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Morphology-Imaging - Surgical Correlation

Hypoplastic Left heart Syndrome
& related conditions
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Normal Mitral valve

The anchorage of the fibrous

trigones to the basal surface

of the ventricular wall secures
the aortic-mitral unit in the LV
Tricuspid
valvar
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Right fibrous trigone




The Normal Mitral Valve
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Courtesy Dra Renata Cassar Incor FMUSP



Normal mitral valve & Outflow tract & Aortic Valve

All the components of the mitral valve act in unison and in turn are
intricately related to LV function




e The Normal Mitral Valve :
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Normal Mitral Valve Chords




Mitral valve chordal apparatus

& The normal mitral valve:
finer marginal first order
chordae that support the

leaflet tips and prevent
prolapse

& Secondary thicker strut
chordae that insert
symmetrically near the
anterior leaflet base
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Hypoplasia of the left Heart & Variants
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Hypoplasia of the left Heart & Variants



Hypoplastic Left Heart : Morphological Landmarks
K <

Karl von Bardelebei
(1849-1919)

Pierwszy opis kliniczny i
anatomopatologiczny HLHS
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Obliteration of the left ostium arteriosum in the heart of a half-
year old infant. Archiv fiir pathologische anatomie und
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Bardeleben

1952
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Maurice Lev
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Jacqueline Anne Noonan

zaproponowata nazwe zespotu HLHS

Noonan AJ, Nadas AS. The hypoplastic left
heart syndrome: an analysis of 101 cases.
Pediatr Clin North Am 1958; 5:1029-1058

Noonan andNadas

ACombination of
severe mitral and left
ventricular hypoplasia
along with aortic
atresia

AHypoplastic of the
aortic tract complex:
ATendency of
hypoplastic and
obstructive lesions

Aaortic atresia

Aviitral atresia

Aviitral stenosis
Aatresia of aortic arch
Adypoplasia aortic arch

Operagia Norwooda

1997

William Norwood

Ahypoplastic left
heart syndrome



Definition of Hypoplastic
Left Heart Syndrome

AtresiaY dal ¢ Y S| ifedis & .
I means perforatiorg congenital
absence or closure of normal orifice

Stenosisnarrowing of duct or a canal

’ Hypoplasia incomplete development
or underdevelopment of an organ or

tissue
Obstructiont act of blocking or clogging

’ Syndrome group of signs and
symptoms that occur together

I Complex:a whole, made up of
Interrelated parts



The nomenclature, definition and classification of
hypoplastic left heart syndrome

Christo I. Tchervenkov,! Jeffrey P. Jacobs,? Paul M. Weinberg,® Vera D. Aiello,* Marie J. Béland,’
Steven D. Colan,® Martin J. Elliott,’ Rodney C.G. Franklin,® J. William Gaynor,” Otto N. Krogmann,'®
Hiromi Kurosawa,'! Bohdan Maruszewski,'? Giovanni Stellin'3

CardiolYoung 2006; 16: 38368

G | & LJ2 Laft heartsyn@omeis synonymouswith the term hypoplasia of thdeft heart and iglefinedas a
spectrumof cardiacmalformationswith normallyalignedgreatarterieswithout a common atrioventriculajunction,

characterizedy underdevelopmenof the left heart with significanthypoplasia of thdeft ventricleincludingatresia,
stenosisor hypoplasia of the aortior mitral valve,or both valves and hypoplasia of the ascending aorta and aorti
I NOK @€

A The concept of SCEHhas been expandedfor all caseswith LV hypodevelopment,
which is incapableof maintainingsystemiccirculation,evenif the mitral valveand Ao
are presentput hypoplastic

A RecentlyHLHS: intactinterventricularseptum



Hypoplastic Left Heart : Morphological Phenotypes

Mitral and aortic atresia

2 [ Mitral atresia, patent aortic root and VSD}

3 Aortic atresia with patent mitral valve

Aortic valvar Stenosis and patent mitral valve

3 Hypoplastic mitral , aortic valve ,hypoplasia of
aortic arch and coarctation of the aorta
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Development of Left Heart hypoplasia

Normal Heart Hypoplastic left heart
12 weeks 40 weeks

Fetal echocardiograhy T 19 weeks

DNRGUK 2F UKS fSFTU KSINIU aaidNHzOU dzNB & ¢
the main time to detect and/or predict the severity of hypoplasia



Hypoplastic Left heart : Genetics

(D Aortic atresias the most common .

manifestation of HLHS; OUTFOW TRACT
() BicuspidAoV most common finding in first RS

degree relatives of children HLHS  (~ 11¢
() Geneticlinkage analysis: shared chromoso
ocl (10922 and 69g23) in the etiology of
picuspidAovalve and subset of children wit
HLHS.

TowbinJ t al. Am. J. Med. Geneggmin Med. Genet.) 97:298303, 2000



HLHS: Genetlcs & Embryology background
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Abnormal flowdynamics &
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2V repalr Borderllne LV 1V repalr
Hickey et al,, J AM Coll Cardiol 2012, 59



HL HS: Physi ol ogy & OHydr ¢

Experimental Production of Hypoplastic Left Heart Syndrome
in the Chick Embryo

Wl (1) First LV hypoplasia model;

WILLIAM J. GALLEN, MD*%

DAD 2. FiEOBERG: WOt (J Obliterating theinlet of LV(5 day old chick

Chicago, flinois embryos)

iwautes, Wscensm (L) 20% survival: all degrees of left side hypoplasia
() a T tvaléme hypoplasia was a result of abnorrr
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Januaryl973 The Americadhournalof CARDIOLOGY Volume 31



HLHS Physi ol ogy & OHydr au

Left Atrial ligatiori|Conotruncal ligation

Three-Dimensional Myofiber
Architecture of the Embryonic Left
Ventricle During Normal
Development and Altered

L
Mechanical Loads
KIMIMASA TOBITA,* JASON B. GARRISON, L1 J. LIU, JOSEFH P. TINNEY,
anp BRADLEY B. KELLER
Division of Pediatric Cardiology, Cardiovascular Development Research Program,
Children’s Hospital of Pittsburgh, University of Pittsburgh,
Pittsburgh, Pennsylvania

Reducing the preload: <chamber dimensions an
myocardial voluméLV hypoplasiajglso associated
with LV cell proliferation rate.

Increased LV pressure load indut®schamber
dilatation followed by thickening of compact
myocardium and acceleration of tertiary
trabeculation, myocardial cell proliferation rate
Increases .

THE ANATOMICAL RECORD PART A 283A:193 98201 (2005)



HLHS: Physiology & flow dynamics (Hydraulic)& Embryology
\.

o Increased Ventricular Preload Is Compensated by Myocyte
o [T Proliferation in Normal and Hypoplastic Fetal Chick
Left Ventricle
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ventricular response

Decreased myocyte proliferation in the Hypoplastic
~ P = |_cft \/entricle model

[ STU Fd J\ dzYLy igkdstlied\b)-#ereased hemodynamic loading
Almeida A et al, Circ Res. 2007;100



Cardiac myocyte prollferatlon and growth
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Primitive myoca{rdium: _
highly proliferative Trabecular myocites;| Compact layer: Low/no proliferation
immature myocytes low proliferation ||high proliferatior hypertrophic growth




Cardiac myocyte proliferation and growth
New perspectives

Regulation of cardiomyocytic proliferation by growth factors

right atrioplasty adenovirus injection

Normal Hypoplastic

Chick
FGF-2

Human
FGF-1




HLHS Overall Management

Ductal arch _ _

Atrial septunrestriction? [Key Anatomical Points for Outcomg
Newborn Tricuspid regurgitation? .
Norwood Fetal RV function. V' Atrium Septum
Ui i V Tricuspid Valve
Ténsplant V Right Ventricle

V Aorta and Arch

>

Ventricular Function
Tricuspid Valve Function

Pulmonary Valve Function 4 ¢ 6 months
Diameter ofAscaorta Glenn Anastomosis
Presence of LV to Ca fistula
Aberrant RSCA

3-4 years
Fontan




Echocardiogram Assessment of Hypoplastic Left Heart

Segmental Anatomy & Subtypes

q LSA
_ ‘:"/ Isthmus
, . *. ¢

ascending aorta, aortic arch, and isthmus

PreSurgical assessment

Atrial Communication; Ductal Arch : TV and RV function

Tips & Traps

Coronary arteries; Decompressing vein and Arch abnorn’™




HLHS Venous Anatomy




HLHS Venous Anatomy
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HLHS Venous Anatomy
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HLHS : Atrium & Inter atrial septum

Superior caval vein

Septum secundum

// Right pulmonary veins
- A Left pulmonary veins
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Stretched Foramen Ovale



HLHS : Atrium & Inter atrial septum

Normal attachment of the septum
primum to the infolded superior rim of
the foramemovale Septumsecundum




HLHS : Morphology of the Interatrial Septum

Courtesy Prof. Vera AielldncorFMUSP



HLHS : Morphology of the Interatrial Septum

Leftward displacement
of the septum primum



