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Structure

Early stages

Overt cardiomyopathy

Left ventricle

No LVH

Preserved systolic function

No Regional wall motion abnormalities
Mild diastolic dysfunction

Impaired TDI velocities and GLS

Increased wall thickness: concentric (most common), asymmetric septal, eccentric, apical
Binary sign

Papillary muscle thickening and hyperechogenicity

Preserved systolic function until late stages

Diastolic function often impaired

Abnormal TDI findings (ofien before increase in wall thickness)

Reduced GLS (often in the basal posterior/lateral segments)

LVOTO or icular obstruction (not

Left atrium Abnormal TDI findings Mild to moderate atrial enlargement
LA strain impaired Increased atrial reversal velocities

Abnormal TDI findings
Reduced LA systolic strain and strain rate

Valves No significant structural and functional abnormalities Leaflet thickening and redundancy (especially in mitral and aortic valves)
Valvalar regurgitation (often mild, rarely significant)

Aorta Arterial remodeling (increased intima-media thickness) | Aortic dilatation at the sinus of Valsalva and ascending aorta

Right ventricle | No RVH N RVH -

Normal TDI findings
Normal TAPSE value
Normal RV-GLS and RV-FWS

Generally preserved systolic function, but severe dysfunction can occur
Abnormal TDI findings
RV-GLS and RV-FWS impaired despite normal systolic function

AFD, Anderson-Fabry disease; LVH, left ventricular hypertrophy; TDI, tissue Doppler imaging: GLS, global longitudinal strain; LV, left ventricle; LVOTO, left ventricular outflow tract
obstruction; LA, left atrium; RVH, right ventricular hypertrophy; RV, right ventricle TAPSE, tricuspid annular plane systolic excursion: RV-FWS, strain of RV free wall.
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Disease

CMR LGE

Clinical presentation

Echocardiography

Histology

Fabry disease - Young age at presentation Symmetrical increase in LV and | - Increased or - Focal Enlarged myocytes
(males 1147 years; female: RV wall thickness (most common) | normal QRS Midwall Glycolipid deposits
2316 years) Preserved EF complex voltage | - Inferolateral wall in lysosomes
- Neuropathic pain - Abnormal PR
- Impaired sweating interval
- Skin rashes
Hypertrophic - Young age at - Increased QRS - Patchy Myocyte
cardiomyopathy | - (17-18 years) Small LV cavity complex voltage Midwall hypertrophy
- Asymptomatic LVOT obstruction - Psendo-delta wave | - Junctions of the Myofibrillar
- Angina Preserved EF - Giant T-wave ventricular septum alteration
- Dyspnea inversion and RV Fibrosis
- Syncope
- Sudden death
Hypertensive heart | - Adults Symmetrical hypertrophy - Increased QRS |- No pattem Enlarged myocytes
disease - History of hypertension Mild LV dilation complex voltage Mainly Increased myocyte
Preserved EF - Non-specific ST-T- | subendocardial nuclei

wave changes

concentration®

LVH, left ventricular hypertrophy; LV, left ventride; RV, right ventricle; EF, ejection fraction; LVOTO, left ventricular outflow tract obstruction.
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Echocardiography in AFD Cardiomyopathy |

Echocardiography in AFD
risk stratification

Ascending Aorta
Xy Aortic root dilatation
Ascending aortic aneurysm + Stage 0. No cardiac
: N Left Atrium (LA)
LA Xeinked Mild/moderate enlargement

Reduced LA systolic strain
and LA strain rate

Left Ventricle (v)
LV Hypertrophy
Preserved systolic function
Fabry Cardiomyopathy I Binary sign
Papillary muscles hypertrophy
Diastolic function impairment
Possible LVOTO

Right Ventricle (RV)
* Mitral/aortic leaflets thickening
+  Mild/moderate regurgitation +  Normal RV systolic function

AFD: Anderson-Fabry discase; a-Gal A: alpha galactosidase A; GLA: a-Gal A gene; Gb3: lysosomal globotriaosylceramide; LVOTO: LV outflow-tract
obstruction; LVWT: LV wall thickness; LAVi: LA Volume index; LVEF: LV ejection fraction; TAPSE: Tricuspid Annular Plane Systolic Excursion.
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Main clinical manifestations and diagnostic

SEiteHs0TND) ‘o-Gal A deficiency
3
Gb3 accumulation in multiple organs & Ocular

Peripheral neuropathy

acroparesthesia Family history
of AFD i
Auditor
@;‘";"m:;: Blochemical+ Genetialanah h ey
roke, TIA, Plasma/urinary Gb3 or Target organ biopsy, if suspicion persists

tinnitus, vertigo
Gastrointestinal 3
Nausea, vomiting, Positive diagnosis of AFD e

diarrhea 3 Microalbuminuria,

proteinuria, renal
L4 Dermatological Check for earty insufficiency
i heart disease

hypohidrosis

(cornea verticllata),
lenticular opacities

3* decade of life

Diagnostic Tool: Arthythmias, LVH,
2D-echocardiography ||  mitral and aor 4° decade of life
Cardiac Magnetic Va“'ed‘?‘s‘e;:" Variable degree of cardiac
Resonance myocardial fibrosis involvement

AFD: Anderson-Fabry discase; TIA: transient ischemic attack; WML: white mattr lesions; a-Gal A: alpha galactosidase A; Gb3: lysosomal
CM:

LVH: Left ventricle hypertrophy.
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Healty Overall
volunteers p-Value
(40)

Dmax Al PM (mm) 10+22° 1634 | 15231

Dmax Pm PM (mm) 819 14+40° | 12(100- | <0.001"
140)

Anteriorization of Al 21+53° 18 (150- | 15262 <0.001%

PM (mm) 218"

PM apical 38 26(65) | 33(82) <0.001%

displacement n, (%)

AMVL length (mm) 24229% 27240 | 29240 | <0001

Data are presented as mean + SD, median and interquartle range or n (%).
AL PM, antero-lateral papillary muscle; AMVL, anterior mitral valve leaflet; Dmax, maximunn
diameter; FDc, Fabry HCM, LVH, lef
ventricular hypertrophy; Pm PM, postero-medial papillary muscle.

‘EDc LVH +v5. HCM.

"FDc LVH + vs. healthy controls.

HCM vs. healthy controls.

*P < 0.05 considered statistically significant.
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Dmax Al PM (mm)

Healty volunteers

FD LVH- Normal
T1 (20)
11 (10.0-12.0)

FDc LVH-Low
T1 (20)
13428

FDc LVH+ (40)

16+34°

Overall p Value

Dmax Pm PM (mm) 8 (7.0-9.8) 1120 14=40°

of AL PM (mm) 2153 19+32 20 (160-22.0) 18 (150-218) 0237
PM apical (%) 3(8) 5(25) 9 (45)° 26 (65) <0.001%
AMVL length (mm) 24%29 24239 25+28 27+40° <0.001%

Data are presented as mean + SD, median and interquartile range or n (%).

Al PM, antero-lateral papillary muscle; AMVL, anterior mitral valve leafle; D:
PM, postero-medial papillary muscle

FDc LVH + vs. FDc LVH-/lowT1.
"FDc LVH-/low T1 vs. FDc LVH-/normal T1.

FDc LVH-/low T1 vs. healthy controls,

*P < 0.05 considered statistically significant.

diameter; FDc, Fabry

FD, Fabry disease; LVH, left ventricular hypertrophy; Pm
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n (%) or mean = SD Fabry's disease Fabry's disease Fabry's disease Control

Total Male Female M=22/F=2

n 48 24 (50%) 24 (50%) 2
Age (years) 41351147 396+123 42910 308+87
BMI (kg/m’) 244241 24639 242+44 238+18
Fabry nephropathy 22 (46%)™ 15 (63%) 7 (29%) 0

Albuminuria <30 mg/L 26 (54%) 9 (38%) 17 (71%) nd.

ia 30-300 mg/L 13 (27%) 6 (25%) 7 (29%) nd.

Albuminuria >300 mg/L 9 (19%) 9 (38%) 0 nd.
Fabry cardiomyopathy 26 (54%)" 17 (719%™ 9 (38%) 0
Clinical presentation

NYHA T 31 (65%)" 13 (54%) 18 (75%) 22 (100%)

NYHA IT 13 (27%)" 7 (29%) 6 (25%)

NYHA 111 4 (8%)" 4 (17%)™ 0

NYHA IV [ 0 [

Syncope 6 (13%)* 4 (17%)"™ 2 (8%)
ECG

QTe (ms) 4152243 40982273 4207+215 388+ 155

Atrial fibrillation 5 (10%)* 4 (17%)" 1(4%) 0

nsVT 5 (10%)" 3 (13%)™ 2 (8%) 0
Laboratory values

Lyso-Gb3 (ng/ml) 207 £209 35.9 +27.1%* 54+34 nd.

NTproBNP (ng/L) 9565 +1,427.2% 1549 +2,489.1 3644253 347168

hsTNT (pg/ml) 21.9+217° 2542221 183207 46+2

GFR (CKD) (ml/min) 787283 7772355 79718 959+21

Creatinine (mg/dl) 12206 16%09 09+02 1401

Albuminuria (mg/L)® 557.2=596.9 860.5= 729" 64335 nd.
Cardiac imaging

1V$d (mm) 131236 147 £34% 114130 10107

PWd (mm) 12228 135+26™ 104%24 8911

LVEF >60% 40 (83%) 19 (79%) 21 (88%) 22 (100%)

LVEF 46%-60% 6(13%) 4(17%) 2 (8%) 0

LVEF <45% 12%) 1(4%) 0 0

LA (mm) 383165 419265 348+62 344+46

EIA 1604 15204 1605 18203

Ele 107245 12952 86+28 7.1£12

LGE in CMR* 20 (50%)™ 13 (65%) 7 (35%) 0
Medication

ERT 29 (60%) 19 (79%)™*** 10 (21%)

Migalastat 1(2%) 1 (4%) 0

ACE inhibitors/AT-1 blocker 18 (38%) 13 (54%)™ 5 (21%)

Beta blockers 8(17%) 5 (21%) 3 (13%)

Statins 9 (19%) 7 (29%)™ 2 (8%)

Diuretics 8 (17%) 5 (21%) 3 (13%)
Concomitant diseases

CAD 5 (10%)" 5 Q1%)™ 0 0

Diabetes 1(2%) 1 (4%) 0 0

Hypertension 17 (35%)"* 11 (46%)" 6 (25%) 0

Stroke 5 (10%)" 3(13%) 2 (8%) 0

A, peak late transmitral filing velocity; ACE inhibitors, angiotensin-converting enzyme inhibitors; AT-1R, angiotensin I-receptor; BMI, body mass index; E, peak early
transmitral filling velocity; e, early mitral annulus velocity; eGFR, estimated glomerular filtration rate; F, female; LA, left atrial; LVEF, left ventricular ejection fraction; M,
male; n, total number; nsVT, non-sustained ventricular tachycardia; PWd, posterior wall diameter

Values for continuous data are given as mean + SD. Values for categorical data are given as counts and percentage of the total column number

*LGE in n = 40 receiving CMR

° in n =22 with Fabr d

“p-value <0.05 vs. control

“*p-value 0.001 vs. control

“**p-value <0.05 male vs. female patients with Fabry's disease.

wwexp_value <0.001 male vs. female patients with Fabry's disease.
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Diagnosis and screening
Screen all at-risk female relatives (identified by pedigree creation) of an index
case to minimize the number of patients going undiagnosed

Genetic analysis is the only reliable method for FD diagnosis in female patients
Do not use a-Gal A activity and plasma lyso-Gb3 levels for diagnosis of FD in
females as these parameters have low diagnostic sensitivity in females

XCI analysis can be a useful adjunct to guide monitoring and
treatment decisions.

Consider all organ systems that may be affected (e.g. heart, kidney, PNS, CNS
and GI tract) and evaluate the global clinical picture

In older patients with late-onset diagnosis, evaluate whether clinical
‘manifestations are related to FD or aging

Organ biopsy (renal or cardiac), and/or cutaneous biopsy, should be considered
in selected asymptomatic patients and in those with GLA VUS, to assess
histological organ involvement

Biopsy can be avoided for FD diagnosis in patients with classical FD because the
results are predictable, but they can be useful during follow up to assess disease
progression despite treatment

Cutancous biopsy may be advisable in patients with suspected D and those
with VUS

Monitoring

‘The monitoring schedule for asymptomatic females must balance the need to detect
organ damage with the need to maintain adherence (asymptomatic females are
often lost to follow-up)

« Assess renal function annually using daily proteinuria and eGFR

« Begin peripheral neurologic testing every 2 or 5 years at 20-30 years of age to
detect early changes

+ One-off assessment of anhidrosis is an easy-lo-measure parameter of
autonomic dysfunction
+ Annual CNS monitoring using MRI and cognitive function tests is useful

« Begin annual echocardiographic monitoring from 35 years of age because signs
of damage appear after age 45 years

« The role of a-Gal A activity and plasma lyso-Gb3 levels on disease progression
has not been confirmed
Treatment initiation

« The decision on when to initiate therapy in females should be based primarily
on specific signs and symptoms of FD (see Diagnosis and screening)

« Treatment can also be initiated in asymptomatic patients taking into account
their age, results of family screening, GLA mutations, Gb3/lyso-Gb3
accumulation, and histologic or other evidence of organ damage
of overt symptoms)

the absence

o-Gal A, agilctosiiase A; CNS, centa nesvous eptems €GFR, etimated gomerd
fltration rate; FD, Fabry disease; Gb3, GLA, alpha-gal

A gene Gl intestinal;  lyso-Gb3, | i i MRI, magnetic
resonance imaging PNS, peripheral nervous system; VUS, variant of unknown
significance; XCI, X chromosome inactivation,
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Fabry's disease Fabry's disease Fabry's disease
Total (n=48) Male (n=24) Female (n=24)

p-value p-value p-value
VEGFa (pg/ml) correlated to
Lyso-Gb3 (ng/ml) 011
NTproBNP (ng/l) 051
hsTNT (pg/mL) 005
Albuminuria (mg/L) 047
1Vsd (mm) —0.03

(pg/ml) correlated to
Lyso-Gb3 (ng/ml) 028
NTproBNP (ng/L) —0.002
SINT (pg/ml) I 003
lbuminuria (mg/L) 015
1VSd (mm) 0.10

/, Pearson's correlation coefficient
Results from the correlation tests of laboratory values and markers of organ manifestation in 48 patients with Fabry's disease. Al values were corrected for age- and sex-
related differences

opyalise- 40 15 vias considered statistically sianificant
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Multivariable

p-value
RV WT -1.291 0.193
RV S’ 0624 0.145
RAA —0.494 0.104
Maximal LV WT' 0.168 0.680
LA reservoir strain 0227 0.010
LV-GLS 0769 0044

RV WT, right ventricular wall thickness; ', Tissue Doppler systolic velocity; RAA: right
atrial area; LA, left atrium; LV WT, left ventricular wall thickness; LV-GLS, left ventricular

global longitudinal strain.
Bold values indicate statistically significant p-values (<0.05).
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Variable Overall Fabry population (n = 64)
Age (years)

Female, n (%)

Classic phenotype, 7 (%)
Sinus rhythm, n (%)
Hypertension, n (%)
Diabetes, 7 (%)
Dyslipidemia, n (%)
Ischemic HD, n (%)
NYHA class 22, n (%)
CKD, n (%)

RRT, n (%)

AF, n (%)

PM, n (%)

Specific therapy, (%)
Previous HF, n (%)

Previous stroke, n (%)

HD, heart disease; CKD, chronic kidney disease; RRT, renal replacement therapy; AF, atria
Shetllations DAL pacemekens ETF. bisdrt Sallore
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Variable

Septal WT (mm)

15 (14-19.5)

86 (8-10)

Controls (n = 64)

9 (8-106)

p-value®

p-valueh

p-value'

Posterior LVWT (mm)

134 (122-150)

8 (8-9)

8(7-9)

Maximal LVWT (mm)

16 (15-20)

9 (8-10)

9 (8-109)

LVEDD (mm)
LVEF (%)

485123
61667

449+5
63343

43641
61535

LV-GLS (%)

159 (13.8-18.6)

22 (20-23)

23 (22-24)

Septal 8" (cm/s)

6(4.6-7)

8(7.3-88)

9 (8-10)

Septal ¢’ (cm/s)

5622

113%26

102+29

Septal @’ (cm/s)

8 (7-9)

8(6.5-9)

10 (9-12)

Lateral §” (cm/s)

67 (56-82)

9 (8.1-10.5)

10 (9-11.3)

Lateral ¢’ (cm/s)
Lateral a’ (cm/s)

8.3 (7-10.5)
9 (73-10)

162 (13.8-19)
7 (65-9.4)

111 (10-16.7)
10 (8-12)

E velocity (cm/s)

70 (60.5-80.3)

90 (80-100)

735 (66-86)

A velocity (cm/s)

71 (62-86)

55 (50-73)

65 (51.2-78)

E/A

09 (076-1.22)

14 (12-17)

11 (08-14)

Average Efe’

10 (75-145)

7 (6-8)

63 (55-8)

LAVi (ml/m’)

442 (283-66.8)

27 (21.3-30.4)

249 (21-288)

LA reservoir strain (%)

232 (159-282)

388 (28.6-44.0)

35.1 (28.1-44.3)

LA contractile strain (%)

103 (7.2-15.5)

85 (68-16)

15.4 (11.5-22.4)

LA conduit strain (%)

12.7 (10.0-168)

16.4 (14-25)

19.2 (13.1-25.3)

LL/2 (mm)

293+52

298+4.4

283+39

TAPSE (mm)

19936

235+29

226+28

RV S (cm/s)

117 (95-13)

125 (12-14)

13 (12-14)

RVEAC (%)

2+49

43553

42,0241

RV-FWS (%)

19.4 (16.1-253)

23 (26-292)

23.4 (21.4-29.7)

RV-GLS (%)

17.3 (156-22.2)

231 (20.1-2655)

234 (214-28)

RAA (em?)

17047

135%2.1

143+23

mlm?)

252+83

207:7.3

207+52

RA reservoir strain (%)

238114

31396

419+83

RA contractile strain (%)

112£57

8844

180+49

RA conduit strain (%)

154%69

25+7.7

24181

PASP (mmHg)

28 (25-30)

25 (20-30)

25 (20-25)

'TAPSE/PAPS (mm/mmHg)

072018

095023

094+0.18

RV WT (mm)

6418

3404

34+05

<0.001

W, wall thickness; LVWT, left ventricular wall thickness; LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular cjection fraction; LV-GLS, left ventricular global longitudinal
strain; LA, left atrium; LAV, left atrial volume index; LL/2, right ventricle mid diameter; TAPSE, tricuspid annular plane systolic excursion; RV, right ventricle; RVFAG, RV fractional area
change; RV-FWS, three-segment right ventricular free wall strain; RV-GLS, six-segment right ventricular global longitudinal strain; RAA, right atrial area; RAVi, right atrial volume index

PASP, pulmonary artery systolic pressure; RV WT, right ventricular wall thickness; S, Tissue Doppler systolic velocity;

diastolic velocity.

Id values indicate statistically significant p-values (<0.05).

pw|ue for the comparison between Fabry patients with LVH (LVH+) and those without (LVH-).

"p-value for the comparison between Fabry patients with LVH (LVH+) and healthy controls.
svalias T this oainpariion butwess: Fabry pativats withoul LVEL (LVEL- st Raaliiy contecls.

&', Tissue Doppler early diastolic velocity; a’, Tissue Doppler late
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Deficiency

Endoplasmic
Reticulum Stress

hi linid A

"%%@MEM

Build up of Gb3 and
Lyso-Gb3 in lysosomes

Autophagy
dysfunction and
consequences

in Fabry Disease

Cell dysfunction

Altered immune cell
unction

ER stress triggers
the unfolded
protein response.
(UPR).

UPR increases
degradation of
misfolded proteins
via ER-associated
degradation.
Persistent ER
stress leads to cell
death through
apoptosis if UPR
fails.

ER stress also
activates
inflammatory
signaling pathways
(e.., NF-kB,
MAPK) and
promotes
production of pro-
inflammatory
cytokines and
apoptosis through
pathways such as
CHOP

Gb3 accumulation
disrupts autophagy,
leading to damaged
organelles and
protein aggregates
This causes
increased reactive
oxygen species
(ROS) and NLRP3
inflammasome
activation.

NLRP3 activates
caspase 1 for IL-18
and IL-18 releas
linked to pyroptosis.
Observations in
endothelial cells
exposed to Gb3
show increased
ROS, suggesting a
direct impact of
Gb3 accumulation
on cellular oxidative
stress

« Glycosphingolipids

can serve as
antigens, affecting
the immune system
when presented to
NKT cells by CD1d-
expressing APCs.
cD1d-bound lipid
antigens and NKT
cellinteraction is
crucial for immune
regulation and its
dysregulation is
linked to various
diseases.
Observations in
other immune cell
populations include
reduced numbers of
monocytes, CD8+
cells, dendritic cells,
and increased
lymphocytes and B
cells.
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Variable

o
Age at implant 22 49.60 9.920
HR (bpm) 16 72.40 11000
Systolic BP (mmHg) 16 127.00 23.900
Diastolic BP (mmHg) 16 74.90 12600
Height (m) 21 168 0085
Weight (kg) 21 75.50 18700
BMI 16 26.80 7.900
Electrocardiogram

PR interval (ms) | 21 149.00 21800
QRS (ms) [ 2 105.00 20300
Cardiac magnetic resonance imaging

LVMi (g/m?) 13 123.00 53500
MWT (mm) 16 18.20 5860
LVEDVi (ml/m?) 16 67.90 16.200
LVESVi (ml/m’) 16 20.20 8020
LVSVi (ml/m®) 15 37.40 18.300
LVEF (%) 18 70.40 5280
Septal T1 (ms) 13 898.00 98.800
Transthoracic echocardiogram

LVEF (%) 20 64.20 6110
MWT (mm) 19 15.60 3750
LA volume (ml) 17 44.10 17800

LVSVi. indexed left ventricular stroke volume.
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Consider testing for predictive epigenetic markers in large families

Consider genes close to GLA, as their interaction can define the target organ and
also influences disease expression in the family setting

Afier establishing the haplotypic structure of individual genes within the family,
study cach epiallele using integrated whole-cxome and mRNA sequencing

Verify the marker in four reference tissues that can be casily collected, such as
blood, saliva, urinary exosomes, and skin biopsy, and in all identified families to
assess the tissue-specific variability

Statistically validate the marker

e D D e
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Healty volunteers | FDc LVH+ | FDc LVH-Low T1 | FD LVH-Normal T1 HCM (40) p-Value
(40) (40) (20; (20)

Demographic data

Age (years) 53+11.8° 54+101 32+101° 28+131 54+ 148 | <0001
Male, n (%) 27 (67) 27 (67) 14 (70) 5(25) 27 (67) | 0080
BSA (m?) 19+01° 18+03 18402 16 (16-1.8)° 19+02 | oo0r
CMR data

LVEF (%) 66+7.1° 72175 70+54 70465 73187 <0.001%
LVEDVi (ml/m’) 73:119 69+148" 80+129" 73114 62 (533-73.5) <0.001%
LVESVi (ml/m?) 25465 18 (143-247) 24165 2+62 17279 <0.001%
SV (ml) 91203 89 (70-108) 98+175 86+119° 83 (72-96) 0.079
LV Mass i (g/m’) 60116 136 =404 70+54° 56+93° 127 (1043-161.9) <0.001*
LV MWT (mm) = 17 (14.3-21.0 10+13° 7 (7.0-80)° 20 (17.0-21.8) <0.001*
Crypts, n (%) 8 (20) 19 (47%)" 3 (15%)" 2(10%) 30 (75) <0.001*
LGE (% LVmass) 0 4(13-8.1) o 0 6(20-130) | <0001
Septal T1 (ms) - 848 £509" 872:453 969+ 25.6° 970=344 | <0.001"
Remote ECV (%) = 26+2.5 26427 28+22° 29+33 | <0001

Data are presented as mean + SD, median and interquartile range or n (%).
BSA, body surface area; ECV, extracdlular volume; FDe, Fabry cardiomyopathy; FD, Fabry disease; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium enhancement; LV, left
ventricular; LVEDV i, left ventricular end-diastolic volume index to BSA; LVEF, left ventricular jection fraction; LVESV i, left ventricular end-systolic volume index to BSA; LVH, lef
ventricular hypertrophy; LV Mass i, left ventricular mass indexed to BSA; LVWT, maximum left ventricular wall thickness; SV, stroke volume.

'p < 0.05 FDc LVH + vs. HCM

”p <0.05 FDc LVH +vs. FDc LVH-/lowT1

P <0.05 FDc LVH-/low T1 vs. FDc LVH-/normal T1

I <0.05 FDc LVH-/normal T1 vs. healthy controls.

*P< 005 considered statistically significant.
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Anomalies of the
mitral valve apparatus (AMVA)

(i

Time-effective and reproducible linear
measurements on routinely acquired
cineSSFP MRI images

Normal reference values:
D maxAl: 10+ 2.2 mm
D max Pm: 8 1.9 mm
Anteriorization Al PM: 21 + 5.3 mm
Apical displacement: 3 (8%)
AMVL length: 24 + 2.9 mm

Hypertrophic Cardiomyopathy
Prevalence of PMs positional
alterations
and myocardial crypts

Fabry Cardiomyopathy

Prevalence of PMs hypertrophy
and AMVA enhancement with
the progression of the FDc
phenotype
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Left Ventricle
+ Segmental longitudinal strain,
+ Global longitudinal strain (even in the pre-hypertrophic
stage (associated with low native T1 or abnormal "*FDG-
PET),
+ Circumferential strain gradient, base to apex,
+ Radial strain,
+ Constructive myocardial work,
+ Diastolic longitudinal strain rate,
+ Early diastolic untwisting rate

Right Ventricle
+ Global longitudinal strain
+ Free wall longitudinal strain

Strain parameters associated with poor outcome
Left Atrium GLS 515.5%
+ Globallongitudinal strain Constructive Myocardial works 1513 mmHg3%
+ Strain rate during all phases of atrial function
(reservoir, conduit, and contraction)
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Anderson-Fabry

disease

Left ventricle

Reduced longitudinal strain in the basal posterior-lateral wall
reduced GLS, inversely and independently associated with LV mass
(12-17), impaired subepicardial longitudinal strain at multilayer
strain analysis (35), loss of normal circumferential strain base-to-
apex gradient (12, 33, 34), reduced radial strain (9, 36-38), reduced
constructive work (40, 41).

Left atrium
Reduced left atrial strain/
strain rate parameters (48-52)

Right ventricle

Reduced longitudinal systolic right ventricle
strain and right ventricle free wall strain (12, 58,
59, 61-63)

Hypertrophic
cardiomyopathy

Reduced longitudinal, circumferential and radial strain (75) reduced
constructive work (76).

Reduced phasic lef atrial
strain (50, 53)

Reduced longitudinal systolic right ventricle
strain and right ventricle free wall strain (61)

Cardiac amyloidosis

Reduced longitudinal strain with relative apical sparing pattern (18)
and increased EFSR (77); reduced radial strain (78), reduced global
constructive work and work efficiency (41, 79).

Impairment of left atrial strain
more severe than in AFD (51,

52).

Reduced longitudinal systolic right ventricle
strain and right ventricle free wall strain with
increased apical ratio (51, 80).

GLS, global longitudinal strain; LV, left ventricular; EFRS, ejection fraction longitudinal systolic strain ratio.
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Inflammation Pathway
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Triggering of
inflammation

Organ specific
consequences

Key Mediators

Clinical Consequences

~Cells: Endothelial cells, Microglial cells,
Astrocytes, Immune celis, Schwann cells.
~Cytokines/Proteins: L6, Endothelial ntric oxide
einreselFeckr Pt shZ/Cyickiies

Chem

Lipis: Iywsvhmguhmds

~Stroke, due to narrowing of blood vessels
-White matter brain lesions associated with small
vessel disease

-Less evidence of significant cognitive impairment
and neurodegenerative aspects, but a relationship
with neumpsycnolumuv profiles,

~Other Mediators:

disease, L ind movement

Molecular Patterns),

or psy

Molecular Patterns), Pro- olecules

to inflammatory responses in peripheral nerves
and autonomic ganglia, leading to nerve damage,
pain, and impaired autonomic function

Cells: Cardiomyocytes, Inflammatory
mzcmvhzges Tcells
teins: Tumour necrosis factor 182,

Hypertrophy, brosisand heart falr,
predominantly HFpEF.
~Cardiac ischaemia is more liely associated with

e in6,Mani

y ysfunction.

Caspase 3.
anokines comelate with 1he seventy of cardiac
involvement, LVH and

evident leading to electrical
prolonged refractory periods, Jossetiy chmczlly

Calpains
(eytosolic calciun activated cysteine proteases).
lecules: NF-Kg, Growth factor B.
core: Shcoaphiogalipds

~Other Me

<Calt: Podocytes Mesangial el Endothelal
cells, Proximal tubular

~Cytokines/Proteins: Tor 51. FGF-2, VEGE C074
(mediated_through activation of m:

igraion ooy fecto), MHC Gass hproteins.

GB3, Ly
slgn-ung Motocules NOTCHT TLRS, NFKD
“Immune Components: Macrophages, Dendritic
cells He\perToeH

epithelial cells, Smooth muscle
cells Endolhehal ells.

s/Proteins: TGF-B1, IL6, TNF-a,

Monocy\e chemoattractant protein-1

-Progressve renl dystunction charactrised by
roteinuria and end-stage renal failu

Mictoscoplc evalationeveals

glomerulos ubular deteroration and

fatersiil scaring. Accompaie

presence of narmnatory odle witih he

interstital tissue.

Fibrosis through epithelial-to-mesenchymal

transition.

Endolhehal cals
Cytokines/Proteins: TGF-B1, L6, TNF-,
Monocyte chemoztiractant protein-1.

s breath,
wheezing, and exercise intolerance.

~Airway obstruction, reduced lung function, and
increased risk of infections.

-Airway and vascular remodelling leading to lung
dysfunction.

tract,

smooth muscle cells,
gastrointestinal blood vessels.

d d bloating.
-Potential for impaired nutrient absorption, leading

: d
proteins may not be well-documented, ts plausible
that similar inflammatory mediators as in other
systems (e.g, TGF-B1, L6, TNF-a) could be.
involved

Increased risk of gastrointestinal m
disorders, contributing to the overall discomfort
and malnitrtion.

~Cells: Skin blood vessel cells.
~Cytokines/Proteins: More research is needed
(Not explictly known, but local inflammatory
mediators are hypothesised to be involved).

~Angiokeratomas: clusters of small, dark red to

purple, non-blanchi mainly on the lower

‘abdomen, genital area, buttocks, and thighs.

e e e
, abnormal sweating

lymphoedema.






