCBRIDE., MD." ANA MORALES. MS, CGC.' MATTHEW R.GG. TAYLOR, MD.
MATTEO VATTA, PhD. AND STEPHANIE M. WARE, MD, PhD

Guideline 4

Level of
Cardiomyopathy Phenotype Evidence

Genetic testingics=ocommandad far nationte swith _ _ _ —
cardiomvonathy Genetic testing is not recommended in asymptomatic patients with incidental
pathy. o "
: y findings of prominent trabeculations or “suspicions” of dlsease

IS T e T T T s T o e
4a. Genetic testing 1s recommended for the most clearly af- Restrictive candiomyopathy (RCM)

fected family member. Cardiomyopathies assoctated with other extracardiag
manifestations
Left ventnicular noncompaction {LVNC)

4b. Cascade genetic testing of at-risk family members is rec-
ommended for pathogenic and likely pathogenic vanants.

Hershberger, et al. J Card Fail. 2018
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Left Ventricular Non-compaction Imaging

Stollberger

Measurement Example

Diagnostic Criteria Decreasing X/Y ratio* from Two-layer myocardium with NC/C* >3 prominent trabeculations

Cardiac Phase

Echocardiographic
View/Segment

base to apex
No specific cut-off reported

End-diastole

Parasternal long-axis at
level of mitral valve and
papillary muscle;

Subcostal long-axis or apical

four-chamber view at level
of apex

ratio >2

Non-compaction predominantly located
in mid-lateral, apical, and mid-inferior
regions

Perfusion of intertrabecular spaces
demonstrated by color Doppler
Absence of coexisting cardiac
abnormalities

Systole

Parasternal short-axis

Taylor C, et al. Progress Ped Cardiol. 2021

Trabeculations move synchronously
with myocardium

Trabeculations part of noncompacted
layer of the two-layered myocardium
Perfusion of intertrabecular spaces
demonstrated by color Doppler

Trabeculations: End-diastole
Two-layered myocardium: End-systole
Trabeculations: Parasternal short
axis, apical level

Two-layered myocardium:

“Atypical apical 2-chamber view"
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Left Ventricular Non-compaction Imaging
=

1) LV noncompacted myocardial mass

MNC:C myocardial ratio = 2.3 end-diastole . e .2
- index>15 g/m

2) Noncompacted LV mass > 25% of total LV
Taylor C, et al. Progress Ped Cardiol. 2021 mass

Baylor
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Left Ventricular Non-compaction Imaging

apical rotation

. o [\ ROC CURVE
LV Twist : ‘

p < 0,001 ' &
. ' ‘ \._\‘i‘ LV Twist

p=0.001
AUC=0.919 p<0.001

cutoff value < 5.8 degree (sensitivity, 82%;

apical rotation specificity, 92%)

Sensitivity

"
o
o
-
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0,4 0,6
1 - Specificity
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Left Ventricular Non-compaction Imaging
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Hypertrabeculation Controls

Basal third 1.274 (0.078) 1.179 (0.082) p<0.001* 1.140 (0.088) p=0078**
Mid third 1.394 (0.082) 1.327 (0.025) p=0.001* 1.251 (0.042) p<0.001**
Apical third 1.467 (0.035) 1.316 (0.058) p<0.001* 1.195 (0.074) p <0.001**

Krupickova S, et al. J Cardiovasc Magn Reson. 2021
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Left Ventricular Non-compaction Imaging

Combined Endpoint

First Author LGE No LGE Odds 95% ClI P value
Events/ Events/ Ratio
Patients Patients

LVNC with vs without LGE

Ivanov 30/84 31/192 . € : < 0.0001
Andreini 10/1 26/102 : 23 < 0.0001
Amzulescu 5/22 6/36 47 3 0.73

Mazurkiewicz 11/46 2/81 12.4 < 0.0001

Pooled 56/163 65/41 4.9 1.63 - 14.6 0.005

Cochran's Q= 8.7p = 0.03; | = 65% (95% Cl 0-88)

10
Odds Ratio

Cardiac Death

First Author LGE No LGE 95% Cli P value
Events/ Events/
Patients Patients

lvanov 7/84 5/192 3.4 1.05 - 11 < 0.0001
Andreini 4/1 1/102 57.7 5.6 - 588 < 0.0001
Amzulescu 3/22 1/36 5.5 0.54 - 57 0.15

Mazurkiewicz 6/46 0/81 26.2 1.4 - 476 < 0.0001

Pooled 20/163 7/41 9.8 2.44 - 395 0.001

Cochran’s Q = 5.4 p = 0.14; 12 = 45% (95% Cl 0-81)

Q/v/ Baylor
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Left Ventricular Non-compaction Heart Failure

IchidaF Wald R Koh C et al. BresanT ‘ ‘Wang Cetal. () | van Waning JI
I etal( )

e: :;L 7 a)'- CYo |eval o) | e ntile | Juvenile

Number of patients 10 | 242 108 97
' Male patients, n (%) | 15(56%) | 40% | 7(70%) | 145(60%) | 59 (55%) | 51 (53%) 20 (69%) 12 (52%)
| Age range, years |15 | — | oo19a12 | 03-139 | 01 | 1-15 | 0-15 ' 0.08-13 0-18
| Length of follow-up (mcdian) | 17 years | 16 years A 8 years . 4 years B ye: | 5.9 years 4.2 years 6.8 years 5.4 years
| Age at diagn(ﬁs (mediagd — 10 oo | S IS N IECRESY N Al <RV 1TSS [ 23 ANEN 01 years

Family history of In general, ~2/3 of patients W|th LVNC develop Heart Fallure P (31%) | 3 (13%)

cardiomyopathy

' Death in follow-up over the course of their disease T

Clinical characteristic (at the time of diagnosis)

Asymptomatic =@ | — — 1 (10%) 89 (37%) | 21 (19%) | 52 (54%) 9 (17%) =

Heart failure 6 (22%) 54% 8 (80%) 60 (25%) | 65 (60%) | 22 (23%) | 13 (27%) 24 (83%)
Arrhythmia 6 (22%) = 3 (30%) 80 (33%) 9 (8%) | L1 (11%) 9 (17%) = 2 (9%)
Thromboembalism | 2% | — | o@% | = s(5%) | 5(5%) 2(4%) [ = 0(0%)

Li, et al. Frontiers in Pediatrics. 2023
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Left Ventricular Non-compaction Heart Fallure

Dysfunction

HR 5.20 (95% (1 3.71-7.27) P < 0.001

" HR3.03(95% C12.07-4.46)
© P<0.001

+No
—Yes

v
U
c
]

-
Vv

=
v
>

=
=
-
-
3
o

Cum Survival

Time Since LYNC Diagnosis (Years)
Number at risk
— LVEF <35% 140 72 53 38 25
4.00 | | , — LVEF 35-50% 122 85 56 33 14
Follow-up (p<0.001) — LVEF 250% 285 214 157 99

Brescia S, et al. Circulation. 2013 Casas G, et al. JACC. 2021
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Left Ventricular Non-compaction Heart Fallure

SGLT2i
(2a)

Symptomatic HF ACEi, ARB, ARNi
(2b)

MRA
(2b)

Evidence-based beta
blockers for HFrEF

(2b)

Heidenreich PA, et al. 2022 AHA/ACC/HFSA Guideline for Management of Heart Failure. Circulation. 2022
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Left Ventricular Non-compaction Arrhythmias

JUNCTIONAL

e Overall prevalence of o 1% 3%
Arrhythmias in children
with LVNC ~30%

e VT > SVT > Atrial Tachy
(Afib rare in children)

* Arrhythmias associated
with increased overall
mortality (HR 3; P<0.01)

Brescia S, et al. Circulation. 2013 Jefferies JL,et al. Tex Heart Inst J. 2022

Background  Genetics Imaging Heart Failure Arrhythmias Outcomes —t Cotlepeof
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Left Ventricular Non-compaction Arrhythmias

WPW in LVNC

 Prevalence of WPW in
LVNC as high as 11%

 WPW associated with a
higher risk of dysfunction
related to dyssynchrony

Proportion Free from Cardiac
Dysfunction
Proportion Free from
EF <40%

6 9 12 15

Years Since Diagnosis of LVNC
76 £1 9 7 b, 0

 Ablations can result in
improved (normalized) K ‘
Ca rd ia C fU n Ct i O n :'I’L’,[ ib:.'-'-;:"f.tl-‘ 3% .8 s i' : > Mok Y::rs Slnce t)‘iaan;’c:sis «?f LVN1c

Howard TS, et al. J Card Failure. 2019

Proportion Free From Cardiac
Dysfunction
Proportion Free from Cardiac g ‘ :
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Left Ventricular Non-compaction Arrhythmias
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\ Left Ventricular Endocardial Bipolar Map

Muser D. Heart Rhythm. 2017
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Left Ventricular Non-compaction Arrhythmias

*Incidence of SCD in children with
LVNC remains imprecisely defined
(risk phenotype dependent)

-Range 6-18% over variable follow-up -g
>
«Cardiac dysfunction and arrhythmias 3
5 b
associated w/ SCD (HR 7.6; P=0.01) 2 Median time to ICD
J § Therapy 182 days
N J}‘,"U 1\4‘/’;.«- a1 /%A j'»-—"\u’ ,,_,' A —/"'4.1‘ ,/'\ c(d AW 5 &'
f [[ y | v r { ! !
x. ' L “ '1 | ;' ‘ | r,‘: '.' \ ‘A” ?“ . : “ l ‘ l ' | \ ] /‘ :l“ ﬁ'\\ ‘ ‘H”;" /,”‘_, O , ’l
Brescia S, et al. Circulation. 2013 Miyake, et al. Cardiac EP Clinics. 2015
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Left Ventricular Non-compaction Outcomes

Phenotype

= Normal
Diated

= Mixed

= Hypertrophic

o
)

w
k-
4
3
w0
E
2
)

400 6.00

Follow-up

Towbin JA. Circulation Research. 2017. Brescia, et al. Circulation. 2013.
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Left Ventricular Non-compaction Outcomes

Table 2. Risk Factors for Death or Transplantation

Risk Factor Hazard Ratio 95% Confidence Interval PValue

Cardiac dysfunction 11.1 2.6-45 «<0.001

T-wave inversion 21 11-42

ST-segment abnormalities or strain 4.0 1.0-19.9

Any arrhythmias 28 1.4-56

Ventricular arrhythmias 40 21-90

Presentation <1y 2.1 1.0-39

- Juvenile T
e U o Presentation <1 y with ventricular arrhythmias : 24-689

== |nfantile type

The table demonstrates the significant risk factors for death or cardiac transplantation during follow-up. Separate Cox
proportional hazards medels were used for demographic factors and other risk factors. P<0.05 was considered
significant. Only factors found to be statistically significant are displayed.

P=0.02

Shi, et al. Circulation. 2018 Ichida et al. J Cardiol. 2020
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Left Ventricular Non-compaction Outcomes

Impact of Left Ventricular Function on Risk for MACE in 100
Genetic NCCM Patients

Dysfunction

Freedom from death/transplantation:

48% (30-65%) at 10 years
45% (27-63%) at 15 years

= No

(=]
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Cum Survival
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Follow-up (years)
Number at risk
Normal LV-function

400 6& { | Reduced LV-functior 65

Follow-up (<0.001) Normal LV-Function — Reduced LV-Function

Brescia S, et al. Circulation. 2013 Van Waning JI. JACC. 2018 Shi, et al. Circulation. 2018
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Left Ventricular Non-compaction Outcomes

Mid-basal

Survival lower than
Isolated expected
apical

Survival similarto
expected

If you can't
convince them,
confuse them.

Harry S Truman

algorithm

Vaidya, et al. ] Am Heart Assoc. 2021 Casas G, et al. JACC. 2021
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Left Ventricular Non-compaction

Summary

* LVNC is a unique form of cardiomyopathy characterized by
prominent trabeculations and deep intratrabecular recesses

* Genetically heterogeneous and complex

* Diagnosis remains a conundrum, but dependent on evolving
imaging modalities and genetic evaluation

* Qutcomes primarily associated with phenotype, presence of
cardiac dysfunction, and arrhythmias

* Those with normal dimensions, normal function, no arrhythmias
(i.e. prominent trabeculations) should be expected to do very well

m Genetics Imaging Heart Failure Arrhythmias Outcomes
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