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Usefulness of Native T1 in Cardiac Magnetic Resonance
Imaging and Echocardiographic Strain Parameters for
Detecting Early Cardiac Involvement in
Fabry Cardiomyopathy
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Ayaka Mizumoto, BS; Shinichi Kurashima, MD; Yuki Irie, MD; Kenji Moriuchi, MD;
Takahiro Sakamoto, MD, PhD; Makoto Amaki, MD, PhD; Hideaki Kanzaki, MD, PhD;
Yoshiaki Morita, MD, PhD; Takeshi Kitai, MD, PhD; Chisato Izumi, MD, PhD

Background: Non-invasive diagnosis of disease stage in Fabry cardiomyopathy with multimodality imaging is pivotal when deciding
on the appropriate time to initiate enzyme replacement therapy. However, this approach has not been well established.

Methods and Results: We enrolled 14 patients with Fabry disease. All patients were evaluated using echocardiography and con-
trast cardiac magnetic resonance (CMR), and were divided into either an early-stage group without left ventricular hypertrophy (LVH;
wall thickness >12mm) or late gadolinium enhancement (LGE; n=7; median age 37 years; 4 female), or an advanced-stage group
with LVH and/or LGE (n=7; median age 66 years; 7 female). Strain data from echocardiography and T1 mapping on CMR were
compared between the groups. In the advanced-stage group, all strain data were impaired. In the early-stage group, localized lon-
gitudinal strain in the basal posterolateral segment was already reduced but both localized and global circumferential strain remained
preserved. On CMR analysis, global and localized native T1 shortening were observed in the early-stage group, but were pseudo-
normalized in the advanced-stage group. In logistic regression analysis, localized circumferential strain had significant diagnostic
value for differentiating between early- and advanced stage (P=0.037) and significantly improved the predictive power of the model
containing localized native T1 in CMR.

Conclusions: A combination of localized native T1 in CMR and echocardiographic strain parameters could be useful for staging
Fabry cardiomyopathy.
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disease caused by deficient activity of the alpha-

galactosidase A (a-GLA) enzyme and is character-
ized by progressive intracellular accumulation of neutral
glycosphingolipids in various organs, including the heart.!-2
Cardiac involvement is one of the main causes of mortality
in patients with Fabry disease.? Fabry cardiomyopathy is
characterized by progressive left ventricular hypertrophy
(LVH), and involvement starts from the basal posterolat-
eral segment.2# Furthermore, accumulation of glycosphin-
golipids affects both ventricles.> Enzyme replacement
therapy (ERT) is essential in Fabry disease, but it may be

F abry disease is a rare X-linked lysosomal storage

too late to start ERT when LVH or myocardial fibrosis
detected by late gadolinium enhancement (LGE) on a
cardiac magnetic resonance (CMR) examination appears.+¢7
Recently, early initiation of ERT has been identified to be
beneficial for controlling disease progression and improving
symptoms.® Therefore, early detection of cardiac involve-
ment before LVH and LGE are observed seems to be
important.?

There has been growing interest in echocardiographic
strain imaging and parametric mapping in CMR, including
T1, T2, and extracellular volume (ECV), as tools for the
diagnosis of myocardial damage and characterization of
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tissue.? Shortening of the native T1 is particularly useful
for identifying early cardiac manifestations of Fabry dis-
ease.*? In clinical settings, multimodality imaging, includ-
ing echocardiography and CMR, is pivotal for diagnosing
Fabry cardiomyopathy and disease staging but has not been
well established, especially in the early-stage of the disease.

In this study, we investigated the usefulness of a combi-
nation of echocardiography and CMR for diagnosing dis-
ease stage in patients with Fabry cardiomyopathy.

Methods

Study Population

A single-center cohort of patients diagnosed with Fabry
disease was evaluated between June 2016 and May 2022.
Fourteen patients in this cohort who were diagnosed as
having Fabry disease using genetic or enzymatic analysis
and had both CMR and echocardiographic findings
available were included in the study. Ten (71%) patients
underwent a right ventricular (RV) biopsy. The 14 patients
were divided into 2 groups according to the presence or
absence of LVH on echocardiography and LGE on a CMR
examination. In accordance with previous studies,210-12
LVH was defined as a maximal left ventricular (LV) wall
thickness of >12mm. Patients with either LVH or LGE
were classified as an advanced-stage group and those
without LVH or LGE were defined as an early-stage
group. In addition to standard blood and urine laboratory
analyses, serum levels of a-GLA activity and globotriao-
sylsphingosine in lysosomes (Lyso-Gb3) were also measured.
The study was approved by the Institutional Review Board
of the National Cerebral and Cardiovascular Center
(R2003-2). The study was designed to be carried out without
obtaining individual informed consent according to the
“opt-out” principle. We published a summary of the study
protocol with the contact information for our office on the
institution’s website, which provided patients with the
ability to refuse enrollment into the study.

CMR

CMR was performed on a 3.0-T system (MAGNETOM
Verio and Vida; Siemens Healthcare GmbH, Erlangen,
Germany) using a standard clinical protocol with LGE
imaging.!3 Native T1 mapping was acquired on the base,
mid, apex ventricular short-axis slices using a modified
Look-Locker inversion recovery (MOLLI) pulse sequence
according to a consensus statement by the Society for Car-
diovascular Magnetic Resonance!® prior to contrast bolus
administration (0.1 mmol/kg body weight; Gadovist, Bayer
Healthcare, Berlin, Germany). Post-T1 mapping was per-
formed approximately 15min after contrast administration
for ECV quantification.

CMR Analysis

All images were centralized and analyzed using CVI42
software (Circle Cardiovascular Imaging Inc., Calgary,
AB, Canada). All analyses were performed by an experi-
enced cardiologist and radiologist who were blinded to the
patients’ clinical status. The presence of LGE was assessed
by two independent observers. For native T1 analysis, a
native T1 map was drawn automatically in each segment
with a 20% offset, taking care to avoid the blood-myocar-
dial boundary. The normal native T1 reference range
(meant2 SD) was 1,251+45ms, which was defined using
healthy volunteers at our center. ECV was calculated from

the native T1 and the hematocrit value before and after
administration of contrast. The normal ECV reference
range was defined by reference to the literature.!s In this
study, global native T1 and global ECV were calculated by
averaging all segmental values of native T1 and ECV.
Local native T1 and ECV were defined as the average val-
ues of native T1 and ECV in the basal posterior and basal
lateral segments.

Echocardiography
All patients underwent an echocardiographic examination
using a commercially available system (Vivid 7 or E95; GE
Vingmed Ultrasound AS, Horten, Norway). Images were
obtained with a 3.3 MHz probe, and parameters were
measured according to the most recent guidelines.'® LV
dimensions and wall thicknesses were measured on B-mode
recordings in the parasternal long-axis view. The biplane
method of discs (modified Simpson’s rule) was used to
obtain the LV ejection fraction (LVEF) and the maximal
volume of the left atrium. LV mass was calculated according
to the formula recommended by the guidelines!® and was
indexed to body surface area. A comprehensive assessment
of RV geometry and systolic function was performed.
Standard 2-dimensional images of apical 4-chamber,
2-chamber, and 3-chamber views were obtained to evalu-
ate LV global longitudinal strain (GLS). Parasternal short-
axis views at the mitral valve, papillary muscle, and apex
levels were used to assess LV global circumferential strain
(GCS) and global radial strain (GRS). The RV-focused
apical 4-chamber view was obtained for assessment of the
RYV free wall longitudinal strain (RVFWS).17 LV GLS was
calculated by averaging all segmental strain values from
standard 3 apical views. LV GCS and GRS were calculated
by averaging all segmental strain values from standard
parasternal 3 short-axis slices. Localized longitudinal
strain (LS), circumferential strain (CS) and radial strain
(RS), which were averaged values in the basal posterior
and lateral portions, were also evaluated, considering that
Fabry cardiomyopathy progresses from these segments.
RVFWS was calculated by averaging all RV free wall seg-
mental strain values. Standard commercially available
dedicated EchoPAC software (GE Vingmed Ultrasound
AS) was used to automatically track and accept segments
of good tracking quality while allowing the observer to
manually override its decisions. To confirm the accuracy
of the echocardiographic parameters, the measurements
were repeated offline by two experienced sonographers
blinded to clinical status. The normal ranges of LVEF,
GLS, GCS, GRS, localized LS, CS, RS and RVFWS were
defined by referring to the literature.!618

Statistical Analysis

Values are expressed as the median with interquartile
range. Continuous data were compared between groups
using the Student’s t-test or Wilcoxon test and categorical
data using the Fisher’s exact test as appropriate. The ability
to predict early-stage Fabry cardiomyopathy was evaluated
using logistic regression analysis and the C-statistic.’ All
tests were two-sided, and a P value <0.05 was considered
statistically significant. A Bonferroni-corrected P value
threshold (P=0.05/5=0.01) was used to compare global
chi-square values between localized native T1 and localized
native T1 plus additional echocardiographic parameters.
All statistical analyses were performed using JMP 12
software (SAS Institute, Inc., Cary, NC, USA).
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Table 1. Patient Demographics and Clinical Characteristics

Overall
(n=14)
Age (years) 39 [31-66]
Sex (male) 3(21)
History of hospitalization for HF 1(7)
Hypertension 2 (14)
Diabetes 2 (14)
Dyslipidemia 2 (14)
Atrial fibrillation 0 (0)
Strokef/transient ischemic attack 3 (21)
Right ventricular biopsy 10 (71)
Family history 10 (71)
Laboratory data
BNP (pg/mL) 11 [9-252]
eGFR (mL/min/1.73m?) 82 [69-94]
Blood urea nitrogen (mg/dL) 12 [9-15]
Hemoglobin (g/dL) 13.2[12.8-14.0]
Hematocrit 41 [38-42]
Proteinuria 1(7)
a-galactosidase A (nmol/h per mg protein) 10.5 [3.7-21.0]
Lyso Gb3 (ng/mL) 12.0 [10.0-27.0]
Medication
Enzyme replacement therapy 6 (43)
ACE inhibitor/ARB 2 (14)
B-blocker 2 (14)
Antiplatelet drug 2(14)
Anticoagulant drug 0 (0)

group (e greup(nen Pvalue
37 [17-38] 66 [40-67] 0.010
3 (43) 0 (0) 0.192
0 (0) 1 (14) 1.000
0 (0) 2 (29) 0.462
0 (0) 2 (29) 0.462
0 (0) 2 (29) 0.462
0 (0) 0 (0) N/A
1(14) 2 (29) 1.000
4 (57) 6 (86) 0.559
6 (86) 4 (57) 0.559
10 [8-11] 172 [10-607] 0.011
93 [76-111] 74 [59-82] 0.055
10 [8-13] 15 [9-19] 0.095
13.5 [12.8-14.5] 13.1[12.6-13.7] 0.523
42 [38-43] 40 [38-41] 0.563
0 (0) 1(17) 1.000
14.0 [0.3-20.0] 7.0 [3.9-24.0] 0.949
13.0 [8.7-113] 12.0 [10.5-23.0] 0.927
4 (57) 2 (29) 0.592
0 (0) 2 (29) 0.192
0 (0) 2 (29) 0.192
1(14) 1(14) 1.000
0 (0) 0 (0) N/A

Unless indicated otherwise, data are presented as n (%). Continuous values are expressed as median [IQR]. ACE, angiotensin-converting
enzyme; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; HF, heart failure; Lyso

Gb3, globotriaosylsphingosine in lysosomes.

Results

Clinical Characteristics of Patients With Fabry
Cardiomyopathy

Clinical characteristics of the 14 patients with Fabry
disease are summarized in Table 1. Seven of the 14 patients
were classified as having early-stage cardiomyopathy and
the remainder as having advanced-stage cardiomyopathy.
Patients in the early-stage group were significantly younger
than those in the advanced-stage group. In the early-stage
group, none had underlying diseases, except for previous
stroke in a male patient. There was no significant between-
group difference in serum levels of a-GAL activity and
Lyso-Gb3, although the serum B-type natriuretic peptide
level was significantly lower in the early-stage group. Only
1 patient in the early-stage group was on ERT.

LV Size and Function in Fabry Cardiomyopathy

Echocardiographic and CMR parameters are shown in
Table 2. The values of LV wall thickness and mass were
higher in the advanced-stage group than in the early-stage
group. However, there was no significant between-group
difference in LV size, LV volume, or ejection fraction (EF)
on echocardiography or CMR examination. GLS and
GCS decreased in the advanced-stage group despite pre-
served EF (Figure 1). However, in the early-stage group,
localized LS was reduced and GLS was just under the
normal limit, although GCS and localized CS were pre-

served (Figure 2). GRS was just under the normal limit in
the early-stage group and decreased in the advanced-stage
group. However, there was no statistical difference between
the two groups in GRS and localized RS (Table 2).

In terms of CMR parameters, localized and global
native T1 shortening were found in the early-stage group
(Figure 2), although the ECV value was at the upper limit
of normal. In contrast, the native T1 value was within
normal limits in the advanced-stage group, indicating
pseudo-normalization (Figure 1). The ECV value increased
and was slightly above normal limits.

RV Size and Function in Fabry Cardiomyopathy

Table 3 summarizes the RV parameters evaluated using
echocardiography and CMR. The tricuspid annular plane
systolic excursion (TAPSE) and RVFWS values, which
indicate longitudinal function, were significantly lower in
the advanced-stage group than in the early-stage group,
although RV size was similar between the two groups.
However, there were no significant between-group differ-
ences in fractional area change (FAC) on echocardiography
or RVEF on CMR, which indicates global (longitudinal
and transverse) RV function.

Distinguishing Between Early-Stage and Advanced-Stage
Fabry Cardiomyopathy

Table 4 shows the results of the univariable logistic regres-
sion analysis of the ability of each echocardiographic and
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Table 2. Echocardiography and CMR Parameters

Echocardiography
Morphology
LVEDD (mm)
LVESD (mm)
IVS (mm)
PW thickness (mm)
Relative wall thickness
LV mass index (g/m?)
LAVI (mL/m2)
Systolic function
LVEF (normal range 63+5; %)
GLS (normal range 21.3+2.1; %)
Localized LS (basal posterolateral segments; %)
GCS (normal range 22.8+2.9; %)
Localized CS (basal posterolateral segments; %)
GRS (normal range 54.6+12.6; %)
Localized RS (basal posterolateral segments; %)
Diastolic function
Mitral E velocity (cm/s)
Deceleration time (ms)
Septal mitral annular e” velocity (cm/s)
E/e’ velocity ratio (septal)
CMR
Morphology
LVEDVI (mL/m?2)
LVESVI (mL/m?)
LVEF (%)
LV mass index (g/m?)
Tissue characterization

Native T1 (average of all segments; normal range in our
institution 1251+45; ms)

Localized native T1 (basal posterolateral segments; ms)
ECV (average of all segments; normal range 23-28; %)
Localized ECV (basal posterolateral segments; %)

group (o) A aroun (e P value
45 [43-51] 46 [40-49) 1.000
29 [27-31] 32 [27-33] 0.479
7 [5-9] 13 [10-13] 0.010
8[6-9] 11 [8-13] 0.072
0.33 [0.28-0.39] 0.52 [0.33-0.60] 0.097
60 [48-84] 122 [80-166] 0.066
29 [24-35] 47 [38-47] 0.008
60 [60—63] 62 [55-63] 0.746
17.4[15.7-21.6] 11.1[6.8-17.3] 0.097
14.8[13.3-16.1] 10.1 [7.7-13.1] 0.041
19.4 [19.1-25.0] 13.8 [12.0-16.1] 0.003
21.0[13.0-23.3] 9.9 [6.9-11.0] 0.005
44.0[30.8-51.1] 27.8[21.9-31.3] 0.100
35.4 [25.0-70.9] 27.0 [17.7-32.0] 0.144
90 [80—101] 72 [55-77] 0.084
166 [143-220] 216 [165-274] 0.443
10.3 [7.4-13.5] 2.8[2.2-4.9] 0.005
9.5 [7.1-11.5] 22.1 [12.0-26.2] 0.018
67 [57-71] 72 [69-87] 0.055
22 [19-34] 25 [23-33] 0.371
64 [53-68] 65 [53—-70] 0.609
56 [42-68] 94 [73-107] 0.027
1,156 [1,131-1,245] 1,228 [1,181-1,274] 0.097
1,173 [1,108-1,215] 1,234 [1,194-1,297] 0.041
27 [26-31] 31 [28-38] 0.276
29 [28-30] 29 [26-36] 1.000

Continuous values are expressed as mean=SD, or median [IQR]. Each strain value is expressed as the absolute value. CMR, cardiac
magnetic resonance; CS, circumferential strain; ECV, extracellular volume; GCS, global circumferential strain; GLS, global longitudinal strain;
GRS, global radial strain; VS, interventricular septal thickness; LAVI, left atrial volume index; LS, longitudinal strain; LV, left ventricular;
LVEDD, left ventricular end-diastolic dimension; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic dimension; LVESVI, left ventricular end-systolic volume index; PW, posterior wall; RS, radial strain.

CMR parameter to distinguish early-stage from advanced-
stage Fabry cardiomyopathy. Localized native T1 on
CMR tended to have predictive ability (P=0.086). Among
the echocardiographic variables, localized CS had signifi-
cant value for distinguishing between early-stage and
advanced-stage Fabry cardiomyopathy (P=0.037), but
localized LS did not. GLS, GCS, and TAPSE tended to be
related to the disease stage. The area under the curve for
distinguishing early-stage from advanced-stage Fabry
cardiomyopathy was 0.84 (95% confidence interval 0.62—
1.00; P=0.035) for the localized native T1 and 0.96 (95%
confidence interval 0.86-1.00; P=0.004) for the localized
CS. The optimal cut-off values were 1,185ms for localized
native T1 (sensitivity 71%; specificity 86%) and —11.0% for
localized CS (sensitivity 100%; specificity 86%).

The following incremental benefits of echocardiographic
parameters in the diagnosis of early-stage Fabry cardiomy-

opathy were identified. The additional echocardiographic
parameters of localized CS and GCS significantly
improved the predictive power of the model containing
localized native T1 even after Bonferroni correction,
although addition of localized LS, GLS, or TAPSE did not
(baseline model 1, localized native T1, chi-square 4.7;
model 2, plus localized LS, chi-square 7.8; P=0.078; model
3, plus GLS, chi-square 11.2; P=0.011; model 4, plus
localized CS, chi-square 19.4; P<0.001; model 5, plus GCS,
chi-square 19.4; P<0.001; and model 6, plus TAPSE, chi-
square 10.1; P=0.020; Figure 3).

Discussion

This study had two important findings (Figure 4). The first
was that a reduction in localized LS in the basal postero-
lateral segment and shortening of the native T1 were key
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GLS-10.5%

Figure1. A representative case of a 66-year-old woman with advanced Fabry cardiomyopathy. (A) Two-dimensional
echocardiography showing left ventricular hypertrophy. (B) Cardiac magnetic resonance showing late gadolinium enhancement
in the basal posterolateral segment (yellow arrow). (C) Global native T1 was pseudo-normalized, and localized native T1 was
prolonged, especially in the basal posterolateral segment. (D-F) Localized longitudinal strain, circumferential strain, global
longitudinal strain (GLS), and global circumferential strain values were reduced.

-
E

GLS-18.8%

Figure 2. A representative case of a 36-year-old woman with early Fabry cardiomyopathy. The woman was referred to National
Cerebral and Cardiovascular Center with a family history of Fabry disease. (A) Two-dimensional echocardiography showed no
left ventricular hypertrophy. (B) Cardiac magnetic resonance showed no late gadolinium enhancement; however, the native T1
was found to be shortened, especially in the basal posterolateral segment (C). (D-F) Localized longitudinal strain in the basal
posterolateral segment was reduced, although global longitudinal strain (GLS), localized circumferential strain, and global
circumferential strain were preserved.
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Table 3. RV Parameters
group (neh) A aroup (naty P value
Echocardiography
RVEDD (mm) 27 [26—29] 30 [29-31] 0.027
RVOT diameter (proximal; mm) 25 [21-29] 25 [22-28] 0.847
TAPSE (mm) 21.7 [20.8—22.5] 16.0 [13.9-20.4] 0.022
FAC (%) 46 [42-48] 44 [41-47] 0.609
RV free wall strain (normal range 29.0+4.5; %) 28.9 [27.8-31.0] 20.8 [18.9-23.8] 0.003
CMR
RVEDVI (mL/m?) 76 [58-83] 71 [59-86] 0.702
RVESVI (mL/m2) 42 [26-43] 29 [27-40] 0.443
RVEF (%) 49 [46-55] 51 [44-58] 0.443

Continuous values are expressed as median [IQR]. Each strain value is expressed as the absolute value. CMR, cardiac magnetic resonance;
FAC, fractional area change; RV, right ventricular; RVEDD, right ventricular end-diastolic dimension; RVEDVI, right ventricular end-diastolic
volume index; RVEF, right ventricular ejection fraction; RVESVI, right ventricular end-systolic volume index; RVOT, right ventricular outflow

tract; TAPSE, tricuspid annular plane systolic excursion.

Table 4. Logistic Regression Analysis for Predicting Early-Stage Fabry Cardiomyopathy

Chi-square
OR (95% CI) value P value
GLS (0.1%) 1.028 (0.997-1.060) 5.0 0.079
Localized LS (basal posterolateral segments; 0.1%) 1.025 (0.993-1.069) 3.2 0.129
GCS (0.1%) 1.104 (0.993-1.227) 12.3 0.068
Localized CS (basal posterolateral segments; 0.1%) 1.038 (1.002-1.075) 9.5 0.037
TAPSE (1 mm) 1.825 (0.924-3.606) 6.8 0.083
RV free wall strain (0.1%) 1.504 (0.503—4.500) 16.0 0.466
Native T1 (average of all segments; 1 ms) 0.984 (0.963-1.005) 3.0 0.125
Localized native T1 (basal posterolateral segments; 1 ms) 0.983 (0.963-1.002) 4.7 0.086
ClI, confidence interval; OR, odds ratio. Other abbreviations as in Tables 2,3.
CMR CMR + Echocardiographic parameters
19.4*
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Figure 3. Incremental prognostic value of echocardiographic parameters when added to localized native T1. The change in the
global chi-square value in sequential Cox models incorporating echocardiographic parameters is shown. The additional
echocardiography parameters of localized circumferential strain (CS) and global circumferential strain (GCS) significantly
improved the predictive power in a model containing localized native T1. *P<0.01 (Bonferroni correction). CMR, cardiac magnetic
resonance; GLS, global longitudinal strain; LS, longitudinal strain; TAPSE, tricuspid annular plane systolic excursion.
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Participants Evolution of cardiac involvement of Fabry cardiomyopathy

Patients with Fabry disease evaluated by

contrast CMR andechocardiography(N=14)| Accumulation | Inflammation Fibrosis and
Myocyte hypertroph impairment
( Early-stage_groupN=7\ o
or

- » [LGE ([CVR)

el )

.__.-—

without LVH and LGE
Advanced-stage group N=7

@

Localized LS
‘ ]

Pro sion of Fabry cardi t

|Aan early-stage (Accumulation Phase) | ——Native T1in CMR and localized L S in echo {}

[From an early-stage to an advanced-stage |—- Native T1in CMR and localized CS in echo

Figure 4. Usefulness of a combination of cardiac magnetic resonance (CMR) and echocardiography for staging Fabry
cardiomyopathy. (Left panel) The 14 study participants. The early-stage group included 7 patients without left ventricular
hypertrophy (LVH) or late gadolinium enhancement (LGE). The advanced-stage group included 7 patients with LVH and/or LGE.
(Right panel) The relationship between progression of Fabry cardiomyopathy and CMR and echocardiographic parameters.
Shortening of the native T1 and reduction in localized longitudinal strain in the basal posterolateral segment were key parameters
for detecting early-stage Fabry cardiomyopathy (light blue arrow). Reduction of localized circumferential strain (CS) in the basal
posterolateral segment was the most useful echocardiography parameter for differentiating early-stage and advanced-stage Fabry
cardiomyopathy (yellow star). GCS, global circumferential strain; GLS, global longitudinal strain; LS, longitudinal strain; RVFWS,

right ventricular free wall strain; TAPSE, tricuspid annular plane systolic excursion.

parameters for early detection of Fabry cardiomyopathy;
this was observed even when GLS, GCS, localized CS,
ECV, and RV function were within the normal ranges at
this stage. The second was that a reduction of localized
CS was the most useful echocardiographic parameter for
differentiating between early-stage and advanced-stage
Fabry cardiomyopathy. This parameter notably enhanced
the predictive accuracy of the model that incorporated
localized native T1 in CMR.

Evolution of Cardiac Involvement in Fabry Disease and
Importance of Early Initiation of ERT

Three phases of cardiac involvement in Fabry disease have
been proposed: an accumulation phase, an inflammation
and myocyte hypertrophy phase, and a fibrosis and impair-
ment phase.23 First, in the accumulation phase, accumu-
lation of Gb3 affects all cardiac cells and tissues. Second,
in the inflammation and myocyte hypertrophy phase,
accumulation of Gb3 in the myocardium leads to localized
LVH, and involvement of intramural vessels or conduction
tissue induces myocardial ischemia or conduction distur-
bances. Last, in the fibrosis and impairment phase, progres-
sion to diffuse LVH and/or fibrosis results in ventricular
arrhythmias.? In the present study, the early-stage is
consistent with the accumulation phase, and the inflamma-

tion and myocyte hypertrophy and fibrosis and impairment
phases are included in the advanced-stage. Previous studies
have already demonstrated that ERT is more effective and
contributes to an extension of life if it is started before
reaching an advanced-stage of diffuse LVH and myocar-
dial fibrosis identified using LGE on CMR.%” However,
ERT requires patients to attend hospital every 2 weeks,
and most patients seen in clinical settings have no desire to
start ERT unless they are symptomatic or have organic
dysfunction. Therefore, early detection of Fabry cardio-
myopathy using non-invasive multimodality imaging is
essential so that patients can appreciate their disease stage
and make the decision of early initiation of ERT.

Changes in Echocardiographic and CMR Parameters With
Progression of Fabry Cardiomyopathy

As demonstrated in the present study and in previous stud-
ies, the native T1 in CMR is shortened even in the accumu-
lation phase before onset of LVH.4%20 In particular, as
described in the representative case shown in Figure 2, the
native T1 is shortened from the basal posterolateral seg-
ment, where myocardial change first develops. The native
T1 value was within normal limits in patients in the present
study with advanced-stage Fabry cardiomyopathy, as
shown in Figure 1. This indicates that inflammation and/or
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fibrosis of cardiomyocytes, especially in the basal postero-
lateral segment, prolong the native T1 (pseudo-normaliza-
tion). Therefore, shortening of the native T1 is a valuable
parameter for detecting early-stage Fabry cardiomyopathy
(i.e., the accumulation phase). However, as the disease
progresses, the pseudo-normalized native T1 makes it
difficult to distinguish patients at an advanced-stage from
normal subjects if it were not for the findings of LGE on
CMR. ECV in CMR is also an important parameter for
detecting dilated interstitial spaces between cells.1521
However, Fabry disease is predominantly an intracellular
storage disease; therefore, ECV is typically normal or at
the upper limit.3?! Use of the native T1 may be more useful
than ECV for detecting patients with Fabry cardiomyopathy,
especially when it is at an early-stage.

In terms of echocardiographic parameters, a significant
correlation between strain parameters (GLS and GCS) and
severity of myocardial fibrosis was found in patients with
advanced heart failure.?? We found that localized LS was
already reduced in the basal posterolateral segment in
patients at an early-stage (accumulation phase), although
GLS, localized CS, and GCS were at a normal or lower
limit. This reflects the fact that accumulation of Gb3
initiates from the basal posterolateral segment and leads to
a reduction in localized LS despite normal GLS. The
reduction of localized LS might start at a very early-stage;
therefore, this parameter is useful for the early detection of
Fabry cardiomyopathy. In contrast, reduction of GLS,
localized CS, and GCS may be a red flag for progression
from an early-stage to an advanced-stage.?3?* Regarding
RS, no statistical differences were shown between the 2
groups in the present study, and usefulness for measuring
RS in patients with hypertrophy is controversial, and there
are few previous studies related to radial function.?5-?7
Therefore, RS was not included in the present study in
useful echocardiographic parameters for distinguishing the
early-stage from the advanced-stage.

RV Function in Fabry Cardiomyopathy

Several studies have reported RV involvement in Fabry
cardiomyopathy.10282 However, the relationship between
disease progression and RV parameters has been unclear.
In the present study, TAPSE and RVFWS, which reflect
RV longitudinal function, were reduced at an advanced-
stage, although FAC using echocardiography and RVEF
using CMR indicated no change in global RV function.
Early phase RV dysfunction may be better detected by RV
longitudinal function than by global RV function. Given
that the wall of the RV is thinner than that of the LV, it is
difficult to evaluate the native T1 value in the RV wall in
CMR for early detection of Fabry cardiomyopathy.
Reduction of RV longitudinal function may be a red flag
indicating progression from an early-stage to an advanced-
stage, as well as strain parameters in the left ventricle.

Combination of Echocardiographic and CMR Parameters for
Distinguishing Between Early-Stage and Advanced-Stage
Fabry Cardiomyopathy

As mentioned earlier, it is essential to be able to recognize
the stage of Fabry cardiomyopathy, particularly before it
reaches an advanced-stage with LVH and/or LGE. Recog-
nition of disease progression makes it possible to lead
patients to ERT before appearance of any symptoms or
advanced cardiac dysfunction. Even in the accumulation
phase (early-stage), shortening of the native T1 and reduc-

tion of local LS have already started. Considering our
findings, diagnosis using a combination of shortening of
the localized native T1 in CMR and reduction of localized
CS or GCS in echocardiography is useful for detecting
progression of disease from an early-stage to an advanced-
stage. Using the native T1 alone is not appropriate because
pseudo-normalization is seen at an advanced-stage. There-
fore, diagnosis based on a combination of CMR and echo-
cardiography is ideal for staging Fabry cardiomyopathy
and making a decision regarding the timing of starting ERT.

Study Limitations

The present study has several limitations. First, in line with
the rarity of the disease, the study included a small number
of patients with Fabry disease from a single center. Second,
the number of male patients was small, and all of them
were in the early-stage group. Third, echocardiographic
and CMR parameters were not compared with histological
findings. Fourth, the longitudinal transition of each patient
could not be followed. The stage was judged at the time of
diagnosis when echocardiography and CMR were per-
formed. Moreover, the relationship between parameters of
imaging modalities and prognosis was not investigated.3
Last, native T1 values and echocardiographic strain
parameters are specific to the instruments.!518 In the present
study, CMR and echocardiography were performed using
the same instrument in each patient; thus, there were no
differences in instruments that needed to be considered.
However, the specificities of instruments are major barriers
when multicenter studies are conducted, and this is the
main reason why the present study evaluating native T1
values and echocardiographic strain parameters is
conducted in a single center and with a small number of
patients.

Conclusions

A combination of localized native T1 on CMR and
echocardiographic strain parameters could be useful for
staging Fabry cardiomyopathy.
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