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ORIGINAL ARTICLE

Early Cardiac Involvement Affects Left Ventricular
Longitudinal Function in Females Carrying a-
Galactosidase A Mutation

Role of Hybrid Positron Emission Tomography and Magnetic
Resonance Imaging and Speckle-Tracking Echocardiography

BACKGROUND: Hybrid "®F-fluorodeoxyglucose (FDG) positron emission Letizia Spinelli, MD
tomography and magnetic resonance imaging may differentiate mature Massimo Imbriaco, MD
fibrosis or scar from fibrosis associated to active inflammation in patients Carmela Nappi, MD
with Anderson-Fabry disease, even in nonhypertrophic stage. This study Emanuele Nicolai, MD
was designed to compare the results of positron emission tomography Giuseppe Giugliano, MD
and magnetic resonance cardiac imaging with those of speckle-tracking Andrea Ponsiglione, MD
echocardiography in heterozygous Anderson-Fabry disease females. Tommaso Claudio
Diomiaiuti, BSC
METHODS AND RESULTS: Twenty-four heterozygous females carrying Eleonora Riccio, MD, PhD
a-galactosidase A mutation and without left ventricular hypertrophy Giovanni Duro, MD
underwent cardiac positron emission tomography and magnetic Antonio Pisani, MD, PhD
resonance using '®F-FDG for glucose uptake and 2-dimensional strain Bruno Trimarco, MD
echocardiography. '®F-FDG myocardial uptake was quantified by Alberto Cuocolo, MD

measuring the coefficient of variation (COV) of the standardized uptake
value using a 17-segment model. Focal '®F-FDG uptake with COV >0.17
was detected in 13 patients, including 2 patients with late gadolinium
enhancement at magnetic resonance. COV was 0.30+0.14 in patients
with focal "®F-FDG uptake and 0.12+0.03 in those without (P<0.001).
Strain echocardiography revealed worse global longitudinal systolic
strain in patients with COV >0.17 compared with those with COV <0.17
(=18.5+2.7% versus —22.2+1.8%; P=0.024). For predicting COV >0.17,
a global longitudinal strain >—19.8% had 77% sensitivity and 91%
specificity and a value >2 dysfunctional segments 92 % sensitivity and
100% specificity.

CONCLUSIONS: In females carrying a-galactosidase A mutation, focal
'"8F-FDG uptake represents an early sign of disease-related myocardial
damage and is associated with impaired left ventricular longitudinal
function. These findings support the hypothesis that inflammation plays
an important role in glycosphingolipids storage disorders.
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CLINICAL PERSPECTIVE

Anderson-Fabry disease is a rare, X-linked, lyso-
somal storage disorder characterized by mutations
in the gene encoding enzyme oa-galactosidase A
synthesis, which results in cell storage of globotri-
aosylceramide. In females carrying a-galactosidase
A mutation, disease phenotype can be detected
only by the presence of disease signs or by the
demonstration of globotriaosylceramide stor-
age within target organs. Cardiac involvement,
which is the major contributor to mortality, is
characterized by ventricular hypertrophy, dysfunc-
tion, and focal myocardial fibrosis. We studied
24 heterozygous female patients with Anderson-
Fabry disease without left ventricular hypertrophy
who underwent hybrid cardiac positron emis-
sion tomography and magnetic resonance using
8F-fluorodeoxyglucose and 2-dimensional strain
echocardiography. Abnormal fluorodeoxyglucose
uptake was noted in 13 patients corresponding
to impaired left ventricular longitudinal systolic
strain. These data suggest that inflammation as it
relates to pathogenesis of cardiac dysfunction may
be the pathological link between cardiomyocyte
globotriaosylceramide storage and development
of disease-related cardiomyopathy. An extensive
use of 2-dimensional strain echocardiography may
be advocated for the initial evaluation of patients
with a-galactosidase A mutation to identify early
cardiac involvement.

nderson-Fabry disease (AFD) is a rare, lyso-
Asomal storage disorder characterized by muta-

tions in the gene encoding the enzyme a-Gal
A (o -galactosidase A), which results in a deficiency
in enzyme activity,' leading to cell storage of globo-
triaosylceramide. Females carrying a-Gal A mutation
usually manifest clinical disease and have a reduction
in life expectancy of =10 years.?” Skewed inactivated
X chromosome or cross-induction are considered as
mechanisms potentially underlying the clinical expres-
sion of heterozygous females.®'® Given that plasma
or leukocytes a-Gal A activity may be within normal
range, disease phenotype can be detected only by the
presence of disease signs or by the demonstration of
glycosphingolipids storage within target organs. Early
preclinical disease identification is highly important as
it might indicate preventive enzyme replacement ther-
apy before the onset of irreversible organ damage.' '
Plasma lyso-globotriaosylceramide, a useful prognostic
marker of disease severity and progression in affected
males, is difficult to correlate with disease burden in
female patients with isolated manifestation of organ
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involvement.’' Cardiac imaging techniques can de-
tect AFD-related cardiac damage, potentially in an early
stage. Cardiac magnetic resonance (MR) imaging is an
attractive tool for diagnosing cardiac involvement in
AFD, because of its ability to detect early subtle tissue
changes and to assess cardiac fibrosis by using late gad-
olinium enhancement (LGE) technique.™"” Short time
inversion recovery (STIR) imaging enables detection of
myocardial edema with high diagnostic accuracy.’® On
the other hand, '8F-fluorodeoxyglucose (FDG) positron
emission tomography (PET) is a noninvasive molecular
imaging technique that is highly sensitive to metaboli-
cally active processes that use glucose as a source of en-
ergy.'®2° Using hybrid PET-MR cardiac imaging in a small
sample of AFD patients, we previously observed a focal
myocardial "8F-FDG uptake, suggesting inflammation,
even in nonhypertrophic stage.?' Studies using speckle-
tracking echocardiography agree in demonstrating that
left ventricular (LV) systolic function is impaired in AFD
patients, despite a preserved ejection fraction and even
at early phase of disease.?”?> This study was designed
to compare the results of hybrid PET-MR cardiac imag-
ing with those of speckle-tracking echocardiography in
heterozygous AFD females.

METHODS

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure.

Study Population

Between January 2014 and February 2017, we enrolled 24
females (mean age, 37+12 years) with genetically proven AFD
from 11 unrelated families, who did not present cardiac symp-
toms. No patient had received enzyme replacement therapy
before study entry. Exclusion criteria were pregnancy, breast-
feeding, and standard contraindication for MR imaging. As
part of the baseline examination, the clinical team collected
information from each patient on traditional cardiovascular risk
factors (including age, body mass index, hypercholesterolemia,
diabetes mellitus, hypertension, or smoking) and on history of
AFD-associated pain in hands and feet, decreased sweating,
gastrointestinal problems and neurological symptoms (includ-
ing stroke and headache). Coronary artery disease was ruled
out based on the clinical history plus a negative maximal exer-
cise electrocardiography stress test or pharmacological stress
echocardiography. In each patient, renal function was inves-
tigated by measuring glomerular filtration rate and 24-hour
urine protein excretion. Each patient underwent hybrid PET-MR
study and speckle-tracking echocardiography within a week.
A cohort of 24 age-matched healthy women undergoing only
echocardiography served as control group. This group consisted
of healthy volunteers or outpatient subjects referred for non-
specific symptoms and in whom a detailed diagnostic workup
and clinical follow-up was unremarkable. Another cohort of
10 age-matched control women who underwent PET imaging
for other reasons served as control group to determine normal
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'8F-FDG uptake. They had no evidence of active inflammatory,
coronary or valvular diseases, of diabetes mellitus or severe
hepatic, renal, malignant and hematologic diseases and were
not receiving corticosteroids. All patients provided informed
and written consent. The study conformed to the principles
outlined in the Declaration of Helsinki and was approved by
the local Ethics Advisory Committee.

Biomarker Measurements

Blood samples were obtained in all patients for determination
of cardiac troponin by high-sensitivity cardiac troponin | assay
(Abbott ARCHITECT STAT) and of NT-proBNP (N-terminal pro-
B-type natriuretic peptide) by a sandwich immunoassay on an
Elecsys 2010 (Roche Diagnostics, Basel, Switzerland). After cen-
trifugation (30 minutes, 3000 relative centrifugal force, 4°C),
samples were frozen at —80°C until assayed in a blinded fash-
ion. The normal upper limit values were 15.6 pg/mL for high-
sensitivity cardiac troponin | and 253 pg/mL for NT-proBNP.

PET-MR Imaging

All patients underwent cardiac PET-MR hybrid imaging (Biograph
mMR; Siemens Healthcare, Erlangen, Germany) according to
the Society of Nuclear Medicine and Molecular Imaging and
the American Society of Nuclear Cardiology guidelines for
cardiac PET computed tomography.?® To ensure optimal sup-
pression of '®F-FDG uptake, patients were instructed to con-
sume 2 high-fat, low carbohydrate meals the day before the
study and then fasted for at least 6 hours before the test.?” All
patients were intravenously injected with 370 MBq of 8F-FDG,
and imaging was performed 45 minutes later. Standard car-
diac MR imaging protocol sequences were performed for mor-
phological and functional studies, including T2-weighted STIR
sequences, phase-sensitive inversion recovery, and true fast
imaging with steady-state precession. Early and late enhance-
ment inversion recovery sequences were obtained from 5 to 15
minutes after administration of a 0.15-mmol/kg body weight
gadolinium-diethylenetriaminepentaacetic acid (Magnevist;
Schering, Berlin, Germany) bolus.?¢2° An inversion time scout
scan was acquired, and the optimal inversion time value was
found. Cine, T2, and gadolinium-enhanced acquisitions were
ECG triggered and performed in breath-hold. Patients were
scanned in the supine position. A single bed position PET emis-
sion scan was acquired over 20 minutes simultaneously with a
whole heart MR sequence.

PET-MR Analysis

A radiologist and a nuclear medicine physician in consensus
analyzed cardiac PET-MR images on a dedicated workstation,
as previously described.?’ Morphological and functional MR
data were analyzed to assess LV anatomy, kinetic, wall thick-
ness, and early and LGE patterns. PET images were classified
according to '"8F-FDG uptake pattern: homogeneous, hetero-
geneous, and focal. Images with a homogeneous or a hetero-
geneous pattern show the outline of the LV wall with uniform
or inconsistent tracer distribution, respectively, whereas
images with a focal pattern show a segmental increase in
tracer uptake. Only focally increased cardiac uptake was con-
sidered a positive finding for the presence of active cardiac
inflammation.?" The standardized uptake value (SUV) was
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also determined. The intensity of '®F-FDG uptake was quanti-
fied by measuring the SUV in 17 myocardial segments, and
the average SUV and SD of the SUV were calculated for each
patient. The coefficient of variation (COV) of the SUV in each
patient was calculated as the SUV SD divided by the average
SUV as an index of heterogeneity of ®F-FDG uptake.?® Two
nuclear medicine physicians blindly measured SUV, and the
measurements were averaged. The intraobserver and interob-
server variability of SUV measurements were <5%. In con-
trol subjects, mean COV and SD values were 0.12 and 0.025,
respectively. Therefore, a COV value >0.17 was considered as
an index of abnormal tracer uptake. LGE and T2-weighted
STIR images were compared with PET images using source
data and fused images according to 17-segment model of LV.

Echocardiography

Echocardiography was performed using commercially avail-
able ultrasound equipment (M4S probe, Vivid 7; GE Vingmed
Ultrasound AS, Horten, Norway). Tissue Doppler was used to
record mitral annular early diastolic peak velocities at the sep-
tal and lateral walls, with the measurements being averaged.
Apical 2-, 3-, and 4-chamber views were obtained with the
highest possible frame rates to evaluate LV longitudinal strain,
whereas parasternal short-axis views at basal and apical level
were used to assess radial and circumferential strains.

Echocardiography Analysis
Standard echocardiography analysis was performed accord-
ing to American Society of Echocardiography, as previously
described.?' LV mass was calculated by Devereux formula and
divided by body surface area to calculate LV mass index. A
cutoff value <95 g/m? was used to determine normal LV mass
index. Using 2- and 4-chamber views, LV end-systolic and
end-diastolic volumes were measured by modified Simpson’s
method and ejection fraction was subsequently calculated,
whereas left atrial volume was measured by biplane area—
length formula and indexed to body surface area. Evaluation
of diastolic function included tissue Doppler measurements.
Speckle-tracking echocardiography analysis was performed
offline by using dedicated software (Echo Pac version BT12.0.0,
GE Vingmed Ultrasound) by averaging the measurements
obtained from 3 consecutive cardiac cycles. By analyzing LV
according to a 17-segment model, both segmental and global
systolic longitudinal strains were calculated. Peak global systolic
radial and circumferential strain profiles were measured in both
short-axis planes. The speckle-tracking echocardiography repro-
ducibility of our laboratory has been previously published.?'

Statistical Analysis

Results are expressed as mean+SD or medians and inter-
quartile range or proportions. The Kolmogorov—-Smirnov test
was used to evaluate if the continuous variables fit a normal
distribution. Age-matched control subjects were selected by
frequency matching. For comparison of groups, unpaired
t test or Wilcoxon rank-sum test were performed depend-
ing on whether the distribution was normal or not. Receiver
operating characteristic analysis was used to determine the
best cutoff value of global longitudinal strain and sum of
dysfunctional segments (ie, longitudinal strain >-15%) to
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identify a COV >0.17. A P value <0.05 was considered sta-
tistically significant.

RESULTS

The individual demographic and genetic data of AFD
patients are reported in Table 1. The mutation c.901C>G
was present in 4 patients from 2 different families. As
far it was possible to extend the pedigree analysis, no
link between families sharing the same mutation was
found. According to selection criteria, all patients carry-
ing a-Gal A mutation had normal LV mass index, some
reported mild neuropathic pain and isolated episodes
of gastrointestinal complaints and 2 patients had cor-
nea verticillata with normal visual acuity. No patient
was affected by diabetes mellitus.

PET-MR Imaging

MR procedure was successfully performed in all individ-
uals without any side effects. No patients showed early

gadolinium enhancement. Only 2 patients had LGE,
one of them with T2-STIR positive at precontrast phase.
The remaining 22 patients exhibited no evidence of LGE
and T2-STIR negative. "®F-FDG PET imaging revealed no
uptake in 2 patients, homogeneous uptake in 9, and
focal uptake localized in the lateral region in 13, includ-
ing the 2 patients with LGE. No patients showed het-
erogeneous tracer uptake. The COV was 0.30+0.14 in
patients with focal '8F-FDG uptake and 0.12.8+0.03 in
those without (P<0.001). Figure 1 shows an example of
myocardial LGE in the lateral LV wall at cardiac MR and
focal uptake on the corresponding '®F-FDG PET images.

Echocardiographic Findings in Control
Subjects and Heterozygous AFD Patients

The anthropometric characteristics and echocardio-
graphic findings of control subjects and heterozygous
AFD patients, considered as a whole and categorized
according to PET results, are summarized in Table 2.
There was no statistically significant difference in body

Table 1. Genetic Characteristics of 24 Females With Anderson-Fabry Disease

Patient Family Age (y) a-GAL A Mutation a-GAL A Protein Effect Reference
1 1 21 IVS4+5G>T Splicing alteration
2 1 47 IVS4+5G>T Splicing alteration
3 2 66 c.667T>G p.C223E
4 3 33 €.680G>C p.R227P Zizzo et al,*? 2016
5 4 22 c.1066C>T p.R356W Ishii et al,** 2007
6 5 32 ¢.1021dupG Frameshift and premature

stop codon
7 6 34 €.424T>C p.C142R Topaloglu et al,** 1999
8 7 47 c.1066C>T p.R356W Ishii et al, 20073
9 7 53 c.1066C>T p.R356W Ishii et al,** 2007
10 7 38 c.1066C>T p.R356W Ishii et al,** 2007
11 8 48 c.901C>G p.R301G Shabbeer et al,?* 2002
12 8 19 c.901C>G p.R301G Shabbeer et al,>* 2002
13 8 33 c.901C>G p.R301G Shabbeer et al,>> 2002
14 9 43 €.352C>T p.R118C Spada et al,*® 2006
15 9 50 c.352C>T p.R118C Spada et al,*® 2006
16 9 48 c.352C>T p.R118C Spada et al,*® 2006
17 9 51 €.352C>T p.R118C Spada et al,* 2006
18 10 30 ¢.1021dupG Frameshift and premature

stop codon
19 10 44 ¢.1021dupG Frameshift and premature

stop codon
20 10 49 ¢.1021dupG Frameshift and premature

stop codon
21 11 29 €.680G>C p.R227P Zizzo et al,*? 2016
22 12 27 C.863C>A p.A288D Eng et al,’” 1994
23 13 30 c.508G>A p.D170N
24 14 23 c.901C>G p.R301G Shabbeer et al,>* 2002

a-Gal A indicates a-galactosidase A.
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Figure 1. Cardiac magnetic
resonance and 18F-fluorode-
oxyglucose positron emission
tomography (PET) images in a
representative study patient.

A, Late gadolinium enhancement
(LGE) in the lateral left ventricular
wall (white arrows). B, Correspond-
ing PET showing focal tracer uptake
matching the area of LGE.

mass index, heart rate, blood pressure, and renal func-
tion between the 2 groups. A mild proteinuria was
detected in heterozygous AFD patients, with values
>150 mg/24 hours in 8 patients (33.3%), whereas no
urine protein excretion was found in control group
(P<0.001). Values of high-sensitivity cardiac troponin
I and NT-proBNP were within normal range in hetero-
zygous AFD patients. The standard echocardiographic
measurements, namely LV mass index, geometry pat-
tern, ejection fraction, and Doppler-derived diastolic
parameters and the results from 2-dimensional strain
echocardiography were comparable in heterozygous
AFD patients and control subjects.

LV Longitudinal Function and *F-FDG PET
Findings

When AFD population was categorized according to
"8F-FDG PET results, patients with COV >0.17 did not
differ from patients with COV <0.17 on age, body mass
index, renal function, levels of urine protein, or NT-proB-
NP. The values of high-sensitivity cardiac troponin | tend-
ed to be higher in patients with COV <0.17, without
reaching a statistical significance (Table 2). The 2 groups

showed similar values of heart rate, blood pressure,
and measurement from standard echocardiography
(Table 3). No relation between segmental longitudinal
strain and segmental SUV values was found (P=0.39),
but global longitudinal systolic strain was significantly
worse in patients with COV >0.17 when compared with
those with COV <0.17. Conversely, both radial and cir-
cumferential strains did not differ between groups. Each
patient with COV >0.17 exhibited at least 1 segment
with longitudinal strain >=15% (range 1-11), whereas
no patient with COV <0.17 did. A significant differ-
ence between patients with COV <0.17 and those with
COV >0.17 was observed in the values of longitudinal
strain from the basal-inferoseptal (P=0.004) and midin-
feroseptal (P=0.014) segments. Figure 2 shows '®F-FDG
PET-MR images and LV myocardial longitudinal strain
bull’s-eye rendering from 3 representative AFD patients.
For predicting COV >0.17, a global longitudinal strain
>-19.8% had 77% (95% confidence intervals, 43%—
95%) sensitivity and 91% (95% confidence interval,
62%-100%) specificity and a value >2 dysfunctional
segments 92% (95% confidence interval, 62%—-100%)
sensitivity and 100% (95% confidence interval, 74%-—
100%) specificity.

Table 2. Clinical Data From Control Subjects and AFD Patients According to "®F-Fluorodeoxyglucose
Positron Emission Tomography Results

Control Subjects =~ AFD Patients AFD With AFD With
(n=24) (n=24) PValue @ COV<17 (n=11) | COV>17 (n=13) P Value
Age, y 35+10 37.2+12.2 0.53 37.5+14 36.8+11 0.86
Body mass index, kg/m? 22+2.8 24+3.6 0.67 27+3.4 23+3.9 0.12
GFR, mL min=" 1.73 m~? 120+10 106+18 0.17 105+21.9 107+14.2 0.90
Urine protein, mg/24 h 123 (100-180) 126 (0.20-250) 120 (100-180) 0.82
HS-troponin I, pg/mL 1.32+4.29 0.015+0.02 2.42+5.69 0.17
NT-proBNP, pg/mL 64.2+37.2 63.8+37.4 64.6+36.9 0.95
Heart rate, bpm 71.3+8.5 72.1£12.9 0.56 69.5+10.2 74.3£15 0.37
Systolic blood pressure, mmHg 119.3£11.2 117.1£18.9 0.77 121.8+£13 113.1£21 0.25
Diastolic blood pressure, mmHg 73.2+9.3 72.3£12.6 0.76 76.8+11.5 69.5+£12.1 0.19

Values are presented as mean+SD or median (interquartile range). AFD indicates Anderson-Fabry Disease; COV, coefficient of variation; GFR,
glomerular filtration rate; HS, high sensitivity; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Circ Cardiovasc Imaging. 2018;11:e007019. DOI: 10.1161/CIRCIMAGING.117.007019

April 2018

5



1202 ‘Gz Afenige4 uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Spinelli et al; Heart Involvement in Females With a-GAL A Mutation

Table 3. Echocardiographic Parameters From Control Subjects and AFD Patients According to
8F-Fluorodeoxyglucose Positron Emission Tomography Results
Control AFD Patients AFD With AFD With
Subjects (n=24) (n=24) P Value  COV<17 (n=11) | COV>17 (n=13) P Value

LV mass index, g/m? 80.7+5.7 80.9+14.7 0.81 82.7+£14.3 79.1£15.5 0.77
Relative wall thickness 0.36+0.04 0.37+0.04 0.78 0.36.6+0.03 0.37.3+0.05 0.83
LV end-diastolic volume, mL 86x11 85+19 0.80 89+22 80.5+16 0.77
LV end-systolic volume, mL 29+7 30+7 0.72 3148 29+6 0.76
LV ejection fraction, % 63+5 65+2.6 0.76 6542 64+3 0.92
Left atrial volume, mL/m? 28+3.5 29+3.7 0.77 28.4+4.3 30.4+3.6 0.06
Mitral E/A 1.6+0.3 1.2+0.4 0.12 1.1£0.3 1.4+0.5 0.42
E/Ea 6.8+2.4 7.1%2.2 0.42 6.9+2.8 7.6+1.8 0.62
Systolic pulmonary pressure, mmHg 23.2+3 25.5+2.8 0.62 25+3.1 26+2.5 0.85
Global longitudinal strain, % -21+£2.3 -20.4+2.8 0.11 -22+1.8 -18.5%£2.7 0.01
Basal circumferential strain, % -20£2 -19.3£5.7 0.62 -20.4£5.2 -18.9+6.2 0.46
Apical circumferential strain, % -21+3 -19.5+5.5 0.21 -19.8+6.1 -18.9+4.9 0.77
Basal radial strain, % 35+9 29.3+7.6 0.13 28.8+8.2 29.8+7.1 0.82
Apical radial strain, % 29+5 27.2+6.8 0.53 29+6.1 25.2+7.5 0.37

Values are presented as mean+SD. AFD indicates Anderson-Fabry Disease; COV, coefficient of variation; E/A, ratio between early and

late filling; E/Ea, ratio between mitral inflow E wave and mitral annulus early diastolic velocity; and LV, left ventricular.

DISCUSSION

Cardiac "®F-FDG PET imaging revealed focal myocardial
uptake in a large percentage of female patients carry-
ing a-Gal A mutation and with normal LV mass. Car-
diac MR imaging did not detect any abnormalities in
most of patients with focal myocardial '®F-FDG uptake.
Longitudinal strain by 2-dimensional strain echocar-
diography was significantly impaired in patients who
displayed a focal myocardial "®F-FDG uptake. AFD is
associated with storage of glycosphingolipids in endo-
thelial cells and in cells of several organs, including the
skin, kidneys, peripheral nervous system, and heart.!
Cardiac involvement is the major contributor to mor-
tality in AFD, and it is characterized by LV hypertrophy
and dysfunction as the result of intramyocyte accumu-
lation of glycosphingolipids (disease-related myocardial
damage). Heterozygous women often do not demon-
strate low enzyme activity and show later organ and
tissue involvement when compared with male patients.
Sometimes, women can be an exclusive carrier of muta-
tion, without a disease phenotype. Given the building
evidence showing that early administration of enzyme
replacement therapy has the best chance of protect-
ing against the effects of AFD on myocardial function
and LV mass, early detection of cardiac involvement is
important.'"'? Endomyocardial biopsy can demonstrate
accumulation of globotriaosylceramide in the myocar-
dium of patients without LV hypertrophy, offering proof
of myocardial involvement.?® However, endomyocardi-
al biopsy would be difficult to do serially because of
higher cost, invasiveness, and potential sampling errors.
Taking in mind that noninvasive diagnosis of myocardial
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damage in AFD is a challenging issue, we investigated
a cohort of female patients lacking LV hypertrophy with
hybrid PET-MR imaging and speckle-tracking echocar-
diography. We found LGE in a small subset of patients,
in keeping with previous observation that female AFD
patients have susceptibility of developing late enhance-
ment in the early stages, before hypertrophy.> In AFD-
related cardiomyopathy, LGE is thought to represent
focal fibrosis, according to histological correlation.*
The demonstration of severe and irreversible fibro-
sis in myocardium of patients carrying the mutation,
IVS4+919G>A, before development of LV hypertrophy
or other significant cardiac manifestations, contributed
to strengthen the relatively recent concept of fibrosis
before hypertrophy.*" The imaging approach combin-
ing LGE and T2-weighted STIR has proved to detect
edema, an important hallmark of reversible myocardial
inflammatory injury, in several clinical conditions.*-°
Diagnosis of myocardial inflammation is based on the
presence of at least 2 of the following MR findings: (1)
myocardial edema detected by T2-weighted STIR; (2)
myocardial hyperemia detected by early gadolinium
enhancement technique; and (3) myocardial damage
with nonischemic pattern detected by LGE.*® A high
variation in sensitivity and negative predictive value
has been reported, reflecting the intrinsic drawbacks
of current diagnostic criteria, which are mainly based
on the use of conventional cardiac MR sequences.?’ In
our study, only in 1 patient, positive T2-weighted STIR
sequences on the myocardium surrounding an area of
focal LGE was observed. Nevertheless, focal myocardial
'"8F-FDG uptake was present not only in patients with
T2-STIR positive or with LGE but also in up to 50%
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Figure 2. Speckle-tracking echocardiography and 18F-fluorodeoxyglucose (FDG) positron emission tomography in

three representative study patients.

A, Bull's-eye rendering of left ventricular longitudinal strain and (B) polar map of '8F- FDG standardized uptake value (SUV).
Upper, Patient with homogeneous '®F-FDG uptake and negative magnetic resonance (MR) imaging. Global longitudinal strain
(GLS) was -23.1% and coefficient of variation (COV) 0.11. Middle, Patient with focal '®F-FDG uptake and negative MR imag-
ing. GLS was —=17.5% and COV 0.38. Lower, Patient with focal '®F-FDG uptake and late gadolinium enhancement on MR
imaging. GLS was —=15.3% and COV 0.29. SEPT indicates septal; LAT, lateral; ANT, anterior; INF, inferior; and POST, posterior.

of patients who did not display MR abnormalities. The
negative results of T2-weighted STIR imaging in most
of patients showing '8F-FDG uptake abnormalities are
not surprising as the abnormalities in PET and MR imag-

ing rely on different mechanisms. Cardiac '®F-FDG PET
has proven to be an accurate diagnostic tool with an
incremental value in identifying active inflammation as
it provides metabolic information, a valuable comple-
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ment to the information on heart anatomy and myocar-
dial structure provided by MR imaging.284849

Sensitivity of cardiac MR in patients with myocardial
inflammation is heterogeneous.” It correlates with the
extent of cardiomyocyte necrosis promoting an expan-
sion of interstitial space,*® when compared with PET
that is based on the "F-FDG uptake by hypermetabolic
glucose-avid tissue. Taken together, our findings confirm
and expand the hypothesis that phlogosis may play a cru-
cial role for AFD-related myocardial damage.?*! In vitro
and in vivo studies demonstrated that cell accumulation
of globotriaosylceramide induces oxidative stress (includ-
ing lipid peroxidation) and inflammation.>>>* Inflamma-
tory macrophages infiltration has been documented in
endomyocardial biopsy specimens from AFD patients.>
Inflammation is present in all tissues and may be asso-
ciated with other potentially pathological processes
such as apoptosis, impaired autophagy, which could all
contribute synergistically to tissue damage.*® Nordin et
al®! assessed T2 mapping and troponin in a cohort of
AFD patients, most of them with LV hypertrophy, and
concluded that inflammation related to cardiomyocyte
globotriaosylceramide storage contributed to LGE. In our
study, the finding that the presence of myocardial focal
"8F-FDG uptake was not associated to increased levels of
troponin suggests that troponin is not a marker of very
early cardiac involvement in AFD patients. Interestingly,
global longitudinal strain was able to detect subclinical
LV dysfunction associated to PET abnormalities. Echocar-
diography is largely used for the assessment of cardiac
involvement in AFD, given its ease of access. The mea-
surement of longitudinal systolic strain can be obtained
in an easy, valuable, and reproducible way by using
speckle-tracking echocardiography, a technique that
offers several advantages over tissue Doppler imaging
because its measurements are angle independent and,
thus, suitable for a regional assessment of deformation of
all myocardial segments.>” Longitudinal strain is impaired
earlier than circumferential and radial strains, in the case
of myocardial damage.?? Previous studies demonstrated
reduced global longitudinal strain in AFD patients lacking
LV hypertrophy.23-2> Our study corroborates these obser-
vations and highlights the link between impairment of LV
longitudinal function and myocardial metabolic abnor-
malities in early phase of AFD-related cardiomyopathy.
Thus, in women carrying a-Gal A mutation, the suspicion
of early-stage cardiac involvement should arise in the
presence of impaired global longitudinal strain or even
of reduced longitudinal strain in several myocardial seg-
ments, inducing to a deeper investigation. However, it is
worth underscoring that the cutoff values obtained for
longitudinal strain should be considered pertinent only
to a female population. Further studies are warranted
to demonstrate the reliability of LV longitudinal function
parameters for detection of early cardiac involvement
in children or young male AFD patients. Furthermore,
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caution should be used when applying our results to
the imaging obtained with the use of other ultrasound
equipments, despite the low variability between differ-
ent machine and software vendors.*®

Limitations and Strengths

The relatively small sample size could represent a limita-
tion for the present results, but it reflects the rarity of
the clinical condition under evaluation and the single-
center nature of the study. On the other hand, evidence
that the baseline characteristics of patients included in
the present study were quite similar to those of patients
included in studies by other authors?-2> makes our find-
ings wide generalizable. The use of imaging techniques
able to assess cardiac metabolism, structure, and func-
tion represents a major strength of the study. Yet, crite-
ria applied for analysis of both "8F-FDG PET and cardiac
MR are well established and validated in clinical studies.
Another possible limitation of the present study is that
up to 20% of patients have inadequate suppression
despite various dietary preparations and longer fasting
periods could be helpful to avoid nonspecific myocar-
dial uptake.?” Finally, T1 and T2 mapping assessment
could be helpful. Recent studies showed that decreased
native myocardial T1 is highly prevalent in AFD patients
even prior the onset of LV hypertrophy.>6°

Conclusions

The present study demonstrates the relation between
impaired LV longitudinal function and myocardial meta-
bolic abnormalities detected by hybrid PET-MR imaging
in early phase of AFD-related cardiomyopathy. These
findings advocate an extensive use of 2-dimensional
strain echocardiography as initial evaluation of patients
with a-Gal A mutation. Cardiac ®F-FDG PET could gain
use in detecting myocardial inflammation that likely
represents a clue of response to cardiomyocyte globo-
triaosylceramide storage. It is possible to hypothesize
that a focal "8F-FDG uptake in young patients carrying
AFD-related mutation may be a predictor of the devel-
opment of LV hypertrophy, although further research is
needed to establish this issue.
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